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IEVADS

Trakumserga joprojam ir globala meéroga virusa ierosinata zoonoze ar
milzigu negativu ietekmi uz sabiedribas veselibu, lauksaimniecibu un
ekonomiku (Eisinger et al., 2005; Rupprech et al., 2006). Ar trakumsergu
pasaulé gada saslimst un iet boja ap 40 000-55 000 cilveku, liclaka dala no tiem
Azija (56%) un Afrika (44%) un aptuveni 99% no cilvéku naves gadijumiem
cElonis ir bijis ar trakumsergu slima suna kodums (WHO Expert Consultation
on rabies...., 2004; Bourhy et al., 2005). Bez tam, tikai Eiropa vien, katru gadu
antirabisko palidzibu p&c iesp&jami inficEtu dzivnieku kodumiem sanem
aptuveni desmit miljoni cilvéku (Bourhy et al., 2005).

Trakumseérga daudzviet pasaule izplatita savvalas dzivnieku vidi, kuri
biezi vien ir arT trakums€rgas virusa rezervuari daba. Eiropa visbiezak
trakumsergas rezervuari daba ir savvalas lapsas (Vulpes vulpes) (The oral
vaccination..., 2002).

Trakums€rgas apkaroSanai izmantotas tradicionalas metodes, kas
galvenokart bija orientétas uz savvalas dzivnieku populacijas samazinasanu,
trakums@rgas kontroléSanai izradijas dargas un neefektivas (Smreczak and
Zmudzinski, 2005). Kops 1978.gada, kad Sveicg tika veikti pirmie praktiskie
méginajumi veikt trakumsérgas rezervuaru oralo vakcinaciju, lielaka dala
Rietumeiropas valstu, pateicoties oralas vakcinacijas strat€gijas ievieSanai, ir
kluvusas par brivam no trakumsergas (Steck et al., 1982; Wandeler et al., 1988;
Bourhy et al., 2005).

Latvija trakumserga ir endémiska kops$ 19.gadsimta un kops 1963.gada
slimiba sastopama galvenokart savvalas dzivniekiem (Westerling et al., 2004).
Trakumsérgas virusa rezervuari Latvija ir lapsas un jenotsuni (Nyctereutes
procyonoides). Katru gadu Latvija tiek registréti dazadu sugu dzivnieku
saslim$anas gadfjumi ar trakumsérgu. Cilvékiem p&dgjos 20 gados Latvija ir
konstatéti tris saslim$anas gadijumi. Neskatoties uz sunu un kaku obligato
profilaktisko vakcinaciju valsti, no majdzivniekiem suni un kaki saslimst
visbiezak.

Lapsu un jenotsunu orala vakcinacija cipai ar trakumsergu atseviskos
Latvijas rajonos uzsakta 1991.gada un kopS$ tas uzsakSanas valsti lietotas
dazadas oralas vakcinacijas stratégijas, tomér Latvija vél nav kluvusi par brivu
valsti no trakumsergas.

Eiropas valstis veikti daudzi petfjumi par trakumsergas izplatibu, oralas
vakcinacijas izmantoSanu trakumsergas apkaroSana, ka arT pétfjumi par
trakums€rgas oralas vakcinacijas efektivitates novérteSanu (The oral
vaccination..., 2002, Vitasek, 2004). Latvija ir veikti tikai dazi nelieli petfjumi,
analizgjot 1su laika periodu.

Tadel, musu darba meérkis bija novertet trakumseérgas apkaroSanu Latvija
laika perioda no 1991.-2011.gadam, analiz&jot savvalas dzivnieku oralo
vakcinaciju un izstradat priekslikumus turpmakai ricibai atbilstosi trakumsergas
izplatibas izmainam.
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Promocijas darba uzdevumi

Analizet trakumsérgas oralas vakcinacijas strategiju ietekmi uz
trakumsérgas izplatibu Latvija laika perioda no 1991.gada Iidz
2011.gadam.

Salidzinat trakumsergas oralas vakcinacijas efektivitates parametrus
(vakcinas @smu uzpemsSana, imunitates limenis) savvalas lapsam un
jenotsuniem atkariba no izmantotas oralas vakcinacijas stratégijas
(1991-2011).

Veikt izmaksu efektivitates analizi Latvija pielietotajam trakumsergas
oralas vakcinacijas stratégijam (1991-2011).

Izstradat  priekslikumus  turpmakai trakumsérgas profilakses/
apkaroSanas stratggijai atbilsto$i trakumsérgas izplatibas izmainam
Latvija.

Darba zinatniska novitate

Trakumserga joprojam ir aktuala probléma pasaul€ un Latvija.

Pirmo reizi Latvija veikta trakumsérgas apkaroSanas procesa
efektivitates analize, aptverot ilgu p&tifjuma periodu, kas ieklauj visu
trakumse@rgas oralas vakcinacijas izmantoSanas periodu (1991-2011).
Pirmo reizi Latvija veikta trakumsérgas oralas vakcinacijas ka
apkaroSanas metodes izmaksu efektivitates analize.

“Latvijas veiksmes stasts” un paraugs citam valstim, kuras
trakumseérga ir endémiska, lai izvEletos efektivako apkarosanas
stratégiju.

Pétijuma rezultatu aprobacija

Petijuma rezultati aprobéti §adas starptautiskas zinatniskas konferences:

E.OlSevskis, K.Lamberga, E.Liepins. Cost efficiency of rabies oral
vaccination strategies implemented in Latvia from 1991 to 20117,
International Scientific Conference “Animals. Health. Food hygiene”.
22-23"™ November, 2012, Jelgava, Latvia

E.OlSevskis, E.Liepins, K. Lamberga. Evaluation of different rabies
eradication strategies applied in Latvia from 1991 to 2010. “OIE
Global conference on Rabies control: Towards Sustainable Prevention
at the Source” no 7-9™ September, 2011, Incheon — Seul, Republic of
Korea

E.Olsevskis, E.Liepins, K.Lamberga, [.Rodze. Efficacy of the first
large scale rabies oral vaccination campaigns in Latvia during 2005.



International  Scientific =~ Conference  “Research  for  Rural
Development”, 18-20" May, 2011, Jelgava, Latvia

4. E.OlSevskis, E.Liepins. Rabies oral vaccination in Latvia — past,
present and future. International Scientific Conference “Animals.
Health. Food hygiene”. 29" October, 2010, Jelgava, Latvia

Darba apjoms: promocijas darbs noforméts 107 lappusés un sastav no
anotacijas, ievada, literatliras apraksta, darba metodikas, p&tijjuma rezultatiem,
diskusijas, secinajumiem, priekslikumiem un izmantotas literattiras saraksta.

MATERIALS UN METODES

Promocijas darba ietvaros analiz€jam Partikas un veterinara dienesta
(PVD) datus par trakumsergas izplatibu Latvija un trakumseérgas apkarosanas
programmas ievieSanu, ka arT Partikas drosibas, dzivnieku veselibas un vides
zinatniskaja institota ,,BIOR” (BIOR) (lidz 2010.gada 1.janvarim PVD
Nacionalais diagnostikas centrs) veikto laboratorisko izmeklgjumu rezultatus
laika posma no 1991.-2011.gadam.

Visu sugu dzivnieku liku laboratoriska izmeklé$ana trakumsérgas virusa
klatbtitnes noteikSanai un tipiz€Sanai (ja virusa klatblitne tiek apstiprinata),
biologiska markiera — tetraciklina noteikSanai un imunitates spraiguma
(antivielu klatbtitnes) noteikSanai veikti BIOR. Trakumsérgas oralas vakcinas
kvalitates noteikSana pirms vakcinacijas kampanas (viens vakcinacijas etaps,
kura laika tiek veikta savvalas dzivnieku vakcinacija) uzsakSanas ar1 veikta
BIOR. Lai apkopotu BIOR veiktos izmeklgjumus talakai analizei pieejama
veida, doktorantiiras studiju laika izstradajam elektronisku datu bazi, kura no
veikto laboratorisko izmeklgjumu test€Sanas parskatiem ievadijam detalizEtu
informaciju katru izmekl€to dzivnieku un tam veikto laboratorisko
izmeklgjumu rezultatiem.

Lai veiktu Latvija kop§ 2005.gada vakcinacijas teritorija izol&to
trakumsergas virusu tipizaciju, lauka virusu atSkirSanai no oralas vakcinas
virusu celmiem, trakumsérgas virusu izolati no BIOR nosiititi uz Eiropas
Savienibas Trakumsérgas References laboratoriju ANSES, Nancy (Francija).

Epidemiologisko datu un izmaksu efektivitates analizi, ka arT
trakumsérgas gadijumu geografiskas lokalizacijas karSu izstradi veicam
sadarbiba ar Friedrich Loeffler Epidemiologijas institiitu (Federalais Dzivnieku
veselibas zinatniskais institiits) Vacija, kas ir arT Pasaules dzivnieku veselibas
organizacijas (OIE) Trakumsergas References laboratorija un Pasaules
Veselibas organizacijas (WHO) Trakumsergas uzraudzibas un pétniecibas
sadarbibas centrs, ka arT Vacijas Nacionala trakumsérgas References
laboratorija.



Trakumsérgas apkaroSanas programma, izmantojot savvalas dzivnieku
oralo vakcinaciju

Savvalas dzivniecku ORV ka trakumsérgas apkaroSanas programmas
sastavdala Latvija pirmoreiz tika veikta 1991.gada. No 1991.gada lidz
2003.gadam oralas vakcinas €smas noteiktd daudzuma tika izliktas manuali pie
lapsu alam un 5 dienas p&c izlikSanas tika veiktas parbaudes, apskatot cik no
vakcinas &smam ir ap@stas. Vakcinas izlikSanas vietas tika atzimé&tas kartes.
Kops$ 2005.gada oralas vakcinas ésmu izlikSanai saka izmantot aviotehniku,
nodrosinot vienmerigu vakcinas esmu izlik§anu Latvijas teritorija.

Lai nodrosinatu vakcinaciju ari teritorijas, kur vakcinacija, izmantojot
aviotehniku, nav iesp&jama, PVD inspektori ORV kampanu laika papildus
vakcinu manuali izvietoja pilsétu zalajas zonas, parkos un kapu tuvuma, kur
uzturas lapsas. Papildus vakcinacija sadarbiba ar Valsts Robezsardzi tika veikta
Krievijas Federacijas un Baltkrievijas pierobeza (3 km zona), kur nav atlauti
komerclidojumi.

Kops 1991.gada Latvija visa pétjjuma perioda veiktas 29 ORV
kampanas, kuras ir savstarp&ji atSkirigas. Tadel, lai veiktu ORV kampanu
analizi un epidemiologisko datu salidzina$anu, tika noteikti ORV kampanu
raksturojoSie parametri:

- teritorija, kura veikta orala vakcinacija (lokalizacija, lielums,
procentuala attieciba pret valsts kopgjo teritoriju);

- vakcinacijas kampanu skaits gada;

- vakcinacijas kampanu norises laiks;

- izmantotas vakcinas €smas (vakcinas celms, raZotajs);

- vakcinas €smu izlikSanas veids (manuali vai no gaisa, izmantojot
aviaciju);

- 1zlikto vakcinas €smu skaits;

- izlikto vakcinas €mu blivums (vakcinas €smu skaits uz vienu
kvadratkilometru).

Lai defingtu atseviSkas trakumsérgas ORV stratégijas, papildus ORV
kampanu raksturojoSajiem parametriem, tika nemta véra art:

- trakums@rgas uzraudzibas sisteéma;

- ORV kampanas planoSana, koordinéSana, vadiba un procesa
kontrole — atbildigas personas;

- oralas vakcinas uzglabasanas apstakli un temperatliras reZima
kontrole;

- oralas vakcinas kvalitates kontrole pirms tas izlikSanas.

Trakumsérgas virusa noteikSana

Lai noteiktu trakumseérgas virusu smadzengs, ka standarta metode tiek
izmantota imiinfluorescences metode (IFM). Negativu IFM rezultatu
apstiprinasanai, Ipasi gadijumos, kad aizdomigais dzivnieks ir uzbrucis
cilvekam vai dzivniekam, paraléli tiek izmantotas arT citas laboratoriskas
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izmekl€Sanas metodes (virusa izdaliSana $tinu kultiras vai polimerazes keédes
reakcija (PCR), vai pelu inokulacijas tests jeb bioraudze).

Trakumsérgas oralas vakcinacijas kampanu efektivitates analize

Trakumsérgas oralas vakcinacijas efektivitates noteikSanai lidz
2004.gadam vienigais raditajs bija trakumsérgas izplatiba jeb saslimuso
dzivnieku skaits gada, bet kops 2005.gada Latvija saskana ar starptautiskam
rekomendacijam tika izmekléti 4-8 nomeditie savvalas dzivnieki uz 100 km’
vakcinétas teritorijas. Kopuma trakumsergas oralas vakcinacijas kampanu
efektivitates novertéSanas ietvaros pétljuma perioda laika laboratoriskai
izmekl&Sanai tika iesiititi 20 651 savvalas dzivnieki (lapsas un jenotsuni).

Lai noteiktu vakcinas &smas uzpemSanu mérka sugu savvalas
dzivniekiem (lapsam un jenotsupiem), kop$ 2001.g. tika izmantota
luminiscences mikroskopijas metode (LM). Oralas vakcinas &smas ir iestradats
biologiskais markieris — tetraciklins (TC), kur$ p&c €smas ap&$anas izgulsngjas
dzivnieka kaulaudos un ir konstat€jams laboratoriskas izmekleSanas rezultata ar
LM (Johnston et al., 1987). Laboratoriskai izmekleSanai tika izmantoti
nomedito savvalas lapsu un jenotsunu apakszokla kauli (mandibula), no kuriem
autopsijas rezultata ieguti zobu un kaulu audi - ilknis (dens caninus) un
apakszokla kaulaudu dala.

Serologisko testu izmantoSana imunitates spraiguma jeb serokonversijas
noteik$anai savvalas lapsam un jenotsuniem trakumsérgas ORV kampanu
efektivitates analizei Latvija 2005.gada izmantoti divi testi — fluoriscences
antivielu virusa neitralizacijas tests (FAVN tests) (Cliquet et al., 1998) un
netie$a imiinfermentacijas analize jeb ELISA (Servat et al, 2007)
(Platelia™ Rabies II kit, Biorad, Francija). Par nosakama antivielu kvantitativa
IiTmena zemako slieksni tika izmantotas divas robezvertibas - antivielu Iimenis
lielaks vai vienads ar 0.5 IU/ml un lielaks vai vienads ar 0.125 IU/ml.

Iegtitos rezultatus salidzinajam lapsam un jenotsuniem pa gadiem, ka ar1
analiz€jam to ietekmi uz trakumsergas izplatibu un oralas vakcinas uznemsanas
rezultatiem. Atseviski analiz§jam arT vienam dzivniekam ar mingtajam
metodem iegiito rezultatu kombinacijas. Laboratorisko izmekl&jumu rezultatus
apkopojam, tiem aprékinajam pozitivo paraugu procentualas attiecibas (%) un
95% (P=0.05) ticamibas intervalus. Savstarpgji salidzinajam katras ORV
stratégijas efektivitates raditajus un ORV stratégijas C efektivitates raditajus
starp dzivnieku sugam un gadiem. legiito rezultatu salidzinaSanai tika izmantots
95% bitiskuma ltmenis (p < 0.05).

Trakumsérgas ORYV stratégiju izmaksu efektivitates analize

Trakumsérgas ORV stratégiju izmaksu analizes veikSanai planojam
apkopot ORV kampanu tiesas izmaksas (oralas vakcinas €mu iegade un
uzglabasana, vakcinas &smu izlikSana (ar rokdm — manuala vai izmantojot



lidmasinas un helikopterus), laboratoriskie izmeklgjumi ORV kampanu
efektivitates noteikSanai) visa pétjjuma perioda. Darba gaitd apkopojam datus
no PVD par ORV kampanu izmaksam no 2005. -2011.gadam, tom&r mums
nebija iespgjams iegiit finanSu datus par laika periodu no 1991. lidz
2004.gadam.

Lai noteiktu izmaksu efektivitati periodam no 2005.-2011.gadam,
izmantojam Vacija izstradato trakumsérgas ORV kampanu izmaksu-
efektivitates modeli (Selhorst un Schluter, 1997).

f(x) = a*exp (-n*x)
kur:

f(x) - trakums@rgas gadijumu samazinasanas attieciba pret
kumulattvajam izmaksam gada;

a-  paredzamais trakumsergas gadijumu skaits gada, ja x=0;
x -  kumulativas izmaksas gada;
n- trakumsergas gadjjumu samazinasanas temps attieciba pret jau

iztéréto naudas vienibu.

Saja modeli n raksturo trakumsérgas gadijumu samazinasanas tempu
attieciba pret jau izteréto naudas vienibu un to sakuma aprékina katram perioda
gadam atseviski, bet tad izrékina vidgjo raditaju, kas ar raksturo analiz&jamo
periodu.

Lai trakumsérgas gadijumu samazinasanos attieciba pret kumulativajam
izmaksam gada vizualiz€tu, izveido grafiku. Attiecibas cieSuma noteikSanai
starp trakums€rgas gadfjumu samazinaSanos un kumulativajam izmaksam,
pieméro ekspocialas funkcijas vai parastas linearas regresijas likni un
determinacijas koeficientu.

Lai novertetu izmaksu efektivitates tendenci periodiem no 1991.-1997.g.
un 1998.-2004.g., kur nebija iesp&jams iegiit finansu datus, radam alternattvu —
pielagojot augstak min&to Selhorst un Schluter (1997) modeli, kumulativas
izmaksas pa gadiem taja aizstajot ar kumulativo vakcinacijas teritoriju
(vakcingto teritoriju laukuma (km”) summa pa gadiem). Tas bija iesp&jams, jo
vairak par 90% no trakumsérgas ORV kampanu kop&jam izmaksam sastada
oralas vakcinas iegades un izlikSanas izmaksas (Selhorst & Schluter, 1997) un
abi Sie raditaji ir tiesi saistiti ar vakcinacijas teritorijas lielumu.

KarSu sagatavosana

P&tjjumu rezultatu ilustracijai par katru gadu visa pétijuma perioda tika
sagatavotas Latvijas kartes (n=21) ar katra registréta trakumsérgas gadijuma
lokalizaciju, izdalot atseviski majdzivniekiem un savvalas dzivniekiem
konstatetos trakumsérgas gadijumus. Kartes promocijas darba ietvaros
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sagatavojam sadarbiba ar Friedrich Loeffler Epidemiologijas institiitu (Vacija)
p&c miisu apkopotajiem datiem, izmantojot datorprogrammu ArcGIS 9 (2003).

Datu statistiska apstrade

Petfjuma rezultatu statistiska apstrade tika veikta izmantojot MS Excel
2007 (Arhipova, Balina, 2006) un R programmatiiru (R Development Core
Team, 2011).

Latvija registréto trakumsérgas gadijumu skaita at$kiribu batiskumu pa
gadiem un stratégijam salidzinajam, izmantojot FiSera testu un korelacijas
analizi.

Trakumsérgas ORV kampanu efektivitates raditaju laboratorisko
izmekl&jumu (IFM, LM, FAVN un ELISA testi) rezultatiem tika noteikti 95%
(P=0.05) ticamibas intervali, izmantojot interneta vide tieSsaisteé pieejamo
programmatiiras riku paketi (http://statpages.org/confint.html).
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PETIJUMA REZULTATI UN DISKUSIJA

Pétijuma perioda (1991. — 2011.g.) izmantotas trakumsérgas
ORY stratégijas

P&tijuma periods ietver lielu laika posmu (1991.-2011.g.) un taja veiktas
trakumsérgas ORV kampanas bijusas loti atSkirigas (1. tabula), tadg] visa
petijuma perioda analize dod tikai visparigu prieksstatu, bet nelauj iedzilinaties
nians€s. Lai veiktu detaliz€tu analizi, visa pétfjuma perioda defingjam tris
atseviSkus periodus jeb stratégijas:

1) trakums@rgas ORV no 1991. Iidz 1997. gadam — stratégija A;
2) trakumsérgas ORV no 1998. 1idz 2004. gadam — stratégija B;
3) trakumsérgas ORV no 2005. lidz 2011. gadam — stratégija C.

1. tabula
Trakumsérgas ORYV stratégiju raksturojums
Stratégija Izmantota Vakcinas izlikSana | ORV kampanu efektivitates
vakcina novertésana
A Injicgjama Neregulara, izlika | Tikai péc trakumsergas
vakcina ar | maza apjoma, | izplatibas. Laboratoriskos
1991-1997 | pielagotu &mu | manuali, atseviskos | testus nebija iesp&ams
bez biologiska | rajonos ar augstako | pielietot vakcinas veida dgl.
markiera. trakumsergas
izplatibu.
B Orala vakcina, | Regulara, lerobezota, tikai nosakot
kas riipnieciski | nepietiekama trakumse@rgas izplatibu un
1998-2004 | iestradata €ma | apjoma, manuala | vakcinas uznemsanu
ar  biologisko | vairakos rajonos. lapsam un jenotsuniem.
markieri Serologiskie testi nebija
(tetraciklinu). pieejami.
C Orala vakcina, | Regulara, optimala | Visaptverosa, nosakot
kas rlpnieciski | apjoma, izmantojot | trakumsergas izplatibu,
2005-2011 iestradata €sma | aviaciju, visa valsts | vakcinas uzpemSanu un
ar  biologisko | teritorija. imunitates limeni lapsam
markieri un jenotsuniem.
(tetraciklinu).

Analizes rezultata konstatgjam, ka 21 gada laika (1991-2011) Latvija
veiktas 29 trakumsérgas ORV kampanas, kuru laika izliktas 19 053 243 oralas
vakcinas €smas. Kopuma vakcinétas teritorijas laukums S$aja perioda bija
848 094 km’, no kuriem 415019 km’ teritorijas vakcingts pavasara ORV
kampanu (n=12) ietvaros, bet 433 075 km® teritorijas vakcinéti rudens ORV
kampanu (n=17) ietvaros. Visa perioda lietotas Cetras dazadas oralas vakcinas.
Vidgjais izlikto oralas vakcinas &mu blivums perioda ir 11.47 + 2.19
&smas/km’ (vidgjais skaits + standartk]iida). Cetros no 21 perioda gadiem ORV
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kampanas Latvija nav veiktas, piecos no gadiem veikta tikai viena
trakumsérgas ORV kampana.

Trakumsérgas izplatibas analize Latvija pétijuma perioda
laika (1991.-2011.gads)

Kopuma pétjjuma perioda laika trakumsergas virusa noteikSanai
laboratoriskai izmekléSanai iesttiti 18 157 dzivnieki ar aizdomam par
saslim$anu ar trakumsérgu. No izmeklStajiem paraugiem 5 897 paraugi
(32.48%) tika apstiprinati ka pozitivi. Pétljuma perioda tris saslimSanas
gadijumi konstatéti arT cilvékiem.

No laboratoriski apstiprinatajiem trakumsérgas gadijumiem 4 626
(78.45%) tika registréti savvalas dzivniekiem, bet majdzivniekiem
1 271 gadijums (21.55%) (1.attels).
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1.att. Trakumsergas izplatiba savvalas dzivniekiem un majdzivniekiem
(1991.-2011.9.)
Fig. 1. Rabies incidence in domestic and wild animals (1991-2011)

Trakumsérgas izplatibas atSkiriba starp savvalas dzivniekiem un
majdzivniekiem uzskatama par bitisku (p < 0.001). Lidzigi pétijumu rezultati
iegiti arT Lietuva, kur savvalas dzivnieki sastadija 68.30% (Maciulskis et al.,
2006) un Igaunija — 80.80% (Niin et al., 2008) no kopgja saslim$anas gadijumu
skaita.

Analizgjot trakumsérgas saslimSanas gadijjumu skaitu pa dzivnieku
sugam, konstatéjam, ka visvairak saslimSanas gadijumi registréti lapsam un
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jenotsuniem — 4 142 (70.24%), bet ievérojami mazak saslimsanas gadijumi tika
konstatéti suniem un kakiem 1 027 (17.42%).

B Suni / Dogs (8.8%)
m Kaki / Cats (8.6%)
® Liellopi / Cattle (3.7%)

1460 ® Citi majdzivnieki / Other domestic

] i’;ié‘s‘ilsx(&fé? (45.5%)

u Jenotsuni / Raccoon dogs (24.8%)
Apsi / Badgers (2.8%)
Caunas / Martens (0.7%)

Stirnas / Roe deers (0.6%)

Citi savvalas dzivnieki / Other
wild animals (4.1%)

2.att. Trakumsérgas izplatiba dazadam dzivnieku sugam
Latvija (1991.-2011.9.)
Fig. 2. Rabies incidence in different animal species
in Latvia (1991-2011)

Misu pétljuma rezultati liecina, ka 89.54% no visiem savvalas
dzivnieku saslim$anas gadijumiem pétijjuma perioda sastada lapsam un
jenotsuniem konstatetie gadijumi. Ieprieks€jos pétijumos par trakumsergas
izplatibu Baltijas valstis iegiiti Iidzigi rezultati (Vanaga et al., 2003, Zienius et
al., 2002, 2003, 2004, Milius et al., 2004, Maciulskis et al., 2006, Niin et al.,
2008, Singer et al., 2009), kas norada uz Baltiju ka vienotu regionu ar loti
lidzigiem trakumsérgas epidemiologiskajiem raditdjiem - slimiba vairak
izplatita savvalas dzivniekiem, galvenie rezervuari — lapsas un jenotsuni.
Jaatzime, ka Lietuva un Igaunija ieguti atSkirigi rezultati attieciba uz galveno
trakumseérgas rezervuaru, jo kop$ 2001.gada Lietuva un kop$s 2002.gada
Igaunija registréto jenotsunu saslim$anas gadijumu skaits gada bija lielaks par
lapsu skaitu (Vanaga et al., 2003; Westerling et al., 2004; Maciulskis et al.,
2006; Niin et al., 2008; Laine et al., 2008, Singer et al., 2009; Smreczak et al.,
2009; Zienius et al., 2011). Sie dazadie p&tijumu rezultati ir griti izskaidrojami,
vel jo vairak tapéc, ka Latvija geografiski atrodas starp Lietuvu un Igauniju.

Dazadu trakumsérgas ORYV stratégiju ietekme uz trakumsérgas izplatibu
Latvija pétijuma perioda (1991.-2011.9.)

Registréto trakumsérgas gadijumu skaits, salidzinot p&tjjuma perioda
sakumu - 1991.gadu, izmantojot dazadas trakumsérgas ORV strat€gijas,
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samazinajies no 183 gadijumiem lidz vienam gadijumam 2011.gada. Tomér
visa pétljuma perioda trakumsergas izplatibai noveérojam dazadas tendences,
t.sk., palielinasanos Ilidz Latvijas vesturé augstakajam punktam - 963
gadjjumiem 2003.gada. Nemot véra So faktu, katras trakumsérgas ORV
strat€gijas ietekme uz slimibas izplatibu analizeta atseviski.

Lai noveértétu trakumsérgas ORV stratégiju A, B un C ietekmi uz
trakumsergas izplatibu Latvija, veicam dazadu stratégiju svarigako raksturojoso
raditaju iespgjamas ietekmes analizi un salidzinasanu.

Trakumsérgas ORV stratégiju A, B un C ievieSanas laika izlikto
vakcinas €smu skaita ietekme uz trakumsergas izplatibu Latvija att€lota
3.attéla.
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3.att. Dazadu trakumsérgas ORYV stratégiju laika izlikto vakcinas ésmu
skaita ietekme uz trakumsérgas izplatibu Latvija
Fig.3. Influence of the number of vaccine baits distributed during different
ORV campaigns to rabies incidence in Latvia

Jauzsver, ka visa pétijuma perioda laika, neatkarigi no pielietotas
trakumsérgas apkaroSanas strat€gijas, saslimuSo lapsu un jenotsunu attieciba
nemainijas, kas liecina, ka lapsas un jenotsuni ir galvenas trakumsergas virusa
rezervuara sugas Latvija.

Trakumsergas ORYV stratégijas A ievieSana uzsakta 1991.gada un veikto
getru vakcinacijas kampanpu laika izliktas 27 943 &mas ar vakcinu. Saja
perioda par €smam tika izmantotas vistu galvas un zivis, kuras Krievija razota
vakcina tika injicéta pirms izlikSanas. Strat€gijas A ievieSanas laika vakcinas
8smas izliktas manuali un neregulari (tikai Cetros no septiniem gadiem). No
3. att€la redzams, ka stratégijas A ievieSanas laika, salidzinot registréto
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trakumseérgas gadijjumu skaitu dzivniekiem 1991.gada un 1997.gada,
trakumse@rgas gadijumu skaits nav batiski (p > 0.05) samazinajies.

Trakumsérgas ORYV stratégijas B ievieSana uzsakta 1998.gada un veikto
11 vakcinacijas kampanu laika izliktas 1 106 100 rupnieciski razotas, divu
dazadu vakcmas virusa celmu (SAD P5/88 un SAD Bern) saturoSas oralas
vakcinas ésmas. Tom@r arl $is strat€gijas laika vakcinas €smas tika izliktas
manuali. Neskatoties uz ieverojami palielinato (p < 0.05) izlikto trakumsergas
oralas vakcinas &smu skaitu stratégijas B laika, salidzinot ar strat€giju A,
trakumsérgas gadijumu skaits batiski (p < 0.05) palielinajas, sasniedzot
963 gadijumus 2003.gada (skat. 3. att€lu).

Trakumsérgas ORV stratégija C tika uzsakta 2005.gada un veikto 14
vakcinacijas kampanu laika, izliktas 17 919 200 ripnieciski razotas, divu
dazadu vakcinas virusa celmu (SAD B19 un SAD Bern) saturosas oralas
vakcinas €smas. levieSot So strat€giju, tika uzsakta aviacijas izmantoS$ana
vakcinas &smu izlikSanai. Salidzinot ar stratégiju B, stratégijas C laika izlikto
vakcinas @mu skaits bija ieverojami lielaks (p < 0.001), ka rezultata
trakumsergas izplatiba dzivniekiem Latvija strauji samazinajas no 421
gadijuma 2005.gada lidz vienam gadijumam 2011.gada.

Analizgjot izlikto vakcinas € mu blivuma ietekmi uz trakumsergas
izplatibu, konstatéjam, ka stratégijas A laika vidgjais izlikto vakcinas &smu
blivums bija tikai 4 ésmas/km?, bet stratégijas B laika — 9.7 &smas/km®, kas ir
ievérojami mazak ka rekomendsts (18-30 &mas/km?). Lidz ar to A un B
stratégiju laika izmantotais izlikto vakcinu &smu blivums nav samazindjis
trakumsérgas izplatibu Latvija. Savukart, stratégijas C izmantotajam vid&jam
izlikto vakcinas &smu blivumam - 24.18 &smas/km’ konstatéjam pozitivu
ietekmi uz trakumsergas izplatibu Latvija, ka rezultata ta samazinajas no 421
gadijuma 2005.gada lidz vienam gadijumam 2011.gada.

Salidzinot trakumsérgas izplatibu dazadu trakumsérgas ORV stratégiju
izmanto$anas laika, konstat€jam bitisku atSkiribu starp stratégiju A un B
(p < 0.05) un stratégiju B un C (p < 0.05). Savukart starp strat€gijam A un C
butiskas trakumsergas izplatibas atskiribas netika konstatétas (p > 0.05).

Trakumsérgas ORYV stratégiju efektivitates parametru (vakcinas
ésmu uznemsana un imunitates Iimenis) analize savvalas lapsam un
jenotsuniem (1991.-2011.9.)

Trakumsérgas ORV stratégijas A ievieSanas laika vakcinas €smu
uznemsanas noteikSana savvalas lapsam un jenotsuniem (mérka sugu dzivnieki)
nebija iesp&jama, jo $aja perioda lietota vakcina nesaturgja biologisko markieri
— tetraciklinu (TC). Imunitates limena noteik§ana mérka dzivniekiem stratégijas
A laika nebija iesp&ama, jo Latvija $aja laika nebija ieviestas serologiskas
metodes trakumsérgas virusa neitralizéjoSo antivielu noteik$anai. Nemot véra
Sos faktus, ne vakcinu sap€muso mérka sugu dzivnieku ipatsvars, ne arl to
imunitates Iimenis strat€gijas A laika nav zinams.
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Stratégijas B un C laika veiktas vakcinas uznemsanas analizes rezultati
atteloti 4. attela.

100 -

90 - I I I

%0 | 85.83 88,22:[ 88,72 I
I T 83.26

70 A 7745 P18 o 7RI 79,5

I 70,241 I

]: I I 64,54 66,25 @ 64,61
54,86 56’31
52,98 I

(=N
(=]

Pozitivo paraugu patsvars (%) / Percentage of positive
samples
W
(=)

40 47,16
41,72
30 A
20 A
10 A
0 0 0 00

0 T —= T T T T T T T !
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Lapsas, TC pozitivs (%) / Foxes, TC positive (%)

4. att. Oralas vakcinas uznemsanas rezultati (ar ticamibas intervaliem)
meérka sugu dzivniekiem B un C stratégijas laika
Fig. 4. Results of bait uptake rate (with confidence intervals) in target species
during strategies B and C

Zinatniskaja literatira ir aprakstits, ka tetraciklina ka biologiska
markiera noteik§ana dod informaciju par iesp&jamiem trikumiem vai
nepilnibam trakumsérgas ORV kampanas (The oral vaccination..., 2002). Ja
vismaz 70% merka populacija noteikta teritorija ir sanémusi vakcinu, ar to
vajadzetu pietikt, lai partrauktu trakumsergas parnesanas ciklu lapsam (WHO
Expert Consultation on rabies...., 2004, Brochier et al., 1988, Masson et al.,
1999), tomér ir pieradijumi, ka pat, nodrosinot mazakas populacijas dalas
vakcinaciju, trakumsergu ir iesp&jams izskaust (Thulke and Eisinger, 2008).

Trakumsérgas ORV strategijas B laika izmeklgjamo dzivnieku skaita
noteikSana netika veikta atbilstosi WHO rekomendacijam, bet gan pieejama
finans€juma ietvaros. Nemot véra, ka tetraciklins p&c vakcinas &smas ap&Sanas
dzivnieka kaulaudos saglabajas visu atlikuSo miizu, bet pirmie laboratoriskie
izmekl&umi tetraciklina noteikSanai tika veikti p&c vairaku gadu trakumsergas
ORYV veik§anas, iesp&jams, ka miisu iegiitos rezultatus ietekme arT ieprieksgjos
gados veiktas trakumsérgas ORV kampanas.

Kopa stratégijas C laika vakcinas uznemS$anas noteikSanai izmekl&ti
19 554 savvalas dzivnieki, no kuriem 13 972 lapsas un 5 572 jenotsuni.
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Izmeklgsanas laika pozitivi rezultati konstateti 10 933 lapsam (78.25%) un
3 866 jenotsuniem (69.38%). Lapsam tetraciklina noteikSanas pozitivie rezultati
no 2005.g. — 2011.gadam varigja 56.30-88,72% robezas, bet jenotsupiem
47.16-83.26% robezas. Lapsam visos stratégijas C gados vakcinas uznemsanas
izmeklgjumu rezultati bija augstaki par jenotsupgiem, tomer statistiski bitiskas
atSkirtbas starp abam sugam nekonstatgjam (p>0.05). Vislabakie vakcinas
uznemsSanas rezultati Latvija sasniegti 2010.gada — 88.22% lapsam un 83.26%
jenotsuniem, turklat jenotsupiem S§is ir augstakais rezultats visa pétfjuma
perioda. Loti iespgjams, ka Sie musu rezultati ir saistiti ar SAD B19 virusa
celmu saturosas vakcinas Fuchsoral® (Impstoffwerk Dessau-Tornau GmbH,
Vacija) lietoSanu kop$ 2008.gada rudens 3 gadus péc kartas un vienlaicigi
uzsakot vakcinas ésmu automatiskas izlikSanas iekartas ,,Survis” izmantoS$anu,
kas lauj labak novertet vakcinas izlikSanu, jo katra izlikta vakcinas deva ir
registréta ka punkts uz kartes. Tehnisku klimju dé] teritorijas, kur vakcina nav
neizlikta, uzreiz ir redzamas un tur var veikt atkartotu izlikSanu, aizpildot
tukSumus. Cits iemesls vakcinas uznemsanas rezultatu salidzinasanai ar citiem
gadiem ORYV stratégijas C laika varétu bt otras lietotas vakcinas — SAD Bern
apstaklos pétijuma, kas veikts Lietuva (Maciulskis et al., 2008).

Cliquet et al. (2012) sava pétijjuma apraksta, ka 2008. un 2009.gada
lapsam tetraciklins konstatéts attiecigi 93% un 91%, bet jenotsuniem 88% un
86%. Lietuva veikto pétljumu rezultati liecina, ka péc trakumsérgas ORV
veikSanas, izmantojot SAD Bern vakcinas virusa celmu saturo$u vakcinu,
tetraciklins tika konstatéts 79.63% no izmekl&tajam lapsam un 58.35% no
2009.gada izmekletajiem jenotsupiem (European Commission, 2009).
Salidzinot Baltijas valstis iegiitos rezultatus, redzam, ka Igaunija, kur izmantota
vakcinas virusa celmu SAG2 saturo$a vakcina, tetraciklina noteikSanas rezultati
ir ieveérojami labaki neka muisu veiktaja petijuma un ar1 Lietuva, kur izmantotas
citas vakcinas. Tas zinama mera izskaidrojams ar SAG2 virusa celmu saturo$as
vakcinas €smas sastavu un kvalitati, kas nodroSina augstu €smas izturibu argjo
apstaklu ietekm&. Maciulskis et al., (2008), sava pétijuma aprakstijis virusa
lietd), ka arT vakcinas virusa titra samazinaSanos. Jauzsver, ka SAD Bern celmu
saturosa vakcina samera plasi lietota ar1 Latvija, kas zinama meéra izskaidro
Latvija veikto p&tijumu rezultatus.

Misu pétjjuma rezultati liecina, ka trakumsergas gadijumu skaita
samazinasanas sakas 2006.gada, kad trakumsérgas oralo vakcinu bija
sanémusas 85.83% no izmekletajam lapsam un 77.45% no izmekl&tajiem
jenotsuniem (5. attels).
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5. att. Oralas vakcinas uznemsanas rezultatu ietekme uz trakumsérgas
izplatibu Latvija stratégijas C laika
Fig. 5. Influence of vaccine bait uptake rate to rabies incidence
in Latvia during strategy C

Imunitate savvalas dzivniekiem péc oralas vakcinacijas uzpemsanas,
saskana ar dazadu komercialo vakcinu lietoSanas instrukcijas noradito,
saglabajas aptuveni 12 meneSus, tadel vakcinacija javeic regulari, nosakot
mérka sugu dzivniekiem imunitates ITmeni.

Imunitates Iimena noteikSanai strat€gijas C ievieSanas laika ar ELISA
testu izmekleti 19 036 meérka sugu dzivnieki — 13 613 lapsas un 5423
jenotsuni. No izmekl&tajam lapsam 3 780 (19.86%) un jenotsupiem 1 026
(18.92%) antivielu Itmenis asinis parsniedza 0.5 IU/ml. Savukart, zemaku
imunitates limeni (antivielu Ilimenis asinis parsniedz 0.125 IU/ml) no
izmekl&tajam 12 563 lapsam konstatéjam 6890 (54.83%) un no izmekl&tajiem
5 046 jenotsuniem 2 756 (54.62%).

Gan lapsam, gan jenotsuniem imunitates ITmenis kop§ 2006.gada
palielinajies, sasniedzot augstako punktu 2010.gada, kad lapsam tas bija
71.99%, bet jenotsuniem pat 73.94%.

Salidzinot imunitates Iimena noteikSanas rezultatus, kas iegti,
izmantojot dazadus antivielu ITmenus gan lapsam, gan jenotsuniem konstatgjam
statistiski butiskas (p > 0.001) atskiribas.

Analizgjot vakcinas uznemsanas rezultatus lapsam, 6. attéla redzams, ka
trakumse@rgas izplatiba sak samazinaties, ja vismaz 85.83% izmekl&to lapsu ir
san@musas oralo vakcinu un turpina samazinaties pat pie zemakiem rezultatiem.
Savukart, salidzinot dazadus imunitates Iimenus, konstatgjam, ka trakumsergas
izplatiba sak samazinaties, ja vismaz 46.57% no lapsam ir ieguvuSas zemu
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imunitates Itmeni (>0.125 IU/ml) vai vismaz 8.22% lapsu ieguvusas augstu
imunitates Itmeni (>0.5 TU/ml).

Trakumsérgas gadfjumu skaits/ Rabies incidence

Pozitivo dzivneiku Tpatsvars (%) / Percentage of positive
animals

2005 2006 2007 2008 2009 2010 2011
Gads / Year
mmm— ELISA >0.125 mmm— ELISA >0.5
gy Trakumsérgas gadijumu skaits / Rabies incidence et Vakcinas uznemsana / Bait uptake

6.att. Lapsu dazadu imunitates Iimenu un vakcinas uznemsanas rezultatu
ietekme uz trakumseérgas izplatibu Latvija
Fig. 6. Influence of different seroconvertion and bait uptake rates in
foxes to rabies incidence in Latvia

Salidzinot dazadus imunitates limenus un vakcinas uzpemsanas
rezultatus jenotsupiem, 7. att€la redzams, ka trakumsergas izplatiba sak
samazinaties, ja vismaz 77.45% izmekl&to jenotsunu ir sanémusi oralo vakcinu
un turpina samazinaties arT zemakiem rezultatiem. Savukart, analiz€jot dazadus
imunitates [Tmenus, konstatgjam, ka trakumsergas izplatiba sak samazinaties, ja
vismaz 47.19% no jenotsupiem ir ieguvuSi zemu imunitates ITmeni
(>0.125 IU/ml) vai vismaz 10.53% no izmekl&tajiem jenotsuniem ieguvusi
augstu imunitates [imeni (>0.5 IU/ml) (7. att€ls).

Analizgjot ELISA testa rezultatus, konstatgjam, ka imunitates ITmenis
(>0.5 TU/ml) gan lapsam, gan jenotsupiem stratégijas C laika iev@rojami
pieaudzis, augstako rezultatu sasniedzot 2011.gada, attiecigi 35.12% lapsam un
36,17% jenotsuniem. Viszemakais antivielu Imenis konstatéts lapsam
2006.gada (8.22%) un jenotsuniem 2007.g. (8.27%) (6. un 7.attls).
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7. att. Jenotsunu dazadu imunitates Iimenu un vakcinas uznemsanas
rezultatu ietekme uz trakumseérgas izplatibu Latvija
Fig. 7. Influence of different seroconvertion and bait uptake rates
in foxes to rabies incidence in Latvia

Misu pétijuma rezultati pierada, ka vakcinas uznemsanas rezultati gan
lapsam, gan jenotsuniem visas stratégijas C laika ir batiski lielaki (p<0.05) par
augsta imunitates Itmena (> 0.5 IU/ml) rezultatiem (6. un 7.attls).

Masu pétjuma 2005.-2011.g. iegiitie lapsu un jenotsunu imunitates
rezultati (ELISA, 0.5 IU/ml) lapsam varigja 8.22% - 35.12% un jenotsuniem
8.27% - 36.17% robezas. Viszemakos imunitates [Tmena rezultatus konstatgjam
2006.un 2007.gada, kad tika lietota SAD Bern virusa celma saturosa vakcina
Lysvulpen® (Bioveta, Cehija) — lapsam attiecigi 8.22% un 10.27%, bet
jenotsuniem 10,53% un 8.27%.

Masu rezultati ir salidzinami ar citas valstis veikto lidzigu pétijumu
rezultatiem. Igaunija p&c liela méroga ORV kampanam 2005. - 2006.gada,
izmantojot SAG2 (RABIGEN®, Virbac Laboratories, Francija) vakcinu,
imunitate ar ELISA metodi (0.5 TU/ml) tika konstatéta 65% no izmekl&tajiem
jenotsuniem un 64% no izmekl&tajam lapsam (Niin et al., 2008). Lietuva laika
posma no 2006.g — 2010.gadam izmeklStajiem jenotsupiem imunitate tika
konstatéta 46,8% (Zienius et al., 2011), bet lapsam 2009 gada imunitates
ITmenis bija 49.85% (European Commission, 2009).

Salidzinot imunitates Iimena noteikSanas rezultatus, kas iegiti,
izmantojot antivielu Iimenus 0.125 un 0.5 IU/ml, gan lapsam, gan jenotsuniem
konstat€jam statistiski biitiskas (p > 0.001) atskiribas. ELISA testa p&tijumu
rezultati lapsam liecina, ka tests spgj noteikt antivielu Itmeni, kas ir aptuveni
0.2 TU/ml, bet, lai izslégtu viltus pozitivus rezultatus, supiem, kakiem un

21



lapsam tika izvélets antivielu noteikSanas slicksnis 0.5 IU/ml (Cliquet et al.,
2007), tomér nav skaidrs, kads ir zemakais antivielu Itmenis dzivnieka
organisma, lai pasargatu dzivniekus no saslimSanas ar trakumsergu. Nemot vera
misu pétjjuma rezultatus, jo T1pasi trakumsergas izplatibas straujo
samazinasanos ORV stratégijas C laika, varam piepemt, ka lapsas un jenotsuni,
kam konstatets zemakas antivielu Iimenis par 0.2 IU/ml ar1 varétu bt pasargati
no saslimsanas.

Miisu pétfjuma rezultati liecina, ka laika posma no 2006. — 2011.gadam
palielingjas gan dzivnieku skaits, kam vispar tika konstatStas antivielas pret
trakumsérgas virusu, gan dzivnieku skaits ar augstu imunitates slieksni —
0.5 TU/ml. Laika no 2008.-2010.gadam lapsam novérojam bitisku (p < 0.05)
pieaugumu gan vakcinas &mu uzpemsSanas rezultatos (no 70.24% lidz
88.22%), gan zema ltmena (>0.125 IU/ml) imunitates rezultatos (no 47.3% lidz
71.99%), gan arT augsta Itmena (>0.5 [U/ml) imunitates rezultatos (no 13,06%
lidz 33.87). Turklat, $aja perioda konstatgjam ari cieSas korelacijas starp
vakcinas €mu uzpemsSanas rezultatiem un zema Itmena (0.125 IU/ml)
imunitates rezultatiem (r = 0.97), starp vakcinas eésmu uznemsanas rezultatiem
un augsta Itmena (>0.5 IU/ml) imunitates rezultatiem (r = 0.99). Pec Siem
rezultatiem més varam secinat, ka laika perioda no 2008. lidz 2010.gadam
ORYV kampanas ir bijusas visefektivakas, ko apliecina arT registréto saslimsanas
gadijumu skaita samazinaSanos dzivnickiem attiecigi no 110 lidz 16
gadijumiem. Loti iesp&jams, ka labos rezultatus deva vakcinas maina, jo péc
divu gadu SAD Bern virusa celma saturo§as Lysvulpen® (Bioveta, Cehija)
lietoSanas no 2008.gada rudens tika uzsakta SAD B19 virusa celmu saturosas
vakcinas Fuchsoral® (Impstoffwerk Dessau-Tornau GmbH, Vacija) lietosana.
Iesp&jams, ka biitiska loma labo rezultatu sasniegSana ir arT vakcinas €smu
automatiskas izlikSanas iekartas ,,Survis” izmanto$anai, kas lauj labak novertet
vakcinas izlik§anu, jo katra izlikta vakcinas deva ir registréta ka punkts uz
kartes. Tehnisku klimju dg] teritorijas, kur vakcina nav neizlikta, ir redzamas
un tur var veikt atkartotu izlikSanu, aizpildot tukSumus. Vel viens iemesls labo
rezultatu sasniegSana var€tu bit ieviestas izmainas vakcinas uzglabasana, jo
kops$ 2008.gada rudens vakcina tiek piegadata tieSi uz lidlauku un glabata tur
parvietojama saldétava visu ORV kampanas laiku, nodroSinot nemainigu
temperaturas reZimu.

Lai analiz€tu trakumsergas ORV efektivitates rezultatu iesp€jamo
ietekmi uz slimibas geografisko lokalizaciju un perékla veidoSanos Kurzemes
regiona (2007.-2010.g.), salidzinajam ORV efektivitates rezultatus Kurzemes
regiona ar visas valsts kop&jiem rezultatiem. Analizes rezultata nekonstatéjam
bitisku atSkirtbu vakcinas uznemsanas rezultatiem ne starp lapsam, ne starp
jenotsuniem (p>0.05). Tapat nekonstatgjam arT butiskas atskiribas abam sugam
augsta Iltmepa imunitates rezultatos (p>0.05). Tomer, salidzinot zemaka
imunitates ltmenpa (>0.125 IU/ml) rezultatus lapsam, Kurzemé& konstatgjam
butiski zemakus (p<0.05) rezultatus, savukart jenotsuniem $1 atSkiriba nebija
butiska. Iesp€jams, ka iemesls Siem zemajiem imunitates [Tmena rezultatiem
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lapsam Kurzemé var€tu biit 2008.gada nepilnigi veikta un novéloti uzsakta
trakumsérgas ORV kampana sakara ar ieilgusu vakcinas iepirkuma konkursu.
Otrs iemesls var€tu bt salidzinosi lielais mezu un kriimaju 1patsvars Kurzemé
un, iesp&jams arT lielaka lapsu populacija, bet, jaatzime, ka So hipotezi biis gruti
parbaudit, jo Latvija nav pieejami precizi dati par savvalas dzivnieku skaitu
dazados regionos. TreSais iemesls vargtu biit temperatiiras reZima neievéro$ana
vakcinas uzglabasanas laika.

Trakumsérgas virusa noteikSana ORYV stratégijas C efektivitates
noteikS$anas ietvaros izmeklé$anai iesiititajam lapsam un jenotsuniem

Salidzinot trakumsérgas ORV stratégijas C efektivitates noverté$anas
ietvaros dzivnickiem atklato trakumsérgas gadijumu skaitu ar trakumsérgas
gadijumu skaitu, kas atklats trakumsergas uzraudzibas ietvaros (aizdomu
gadfjumi), konstatgjam, ka ORV strat€gijas C efektivitates novert€Sanas
ietvaros atklato trakumsergas gadfjumu skaits ir bitiski mazaks (p < 0.05)
(2. tabula).

2. tabula/Table 2

Trakumsérgas ORYV stratégijas C efektivitates novértesanas ietvaros un

trakumsérgas uzraudzibas ietvaros atklato trakumsérgasgadijumu skaits

Number of rabies cases confirmed in a frame of rabies passive surveillance
and rabies ORV efficacy control during strategy C

Trakumsérgas ORV efektivitate Trakgms_e reas gzraudzlba
. . . (visi dzivnieki)/ Rabies
(lapsas un jenotsuni)/ Efficacy of - -
. passive surveillance (all
Gads/ rabies ORV (foxes and raccoon dogs) species)
vear : IFM pozitivs
117 51 0,
n IFM pozitivs r_ezultats (%)/ I rezultats (%)/ FAT
FAT positive result o
positive result
2005 1883 25 (1.33) 1140 396 (34.74)
2006 3955 25 (0.63) 1032 447 (43.31)
2007 4578 28 (0.61) 899 174 (19.35)
2008 2522 6 (0.24) 970 95 (9.79)
2009 0 0 714 64 (8.96)
2010 1828 0 488 16 (3.28)
2011 2269 0 485 1(0.21)
Kopa/
Total 17035 84 (0.49) 5728 1193 (20.83)

Vairakas starptautiskas vadlinijas (The oral vaccination..., 2002, Cliquet
et al., 2010) rekomendets trakumsérgas ORV strategiju efektivitates noteikSanai
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lapsas un jenotsunus no ORV teritorijam papildus izmekl&t arT trakumsergas
virusa klatbiitnes noteik$anai, izmantojot IFM metodi.

Lai analizetu trakumsérgas ORV stratégijas C efektivitates novertésanas
ietvaros atklato slimo dzivnieku saslimSanas iemeslus, apkopojam Siem
dzivniekiem veikto luminiscentas mikroskopijas un ELISA testu rezultatus.

Misu pétijuma ietvaros stratégijas C laika no visas Latvijas teritorijas
trakumsergas virusa noteikSanai izmekletas 12 402 lapsas, no kuram
54 (0.43%) konstatéts trakumsérgas viruss un 4 633 jenotsuni, no kuriem
30 (0.64%) konstatets trakumsérgas viruss. Jauzsver, ka nevienam no
konstatetajiem slimajiem dzivniekiem, netika konstatets vakcinas izcelsmes
viruss, kas apliecina, ka C stratégijas laika izmantotas oralas vakcinas ir drosas
mérka dzivniekiem un neizraisa saslimSanu. Saslimu$o dzivnieku attieciba
(0.49%) ir loti maza salidzinajuma ar rutinas pasivas uzraudzibas (klinisko
aizdomu konstatéSana) ietvaros atklatajiem dzivnieku saslimsSanas gadijumiem
no 2005.-2011.gadam (20.83%). No iegiitajiem rezultatiem varam secinat, ka
trakumsergas ORV efektivitates noteikSanai nomeditas lapsas un jenotsunus ir
nelietderigi (arT neekonomiski) izmekl&t trakumsergas virusa noteikSanai.

Izmaksu efektivitates analize Latvija izmantotajam trakumsérgas oralas
vakcinacijas stratégijam (1991.-2011.9.)
Ta ka datu ievakSanas un apkoposanas procesa nebija iesp&jams iegiit
datus par trakums@rgas ORYV stratégiju A un B izmaksam, izmaksu efektivitates
analizi sakam ar stratégiju C, kuras izmaksas noraditas 3. tabula.

3. tabula/Table 3
Trakumseérgas ORYV stratégijas C galvenas izmaksas
The main costs of rabies ORV strategy C
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2005 399280 99757 57307 2018 13244 558362
2006 957320 135150 97614 3895 27706 1221684
2007 767494 261960 113898 4039 31696 1179087
2008 236135 98652 62464 3923 21847 423020
2009 760872 202540 47011 0 16191 1026614
2010 925000 320000 65301 0 13643 1323944
2011 629662 434131 71949 0 9555 1145297
Kopa
Total 4675762 1552190 515544 13874 133882 | 6891252
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Analizgjot datus par trakumsérgas ORYV stratégijas C izmaksam (kop&jas
izmaksas 6 891 251.89 LVL), konstatgjam, ka 90.37% no kopg&jam izmaksam
sastada vakcinas iegades un vakcinas izlikSanas izmaksas. Lidzigs pétijums
veikts Igaunija, kur trakumsérgas ORV programmas ievieSanai laika posma no
2005.g.-2010.gadam izteréts 11 985 192.70 EUR, no kuriem 91.3% sastada
vakcinas iegades un izlikSanas izmaksas (Cliquet et al., 2012). Savukart,
Francija no 1988.gada Iidz 1993.gadam veikta p&tjjuma rezultati liecina, ka
vakcinas iepirkSanas un izlikSanas izmaksas sastadija 92.9% no kopgam
vakcinacijas kampanas ieviesanas izmaksam (Aubert 1999).

Nemot véra faktu, ka 90.37% no kopg&jam trakumsérgas ORV stratégijas
C izmaksam sastada vakcinas iegades un vakcinas izlikSanas izmaksas, un abas
no tam ir tieSi atkarigas no teritorijas licluma, kura tick veikta orala vakcinacija,
izmaksu efektivitates aprékinu veikSanai kumulativas izmaksas (Ls)
aizvietojam ar kumulativo vakcin@tas teritorijas laukumu (km?).

Salidzinot iegitos determinacijas koeficientus (attiecigi R’>=0.8718 un
R2=0.8535), konstatgjam, ka tie butiski neatSkiras, Iidz ar to kumulativas
vakcingtas teritorijas laukuma dati (km?) izmantojami ki izmaksu
atspogulojums un tos izmantojam stratégiju A un B izmaksu efektivitates
aprékinu veiksanai.

Trakumsérgas ORYV stratégijas C laika vidgjas ievieSanas izmaksas uz
vienu kvadratkilometru vakcinétas teritorijas bija 18.90 LVL jeb 26.90 EUR
(aprékiniem izmantotais valiitas kurss — 1 EUR = 0.7028 LVL) gada.

Ir publicéti loti maz zinatniskie raksti, kur analiz&ti trakumsérgas
apkaroSanas programmu ekonomiskie aspekti. Francija no 1988.gada lidz
1993.gadam veikta pétijuma rezultati liecina, ka trakumsergas ORV kampanu
ievieSanas izmaksas uz vienu kvadratkilometru bija 56 ASV dolari gada
(Aubert, 1999), kas, salidzinot ar misu pétfjuma rezultatiem, ir ieverojami
vairak (p < 0.05).

Cita petijuma aprakstits, ka gada izmaksas (vakcinas iegadei, izlikSanai
un ORV efektivitates noteikSanai), lai ieviestu aizsargzonu (buferzonu) Eiropas
Savienibas teritorijas (no trakumsérgas brivas) pasargasanai no trakumsérgas,
atkariba no valsts aptuvenas izmaksas varétu bit 37-69 EUR/km? (Freuling et
al., 2008). Sis izmaksas ir ievérojami augstakas par misu pétijuma rezultata
aprékinatajam (26.90 EUR/km?). Nemot véra misu pétijuma aprékinatas
trakumsérgas ORV vidgjas izmaksas uz vienu kvadratkilometru gada
(18.90 LVL), lai uzturétu 50 km ORV buferzonu Latvijas teritorija — Krievijas
Federacijas un Baltkrievijas pierobeza (kopg&jais robezas garums — 417 km),
kopgjas izmaksas gada sastaditu aptuveni 400 000 LVL, turklat janem véra, ka
Eiropas Komisija lidzfinans€ 75% no $im izmaksam.

Misu pétfjuma rezultati liecina, ka, analiz€jot visu pétfjuma periodu
kopa (1991.-2011.g.), izmaksu efektivitate ir tikai 61% (R’=0.61). ORV
strat€gijam A un B izmaksu efektivitate bija zema (attiecigi R’=0.012 un
R’= -0.60), jo bitiska trakumsergas izplatibas samazinaSanas netika noverota,
bet visaugstako izmaksu efektivitati konstatéjam ORV stratégijai C (R?=0.87).
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Trakumsérgas ORV stratégijas C izmaksu ietekme uz trakumsérgas izplatibu
(izmaksu efektivitate) att€lota 8. attela.
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8. att. Trakumsérgas ORY stratégijas C izmaksu efektivitate (Ls)
Fig. 8. Cost efficiency (Ls) of rabies ORV strategy C

Kopuma, analiz€jot visu pétijuma periodu, konstatgjam, ka izmantojot
dazadas trakumsergas apkaroSanas strat€gijas, rezultati bija loti atSkirigi. Liela
méra trakumseérgas apkaroSanas pasakumu efektivitate ir atkariga no pieejama
finansgjuma. Trakums€rgas ORV kampanu ievieSanas izmaksas ir lielas, tadel
valstis tiek mekl&tas alternativas — 1€takas trakumseérgas apkaro$anas stratégijas,
tomér to efektivitate lidz §im nav attaisnojusies, ko uzskatami pierada arT miisu
pétijuma rezultati. Trakumsérgas apkaro$anas programma valsti ir jabalsta uz
starptautisko rekomendaciju pamata, tai jabit ilglaicigai (vismaz 5-6 gadi) un
kvalitativai, nodroSinot pilnvertigu kontroli visos programmas ievieSanas
posmos. Finansgjums §adai programmai ir janodroSina ilgtermina, lai
nepielautu programmas partraukSanu, tadgjadi riskgjot paildzinat trakumsergas
apkarosSanas kopgjo laiku valsti.

Trakumsergas apkaroSanas strat€gijas veiksmi tieSi ietekmé ari valsts
publiskos iepirkumus reglamentgjosa likumdo$ana, kura Latvija nosaka valsts
iestadém iegadaties Ietako tehniskas specifikacijas prasibam atbilstoso vakcinu.
Ka zinams, ne vienmér l&taka prece ir ta labaka. To uzskatami redzam,
salidzinot Latvijas trakumsergas ORV efektivitati ar Igauniju, kur tiek lietota
augstakas kvalitates trakumseérgas orala vakcina un 2-3 gadu laika Igaunija
izdevas izskaust trakumsergu. Nemot vera Sos faktus, 1&takas un minimalajam
prasibam atbilstosas vakcinas izmantoSana trakumsergas apkaroS$anai var prastt
daudz vairak laika un finans€juma, neka augstas kvalitates vakcinas lietoSana.
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Sie finansialie apsvérumi ir janem véra planojot trakumsérgas apkaroSanas
programmas ieviesanu.

SECINAJUMI

1. No pétjjuma perioda (1991.-2011.g.) registrétajiem trakumsérgas
gadijumiem ieveérojami lielaka (p < 0.001) saslim$anas gadijumu attieciba
tika konstatSta savvalas dzivniekiem - 78.45%, savukart majdzivniekiem
tikai 21.55%. ST procentuala attieciba starp savvalas dzivniekiem un
majdzivniekiem batiski nemainijas dazadu ORV stratégiju ietekmée, kas
liecina par trakumsergas end@misku izplatibu Latvija, galvenokart,
savvalas dzivnieku viddl un rezervuaru sugu — lapsu un jenotsunu lomu
trakumsérgas epidemiologija.

2. No 1991.-2004.g. oralas vakcinacijas efektivitati bija iespgjams novertet
tikai péc viena no tris rekomend@tajiem raditajiem - trakumsergas
izplatibas, kura 1991.-1997.g. butiski nemaingjas, bet 1998.-2004.g. pat
paaugstinajas. Perioda no 2005.-2011.g. veiktie testu rezultati (vakcinas
uznem$ana un dzivnieku imunitates ITmenis) liecina par efektivitati, kas
sekmgja trakumsergas epidemiologiskas situacijas butisku uzlabosanos.

3. Pétjjuma perioda (1991.-2011.g.) izmantotajam trakumsérgas oralas
vakcinacijas stratégijam veikta izmaksu efektivitates analize liecina, ka no
1991.-2004.g. iegulditie resursi nav devusi rezultatu §is periods uzskatams
par finansiali neefektivu.

4. Strat€gija C (2005.-2011.g.), kuras laika tika veikta liela méroga ORV,
neskatoties uz lielajam ievieSanas izmaksam, uzskatama par efektivu
trakumsérgas end€miska valstl, jo trakumsergas izplatiba butiski
(p < 0.05) samazinajas.

5. Stratégijas C (2005.-2011.g.) laika pat zems imunitates Iimenis
(>0.125 TU/ml) (rekomendéta >0.5 IU/ml vietd) pasargaja lapsas un
jenotsunus no inficéSanas un veicindja trakumsérgas izplatibas strauju
samazinasanos.

6. Stratégijas C (2005.-2011.g.) laika imunitates Iimenis (>0.5 IU/ml) lapsam
un jenotsuniem bija augstaks SAD B19 virusa celmu saturoSas vakcinas
lietosanas laika.

7.  Trakums@rgas oralas vakcinacijas 2005.-2011.g. stratégijas laika kampanu
efektivitates novertéSanas ietvaros, izmekl€jot nomeditos savvalas
dzivniekus (lapsas un jenotsunus), tikai 0.49% dzivnieku tika atklata
trakumserga.

27



PRIEKSLIKUMI
turpmakai trakumsérgas apkarosanas un profilakses
stratégijai atbilstosi trakumsérgas izplatibas
izmaipam Latvija

P&tfjuma perioda beigas — 2011.gada Latvija tika registréts tikai viens
trakumsérgas gadijums. Saskana ar starptautiskam rekomendacijam (The oral
vaccination..., 2002) orala vakcinacija valsti jaturpina vel vismaz divus gadus
péc pedgja trakumsérgas gadijuma apstiprinasSanas. Tomer, trakumsergas
apkaro$anas procesa beigas valsti tiek registréti loti maz trakumsérgas
gadijumi, tade] loti svariga ir So gadijumi lokalizacija, jo no tas ir atkariga
piemérotako slimibas apkaroSanas pasakumu izvéle.

Sobrid, kad abas Latvijas kaiminvalstis Baltijas regiona — Lietuva un
Igaunija veic trakumsérgas apkaro$anu izmantojot oralo vakcinaciju, visliclaka
iespgjamiba registrét jaunus trakumsérgas gadijumus ir Latvijas Austrumu dala
— Krievijas Federacijas un Baltkrievijas pierobeza, jo $ajas valstis trakumsérga
ir plasi izplatita un netiek veikti slimibas epidemiologiskai situacijai atbilstosi
apkaroSanas pasakumi. Tadgl, lai iesp&ami precizi novertetu katru jaunu
saslimSanas gadijumu pierobeza, ir svariga regulara laba sadarbiba un
informacijas apmaina ar kaiminvalstim.

Ja trakums@rgas gadijumi turpmakajos gados tiks konstateti tikai
Latvijas austrumu dala, iesp&jams, ka savvalas dzivnieku ORV varetu veikt
tikai $aja Latvijas dala, veidojot ORV buferzonu 50 km platuma visas Krievijas
Federacijas un Baltkrievijas pierobezas garuma (463 km). Sada stratégija lautu
ievérojami samazinat trakumsérgas ORYV izmaksas, nodroSinot tadu pat
efektivitates limeni ka ORV stratégija C. Sadas buferzonas uzturésana Latvijas
teritorija biitu nepiecieSama tik ilgi, kamér Krievijas Federacija un Baltkrievija
tiktu ieviestas mérktiecigas ilgtermina trakumsérgas apkaroSanas stratégijas,
kuru rezultata ievérojami uzlabotos slimibas epidemiologiska situacija un
Latvija Iidz minimumam samazinatos trakums€rgas ievazasanas iesp&jas ar
slimiem savvalas dzivniekiem.

Kad Latvija trakumsergas gadijumi nebus registréti vismaz divus gadus
pec kartas un ar trakumsérgu slimu savvalas dzivnieku iekltiSanas iesp&jamiba
no Krievijas Federacijas un Baltkrievijas biis nieciga, Latvija vares pretendet uz
trakumse€rgas brivas valsts statusu. P&c brivas valsts statusa iegiiSanas Latvija
trakums€rgas ORV vairs nebiis javeic, bet joprojam biis janodroSina efektiva
trakumse@rgas pasiva uzraudziba — kliiski slimo, aizdomigo un ar trakumsergai
lidzigdm pazimém nobeiguSos savvalas dzivnieku un majdzivnieku
laboratoriska izmekleSana. Tapat obligata paliks sunu kaku un majas, istabas
sesku profilaktiska vakcinacija pret trakumsergu, bet tas biezums bitu
jasamazina no Sobrid Latvijas Republikas likumdosana noteiktas vienas reizes
gada lidz tadam biezumam, kadu to noteicis attiecigas vakcinas razotajs.
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Tomér, ja Latvija ka no trakumsérgas briva valsti dzivnickam tiktu
konstatéts saslim$anas gadijums ar trakumsergu, talakai ricibai jabut atkarigai
no ta, vai saslimSana konstatéta majdzivniekam vai savvalas dzivniekam.

Majdzivnieka saslimSanas gadfjuma ieteicamie trakumsergas
apkaroSanas pasakumi (no trakumsergas briva valsti):

detalizetas epidemiologiskas izmekléSanas veik$ana, ar merki
noskaidrot dzivnieka iesp&jamo infic€Sanas laiku, vietu un
celonus (iesp&jama celoSana ar dzivnieku arpus Latvijas, kontakts
ar savvalas dzivnieku utt.,);

talako pasakumu ievieSana atkariga no epidemiologiskas
izmeklESanas rezultatiem — ja konstatéts, ka slimais majdzivnieks
bijis kontakta ar savvalas dzivnicku Latvija, ka rezultata,
iespgjams, inficgjies — trakumsergas apkaroSanas pasakumi biis
tadi pasi ka saslimSanas gadjjumu konstatgjot savvalas
dzivniekam.

Savvalas dzivnieka saslimS$anas gadijuma ieteicamie trakumsergas
apkaroSanas pasakumi (no trakumsergas briva valsti):

savvalas dzivnieku (lapsu un jenotsunu) veselibas stavokla
pastiprinata uzraudziba — atrasto beigto dzivnieku nosiitiSana
laboratoriskai izmekléSanai trakumsérgas virusa noteikSanai, ka
arT nepiecieSamibas gadijuma medibu organizéSana un nomedito
lapsu un jenotsunu nosiitiSana laboratoriskai izmekl€$anai, ar
meérki izzinat trakumsergas epidemiologisko situaciju attiecigaja
apvidi;

arkartas trakumsergas ORV kampanas nekavéjosa uzsakSana
(iznemot ziemu, kad gaisa temperatiira ir zemaka par 0°C) 25-50
km radiusa ap vietu, kur savvalas dzivniekam konstateta
saslimsana (trakums@rgas skartais punkts);

ORYV teritorijas lielums janosaka izmantojot dabigas barjeras —
ezerus un upes, kas Latvijas apstaklos nav retums, bet ORV
teritorija nedrikst bt mazaka par 2 000 km?;

arkartas trakumsergas ORV kampanas laika izliekamo oralas
vakctnas &mu blivums ir atkarigs no savvalas dzivnieku
populacijas lieluma attiecigaja teritorija, bet tam nevajadzetu bt
mazakam par 25 &smam un vienu kvadratkilometru;

ja noteiktaja ORYV teritorija 30 dienu laika tiek atkartoti registréts
jauns trakumsérgas saslimSanas gadijums vai vairaki, Saja
teritorija javeic atkartota arkartas trakumsérgas ORV kampana;
arkartas trakumsergas ORV kampanas efektivitates novertésana,
izmeklgjot nomeditas lapsas un jenotsunus vakcinas uznemsanas
(tetraciklina  klatblitne kaulaudos) wun imunitates Iimena
noteikSanai, nav nepiecieSama.
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Attiecba uz majdzivnieku profilaktisko vakcinaciju, kuru Sobrid
saskana ar Veterinarmedictnas likuma 59.panta 14.punktu dzivnieku
1pasniekam noteikts par pienakumu veikt supiem, kakiem un majas (istabas)
seskiem ne velak ka no triju ménesu vecuma un turpmak vienu reizi gada,
nemot veéra trakumsérgas epidemiologiskas situacijas biatisku uzlaboSanos,
nepiecieSams veikt izmainas Latvijas Republikas likumdoSana. Lai samazinatu
slogu majas un istabas dzivnieku ipaSniekiem, iesakdm suniem, kakiem un
majas (istabas) seskiem noteikt par obligatu prasibu vakcinaciju pret
trakumsergu veikt saskana ar attiecigas vakcinas lietosanas instrukciju, nevis
vairs vienu reizi gada.

Runajot par trakumsérgas profilakses pasakumiem lauksaimniecibas
dzivniekiem, iesakam veikt to dzivnieku profilaktisko vakcinaciju pret
trakumsergu (saskana ar vakcinas lietosanas instrukciju), kuri tiek laisti ganibas
Latvijas teritorija — Krievijas Federacijas un Baltkrievijas pierobezas zona
(30-40 km). Nemot vera, ka Krievijas Federacijas un Baltkrievijas teritorija vél
ir plasi izplatita trakumserga arT savvalas dzivnieku vidd, pastav risks, ka Sie
inficetie dzivnieki var $kersot robezu un apdraudét Latvijas lauksaimniecibas
dzivnieku.
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INTRODUCTION

Rabies is still a global scale, virus-induced zoonosis with a huge adverse
impact on the public health, agriculture and economy (Eisinger et al., 2005;
Rupprech et al., 2006). The annual morbidity and mortality of rabies in the
world is about 40 000-55 000 people, mostly in Asia (56%) and Africa (44%)
and about 99% of rabies cases among humans are due to a bite of a dog
infected with rabies (WHO Expert Consultation on rabies...., 2004; Bourhy et
al., 2005). Furthermore, in Europe alone, annually about ten million people
receive an anti-rabies treatment after bites from potentially infected animals
(Bourhy et al., 2005).

In many places of the world, rabies is widespread among the wild
animals which often also serve as wildlife reservoirs of the rabies virus. In
Europe, the most wide-spread wildlife reservoirs are red foxes (Vulpes vulpes)
(The oral vaccination..., 2002).

Traditional rabies control methods used mostly oriented towards
reduction of the wild animals’ population turned out expensive and ineffective
(Smreczak and Zmudzinski, 2005). Since 1978, when the first practical trials
were made in Switzerland to carry out oral vaccination, the largest part of the
European countries, thanks to implementation of the oral vaccination strategy
have become free from rabies (Steck et al., 1982; Wandeler et al., 1988;
Bourhy et al., 2005).

In Latvia, rabies is an endemic disease since the 19™ century and since
1963, it has been found mainly in wild animals (Westerling et al., 2004). The
virus reservoirs in Latvia are red foxes (Vulpes vulpes) and raccoon dogs
(Nyctereutes procyonoides). In Latvia, annually a number of rabies cases are
registered for different species of animals. Over the last 20 years, 3 cases of
rabies in humans have also been identified in Latvia. Despite the fact that
preventive vaccination against rabies for dogs and cats is mandatory here, dogs
and cats are the most frequent victims of this disease.

The oral vaccination of foxes and racoon dogs with an aim of
eliminating rabies has been started in different districts of Latvia in 1991 and
since that time, different oral vaccination strategies have been applied, however
Latvia has not yet become a rabies-free country.

In European countries a number of research studies have been
performed on prevalence of rabies, use of oral vaccination in its control, as well
as on efficiency evaluation of the oral vaccination (The oral vaccination...,
2002, Vitasek, 2004). In Latvia just a few small studies have been performed,
covering a limited time period.

Therefore, the aim of the present study was evaluation of rabies
control in Latvia over the time period 1991-2011 through analysis of the oral
vaccination of wild animals and development of proposals for the follow-up
activities in accordance with changes of the rabies prevalence.
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Objectives of the study

. Analyse the impact of the oral vaccination strategies on rabies

prevalence in Latvia over the time period 1991-2011.

Compare the efficiency parameters of oral vaccination against rabies
(vaccine bait uptake and herd immunity) among foxes and raccoon
dogs depending upon the particular oral vaccination strategy applied
(1991-2011).

Carry out cost efficiency analysis for the oral vaccination strategies
applied in Latvia (1991-2011).

Development of proposals for further rabies prevention-control
strategies in line with the trends of rabies prevalence in Latvia.

Scientific novelty of the study

Rabies continues to be a topical problem globally and in Latvia.

For the first time in Latvia, the efficiency analysis have been carried
out of the rabies control process embracing a long research period
which includes the whole time span since the oral vaccination was
started to be used (1991-2011).

For the first time in Latvia the cost effectiveness analysis of oral
vaccination as a rabies control method was performed.

“The success story of Latvia” serves as an example to countries where
rabies is an endemic disease to choose the most efficient control
strategy.

Approbation of the research results

The research results are approbated in the following scientific conferences:

1.

E.OlSevskis, K.Lamberga, E.Liepins. Cost efficacy of rabies oral
vaccination strategies implemented in Latvia from 1991 to 20117,
International Scientific Conference “Animals. Health. Food hygiene”.
22-23"™ November, 2012, Jelgava, Latvia

E.OlSevskis, E.Liepins, K. Lamberga. Evaluation of different rabies
eradication strategies applied in Latvia from 1991 to 2010. “OIE
Global conference on Rabies control: Towards Sustainable Prevention
at the Source” no 7-9™ September, 2011, Incheon — Seul, Republic of
Korea

E.Olsevskis, E.Liepins, K.Lamberga, [.Rodze. Efficacy of the first
large scale rabies oral vaccination campaigns in Latvia during 2005.
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International  Scientific =~ Conference  “Research  for  Rural
Development”, 18-20" May, 2011, Jelgava, Latvia

4. E.OlSevskis, E.Liepins. Rabies oral vaccination in Latvia — past,
present and future. International Scientific Conference “Animals.
Health. Food hygiene”. 29" October, 2010, Jelgava, Latvia

MATERIAL AND METHODS

Within the framework of the present Promotional Thesis we analysed
Food and Veterinary Service (FVS) data on the prevalence in rabies in Latvia,
the implementation of the rabies control program, as well as the laboratory
testing results obtained at BIOR, Research Institute of Food Safety, Animal
Health and Environment (up to 1 January 2010, National Diagnostic Centre of
FVS) in the time period 1991-2011.

The laboratory examination targeted at detection of presence of the
rabies virus for all species of animal cadavers and its typing (in case the
presence of the virus is confirmed), the detection of tetracycline (the biological
marker) and the immunity level (presence of antibodies) have been performed
at BIOR. The quality checking of the oral vaccine before the vaccination
campaign (a stage of vaccination over the period of which the oral vaccination
of animals is carried out) has also been performed at BIOR. To summarise the
investigations performed by BIOR in a form accessible to further analysis, we
developed an electronic data base over the period of doctoral studies where we
entered detailed information on each animal tested and results of all the
laboratory tests thereof from the testing reports.

To perform the typing of the rabies viruses isolated in Latvia since 2005,
with an aim of separating the field virus from the oral vaccination virus strains,
the rabies virus isolates have been sent from BIOR to the European Union
Rabies Reference Laboratory ANSES, Nancy (France).

The epidemiological data and the cost effectiveness analysis, as well as
development of maps on geographical localization of rabies cases were
performed in collaboration with Friedrich Loeffler Institute of Epidemiology
(Federal Research Institute of Animal Health) in Germany serving also as a
Rabies Reference Laboratory under World Organization for Animal Health
(OIE) and Rabies Surveillance and Research Centre of World Health
Organization (WHO) as well as the German National Reference Laboratory for
rabies.
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Rabies control program by use of oral vaccination of wild animals

The oral vaccination of wild animals (ORV) as part of the rabies control
program was first started in Latvia in 1991. From 1991 to 2003, oral vaccines
in certain amounts were manually placed at foxholes and checked 5 days after
placement to find how many baits have been consumed. The locations of the
vaccine placement were fixed on a map. Since 2005, aircrafts were started to be
used for the distribution of baits, thus ensuring a uniform distribution of
vaccine baits over the whole territory of Latvia.

To ensure distribution of vaccine also in locations where aircrafts cannot
be used, inspectors of FVS carried out additional manual distribution of the
vaccine baits in green areas of the cities, parks and near cemeteries where foxes
are found. In collaboration with the State Border Guards, vaccination was
carried out also in the borderland with Russian Federation and Belorussia (3 km
wide area) where commercial flights are not allowed.

Since 1991, over the whole course of the period investigated, 29 ORV
campaigns have been carried out in Latvia, which are widely varied among
themselves. Therefore, to implement the analysis of ORV campaigns and
compare epidemiological data, a number of distinctive parameters of an ORV
campaign were formulated:

- Area covered by oral vaccination (location, size, proportional relation
against the whole territory of Latvia);

- Number of the vaccination campaigns per year;

- Time of implementation of the vaccination campaigns;

- The vaccine baits used (strain and manufacturer);

- The manner of distribution (manual or aerial);

- The number of the distributed vaccine baits;

- Density of the vaccine baits distributed (number of the vaccine baits
per square kilometre).

To define separate ORV strategies, the following points were taken into
account additional to parameters characterising ORV campaigns:

- Rabies surveillance system;

- Planning of the ORV campaign, its coordination, management and the
process control; officials in charge thereof;

- Storage conditions of the vaccine and the temperature regime control;

- Quality control of oral vaccine before its distribution.

Detection of the rabies virus
In order to detect the rabies virus in brain the standard method used is
the immunofluorescence method (IFM). For confirmation of the IMF results,

especially in cases when the suspected animal has attacked a human or another
animal also other laboratory testing methods are used in parallel (virus isolation

34



from the cell culture or the polymerase chain reaction (PCR), or mice
inoculation test or biological test).

Efficacy analysis of rabies oral vaccination campaigns

The only indicator of oral vaccination campaign efficacy up to 2004 was
the rabies prevalence but since 2005, in Latvia, following the international
recommendations 4-8 animals were examined hunted per 100 km® of the
vaccinated territory. Within the evaluation of the rabies oral vaccination
campaign, over the period of the present research study, 20 651 wild animals
(foxes and raccoon dogs) were sent in for laboratory examination.

Since 2001, in order to detect the bait uptake level in target species
(foxes and raccoon dogs), the method of luminiscence microscopy (LM) has
been used. Tetracycline (TC), a biological marker is component of vaccine bait,
settling out in the bone tissue of animal after swallowing of the vaccine and is
detectable in laboratory examinations with LM (Johnston et al., 1987). The
mandibula bones of the hunted foxes and raccoon dogs were used for the
laboratory tests, from which in autopsy teeth and bone tissue: fangs (dens
caninus) and the bone tissue part of the lower jaw.

Concerning the use of serological tests for detection of immunity level
or sero-conversion in foxes and raccoon dogs for the purpose of the ORV
efficacy analysis, in Latvia in 2005, two different tests were applied:
fluorescent antibody virus neutralization test (FAVN (Cliquet et al., 1998)) and
Enzyme-linked immunosorbent assay or ELISA (Servat et al., 2007)
(Platelia™ Rabies II kit, Biorad, France). Two cut-off values were selected to
represent the lowest threshold of the detectable quantitative level of antibodies:
the antibody level higher or equal with 0.5 IU/ml and higher or equal with
0.125 IU/ml.

The results obtained for foxes and racoon dogs, we compared by years,
as well as analysed their impact on the prevalence of rabies and the results of
oral vaccine consumption. We analysed separately the combinations of the
results obtained with the above methods. We summarised the laboratory test
results obtained, calculated the percentages of positive samples (%) and 95%
(P=0.05) confidence intervals. We compared the efficacy indicators of each
ORV strategy and C efficacy indicators among the species of animals and by
years. The confidence level 95% (p < 0.05) was used to compare the obtained
results.

Cost effectiveness analysis of different ORV strategies

For implementation of the cost effectiveness analysis we planned to
summarise the direct costs of ORV campaigns (purchase and storage of the
vaccine baits, distribution of baits (manual or aerial), costs of laboratory testing
for monitoring the efficacy of ORV campaigns) over the whole research period.

35



In the course of work we wrapped up data from FVS on the costs of campaigns
run in the period 2005-2011, however we could not access the financial data for
the period 1991-2004.

For calculation of the cost effectiveness for the period 2005-2011, we used the
ORV campaign cost-efficiency calculation model developed in Germany
(Selhorst & Schluter, 1997).

f(x) = a*exp (-n*x)

where:
f(x) - Decrease of rabies cases in relation to cumulative annual costs;
a-  The foreseeable number of rabies cases per year if x=0;
x -  Cumulative costs per year;
n- Rate of decay in rabies cases per unit money spent already.

In this model, n characterises the rate of rabies cases reduction in
relation to monetary unit already spent. At the beginning it is calculated for
every year of the period separately followed by calculation of the mean
indicator characterizing the period analysed.

A graph is prepared illustrating the reduction of the rabies cases in
relation to cumulative annual costs. The exponential function or the usual linear
regression curve and the coefficient of determination are used for measuring of
the closeness of relation between the reduction of rabies cases and cumulative
costs.

To assess the cost effectiveness trend for the periods 1991-1997 and
1998-2004, in cases where financial data were not accessible, we found an
alternative: by adapting the above Selhorst and Schluter (1997) model and
replacing the cumulative costs by years in it with the cumulative territory of
vaccination (sum of area (square kilometres) of the vaccinated territory by
years). It was possible because more than 90% of the ORV campaign costs are
made up of the vaccine purchase and distribution expenses (Selhorst &
Schluter, 1997) and both these indicators are related with the size of
vaccination area.

Drawing of maps

For illustration of the research results on every year of the period, maps
of Latvia were prepared (n=21) locating each rabies case registered and
differentiating rabies cases in domestic animals from rabies cases in wild
animals. On the basis of data we had summarised within the framework of the
present study, the maps were prepared in collaboration with Friedrich Loeffler
Institute of Epidemiology (Germany) by use of software ArcGIS 9 (2003).
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Statistical analysis

Statistical analysis of the research results was carried out by use of MS
Excel 2007 (Arhipova, Balina, 2006) and R software (R Development Core
Team, 2011). The significance of differences in the numbers of rabies cases
registered in Latvia by different strategies and years were compared by use of
Fisher’s test and correlation analysis.

For the efficiency of the laboratory testing results of the ORV
campaigns against rabies (IFM, LM, FAVN and ELISA tests) 95% (P=0.05)
confidence intervals were set, by use of the software tool’s package accessible
online in the Internet (http://statpages.org/confint.html).
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RESULTS AND DISCUSSION

Strategies of rabies ORV applied over the research period
(1991-2011)

The research period embraces a large time span (1991-2011) and ORV
campaigns implemented therein have been largely varied (Table 1), therefore
the analysis of the complete period gives a general overview not allowing to go
into details. To perform a detailed analysis, we defined 3 different periods or
strategies of the whole period:

1) ORYV against rabies from 1991 to 1997 — strategy A;
2) ORYV against rabies from 1998 to 2004 — strategy B;
3) ORV against rabies from 2005 to 2011 — strategy C.

Table 1
Description of rabies ORV strategies
. Vaccine Eva!uation of the
Strategy Vaccine used distribution efficiency .of ORV
campaigns
A Injectable Irregular, in small | Based on rabies
vaccine with | quantity, manual | prevalence. Other
1991-1997 | adapted bait | distribution in a | laboratory tests were not
without bio- | few regions with | carried out due to the
marker highest rabies | type of vaccine
prevalence
B Manufactured | Regular, Limited (evaluation of
oral vaccine | insufficient rabies prevalence and
1998-2004 | with bait | number of | bait uptake). Serological
containing vaccine baits | tests were not available
biomarker distributed at that time
(tetracycline) | manually in
several regions
C Manufactured | Regular, Comprehensive system,
oral vaccine | sufficient number | including rabies
2005-2011 | with bait | of vaccine baits | prevalence as well as
containing distributed bait uptake and herd
biomarker manually in all | immunity level detection
(tetracycline) | regions in foxes and raccoon
dogs

As the result of the test we established that over time period of 21 years
(1991-2011), 29 ORV campaigns against rabies have been carried out in Latvia

38



during which altogether 19 053 243 oral vaccine baits were distributed. The
total area of the vaccinated territory over the above period was 848 094 km?,
out of which 415 019 km® were vaccinated within the spring ORV campaign
(n=12) but 433 075 km® of territory within the autumn campaign ORV (n=17).
Over the whole period, four different oral vaccines were used. The average
density of the vaccines distributed over the period was 11.47 + 2.19 baits/km’
(average number + standard deviation). In four of the total 21 years, ORV
campaigns in Latvia were not carried out, in five years, the activities were
limited to just one ORV campaign per year.

Analysis of the rabies prevalence in Latvia over the research
period (1991-2011)

In the given period on the whole 18 157 animals have been sent in for
detection of the rabies virus which were suspected as rabies affected. Of all the
tested samples, 5 897 samples (32.48%) were confirmed as positive. Over the
research period, three cases rabies were found also in humans.

Of the laboratory confirmed rabies cases, 4 626 (78.45%) were
registered in wild animals, but 1 271 — in domestic animals (21.55%) (Fig. 1).

The difference in the prevalence of rabies among the wild animals and
the domestic animals should be deemed significant (p < 0.001). Similar
research results have been obtained in Lithuania where the proportion of rabies
cases found among wild animals was 68.30% (Maciulskis et al., 2006) and
Estonia — 80.80% (Niin et al., 2008) of the total number of rabies cases.

Analysing the number of rabies cases by species of animals, we found
that the most cases have been registered for foxes and the raccoon dogs — 4 142
(70.24%), while considerably less cases were found for dogs and cats 1 027
(17.42%).

The results of our research demonstrate that 89.54% of all rabies cases
in wild animals are related to foxes and raccoon dogs. In the previous research
studies on the prevalence of rabies in Baltic States, similar results have been
obtained (Vanaga et al., 2003, Zienius et al., 2002, 2003, 2004, Milius et al.,
2004, Maciulskis et al., 2006, Niin et al., 2008, Singer et al., 2009), which
outlines the Baltic State as a uniform region with very similar epidemiological
indicators of rabies: the disease is more widespread among wild animals, its
main reservoirs are foxes and the raccoon dogs. It should be noted that in
Lithuania and Estonia diverse results have been obtained in respect of the main
rabies reservoir, for since 2001, in Lithuania and since 2002, in Estonia the
number of rabies cases in raccoon dogs has exceeded the number of the rabies
cases found in foxes (Vanaga et al., 2003; Westerling et al., 2004; Maciulskis et
al., 2006; Niin et al., 2008; Laine et al., 2008, Singer et al., 2009; Smreczak et
al., 2009; Zienius et al., 2011). This disparity is difficult to explain moreover
that Latvia geographically is situated between Lithuania and Estonia.
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Impact of different ORV strategies on the prevalence of rabies in Latvia
over the research period (1991-2011)

In comparison with 1991 which marks the beginning of the start of the
research period, the number of rabies cases, thanks to application of different
ORYV strategies, had reduced from 183 cases to just 1 case in 2011. However
looking at the whole period, different prevalence trends were observed,
including the increase of rabies prevalence to its highest peak in the history of
Latvia - 963 cases in 2003. Taking account of this fact, the impact of each ORV
strategy was analysed separately.

To evaluate the impact of the ORV strategies A, B and C on rabies
prevalence in Latvia, we carried out the analysis of potential impact of the most
important intrinsic indicators of these strategies and their comparison.

The impact of the number of vaccine baits distributed within the
implementation of ORV strategies A, B and C on the rabies prevalence in
Latvia is reflected in Fig. 3.

It should be emphasized that over the whole research period, irrespective
of the rabies control strategy applied, the diseased foxes to racoon dogs ratio
does not change which demonstrates that foxes and raccoon dogs are the main
species of rabies virus reservoir in Latvia.

The ORV strategy A against rabies was commenced in 1991 and over
the 4 vaccination campaigns implemented, altogether 27 943 vaccine baits were
distributed. Over this time, chicken heads and fish were used as baits where the
vaccine of Russian production was injected before distribution. Over the
strategy A implementation period, the vaccine baits were distributed manually
and irregularly (just in 4 of the 7 years). From Figure 3 it is evident that in the
implementation period of the strategy A, the number of the rabies cases has not
been significantly reduced (p > 0.05) in comparison with the number of cases
registered in 1991 and 1997.

The rabies control ORV strategy B was started in 1998 and over its 11
vaccination campaigns, altogether 1 106 100 commercially produced vaccines
containing two different virus strains (SAD P5/88 and SAD Bern) were
distributed. However also within this strategy the baits were distributed
manually. Despite the considerably larger number of the distributed vaccine
baits within strategy B in comparison with the strategy A (p < 0.05), the
number of the rabies cases significantly (p < 0.05) increased reaching 963 cases
in 2003 (see Fig.3).

The rabies ORV strategy C was started in 2005, and within its 14
vaccination campaigns performed altogether 17 919 200 commercially
produced oral vaccine baits of two different virus strains (SAD B19 and SAD
Bern) were distributed. Implementation of the strategy C was marked with the
use of aircrafts for distribution of vaccines for the first time. In comparison
with the strategy B, the amount of the vaccine baits distributed over the
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implementation of strategy C was considerably higher (p < 0.001), which
brought about a swift reduction of rabies cases in Latvia from 421 cases in
2005 to just one case in 2011.

Analysing the impact of density of the vaccines distributed on the rabies
prevalence, we found that the density of the vaccine baits distributed within the
strategy A was only 4 baits/km?, while within the strategy B: 9.7 baits/km?,
which is considerably less than recommended (18-30 baits/km?). Consequently
the density of the vaccine baits distributed within strategies A and B, has not
reduced the rabies prevalence in Latvia. In respect of the average density of
vaccine baits distributed over strategy C - 24.18 baits/km’, we ascertained a
positive impact on the rabies prevalence in Latvia as the result of which it was
reduced from 421 cases in 2005 to just one case in 2011.

Comparing the rabies prevalence over periods of different ORV
strategies, we found a significant difference between strategies A and B
(p < 0.05) and strategies B and C (p < 0.05). At the same time, significant
rabies prevalence differences between strategies A and C were not found (p >
0.05).

The analysis of efficiency parameters of rabies ORV strategies
(vaccine bait uptake and the immunity level) for foxes and raccoon
dogs (1991-2011)

Over the implementation of the ORYV strategy A, the summing up of the
uptake level of the vaccine baits by foxes and the raccoon dogs (animals of the
target species) was not possible for at this stage, the vaccine did not contain the
biological marker tetracycline (TC) yet. Checking of the immunity level for
animals over implementation of the strategy A was not possible, for at that time
in Latvia the serological methods for detection of the virus-neutralising
antibodies were not available. Having that in mind, it is clear that both the
proportion of animals having consumed the baits and the immunity level
acquired during implementation of the strategy A is unknown.

The vaccine uptake rate results achieved within the Strategies B and C
are presented in Fig. 4.

It is described in scientific literature that detection of tetracycline as a
biological marker provides information on the potential shortcomings or
deficiencies in ORV campaigns against rabies (The oral vaccination..., 2002). If
at least 70% of the target population have consumed the vaccine, it should be
sufficient to interrupt the rabies transmission cycle for foxes (WHO Expert
Consultation on rabies...., 2004, Brochier et al., 1988, Masson et al., 1999),
however, there is a proof that even by ensuring vaccination of a smaller
proportion of the population, it is possible to control rabies (Thulke and
Eisinger, 2008).

Over the implementation of ORV strategy B, the number of animals to
be tested was determined within the limits of the accessible funding rather than
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according to WHO recommendations. Regarding that tetracycline is retained in
the bone tissue of animals for the whole lifetime after uptake of the vaccine and
the fact that the first laboratory tests for tetracycline were performed only when
ORYV campaigns had been run already for a few years, it is possible that the
results obtained by us have been influenced also by the previous ORV
campaigns.

Over the course of the strategy C, altogether 19 554 wild animals were
tested for the uptake of vaccine, including 13 972 foxes and 5 572 racoon dogs.
In the course of testing, positive results were obtained in respect of 10 933
foxes (78.25%) and 3 866 raccoon dogs (69.38%). For foxes the positive results
of tetracycline over the period 2005 — 2011, varied within the limits of 56.30-
88,72% , for raccoon dogs: within the limits of 47.16-83.26%. In all years when
strategy C was implemented, the vaccine uptake results for foxes were higher
than for the raccoon dogs, however, statistically significant differences between
both species were not found (p>0.05). The best vaccine uptake results in Latvia
were reached in 2010: 88.22% for foxes and 83.26% for the raccoon dogs,
furthermore for the raccoon dogs this is the highest uptake indication over the
whole research period. It is very likely that these results obtained by us are
related to vaccine Fuchsoral® (Impstoffwerk Dessau-Tornau GmbH, Germany)
which contains virus strain SAD B19 and were in use since 2008 for three
successive years alongside with introduction of the vaccine distribution
equipment SURVIS which allowed to better target the exact location of the
vaccine placement registering each bait as a point on the map. It gave the
opportunity to identify areas where vaccines due to some failure were not
placed and thus provided for repeated distribution, covering the neglected
areas. Another reason for comparing the results of the vaccine uptake with
those of other years of ORV strategy C might be the field instability of the
vaccine bait Lysvulpen® (Bioveta, Czeck Republic) containing SAD Bern
virus strain in the research study carried out in Lithuania (Maciulskis et al.
2008).

In their research in Estonia, Cliquet et al. (2012) describe that the
tetracycline level found in 2008 and in 2009, was 93% and 91% for foxes and
88% and 86% for the raccoon dogs accordingly. The results of research
conducted in Lithuania demonstrate that after the ORV campaign where the
vaccine containing SAD Bern virus strain was used, tetracycline was found in
79.63% of the tested foxes and in 58.35% of the raccoon dogs tested in 2009
(European Commission, 2009). Comparing the results obtained in the three
Baltic States, we see that in Estonia where a vaccine containing virus strain
SAG2 was used, the bait uptake results are considerably better than results,
both obtained in our research and in Lithuania where other vaccines were used.
In a way, it can be explained with the composition and quality of the bait
containing SAG2 virus strain vaccine providing for high resistance to the field
conditions. In his research study, Maciulskis et al. (2008) has described the
instability of the bait containing SAD Bern virus strain vaccine outdoors (under
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sunshine and rain), as well as the reduction of the virus titre within the vaccine.
It should be emphasized that vaccine containing the strain SAD Bern has been
widely used in Latvia which in a way explains the research results obtained.

The results of our research reveal that reduction of the rabies cases
started in 2006 when 85.83% of the foxes and 77.45% of the raccoon dogs
tested afterwards had consumed the oral vaccine (Fig.5).

In accordance with instructions of use of different commercial oral
vaccines, the immunity for wild animals after uptake of vaccine lasts for about
12 months therefore vaccination should be repeated on regular basis, initially
establishing the existing immunity level for the target animals.

For detection of the immunity level over the course of the ORV strategy
C, 19 036 animals were tested with ELISA test — 13 613 foxes and 5423
raccoon dogs. Of the animals tested the antibody level for 3 780 (19.86%) foxes
and 1 026 (18.92%) raccoon dogs the blood antibody level exceeded 0.5 IU/ml.
A lower immunity level (antibody level exceeds 0.125 IU/ml) from 12 563
foxes tested, was established for 6 890 (54.83%) animals and of the raccoon
dogs tested, for 2 756 (54.62%) animals.

Since 2006, the immunity level both for foxes and the racoon dogs had
increased, reaching its highest peak in 2010 when for foxes it was 71.99%, but
for the racoon dogs - even 73.94%.

Comparing the immunity level results obtained using different cut-off
values of antibodies, statistically significant differences (p > 0.001) were found
both among foxes and the raccoon dogs.

Analysing the vaccine uptake results for foxes, it is evident from Figure
6. that the rabies prevalence reduces if at least 85.83% of the foxes examined
have received the oral vaccine and continues to reduce even with lower uptake
rates. Comparing different immunity levels on their turn we found that rabies
prevalence starts to reduce if at least 46.57% of foxes have received low
immunity level (>0.125 IU/ml) or at least 8.22% of foxes have acquired a high
immunity level (>0.5 IU/ml).

Comparing different immunity levels and the vaccine uptake rates for
the racoon dogs, it is shown in Figure 7 that the rabies prevalence starts to
reduce if at least 77.45% of the racoon dogs tested have received the oral
vaccine and it continues to reduce even with lower rates. Analysing different
immunity levels in their turn, we established that rabies prevalence starts to
reduce if at least 47.19% of the racoon dogs have acquired a low immunity
level (>0.125 IU/ml) or at least 10.53% of the tested racoon dogs have acquired
high immunity level (>0.5 IU/ml) (Figure 7).

Analysing the ELISA test results we found that the immunity level
(>0.5 IU/ml) both for foxes and the raccoon dogs over the period of the strategy
C, has grown considerably, reaching its highest peak in 2011: 35.12% for
foxes and 36,17% for the racoon dogs respectively. The lowest level of the
blood was established for foxes in 2006 (8.22%) and for the racoon dogs in
2007 (8.27%) (Fig. 6 and 7).
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Our research results prove that over the whole period of strategy C, the
vaccine uptake rates both for foxes and the raccoon dogs are significantly higher
(p<0.05) than the high immunity level (>0.5 IU/ml) results (Fig. 6. and 7).

According to our research, the immunity results fixed for foxes and the
raccoon dogs in 2005-2011 (ELISA, 0.5 TU/ml) varied within the limits 8.22% -
35.12% for foxes and 8.27% - 36.17% for the racoon dogs. We found the lowest
immunity level results in 2006 and 2007 when Lysvulpen®, a vaccine containing
SAD Bern virus strain (Bioveta, Czeck Republic) had been used — for foxes it
was 8.22% and 10.27%, for the racoon dogs - 10,53% and 8.27% respectively.

The results of our study are comparable with findings obtained in
research carried out in other countries. In Estonia, after large scale ORV
campaigns in 2005 — 2006, making use of SAG2 (RABIGEN®, Virbac
Laboratories, France) vaccine, the immunity was established with ELISA assay
(>0.5 TU/ml) for 65% of the tested raccoon dogs and 64% of the tested foxes
(Niin et al., 2008). In Lithuania, in time period between 2006 and 2010, the
immunity was found for 46.8% of the raccoon dogs tested (Zienius et al.,
2011), while for foxes in 2009 it was 49.85% (European Commission, 2009).
Comparing the immunity level results acquired making use of the antibody
levels 0.125 and 0.5 IU/ml, both for foxes and for the raccoon dogs, we found
statistically significant differences (p > 0.001). ELISA test results for foxes
demonstrate that the test can detect the antibody level which is about 0.2 TU/ml,
but to exclude the false positive results, the antibody detection cut-off value
0.5 TU/ml (Cliquet et al., 2007) was set for dogs, cats and foxes, however it is
not clear which is the lowest antibody level capable of protecting the animals
from rabies infection. Regarding the results of our study especially the swift
reduction of rabies when the ORYV strategy C was implemented, we can assume
that foxes and the raccoon dogs for which a lower level of antibodies than
0.2 TU/ml is detected, could nevertheless be protected from the disease.

Our research results demonstrate increase of two indicators within the
time period 2006 — 2011: the number of animals with positive tests for presence
of antibodies against the rabies virus and number of animals with a high
immunity threshold (0.5 TU/ml). In respect of foxes, from 2008 to 2010, we
observed a significant (p < 0.05) increase both, in the vaccine uptake rate (from
70.24% to 88.22%), and low level (>0.125 IU/ml) immunity results (from
47.3% to 71.99%), as well as in high level (>0.5 IU/ml) immunity results (from
13.06% to 33.87). Furthermore, over this period we established also a closer
correlation between the vaccine uptake rates and the low level (0.125 IU/ml)
immunity results (r = 0.97) and between vaccine uptake rates and high level
(>0.5 IU/ml) immunity results (r = 0.99). On the basis of the above data we can
conclude that over the time period from 2008 to 2010, ORV campaigns have
been the most effective, which is underpinned also by the reduction of rabies
cases from 110 to 16 accordingly. It is very likely that the good results were
actually due to the change of vaccine for after two years of using vaccine
Lysvulpen® containing virus strain SAD Bern (Bioveta, Czech Republic) since
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autumn 2008, by application of the vaccine Fuchsoral® containing virus strain
SAD B19 (Impstoffwerk Dessau-Tornau GmbH, Germany). Possibly a major
role in achievement of good results was played by application of the automatic
bait distribution equipment SURVIS which providing registration of each bait
as a point on the map allows for better management of the distribution process.
Thus places which have remained uncovered by baits due to technical errors are
consequently visible and can be filled in by repeated distribution of baits.
Another reason for the commendable results could be the changes in storage
practice of the vaccine, because since 2008 the vaccines were delivered straight
to the airport and stored there in a portable freezer over the whole ORV period,
ensuring an unchangeable regime of temperature.

To analyse the potential impact of ORV efficacy results on the
geographical localisation of the disease and formation of the disease clusters in
Kurzeme region (2007-2010), we compared the ORV efficacy results in Kurzeme
region with overall results over the whole country. As the result of analysis we
did not find any significant difference in vaccine uptake results either for foxes or
the raccoon dogs (p>0.05). Likewise we did not find any significant differences
between both species in the high level immunity results (p>0.05). However
comparing the lower level immunity results (>0.125 IU/ml) for foxes, we
established significantly lower (p<0.05) results in Kurzeme, while for the racoon
dogs this difference was not so significant. Possibly, the delayed and
uncompleted due to prolonged procurement procedure ORV campaign in
Kurzeme region in 2008 could be responsible for the low immunity results found
for foxes. Another reason could be the relatively high proportion of forests and
the bush lands in Kurzeme, as well as presumably the larger fox population,
albeit this hypothesis could be extremely difficult to prove due to lack of precise
data in Latvia on population numbers of different wild animals in different
regions. The third reason could be failure to observe the temperature regime over
the vaccine storage period.

Detection of the rabies virus within the framework of ORV strategy C
efficacy evaluation for foxes and racoon dogs

Comparing the number of rabies cases diagnosed within the framework
of ORYV strategy C efficacy evaluation with the number of rabies cases
confirmed within passive surveillance of rabies (suspicious cases), we found
that the number of rabies cases diagnosed within the ORV strategy C
evaluation is significantly lower (p < 0.05) (Table 2).

For efficacy evaluation of ORV strategies, several international
guidelines (The oral vaccination..., 2002, Cliquet et al., 2010) recommend
supplementary testing of foxes and raccoon dogs from ORYV territories for the
presence of the rabies virus also by using the [IFM method.
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To analyse the reasons of morbidity for the sick animals identified
within the ORV strategy C efficacy evaluation, we summed up the luminescent
microscopy and ELISA test results for these animals.

Within our research, during the strategy C, for identification of the
rabies virus from the whole territory of Latvia, 12 402 foxes were tested of
which 54 (0.43%) were positive for rabies virus and 4 633 raccoon dogs were
tested of which 30 (0.64%) were positive for the rabies virus. It should be
emphasized that for none of the sick animals identified, the vaccine origin virus
was found which proves the safety of vaccines used for the strategy C and do
not cause infection. The proportion of the diseased animals (0.49%) is very
small in comparison with rabies cases found within the passive surveillance
activities (confirming clinical suspicion) from 2005 to 2011 (20.83%). From
the results obtained we can conclude that it is neither rational nor cost-efficient
to test the foxes and raccoon dogs hunted for evaluation of the ORV efficacy in
examination for the virus identification.

Cost efficacy analysis for oral vaccination strategies applied in Latvia
(1991-2011)

As within our data collection and summarisation process it was not
possible to obtain data on costs of ORV strategies A and B, we started the cost
analysis by looking at strategy C the costs of which are reflected in Table 3.

Analysing data of the strategy C costs (total costs - 6 891 251.89 LVL),
we found that 90.37% of the total costs are taken up by the vaccine purchase
and distribution. A similar research study has been performed in Estonia where
for the implementation of rabies ORV program in the time period 2005-2010
11 985192.70 EUR have been spent of which 91.3% were associated with
vaccine purchase and distribution costs (Cliquet et al., 2012). At the same time,
in France the research carried out from 1988 to 1993 showed that the vaccine
purchase and distribution costs made up 92.9% of the total amount of money
spent for the implementation of the ORV campaign (Aubert, 1999).

Regarding that in our case 90.37% of the total ORV strategy C costs
were made up by the vaccine purchase and distribution costs and both are
directly dependent upon the size of area where the ORV is carried out, we
replaced for the sake of cost-efficiency calculation the cumulative costs (LVL)
with the cumulative area of the territory vaccinated (km?).

Comparing the determination factors obtained (R*=0.8718 and
R’=0.8535 accordingly), we found no significant differences between them,
consequently the area data of cumulative vaccinated territory (km?®) may be
used as an estimation of costs and we used them for the cost efficacy
calculation of strategies A and B.

The average implementation costs of the ORV strategy C per 1 km® of
the vaccinated territory were 18.90 LVL or 26.90 EUR (the currency exchange
rate used: 1 EUR = 0.7028 LVL) per year.
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There are very few scientific articles published reflecting economic
aspects of the rabies control programs. The results of the study carried out in
France from 1988 to 1993 show that the ORV implementation campaign costs
were 56 USD a year per sq km (Aubert, 1999) which are significantly higher in
comparison with the results of our research (p < 0.05).

Another study indicates that the annual costs (for purchase and
distribution of vaccine and the ORV efficacy evaluation), with an aim of setting
up a buffer zone for protection of the part of European Union which is free
from rabies, depending upon a state, could come to 37-69 EUR/km” (Freuling
et al.,, 2008). The costs are notably higher than those calculated within our
research study (26.90 EUR/km?). Regarding the average annual costs of ORV
against rabies per 1 sq km calculated by us, it follows that maintenance of a
50 km buffer zone in the territory of Latvia located along the border with the
Russian Federation and Belorussia (total length of the border — 417 km), the
total annual costs would come to app. 400 000 LVL, furthermore it should be
noted that European Commission co-finances 75% of these costs.

The results of our research show that analysing the whole research
period (1991-2011), the cost efficacy is just 61% (R*=0.61). The cost efficacy
for ORV strategies A and B was low (R*=0.012 and R’= -0.60 accordingly), as
significant reduction of rabies prevalence was not observed, while the highest
efficacy was established for ORV strategy C (R*=0.87). The impact of the costs
of ORV strategy C to rabies prevalence (cost efficiency) is reflected in Fig. 8.

Analysing the research period as the whole, we found that different rabies
control strategies, had produced highly varied results. The efficiency of rabies
control measures largely depends upon the available funding. The
implementation costs of rabies ORV campaigns are high, therefore countries look
for alternatives: less costly strategies, however the efficacy of the latter has not
justified itself up to now which is clearly proved also by the results of our
research. The national rabies surveillance program should be based on
international recommendations, it must be long-term (at least 6 years) and of high
quality so as to ensure a complete control along all links of the implementation
chain. The funding of such a program should be long-term to avoid interruption
thus risking prolongation of the overall rabies control period in country.

The success of the rabies control strategy is directly influenced also by
the existing government procurement legislation, which in the case of Latvia
demands purchase of the cheapest vaccine corresponding to technical
specifications. It is common knowledge that the cheapest goods are not always
the best ones. This is clearly demonstrated through comparing the efficiency of
the ORV campaign in Latvia with that of Estonia, where the oral vaccine used
is of the highest quality as the result of which Estonia was successful to
eliminate rabies in 2-3 years. Regarding the above facts it should be underlined
that use of a cheaper vaccine which meets only the minimum requirements may
take much longer time and funding than application of a high quality vaccine.
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Those financial assumptions must be taken on board when implementation of
rabies control program is planned.

CONCLUSIONS

1. From the rabies cases registered over the research period (1991-2011) a
significantly higher (p < 0.001) morbidity rate was found for the wild
animals - 78.45% of all cases, while for domestic animals it was just
21.55%. This percentage relation between morbidity of the wild and
domestic animals was not significantly changed by different ORV
strategies applied which is an indicator of endemic spread of rabies in
Latvia mainly among the wild animals and a role of reservoir species:
foxes and raccoon dogs in rabies epidemiology.

2. From 1991 to 2004, the efficacy evaluation of vaccination was
implemented only by one of the three recommended indicators: the
prevalence of rabies which in the period 1991-1997 did not significantly
change but within 1998-2004 even increased. The results of tests
performed in 2005-2011 (bait uptake and the immunity level) are
indicative of efficiency which promoted a radical improvement of the
rabies epidemiological situation in Latvia.

3. The cost efficacy analysis of the oral vaccination strategies against rabies
over the research period (1991-2011) shows that resources invested in the
period 1991-2004 have not brought any payback, consequently this period
should be deemed financially ineffective.

4. Despite the high implementation costs, strategy C (2005-2011)
comprising a large-scale ORV, in a country where rabies is an endemic,
should be deemed effective, because the prevalence of rabies significantly
(p <0.05) decreased.

5. In the period of strategy C (2005-2011) even a low immunity level
(>0.125 IU/ml) instead of the recommended >0.5 IU/ml) protected foxes
and racoon dogs from infection and promoted a swift reduction of rabies
prevalence.

6. In the period of the strategy C (2005-2011), the immunity level
(>0.5 TU/ml) for foxes and the raccoon dogs was higher when vaccine
containing the rabies virus strain SAD B19 was used.

7. In the period of ORYV strategy C (2005-2011) testing the hunted foxes and
raccoon dogs for the purpose of the efficiency control of the campaign,
the presence of rabies was established only for 0.49% of all tested
animals.
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PROPOSALS
for further strategy of rabies control and prevention in line with changes
of the rabies prevalence in Latvia

In 2011, at the end of the research period, only one rabies case was
registered in Latvia. In accordance with the international recommendations,
(The oral vaccination..., 2002) oral vaccination should be continued for at least
two years after confirmation of the last rabies case. However at the end of the
control process, very few rabies cases get registered in country, therefore the
localisation of these cases are of an extreme importance because the choice of
the most appropriate control measures depends upon it.

At this point when Estonia and Lithuania, both our neighbouring states in
the Baltic Region are in the process of controlling rabies through oral vaccination,
the highest possibility to register new cases are in the Eastern part of Latvia —
within the borderland area with Russian Federation and Belorussia because in
these countries rabies is a wide spread disease and control measures adequate for
the epidemiological situation are not carried out. Therefore, for maximum
accurate evaluation of each new case of rabies within borderland, a regular and
good cooperation with the neighbouring states is of high importance.

If new cases of the disease in the few coming years are registered only in
the Eastern part of Latvia, the ORV campaigns for the wild animals could
perhaps also be limited to this part of Latvia setting up a 50 km wide buffer zone
along the total length of Border with the Russian Federation and Belorussia (463
km). The above strategy would promote considerable reduction of the costs of
ORYV against rabies at the same time ensuring the same efficiency level as
strategy C. The maintenance of such buffer zone in the territory of Latvia would
be required up to the point when both Russian Federation and Belorussia
implement purposeful long-term rabies control strategies resulting in notable
improvement of the epidemiological situation in its turn reducing the possibility
for rabies re-introduction in Latvia with wild animals.

In point of time, when no new rabies cases would have been reregistered
in Latvia for at least two successive years and the possibility of animals sick with
rabies entering the territory of Latvia from Russian Federation and Belorussia
would become negligent, Latvia will be able to apply for the rabies-free country
status. After acquiring this status, the ORV against rabies in Latvia will not be
mandatory however, the effective passive surveillance will still have to be carried
out — laboratory testing of clinically sick, suspicious animals and animals
showing symptoms similar to those of rabies. The preventive vaccination of dogs,
cats and domestic ferrets must still be obligatory however its frequency should be
reduced from once a year stipulated by the current legislation (Article 59 (14) of
the Law on Veterinary Medicine) to frequency indicated by particular producer.

At the same time, if in Latvia as a rabies-free country a case of rabies in
an animal would still be detected the follow-up action should be dependent
whether the diseased animal is a domestic or a wild animal.
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In case, a domestic animal is confirmed sick with rabies, the
recommended control measures (in a rabies-free country) are as follows:

Detailed epidemiological investigation with an aim of clarifying the
potential time, place and causes of infection (possible travelling with
an animal outside Latvia, coming into contact with a wild animal etc.);
Introduction of the further measures depends upon the results of
epidemiological investigation; upon finding that the domestic animal
has been in contact with the wild animal in Latvia, the rabies control
measures will be the same as upon finding a rabies case in a wild
animal.

In case of rabies in a wild animal the recommended rabies control
measures (in a rabies-free country):

Intensified surveillance of wild animals (foxes and racoon dogs):
shipment of the dead animals found for laboratory testing for
identification of the rabies virus, as well as, if required, organization
of hunting and shipment of the foxes and racoon dogs hunted for
laboratory testing with an aim of assessing the epidemiological
situation of rabies in the particular area;

Starting of an emergency ORV campaign without delay (except in
winter with the air temperature is below 0°C) in 25-50 km radius
around the spot where the disease in a wild animal was found
(affected point);

The size of territory for ORV must be outlined by identifying natural
barriers: lakes and rivers, abundant in Latvia, however the size of the
area should not be smaller than 2 000 km?; The distribution density of
baits over the emergency ORV campaign depends upon the population
size of wild animals within the respective territory but it should not be
smaller than 25 baits per sq.km;

In case within 30 days a repeated rabies case or several cases are
registered in ORV territory, a repeated emergency ORV campaign
should be carried out in this territory;

The efficiency evaluation of the emergency ORV campaign by
testing the foxes and raccoon dogs hunted for tetracycline presence
in their bone tissue thus measuring their immunity level is not
necessary.

Speaking of the measures against rabies for agricultural animals, we
recommend to ensure the preventive vaccination against rabies (pursuant to its
instruction of use) for animals which are grazed on borderland with the Russian
Federation and Belorussia (30-40 km area). Regarding the high prevalence of
rabies among wild animals in Russian Federation and Belorussia there is a risk
that the infected animals can cross the border and endanger agricultural animals

in Latvia.
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