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Résumé

La rageentraineplus de 60,000décespar an dansle Monde,dont 800 au Cambodgepays
fortementendémiquepourla ragecanine.

La mortsurvientdanspresde 100%descasderage maladieévitabledanspresquel 00%des
casparl 6 a aunepsophylaxiepostexposition(PPE)antirabiqueadéquatet entempsutile.
L6 am®l idelr aa @ aneBPE dansles zonesruralesdes pays endémiquespermettra
d 6 ® p adesygieskumaines courtterme.

Cettethéseenépidémiologieatiré partidesdonnéegollectéesaupregiespatientsconsultant
au centreantirabiqueet les chienstestésal 6 | nRastdutluCambodggIPC), PhnomPenh.
Suite a un bilan épidémiologiquede la situationet desobstaclesauxquelssont confrontésles
patientscherchant accédeia la PPEadéquatet entempsutile, cettethésevise a contribuera
améliorerl/l 6 a géographiquet2/1 6 a financisraunePPEpourlespopulationsurales
du Cambodge.

Nous avonsdéveloppéune stratégieoriginaled 6 i d e n tdespdchesad popolationsa
hautrisqued 6 i n ¢ 0 mjpdciateapr@seine expositionpotentiellea la rage. Ceci devrait
permettred 6 a m® | atcesgéegraphiquela PPEet seconcrétiseparl 6 o u vendjuilled r e
2018d 6 wentrepériphériqualepréventiordelaragedand 6 O dwECanibodgeCettestratégie
d 6 i d e n tdedifficudtés tl dcoesaux soinsestapplicablead 6 a uthématique de santé,
souscertainesonditions.

Notre rappeldes patientset | 6 a n dels désegpar rage parmi les patientsn 6 a ypasn t
complétéde leur propre chef le protocole PPE de 4 sessionsntradermalessur 1 mois ne
permettentpasde mettre en évidenceune différencede mortalité par rage parmiles patients
n 6 a yrecmdue 3 sessionssur 1 semaine,par rapporta au moins 4 sessions/1moisLe
raccourcissemerdu protocolea 1 semainepermetde réduireles coltsdirectset indirectset
| 6 a b deeemeauspendanta duréedutraitemenencapitale La miseenplacedeceprotocole
doits 6 a c ¢ o rd @ awvihdedr mains6 moisdespatientsaprédeur priseenchargeinitiale.

L 6 e n s @egdstiav@uxadesimplicationsqui dépasserie cadredu CambodgeDansses
recommandationd 6 A \2018,II 6 O M&mmandelésormaise nouveauprotocolelPCi le

premierprotocolePPEantirabiqueabrégé 1 semaine.

DOI: 10.13140/RG.2.2.27381.01761
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Synthese en Francais

C'est a peine si chaque année, en France pluspune centaine de personnes
succombent a la rage. Mais, le spectacle émouvant d'un acces de rage, la certitude de
la mort, les angoisses de la longue période d'incubation expliquent assez I'effroi qu'elle
inspire. L'obscurité de sa cause, le tevapisBie de l'incubation, I'absence de

lésions anatomiques qui puissent rendre compte des symptdomes que présente 'homme
ou l'animal enragé ont, pour ainsi dire, irrité la curiosité des médecins et des
vetérinaires, et c'est par centaines que I'on esm@mobires écrits sur ce sujet.

Quand on parcourt cette volumineuse littérature, on est surpris de la fréequence des
contradictions et on reste étonné de voir combien peu de points importants restent
définitivement acquis aprés tant d'efforts.

Emile RouXes nouvelles acquisitions sur la rage.
Theése de Médecine. Paris; 1883

1. Partie 1: Contexte et rationnel

1.1 Pasteur et son épogque

La ragecanineestconnueet redoutéedeshumainsdepuisla plus hauteantiquité.Au cours
dessieclesde nombreuxauteur$ cliniciens, vétérinaires chirurgiens,pharmacieng se sont
penchésur cetteterrifiantemaladié.

Le 6juillet 1885,le jeuneJoseptMeisterdevenaite premierhumainabénéficiede13doses
successived 6 uproghylaxiepostexposition(PPE)parvaccinatténuéontrela ragedéveloppé
par Emile Roux et Louis Pasteut Ce succesfut répétéfin octobre1885 chez Jeari Baptiste
Jupillé”. Le premiercentrede PPEcontrela rageen Asie, en Afrique ou en Amériquelatine fut
créé a Saigon en 1891 par Albert Calmetté®. Les vaccins antirabiquesfurent ensuite
progressivemergméliorésnotammenparDavid Sempledel 6 | nPadteudelasaulieninde
en19118 Danslesannéed 960,de nouveauxvaccinsont pu étredéveloppésurdescerveaux
desourisou desembryongie canardou de poulet,dépourvusie myélin€. Le vaccinFermipuis
Fuenzalidagéveloppéurcerveawdesouriceauestrestée plusutiliséatraverdemondg us qu 6 °
la fin desannéesl 990 maisrestaitassociéa deseffetsindésirablegraves'®. Desvaccinsbasés
surdesculturescellulairesont ensuiteété développési partir desannées 9707 1980112 Ces
vaccinsmoderneshautemenantigénique®t extrénementbien tolérésont permisde conférer
une meilleure protection,démontrégpar des étudesserologiqueset cliniques,de raccourcirla
duréedesprotocolessaccinauxet deréduirela quantitéde vaccinsinjectéeenayantrecoursala

voieintradermaleplutdtq u 6 i nt r aMit*s cul ai r e
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1.2 Aspects virologiques

La taxonomie(site web ICTV, 14/05/2018)attribuea | 6 o Mdnoregaviralesfamille
Rhabaviridag GenreLyssavirusun total de 16 espéceslifférentesde Lyssavirusidentifiéesa
ce jour et 2 autresen coursde caractérisationL 6 e s la plus anportanteen santépublique
corresponauvirus dela rageclassiqueou Rabiedyssavirus(RABYV), responsabléela quast
totalité desdéceshumainset qui enconstitude virus prototypé®. Touslesanimauxa sangchaud
sontsusceptibled 6 °irfectésetdemourirdelarage.Cependantertainegespecedechauves
sourismontrentune relation hote pathogendifférentede celle observéechezles mammiféres
nonvolants et meuren moins de la rage® Des analysesphylogénétigas entreprisessur
| 6 e n sdedyssadvieusdémontrentueleschiroptéresonstituente réservoiranimalancestral
desLyssavirus’. En Afrique et enAsie, qui - notammenen Inde et en Chine- fait faceauplus
lourd fardeauderagehumainedansle monde| 6 i m nm&joréédescasderagehumainefont
cependansuiteala transmissiomle RABV parunemorsuredechien®, Unerécenteanalysemet
enévidencda diffusionaucoursdesXVle et XIXe siéclesd 6 antétrecommunauxvirusdela
ragecaninequi circulentactuellemerif.

RABYV estunvirusenformedeballe,possédanin génomenonsegmenté&onstituéd 6 brim
uniqued 6 A R pblariténégativede 12 000 nucléotidesle longueuf®. Ce génomecomprends
genesqui codentpour cing protéines Nucléoprotéing(N), Phosphoprotéin€P), protéinede
Matrice (M), glycoprotéine(G) et polymérasg(L)?! . La glycoprotéineG estresponsablele
| 6 at t aduhrasmaexoetlulesmusculaireou neuronale€. Aprésl 6 a d hd@wrus ala
membranecellulaireet! 6 e n d ole cprhptexedbonucléoprotéinestlibéré®?4 S 6 e nls
transcriptiondansla cellule desgeneset la traductiondescing protéinesainsiquela réplication
del 6 A Rddprotéinesetl 6 A sohtfinalementréassembléaemnnouveauxirions RABV qui
bourgeonnendela celluleinfectéeavantd 6 °séparéparl 0 a @e¢ld pmbéineM?®,

1.3 Physiopathologie et anatomopathologie

Dansla majoritédescas,le virus semultiplie dansles cellulesmusculaire® etle dermé’ au
niveaudu site d 6 i n o ¢ u baculatiom de. RABV va déclencherau niveau des tissus
| 6 a ct devmé@danismesnhibiteurstels que les microARN et desréponsesmmunitaires
innée€®?° En casd 6 ® cdasenécanismesle controleslocauxetd 6 tinaculumsuffisant,le
RABV peut se développerpuis franchir la plaque neuromusculairedépourvuede gaine de
myéline, avantde progresse | 6 adansle nerf correspondantsensitif ou moteuf®3 La

diffusion hématogéna 0pasété démontré®. Le RABV remontele long del 6 a »paunse
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répliquer intensémentdans le neuroneau niveau des ganglions rachidiens (mouvement
centripétepuisprogresseversle systtmenerveuxcentral(SNCy*34 Dansle casd 6 unmomsure
ala face,| 6 a dwvirus au SNC est plus direct et rapideé’. Les techniquesactuellement
disponiblesne permettenpasde mettreen évidencede lésion structurelledu cerveauchezle

patient enragé. Plutét que de la destruction des neurones,il s 6 a d b tpmofond
dysfonctionnementeuronal®. Ceciestsuivi ou associé unedisséminatior{centrifuge)via les

axesnerveuxnotammenterslesglandessalivaire$®®. Enfin, Le virusRABV peutétreinoculé
directementa proximité d 6 unarf au niveaud 6 ujonetion neuromusculairegce qui estalors

apparemmerassoci@unepérioded 6 i n ¢ wduet. i o n

1.4 Aspects clinigues de la rage

La rageet transmisale maniereinconstantemémeapresmorsurepar un chienenragéles
guelquesionnée£pidémiologiquefiablesa notredispositionsuggérentjuele risqueglobalde
transmissiormpartird & ahienconfirméenragéen! 6 a b de®PEestde279/658(40,4%) (A.
Tarantolamanuscrienpréparation)Le risquedetransmissiompresnorsureparunchienenragé
vaétredétermingarl 6 i n oviral (présemcelu virus dansla salivedu chiena un momentt,
nombreet profondeurdesmorsuresdétersionet antisepsiale la plaie), parla densitédesfibres
nerveusepermettant 6 i n f(\ar@blasaetonle siteanatomiqualesmorsureskt parle temps
de contactaveclestissus(et peutétreaussienfonctiondu variantf*83° Cerisquedépendionc
grandemat dusited 6 i n o cetide sonirinervatiord®4% Le tempsnécessaira la réplication
puis la migration du virus versle SNC avantl 6 a p p dessighescorresponch la période
d 6 i n c uGettetluréeestrelativementiongueparrapportad 6 a unaladiesinfectieuses,
permettanta miseeni u vd G uPPE.Sidespériodesd 6 i n ¢ whrémedeguelqesjours
ouplusieursannée®nt étédécrites)a majoritédescasderagesurviennentanses quatrea huit
semainesjui suiventla morsuré®*! La périoded 6 i n ¢ edtpluscouwteencasd 6i noc ul um
massif,de morsurea la face ou alatéteouencasd 6 i n o cdirdctadarislesfilets nerveux
42,43_

Dansla semaingrécédante débutdessignes 30i 70% despatientsressentenlies douleurs,
desparesthésiesu un prurit au niveaudu site de la morsuré*. Apréscettephaseprodromique,
deuxgrandegormescliniquesinauguralepeuveniapparaitré®*>

1. Larageencéphalitiqué« ragefurieuse») parlésiondutronccérébralde

| 6 Hi p p dclabetgnearal dansenviron80% descasdécritg®46

2. Larageparalytigue(« ragemuette» ou « ragetranquille») paratteintedu systéme

parasympathiqueu desnoyauxgris centrauxdansenviron20% descag®*’.
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L 6 hy dr oeptpreshuepathognomoniquest classiguemensynonymede la ragé®.
Commela fievre, elle estfréquentemaisinconstant&’ 4% Elle constituecependantin élément
majeurdel 0 a u wesbplelangaragé'>2 A terme lespatientsprésententdlessignesdel 6 u n e
oul 06 a forine awecphasealternantesl 6 a g i et de talme,@&voluantversla paralysiedes
musclegespiratoire®t cardiaquesnaisenpleineluciditéj u s damort.

Cesdonnéesépidémiologiges et leur fréquencerespectivedocumentéesont néanmoins
certainemeninfluencéegarlescritérescliniquesretenuslansles définitionsde cas.En effet, la
phased 6 ® v o tesfories paralytiquesest plus longue que dansla forme classiqueet la
présntationclinique est prochede celle d 6 wyndromede Landry-Guillain-Barré. De plus,
nombre de cas de rage paralytique pourraient passerinapergus,notammentdans les pays
tropicauxot co-circulentplusieurspathogénesesponsabled 6 e nc &p*h al i t e

La PPEetsanseffet aprede débutdessignesetil n 6 e xpasdetratementspécifiquedela
ragea cestadelorsquela ragesurvient 6 i asdataledans100% descas(notammentdans
lespaysendéveloppemendel & A nMonde)auboutde 2i 7 joursaprésle débutdessignes.
On ne connaitque quelquesexceptionsavecenviron 15 casayantsurvécu,dont une minorité
aprésrage transmisepar le chien et la plupat avecdesséquellesgraves®. Une réanimation
agressivene permettangue de prolongerla vie du maladeattent de ragecaninede quelques

jours,la priseenchargepalliatives 6 i mgéonésalementt doit étredéveloppéd 8
1.5 Diagnostic  de la rage

De nombreuxtestsdiagnostiquesontdisponibleset leur choix doit tenir comptede leurs
performanceset surtout de | 6 o b jde santd ptiblique poursuivi®®® Le diagnostic de
confirmations 6 e f fessantiellemen(1) parimmunofluorescencéDFAT) surtissucérébral
de chienmordeurou parfoischezle patientdécédétresperformantepu bien (2) parRTi PCR
pourun diagnostidntravitam chezles patientssuspectsle rage.Cettedernieretechniqueatteint
unesensibilitéde1000| o r s gestap@iduéerurplusieurprélevementsuccessifssalivaires
ou debiopsienucale enveillant a préleverdesfollicules pileux*’:5%

Les techniquesde diagnosticne sont actuellementpratiquéesque par des laboratoires
compétentsouventd 6 a difficiles en milieu rural de paysen développemeniu la ragefait
| 6 e s slesestictinee$.Enconséquenceesdernieresiécedensouventleurdomicileetles
casnesontpasrapportésauniveaucentral.Chezl 6 h o mtha y tvesbples id & p psurges n t
définition de cas pour la surveillancé? est considéréeres performantedansla rage et peut
s 0 a wm@autiépidémiologiquéeresutile pourcomplétetesdonnéesecueilliesparlesréseaux

plus classiquegle surveillancese basantsur le diagnosticvirologique°26%¢5, De méme,le
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développemerd 6 algorithmeprédictif syndromiqualela ragechezle chienmordeurprésente

beaucoug 6 i n(Mdila B etcoll. manuscriten préparatiorff.

1.6 Aspects épidémiologiques des morsures et de la rage

transmise par le chien au Cambodge

Environ80% dela populationcambodgiennesstiméea 16 millionsd 6 h a b viteranili¢us
rural. Le Cambodgerésete le ratio chiens humainde plusélevépublié,évaluéa 1:3 enmilieu
ruraP”" %, La vaccinationdes chiens (ou des chats) contre la rage n 6 epastobligatoire au
Cambodgeet! 0 i n c dedhersurepar chieny estla plus élevéedécriteau mondé’. Or, la
majorité des Cambodgiengar méconnaissamrcou difficultés d 6 a ci cgéographiquest/ou
financier- n 6 astecoursaunePPEaprésmorsuré’. La PPEn ésteneffetaccessiblgourla
majoritédela populationg u 6 6 i nPasteudu Cambodgea PhnomPenH!. C 6 edenttrés
logiguemenguel 6 i n cdnnmbelepabkeede la rageau Cambodgeestla plus élevéequi ait
étépubliéeaumonde elle aétéestiméea 800mortsen2007pouruneincidencede5,8/ 100000
(soit3900mortsannuellemengnl 6 a p p &lapopwlaton Erancaisactuelle}’. Depuis2007,
lespopulationscanineethumaineontaugmentét! 6 a al@PPBnes 6 passignificativement
amelioré.

1.7 La prévention de la rage chez | 6 huima

Les pays développésont contrlé la rage par la vaccinationanimale et la gestiondes
populationsanimaleset la limitation del 6 e r deachiensconstitueune méthodeefficace,
constituanpeutétrele seulexempledu paradigme< OneHealth» qui ait étécouronnélesucces
acejour’? >, Lapréventiordelaragechezl 6 h o passeussiparla vaccinationui peut avoir
lieu avantuneexposition- ainsiq u 0 estplat&uéechezlesprofessionnelslela santéanimale
etrecommandéehezlesvoyageurenzoneendémiqué (trois sessionsaccinalesiJ, J; et Jo
ouksgen2017)-etparl 6 i n f odespoaulaiionstdesvoyageursurlesrisquesiesmorsures
etsurlesméthodedbaséesurl 6 ®t hpermettgntl 6 ® Veisrmoesurepardesanimaux’.

Encasd 6 e x p ol sbii tni o¢ehdphalemsquede transmissiongstfortementréduit par
un lavagede la plaie et une antisepsieadéquat. Un protocole de PPE vaccinaleselonles
recommandationdel 6 Or g a Mondiadetdlacsanté(OMS) estindiquédansles morsures
superficiellesou profonde&’. Si la morsureestprofonde(Catégorielll de la classificationde
I 6 O NESiilmmunoglobulinesntirabiguesontindiquéesdansles recommandationsnaisces
immunoglobuliresd 6 o r égginesubumainesonttrescolteusest produitesenquantitétres

insuffisantél. La suturedesplaiesestcontreindiquéecarelle augmentée risquedetransmission
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etunepriseenchargechirurgicalesecondair@stalorspréférablé'® L o r s q esthiésdsdaiee,
la suturenedoit étreréaliséeq u 6 aRPEetigectiond 6 i mmu n o gdansldplaie.i n e s
Lesprotomlesde PPEutilisantdesvaccinsantirabiqguesnodernesnt étéfortementréduits
enduréeetennombrede sessionparrapportaux premiersprotocolesd 6 i n j quotidienoes s
développégarPasteupuisSempleou Fuenzalidagedernierpouvants 6 ®t je un sl @9goars.
J u s q20d7desprotocolesde PPEvalidésparl 6 O fW&ammentes protocoles< Essen’®
et« Zagreb»'983) consistaienenplusieurssessionsl 6 i n | iat@musalairede0,50u1 mL
devaccinsurquatresemainesyn protocole« Esseraccéléré» consistanen quatresessionsur
deuxsemainé¥. Le protocolele plusutiliséal 6 i nPadteudu Gambodgg u s q20XV & ait
le protocoledéveloppéparla Croix-RougethailandaisE-®® Ce protocoleextrémemenefficace,
extrémemen bien toléré et peu colteux consistaiten quatre sessionsde deux injections
intradermalesle 0,1 mL de vaccinproduit sur cellulesVero a J, J, J et ks Quelquesoitle
protocole e vaccinoulavoied 6 a d mi n utilsés,ta RRE{administréeen tempsutile selon
un protocolerecommandéar| 6 O M&t gonsidéréalansla littératurecommeétantpresque
100% efficace,mémeaprésmorsurepar un chienconfirméenrag&A. Tarantolamanuscriten
préparation)Touscesprotocoledasésurdesvaccinscellulairesmodernepermettendt 6 o bt eni r
une montéedes anticorpsneutralisantantirabiquesa destitres considéréprotecteurs( ©,5
Ul/mL) a Js chez pratiguementl00% des personnesraccinée® %4, Les « échecs» relatés
correspondenpour la plupart a des circonstancesggravantegsurvenantencasd 6 i noc ul um
massifet de morsuregprofondeset multiplesau niveaude la face,de la téte et du cuir chevelu
avec parfois percementde la boite cranienne)et/ou au nonrespectdes recommandations
(infiltration incompléte des plaies par immunoglobulines,suture immédiate, détersion et
antisepsienadéquatesu non réaliséesdélaislongs de mise en placede la PPE,rupturede la

chainedu froid)-

1.8 Améliorer | 6 a ¢ @ umse prophylaxie post -exposition

dans les pays en développement

Larage estresponsabld 6 mains60000mortsévitableschagueannéeatraversle Monde,
soitcingfois le nombredemortsdusal 6 ® p i ddo@ne20142016enAfriquedel 6 OW.e s t
L o r s cpdubbeassurankesrevenusiuménagemeurtdelarage lafamille entierepeutbasculer
dansla pauvretéparfoispourplusieursgénérations.

Onestimea 30 M le nombrede personnesgui recoiventunePPEa&traversle Mondechaque
annéé®®’ Onignorecependancombien de personnegustifieraientd 6 uRPEchaqueannéei

traversle mondemaisn ooyt pasacces.
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A terme,le contréledela ragehumaineactivementsoutenwarl 6 Or g a Mondiadetld o n
laSant&etl 6 A S E°Adurraitétreobtenuparla vaccinationdetousleschiensal 6 i dest ar
ce qui a étéaccomplidansles paysdésormaisiéveloppésy comprisen Asie!®?192 maisaussi
dansdespaysendéveloppemengnAsie'® etatraversl 6 A m®duiSupdf.® 6 ilaetiaplus
courtterme,le fardeaude mortalitéduea la ragene pourraétretrés fortementréduitqueparun
meilleur accésa une PPEadéquateet en tempsutile dansles zonesendémiquesiespaysen
développement.

Un accesélargi et facilité de la populationa une PPEadéquatest en tempsutile constitue
doncau Cambodgeaun enjeumajeur de santépublique,a la fois en termesde mortalité et de
dépensesle santépour desfamilles ruraleset pauvresqui sontles plus durementouchéesCe
meilleur accéspassepar une améliorationde! 6 a géographiqueetl 6 i d e n dezbnesc at i on
malounondesserviegjandesquelleslescentrepériphériqueantirabiquepeuvenétreétablis.

Il passeegalemenparunraccourcissemetalu protocolede PPE cequi - endiminuantiesdoses,
la duréenécessairet lestrajets- permettraitparla réducton descodtsdirectset indirectsdele
rendresignificativemeniplus accessibldinancierementux populationguraleset/oudémunies
auCambodget atraversle Monde.

Aprésunbilandela situationetdesdifficultésd 6 a @&la PPEadéquatetentenpsutile au
Cambodgegesdeuxpointsconstituentesdeuxlevierspotentielsd 6 a cdecetietihhésesoutenue
al 6 Uni vParis Diddro® (Paris 7) - Université Sorbonne Paris Cité portant sur
«L OPIDEMIOLOGIE COMME OUTIL POUR LO MELIORATION DE LA PREVENTION DE LA RAGE
HUMAINE: IMPLICATIONS LOCALES ET MONDIALES DES DONNEES DE PROPHYLAXIE POST-

EXPOSITION, INSTITUT PASTEURDU CAMBODGE, 20031 2014,

2. Partie 2: Obstacles al 6uti |l dusati o
vaccin et des immunoglobulines

antirabiques au Cambodge
Un bilandesRA FFA Odzt 1S4 RQIFIO0Os84& SEAaGlIyGSa t 1 LINR
exposition au Cambodge

2.1 Introduction

A

Le CentredePréventiordelaRagedel 6 | nPasteuduGambodgécpr@ipc)aétéinstitue
en mémetempsquel 6 |aRdDvert le 27 Mars 1995. 11 est mentionné spécifiqguementans
| 6 a c sigoérentre le Réseaulnternationaldes Instituts Pasteuret les autoritésde santé

cambodgienned.a premiéreannéepour laquelle desdonnéescompletessont disponiblesest
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| 6 a 19P®faisantétatde 8 607 patientsconsultanipour prophylaxiepostexposition(PPE),
parmilesquels’6% étaientdesrésidentsie PhnomPenh.
En2013,nousavonscherché&réactualisetesdonnéesoncernanta situationetlesservices

rendusa la population pouridentifier desmargesie progressionsi applicable.

2.2 Méthode

Cette étudea été menéeen deux temps.Nous avonsd 6 a bcherckéa réactualisemos
donnéessur les consultationgpour PPEau cpr@ipc. Ceci a été fait par une extractionet une
analysedesdonnéesPPEpour| 6 a rcomPete écoulée(2012). Nous avonsensuitetentéde
documentele nombrede consultationgourPPEatraversle Cambodgeraceauneenquétepar
Internet.

Lesdonnée®ntétéextraitesdela baseglobaledel 6 | GeibasededonnéesousEpiData
(EpiDataAssociationOdensePanemarksertd 6 o d & ® V a linitiadetde risqneet de suivi
clinique.Elle estrenseignédors dela priseen chargeclinique quotidienneparla mémeeéquipe
de soignants formés qui remplissent un questionnaire standard. Les caratéristiques
sociodémographiquetespatientsetla naturedeleursplaies(nombreetsitea n at o misaptu e € )
renseignésainsiquele statutdu chien(aspectalademorsurenonp r 0 v 0 ( atl®matérget
délaisde la PPErecue.Cesdonnéeont étéimportéeset analyséesa|l 6 ade 8tatal3 (Stata
Corp.,CollegeStation,TX, USA). Nousavonségalemenexaminéles bonsde commanddPC
pourlesdoseddevaccinetd 6 i mmu n o gahticabiquépour2012.

Nous avonscontactéle laboratoirepharmaceutiqueui vend et distribueau Cambodgde
vaccinantirabiqueproduitabasedecellulesVero. Celaboratoireavaitdesdonnéesurle nombre
de dosesq u &endaitchagueannéedansle pays,ainsi qu'uneestimationdu nombretotal de
dosedde vaccinantirabiqueutiliséeschaqueannéeau CambodgeDe plus, il possédaitineliste
desinstitutionsdansle paysqui commandaienet administraientthaqueannéedes dosesde
vaccinetd'immunoglobulinesintirabiquesiu CambodgeCesinstitutionsont étécontactéepar
l'auteur a I'aide de SurveyMonkey(SurveyMonkeyPalo Alto, CA, USA) afin de documenter
guantitativemenie nombre de PPE administréesCes donnéesont ensuite été agrégéeset
anonymiséedesdonnéesurle coltd'achadevaccinetdimmunoglobulineont étécollectées

via Internet.
2.3 Résultats

Au total,20 610personnesntconsultél'lPC pourPPEapresavoir étéexposéeaunanimal

potentiellemenenragéen 2012. Ces patientsétaientoriginairesde 22 des 23 provincesque
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comptaitle Cambodgex I'époque En 2012,98,4%6 despatientsétaientoriginairesde seulement
10 de sesprovinces(y compris41% de PhnomPenh)alorsque ces10 provincesreprésentent
66,8% dela populationtotaledu CambodgeParmiles 20 609 patientsdocumentépourle type
d'expositionsix (0,03%) ont consultépour griffure, 20 (0,1%) apresqu'unanimalait Iéchéleur
peauléséeun aprésavoir été griffé et morduet 20582 (99,%6) aprésavoir été mordu par un
animalpotentiellemenenragéParmicesmorsurest 362 (30,%%0) ontétéconsdéréegprofondes
(Catégorielll de la classificationde 'OMS!Y) et 14 220 ont été considéréesuperficielles
(Catégoriell'Y). Neuf pour centdes patientsde Catégorielll ont recu desimmunoglobulines
antirabiguegl'origineéquine(ERIG).

L'enquétesurle réseaude distributiondesvaccinsa identifié cing centresantirabiqueswutres
quel'lPC etarecuuneréponseale chacund'eux.Cescing centres unefondaion hospitalierea
SiemReapainsi quedeuxcliniquesd'Ambassadesyn institut gouvernementatt un centrede
soinsprivé, toussituésa PhnomPenh- ont pris enchargeun total demoinsde 1 500 patientsen
2012.Au vu desdonnéegledistributionde vaains, environ 10 000 personnesupplémentaires
ontrecuduvaccinenpré ouenpostexpositionen2012dansle pays.

La plupartdescentresontdit avoir recoursa unePPEintramusculaireadministranunedose
complétede0,5mL aucoursdechacunalequatresessionsle coltdela PPEa étéestiméapres
des recherchessur Internet. Au vu des prix de gros, le colGt moyen minimum d'une PPE
intramusculaire étéestiméa 31,50dollarsUS,acomparer 12,60dollarsUS pourun protocole
intradermalde quatre sessionssur un mois mis au point par la Croix-Rouge Thailandaise.
Lorsqu'il étaitdisponible le prix de grosd'uneseuledosed'ERIG variaitentre20$ US et 35 $
US, enfonctiondu fabricant.

2.4 Discussion et conclusion

Cesdonnéesecueilliesparunecomhbnaisonde stratégiegextractionet analysededonnées,
enquétea l'aided'unoutil surle Web, recherchele donnéesur Internet)ont confirméquel'lPC
étaitdeloin le premierpourvoyeurde PPE(2/3 destraitementgélivrés)au Cambodgeen 2012
etqu'il étaitle seulaavoirrecoursala PPEintradermale.

Par rapporta la premiereannéed’'exercicedu centreantirabiquede I'lPC, le nombrede
patientsconsultanen 2012 étaitbeaucoupplus élevéavecun pourcentagsupérieuide patients
originairesdesprovinces(horsde PhnomPenh).Bien queles patientsvenusconsulterétaient
originairesde toutesles provincesa I'exceptiond'uneseule Jes bassingle populationde I'ouest
du Cambodgeparaissaientressousreprésentéecipourraitrefléterlesobgaclesauxquelses
derniéredont facepouraccédeaunePPEadéquatet entempsutile.
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Lerevenud 6 paysarCambodgieren2012sesituaitentre60et80dollarsUS. Cecifait que
les coltsdirects (vaccin, E R | G ek codts indirects (voyageset hébegementsrépétésen
Capitale,notammentsi le patientestun enfantaccompagné 6 parent)et la pertede revenus
dusala PPEnesontpassupportablepourlespopulationdesplusarisque.Le raccourcissement
du protocole PPE a trois sessionssur une seule semaineaideraita réduire les codts directs
(vaccins)etindirects(transportsséjourgépétéspourlespatientsoriginairesdeszonesuraleset
aaméliorer 6 ® glansl t6 @ auwnePPEadéquatentempsutile auCambodge.

Cetravail a étépublié dansle Journalof TravelMedicine'™.

3. Partie 3;: Améliorer | 6 acc s
geographique a la prévention

antirabique
Une stratégieSLIARSYA 2t 23A1jdzS o601 aSS adzNJ t QSPGARSY OS LI
périphériques de prévention de la rage de maniéere optimale au Cambodge

3.1 Introduction

Nous avonsanalyséles caractéristiqueslespatientsdocumentéslansla basedel 6 | nst i t ut
PasteuduCambodgéIPC)etn 6 a ypasamendeurprotocoledePPEaleurtermepourestimer
le nombrede personnesjui bénéficieraienaiu mieuxdu positionnementl 6 gemtreantirabique

dansle voisinagedeleurdistrictderésidence.
3.2 Méthode

Lesétapesuccessivesontrésumeéesansle tableauci-dessous.

Nousavonsprocédéa uneextractionde la basede donnéeslespatientsconsultantal 6 | P C
pour PPEau coursdesannée20032013.Les schémayaccinauxconsidérésompletsétaient
baséssurlesrecommandation®MS 2010!! et le protocoledela Croix RougeThailandaisells
étaienttonsidérémcompletss 6 avaienttéinterrompuavantla5esessionsvante 6 juin 2012
ou la 4ésessiora partir de cettedate,amoinsque: 1/1 6 a nniordeutsoit encoreenvie a Jio
(stopapreda 3esession) 2/ le patientavaitétévaccinéselonlesfichiersdel 6 |(do@apréeda
secondesessdn de rappel); ou 3/ la tétedu chienrevenaitnégative(stopaprésla 1°® session).
Nous avonsexaminéle nombrede patientsn 6 a yasmenéla PPEa sontermeapresune
morsuregparun chienpotentiellemenénragecommeproxydesdifficultésd 6 a owe natacces
alaprophylaxiegetcecienl 6 a b d @ n o0 @ médeagjpatientdéjavacciné survieduchien,

tétetestten ®gat i veeée) .
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Tableaul: Stratégie analytique résumée pour identifier des zones mal desservies par la

PPEau Cambodge

. Constitutiotela A Extractiopoudesannéef£0092013delabasededonnéepatient®PEducentreantirabiqudel 6 tut
basededonnées PasteuduCambodg@PC)
A Exclusiodespatients 6 a paamenhda PPEa termeen raisonde recommandatiomgdicalegchien
testénégatibuayansurvécwaccinationnt ®r [ eur e é)
. Recueitledonnées| A 159centreslesanté&edistrictlupayscontactés
reflétantes A Documentation:

difficultéd 6 a a c
|l 61 PC

- deladistancele PhnorPenhdistanceuclidienneljstanc@arlaroute enminutesletrajetentermes|
financier&coltgletranspordllerretour)
- desmoiscorrespondaatixinondabnsetalapériodelelarécoltaluriz.

. IncomplétudePE
etfacteursion
géographiques

A Identificatiatespatients schéma®PEnoncomplétémalgréesrecommandations.
A Analyseinivariépuisrégressiotogistiquenultivariéafind 6 i d touslesfattéuemongéographique

associéauneincomplétudielaPPE(<5sessiong u s duin2012<4sessionaprésettedate).
A Calcutl 6 addgaticajustéd 6 i n ¢ o powdha®udacunongéographique.

. Incomplétud®PE | A Modeldogistiquenultivariéxplorarit 6 a s s entele districtle résidencetla complétudeaccinale
etdistrictle apresajustemenourdesfacteursongéographiquadentifisal 6 ®préaduente

résidence A Calcul 6 addsraticajustéd 6 i n ¢ o popoha®uelistrios.

. Calcutiunombre | A Calcubasésurlo@dsratiod 6 i n ¢ o (Btppelpermettanneapproximatiaurisqueelatif™1,
attenduePPE A Calcutlupourcentaggerisqueattribuabléd 6 i nc o;mp | ®t ude

incomplétgsour
chaqualistrictle
résidence

A Multiplicatiote ce risqueattribuabld & i n ¢ o pagelnsnbreesireéde personnemorduepardes
chienglanschaqualistrict.

A Produite nombreabsolude personnese complétampasle protocol®PEthéoriquemesgvitéparle
positionnememtd eemreantirabiquaéanscedistrict.

Rldistrict (¢ ARBXNbitten= ((RR 1) / RR) * (inﬁlﬁls* pOBistric)

Ou ARR= pourcentage de risgtiribuable parmi les exposgs;\Nnombre de personnes mordug
des chiens attendu chaque année dans le district; RR = risqugdeiatifjdecide annueléemorsure
de chien, appliqué a ce diStnmpistic= population du district en 2808

. Identificatiath 6 u 1
seuidedistance

A Modeélgararbrede décisior{«boostedegressiotree») explorante réledu trajetdu centredu district
(document&l 6 E2)ja p € BhundPenhdansl 6 i n ¢ oRRRpAp@sajustdraemourlesfacteurs

associ@ nongéographiquassociéal 6 i n ¢ o(BEigpd8)®t u d e

| 8i nc o mp | A ldentificatioh 6 wistanceseuil partidelaquellé 6 i n ¢ cangmben®liemadiésignificative.
. Identificaticse A CartographaiuRabiesndexpourchaqualistrictiechaqugrovincegnattribuariavaleuo:
zonesnal - aPhnonPenh(sitedel 6 1 PC) ;

desservies - asixprovincedistantestfaiblemergeupléesontribuar@®5 patientsil 6 ®t u d e

- atouslesdistrictsituésendecaduseuildedistancsignificativemeadsocié&!l 6 i n ¢ ovacpihalg
(Etaped)
A Analyseiala méthodele continuitdespolygoné& et la statistiqu&i*de Getiset Ord10 pouridentifier
desagrégatdedistrictgaractérisgsarunindicederageélevéclustersd 6 i n ¢ o élepde)®t u d

L 6 a s s odeidieets fadenrsavecl 6 i n ¢ o nvactim@leauéte étudiéeal 6 aded e

modelesunivariésetdemodeélesnultivariésderégressinlogistique Enoutre,unmodéled 6 ar b r e

de régressiorboostéa été utilisé pourtenir compted 6 a s s o wonlméairesimpbquantles

caractéristiquedela distanceentrele districtderésidencestl 6 | P C.

Quel que soit le modéleutilisé (régressiorogistique ou arbre de régressiorboostée))a

gualitédela prédictiondela probabilitétd 6 i n ¢ o naEté edtimeedael O asouslaecourbe

recevewopérateufROC)associéea cetteprédiction.

Le pourcentagéderisqueattribuable(« risqueattribualie »)'%” aétécalculéal 6 aduraue

relatif T lui-mémeapprochépar le rapportde cotes (oddsratio, OR)d 6 i n ¢ o nagsbc@d u d e

chaquedistrict, produit par le modeélé®1% Ce risqueattribuablea ensuiteété multiplié parla
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populationde chacundesdistrictsetparl 6 i n céstinéedemersuresiechierf’ pourobtenir
unemesured 6 i mdardapopulationdénommé®Rabiedndex(RI). Cecireprésentée nombre
absolude protocolesde PPEincompletsqui seraienthéoriquementévitésparl 6 ®t a b |
d 6 weamtrede préventionde la ragedansce district. Les Rl de chaquedistrict ont ensuiteété
cartographiést la méthodede conceptualisatiorde la Continuité des Polygone&® puis la
statistiqueGi* de Getis et Ord''? a été calculée.Cecia permisd 6 i d e moh seuflementes
districtsprésentantin nombreélevéde PPEincomplétesnaisdesagrégatgclusters)dedistricts
aRl élevésdande voisinagedesquel$ Gldissement 6 aentrepériphériquadepréventionde
la rage devrait selontoute vraisemblancewvoir le plusd 6 i m jres Districts contribuantO 5

patientsala baseont étéexclus,carle nombreattendude PPEincomplétegtait O1.

3.3 Résultats

Pourla périodede 2009a 2013inclus, les 100660 patientsinclus étaientde sexemasculin
dans52% descasavecun agemoyende 21 ans(écarttype 18,7 ans)et unemédianea 13 ans
(IQR 6-32). Lespatientsprovenaiente 18 des24 provincesdu Cambodge.

Le schémavaccinal PPE a été considéréncompletdans7 814 (7,8%) descas.Le risque
d'incomplétudd®’PEétait plus élevépendanta périodedela récoltederiz, aaugmenté@ufil des
annéesetaitplusélevéapréed 6 a rRO1L@@squele délaideconsdtation dépassaitieuxjours,
guandle patientétaitun adulteagéde 15 a 49 ans,lorsquele chienavait étéabattuou étéperdu
devue,ou enfinlorsquele schémarescritétaitun schémacomplet(de 4 a 5 sessionselonles
années)Lerisqued 6 i n ctudePPEERItmoindrelorsquelespatientsétaientde sexeféminin
ou lorsquele chienmordeursemblaitmaladeou était confirméenragé Certainsdistrictsétaient
associésa une incomplétudeparticulierementélevée comme dans la province distante et
faiblementpeupléede PreahVihear, maisaussial 6 i n &ueeainsoeplétudeaible dansdes
districtsdela provincede Kandal,voisinede PhnomPenh Parmilesdifférentsmodéle®valués,
celuibasésurla distanceparla routeenkilometresavaitl 6 asduglaeourbeROCIa plusélevée
(0,883). Cecinousa permisd'identifier un effet-seuil associéa une augmentatiormarquéede
I 6i nc o nppuruRadistadneeparcourued'environ150km. Apréscalculdu RI a partir des
oddsratio significatifs de chaquedistrict obtenuprécédemmenta cartographielesgroupesde
districtsa identifié deuxgrandsbassingdontla populationbénéficieraitdu positionnemenplus
prochedecentresantirabiguesganslesvilles de Battambang I'ouest presdela Thailandestde

PreyVengsurla frontiéreavecle Vietnam.
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3.4 Discussion et conclusion

En résumé,lincomplétudevaccinale dans cette tres importante base de donnéesétait
d'environ8%, etaugmentaitressignificativemenpendanta périodedelarécoltederiz, moment
ou les Cambodgiensloiventfaire le choix cornélienentrela préservatiorde leur santéfaceau
risquerabiqueet la subsistancée leur famille pourl'annéea venir. Certainsdistrictssontensoi
associéaunrisquetresélevédenoncomplétudeavecunseuiltresmarquépartird 6 udistance
d 6 wentreantirabiqued'environ150km parcourugarla route.

Pour une estimation plus précise de l'efficacité du positiomement de deux centres
périphériqueslevaccinationcontrela rageauCambodgenousnoussommesioncbasésonpas
surunemesuredu risquemaissurunemesured'impactenextrapolanterisqued 6 i nc omp | ®t u
atouteslespopulationsy compriscellesdespersonnes'ayantpasconsulté.

Enfin le résultatfinal de notre étudeestune carted 6 a g r d® disdrittsou le nombre
théoriquede personnegjui compléteraienteur schémavaccinalsi un centrey était positionné
seraitle plus élevé.Les habitantsdu plus grosclusteral 6 deBattambang 6 a uplusoghu 6 ~
parcourir60km environaulieu de 180km, etceuxdu clusterprochedu cercle120km aulieu de
150.ldempourlespatientsde PreyVeng,quiiront aKampongChama110km aulieu dePhnom
Penha 150km. LesprovincesdeBattambangtlesprovincesvoisinegPailin, PursatSiemReap,
BanteayMeancheypvaientunepopulationtotalede2 041962 (15,2%)sur13 395682 habitants
lors du dernierrecensemerduCambodgen 20088

Cetravail a étépublié dans'AmericanJournalof Epidemiology*

4. Partie 4: Améliorer | 0 a cfmansier a

la prévention antirabique
'yS RSAONRLIGAZ2Y Ot AyAldzS SiG SLIARSYA2f23Aldz2S R
parmi les patients ayant abrégé leur PPE

4.1 Introduction

La PPEne seraitactuellementccessible) u éndinsde 5% despersonnesnorduespar un
chien.Outrela méconnaissanaila conduiteatenir,l 6 o b sajeuraulCambodgestd 6 abor d
la difficulté d 6 a ¢ al@PP&,quin 6 @isponiblepourle plusgrandnombreq u énaveaude
la capitalé!. Ce problémed 6 a ayéographique été abordédansnotre précédentravaif!™.

Restel 6 o b sngjeundé led a éinancisrdansun paysou le revenumensuelpar habitant

avoisineles40 USD. Le raccourcissememtela PPEsurunesemaineaulieud 6 maispourrait
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avoirunimpactmajeursurl 6 a despopaulationsuralesCambodgienneala PPE.Nousavons
donc cherchéadocumentet 6 e f fcding@edelatPREl o r s qawad ééintereompuepar
lespatientsapres3 sessiongarrapportala PPEcompletede 4 sessionsu pluschezles patients

ayantconsultéaucentreantirabiquedel 6 | nPastaudu Gambodgentre2003et2014inclus.

4.2 Méthode

Lesétapesuccessivedela méthodesontdétailéesdansle tableauci-dessous.

Tableau2:{ G NI 6§ S3IAS Iyl ftedAljdzS NBAdzZYSS LI dzNJ R2 Odzy
post-exposition (PPE) abrégée-8Sa aA 2y auv S f I adz2NBSydzS RQdzy

1. Constitutioselabasede A Extractiodesdonnée80032014a partidelabasededonnéesesprophylaxigstexpositioPPH de
données | étitutPasteuduCambodg@PC).
A Exclusiodespatients:
- Antérieuremevdccinésontrdarage
- Mordugardeschiengestéqnégatifeudeschiensiontestésayansurvéciipasd 6 e x padasage)

2. Rappetlespatient€6 A Rappetlunuméraleportableenseignéandabasededonnées.
moisaprédaPPE A SiécheccontactiucentradesantéuDistrictierésidencdupatienpuisduChefdevillagelerésidence
puisdespatient¢enKhmerafinde:
- Confirmdr 6 i digpatient t ®
- Obtenileu consentemeétlairé
- Documentér 6 ® v Glihigue.i o n
A SilepatienétaiinconnauChefdevillagele patienétaitconsidérperdulevue

3. Identificatiaesmortgpar A Sile patienétaitidentifiénaisétaitdécédé.
rage A Autopsigerbalgarunmédecitkhmerophomennaissaldrage(entretiersemistructuréesprochesi
| 6 d ib questionnaistandardi3é
A Déterminatiatelacausdaplusprobatel dudécégrageouautrecausgparuncomité 6 e xeptermet
ignoranhosconclusions

Performanceela PPE globaleet parcatégoriede nombrede sessionsegues

4. Mortglerage Totaktpar A Pourcentaggiobatlemortparrageparmlespersonnesiordueparunchierconfirménragétparun

nombrelesession®PE chierconfirménrageud 6 a snaladenaisnontestéavedntervalldeconfiancbinomiadxact.
regues A Nombreledéceégparrage stratifigpar
- Nombrelesessionde PPE

- TraitememarRIG
- Statutduchiermordeur

5. Testdesassociatiorentre A Estimatiodelaprobabilit§¢ u @écégprécocsoitallouéaugroupe sessionpar
lenombrelesession®PPE - Laproportionbservédespatientsielabaseayantecu3 sessionsgnexcluanesdécégprécoces
recuestlamortparrage - Reégressidogistiquenultivariépourdocumentér 6 a s s entede rombreesessionsecueet

toutedescaractéristiqudscumentéeklmndabasededonnéemitialgoourcalculelaprobabilité
| 6 adasabedficients.
A CalcutluTestunilatérale Fisheetvaleumidpoinip pourchaqudypothésd 6 a | ldesdéaés i o
A TesunilatéraleFishepondérétvaleumidpointp, entenantomptelel 6 i n cdel r 6t ai | t desice
mortgarragesurvenuesntrda 3eetladéesessioifmortprécocesjandescatégoriedenombrele
sessionsegues.

Letravailneporteensuitequesurl 6 h y p laplusprobabled 6 a | | desdécesprécacegarrage

6. Déterminatiates A Calcutlel oédsratioinconditionnestiméparlamaximisatiarelavraisemblanetobtentiode
caractéristiqudse I nfervalléleconfianca 95%dumidpointp ajustéobteneninversarlietestdeFisher
| 6 as sentede at i A EstimatiodelapuissancdutestdeFisheunilatérglourunoddsratiothéoriquprochelelavaleur
décegarrageetle estimée.

nombrelesession®PPE

7. Associatioh 6 a ut r A Régressidogistiquanivariéetmultivariééescaractéristiqudespatientslandabasededonnées
facteurgiuelenombrale pourestimel 6 a s s emtcetompléiuddela PPE(3vs.4+sessiongtlasurvenud 6 umoriparrage
sessionPPEaveda aprésajustemersurtouslesautregacteurs.
survenud 6 uagee
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Lesdonnéesociodémographiquerglativesaux|ésionset au statutdu chienconcernantes
patients pour la période 20032014, inclus, ont été extraitesde la base documentantles
consultationssuccessivesies patients mordus depuis 1998, ainsi que le résultat des tests
virologiquesparimmunofluorescenceffectuéssurlestétesde chierr®.

Touslespatientamorduspardeschiensconfirmésenragé®u maladesnaisnontestéstaient

éligibles,al 6 e x c degpatientsdéjavaccinésgde ceuxmorduspardeschienstestésnégatifs
pourlarageouayantsurvécudoncnonenragés)Chacurdespatientsaétécontactéartéléphone
aprésundélaid 6 eoins6 mois,enutilisantd 6 a deonuntérode portablerenseignéansia
basededonnéesl.esCambodgienshangeansouvente carteSIM et ne pouvantétrejoints par
courrier,le centrede santéu district derésidencale chaquepatientnonjoignablea étécontacté
afind 6 o b ke eumérade portabledu Chefdevillage.L 6 a pdp @héfde village a permisa
| 6 ® qdeviérpierg u 6 pemsenn&lunomdu patientrésidaitdande villageet,sic 6 ®l¢ cag, t
d 6 o b somnamémoudeconvenird 6 temdezvoustéléphoniqueC 6 eascoursdecerendez
vous,menéenKhmer,quel 6 i d dupatiantétatconfirmée quele consentemerd participer
étaitobtenuetquel 6 ® v odlinigtieiétaitdocumentéauprésdespatientsou de leur famille.
Les patientsqui ne répondaienpasau numérorenseignélansla baseou qui ne pouvaientétre
identifiésparle Chefde village étaientconsidéréperdusde vue. Lesrésidentsie PhnomPenh
ontétéexclusdel 6 ® tlesmemieressemainesayantmontréqueceuxci étaienttresmobiles
doncimpossiblesaretracer.

En casde décégu patient,uneautopsieverbaleétaitmenéepartéléphoneavecles proches
par un médecinkhmérophoneayantl 6 e x p ®escasde cage,lors d 6 wmtretiensemi
structuréal 6 ad &duprestionnairestandardiséCesrapportsd 6 a u tveripaedonttous été
revusparun grouped 6 e x px&rietrsh 6 a ypasoohnaissancde nos propresconclusions
pourattribuerla causeprobablede décésala rageou a uneautrepathologie.

Le pourcentagglobalde décegarragemalgréla PPEparmilespersonnesnorduesparun
chienenragéou parunchiend 6 a snmakaderhaisnontestéa étécalculéainsiquel 6 i nt er val |
deconfianceexactL 6 a n aénsuiegeortésurtouslespatientspourestimere pourcentagee
décegparrageselonle nombrede sessionvaccinaéslorsdela PPE,selonl 6 ad mi naust r at i
nondeRIG et selonle statutdu chien.Lesmortsprécoces apréda 3é sessiomrmaisavantla 4e
session ontfait| 6 o ¢ ¢ edérearchearticulierepour évaluerla probabilitéq u 6 a étélaa i t
leur decompkterle schémaPE,surla basede 1/la proportiondesPPEn 6 a yasdepasséa
3esessiorobservéalansla basede donnéegapresexclusiondespatientsmortsprécocemente
la rage)et 2/ la probabilité de chaquepatientdécédéprécocementlelaraged 6 appau t eni r
groupe de patientsayant recu 3 sessionsseulementestiméepar une régressionlogistique
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multivariéedel 6 a p p a aun@esdaurgooepey3vs.4+ sessionscommefonctiondetoutes
lescaractéristiquedespatientsdocumentéedansla basededonnées

La valeurmid-p du testde Fisherunilatéraltestant 6 a s s cemtrelad ii nocno rdpld ®t u d e
PPEetlasurvenuad 6 détegarragea étécalculéegpourchaquesériepossibled 6 al | desat i on
décesprécocegpar rage(parexemple0, 1, 2, é , tousles décesprécocesllouésau groupe3
sessionsles autresdécesprécocegar rageeétantallouésau grouped+ sessions)La valeurde
mid-p du Fisherunilatéralaensuiteétéobtenueenmultipliantla valeurmid-p du Fisherunilatéral
dechaqeehypothesel 6 a | | padagptobaluliredesurvenualecettehypothesecommedécrit
ci-dessus.

Lesanalyse®nt ensuiteétérestreintesal 6 hy p o 6 & [ s desdgdegpavragela plus
probable.L éddsratio inconditionnela été estimépar la maxmisationde la vraisemblancest
| 61 n tdeacoianteh 98%dumid-p ajustéa étéobtenueninversante test'2 La puissance
dutestdumid-point ajustéa étéestiméen posteriori surlabased 6 oddsratioayantunevaleur
théorique proche de celle estimée.Un modéle de régressionlogistique a ensuite exploré
| 6 as s eatredivérsfasteurset la survenued 6 détesparrage,etuneautrel 6 associ at i
entrele fait de recevoir3 ou 4+ session?PEet la survenued 6 wdétesparrage.Un seuil de

significativité statistiquade 5% a étéretenupourtous lestests.
4.3 Résultats

Au total, 3 838 patientsontrecuunePPEparvaccinpréparésur cellulesVero entre2003et
2014apréesmorsureparun chienconfirméenragéounontestémaisd 6 a snmakade.t

Apresexclusionde520résidentsie PhnomPenhet 513 patientsperdusdevue,l 6 ®c hant i | |
final étaitde 1 739patientanorduspardeschiensenragé®t1 066 patientanorduspardeschiens
nontestésmaisd 6 a snpakde soit2 805 patientsautotal.L 6 e n qapetntisd 6 i d e2dt i f i er
décesde causeautreque la rage (accidentsde la voie publique,noyade,douleurthoraciques,
ascite etc.)dontdeuxdécédésvantle termedesix moisapresPPE ettrois mortsdelarage.Le
pourcentagale décespar rageaprésmorsurepar un chienenragémalgréla PPEestdonc de
3/1739soit 1,7 pour1 000.Il estde 3/2805soit1 p. 1 000 aprésmorsurepar chienenragéou
suspectmalgréla PPE.

Deuxdestrois décesattribuésa la rageétaientdesdécegrécocesl a valeurmid-pointp du
test de Fisher unilatéral pondéréétait de 0,0959. Apres la prise en comptedes probabilités
individuelles dérivéesdu modeélede régressionogistique pour que les deux décésprécoces

appartiennerdugroupe3 sessionda valeurmid-point p dutestde Fisherpondéreestde 0.0961.
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Enanalyseunivariée Jesmorsuresie Catégoridll etle faitd 6 °mord@grincipalemenala
téte/ au cou étaientassocies un risqueplus élevéde rage.Les trois décéspar ragesonttous
survenusapresune morsue de Catégorielll. Par conséquentaucun modeéle de régression
logistique multivarié n 6 pa étre développé&pasde convergencatteinte),rendantimpossible
| 6 aj u surdesvesiablesndépendantes.

L oddsratioavantajustementlel 6 a s s @rmreleddit demourirdelarageetle fait dene
recevoirque3 sessiongtaitde6,30maisl 6 i n t deconfiantehatuait 1. Il étaitmoindre- a
4,44 - mais égalementnon significatif chez les patientsmordus par des chiensnon testés.
Cependantia puissancadu Fisherunilatéralchezles patientsmorduspar deschiensconfirmés

enragés étéestiméaa49%.
4.4 Discussion et conclusion

Enrésumé99,83%despatientsmordusparun chienenragén 6 ®t @asnmmnstela rage
avecunsuivid 6 maeins6 moisapresla PPE.L 6 ® tanodalug u @ iddyaitpasd 6 ®1 ®@me n t
faveurd 6 udiif@rencedu pourcentagele décegparmiceuxayantrecutrois sessionsie PPEpar
rapporta ceuxayantrecu4 sessionsuplus.La puissancea 49%,imposecependantinecertaine
prudencedurantt 6 i mp | ® oeschémaPPEabrégé.

CetarticleaétésoumisenAo(t 2018ala revueVaccine

5. Partie 5. Suites et perspectives

Lestravauxrésumésci ontd 6 o et @émétésuivisd 6 e et poartaientavoir une portée
significative,auCambodgest ailleurs.

A la suitedu travaild 6 i d e n tde Zomesmaltdésserviesle ministerede la santédu
Cambodgea décidéla mise en place de deux centrespériphériquegie vaccinationdansdeux
villes deprovince ,Battambang |'ouestet a KampongChamal'estdu payset qui estlocaliséau
niveaud 6 u i uraltiersituénonloin dePreyVeng.L 6 | tRilleactuellemenéla miseen
placedu premierdecescentregpourdesservit 6 o du@ays.

Au moins30M depersonnesecoiventunePPEatraverde MondechaqueannéelL 6 adopt i on
d 6 yprotocolePPEintradermalabrégéde 3 sessionsur une semainepourrait permettreune
meilleure éguté en soignant33% de patientsen plus pour un stock de vaccin antirabique
disponible,de réduireles coltsinstitutionnelset les coltsdirectset indirectspour les patients.

Une étudede modélisatiorvientd 0 ° sbumasepour publication,qui montreque ce schémade
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PPE de 3 sessionssur une semainea le ratio colt efficacité le plus élevé des schémas
actuellemenproposeés.

C 6 eamptetenudecesélémentgjuelesnouvellesecommandationd 6 groupedetravail
du SAGE entérinéepar le SAGE ont étépubliéesofficiellementparl 6 OW#84 Le 20 Avril
2018, 6 O dfBoposajueceprotocolePPEN le premiemprotocolesurunesemaineetdénommeé
«protocoleIPC » - soit adoptéa traversle Monde. Danstouslescas,| 6 i nt rdedeict i on
protocoledoits 0 a ¢ ¢ o myprenfproeenentela pharmacovigilancetdurappeldespatients.
Ceciseraprochainemengxaminéparle Gavit'®, qui devraitassouplirsapositionet acceptede

soutenirfinancierementa PPEsurunesemainalans47 payseéligibles.
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PhD dissertation in English

Summary

Rabiescausesnorethan 60,000deathsworldwide eachyear,including 800 in Cambodia,
wherecaninemediatedabiesvirus circulates.

Deathoccursin nearly100%of rabiescasesa diseasavhich is nearly 100%avoidableby
timely andadequateabiespostexposuregprophylaxis(PEP).Improving accesgo PEPIn rural
areaof endemiccountrieswill sparenumanlivesin theshortterm.

This epidemiologyPhD usedthe datacollectedin patientsreferredto the rabiesprevention
clinic andtesteddogsat Institut Pasteurdu CambodggIPC), PhnomPenh.After a baseline
assessmemtf accesgo andobstacleso accessimely andadequatéEPin Cambodia,this PhD
aimsto contributeto improving: 1/ geographicaaccessand?2/ financialaccesso PEPfor rural
populationsn Cambodia.

We developedan original strategyto identify populationswith a high risk of PEP
noncompletiomafter a bite by a patentially rabid dog. This shouldhelp improve geographical
accesso PEPfollowing theimplementationn July 2018of aperipherarabiespreventioncenter
in WesternCambodia.This strategycan be appliedto identify difficulties in accessindiealth
servcesrelevantto otherhealthissuespundercertainconditions.

After patientcallbackandanalysisof rabiesdeathsamonghosewhodid anddid notcomplete
the 4-sessions/month intradermal PEP regimen of their own accord, we were unable to
demonstratadifferencein rabiesmortality amongpatientsvho only received3 vaccinesessions
over the first week comparedo thosereceivingat least4 sessions/onenonth. Abridging the
protocolto oneweekwould reducedirectandindirect costsandthe lossof incomeduring PEP
in the Capital. The adoptionof this abridgedregimenmustbe associatedvith a strengthened
clinical monitoringsystermfor atleasté monthsfollowing p a t i istial tPEFS

The work presentedn this PhD hasimplications which reachbeyord Cambodia:WHO
recommendshis new IPCregimeni thefirst approvedneweek,abridgedrabiesPEPregimen

T inits April 2018guidelines.

DOI: 10.13140/RG.2.2.27381.01761
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Preamble

Few more than a hundred people die from rabies each year in theanuaviByt

sight of a rabies patient, the certainty of impending death, the anguish of the long
incubation period suffice to explain the terror it inspires. Its obscure cause, the
variability of its incubation time, the absence of anatomical legiais capabl

explaining symptoms in animal or human rabies cases have, so to speak, stimulated the
curiosity of medical doctors and veterinarians, and written contributions on this issue
can be counted by the hundreds. When we read this abundant literature, we are
surprised to see how often findings are contradictory and we are amazed at how few
important points remain definitively documented after so much effort.

Author's transl. from Emile Roux: Des nouvelles acquisitions sur la rage.
These de Médecine. Pagg831

Rabiesis the zoonosisongestand bestknown to humankind.lt is alsothe humandisease
with the highestcasefatality rate whenclinical signsappearlt may be the mostfearedfor its
unpredictability its suddennesandperhapsecaus®f our fearof returningto anuncontrolled,
animalisticstate becoming- in effect- "barkingmad6,

Technicaladvancefiave beenmanyoverthe past50 yearsandarecommunicatedput often
only in the scientific literature. How then can the necessaryii k n o wilt e caghes beat i on o
performedextrapolatingrom dataontheinoculationof rabiesvirusinto thefootpadsof raccoons
to evaluateisk in abittenchild in routineclinical care?

Althoughmuchhaschangedn the comprehensionf the causesandin the primaryandthe
secondaryreventionof rabies,anddespiteprogressn activeor compassionatsanagemendf
encephalitipatients!’ 118 215-Centurycliniciansremainasincapableiodayof curingclinically-
declaredabiesastheywere4,000yearsagd (seeAnnexChapterl). While we wait for progress
to be madein the identificationof antiviral agentscapableof eliminatingthe virus, preventing
rabiesdeathsmust- for the time being- rely on effective primary preventionof animal bites
throughresponsibledog ownership primary caninevaccinationand secondarypostexposure)
prophylaxisin bite victims, all delineatedn the 19" Century.

The Institut Pasteurdu CambodggIPC), PhnomPenh,is Cambodia'dargestrabiespost
exposureeferralcenterwith over22,000referralsin 2015.IPC alsohousegheReferenceenter
for rabiesdiagnosisin the Virology Unit - with accesdo stateof-the-art techniqguesa BSL3
laboratoryard accessto further expertisein the PasteurNetwork - and a highly capable

epidemiologyteamwith arecognizectlinical researctgroupon a singlecampusThis alliance
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provides a unique and formidable frontline tool in a highly endemicsettingto undertke
innovativerabiesresearchn animalheadsandamongpatientsexposedo confirmedrabiddogs.

Over the pastcentury, efforts havebeenmadeto shortenand simplify rabiesvaccination
protocols,with an evidencebasestemmedn careful scientific and medical researchMedical
researchs often difficult, but medicalresearcton rabiesis like no other: This is dueto issues
linkedwith thedevelopingsettingandwith thislethalandterrifying diseasetself, which severely
limit possiblemethodologicabpproaches.

In Cambodia- asin manydevelopingrabiesendemiccountries- thereare no systemdor
veterinaryquarantineor surveillanceof rabies.Dogswho havebittenescaper areimmediately
slain, often being usedfor food. Virological confirmationof animal rabiesis thereforerare.
Although Cambodiasuffersone of the greatestourdenof (constantlyfatal) rabiesper capita
worldwide,humarrabiesremaingnfrequentRabiesemainsamainlyrural diseaseCambodians
- especiallyin therural setting- havedifficulty accessingitherinformationor vaccinefor rabies
preventionwhethemprimaryor secondaryCliniciansdo notalwaysestablistaclinical diagnosis;
Obtaining,transportingand preservingbrain samplescan be a challenge."Paralytic” forms of
rabiesleadto underestimationgspeciallyin the tropical settingwheredifferential diagnosegor
encephaliti@rerife. As rabiesis the diseasavith the highestcasefatality rate- evenif managed
in intensivecareunits- vaccinestudiesagairstplacebaareinconceivableExperimentatleviation
from existing vaccineprotocolsin suspected let alone confirmed- rabiesexposuremay be
perilous.Diagnosisof rabiesinfectionin the CNS cannoteasilybe performedintravitant Even
in caseof inocuation andinfection, activereplicationof rabiesvirus takesplacein unattainable
body compartment§: No posthoc serologicalstudiesare possibleas humansdo not survive
clinical rabies,especiallyin developingcountries.Postmortemdiagnosisis also difficult as
families refuseautopsydue to major issueswith culture and funeral rites. Effectivenessof
preventiorandtreatmentmongabiesexposedumansrethereforampossibleto asses real
time.

But therearetrumpcards.

The dateof the bite exposurds usuallyknownin rabies.The prolongedincubationperiod
allowsfor beatingthevirusin araceto the death.Vaccineor protocolefficacy canthereforebe
assessetby documentingsurvival. Although inconstantin rabiescages,ihy dr opgshaobi a o
strikingandtell-talesignwhich hasbecomesynonymousvith rabies|ts clinical descriptioneads
to a highly probablerabiesdiagnosisif associatedvith a documentediog bite, giving verbal

autopsytechniquesnear 100% sensitivity and specificity when hydrophobiais present.In
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Cambodiaasin manyotherdevelopingsettingsrabies(t q i ‘Chum@gedckkaechkuot")is a

matterof graveconcernto the population,widespreadand well identified. With an incidence
comparabléo roaddeathsn FrancegveryCambodiarknowssomeone or knowssomeonavho
knowssomeone whodiedwith hydrophobiafteradogbite. In anunpublishedtudyconducted
by L. Chiffot atIPCin 2013, rabieswastheonly zoonosigwith bird flu) invarialdy identifiedby
peoplein 12 villagesin Mondulkiri and SihanoukProvinces.Incubationbefore symptomatic
complicationdgs shortcomparedo someotherinfectiousdiseasesuchashepatitisor HIV, and
vaccineeffectivenesganbeclinically assessedithin afew weeksor months.Theliteratureon
rabiesis ancientandabundantgdatingbackto beforethe adventof postexposureprophylaxis,
andprovidespreciouspre-vaccineclinical, epidemiologicaland otherscientific data. Thereare
manyreferencedocunentson preventionandmanagemernrdt the individual andcollectivelevel
of animalandhumanrabies.Unlike othersomeotherdisease$inked to sexualmoresor lack of
governancerabiesis not considereda i s h a ndei f sueland canreadily be addressedy
authoritieslt is highonthelist of priority zoonose$or researclin Cambodiaywhichhasendorsed
andcommittedto the ASEAN strategyof caninerabieseliminationby 203320119

The characteristicsof various aspectsof rabies mentioned above profoundly impact
epidemiologicakesearchstrategiesAs rabiesremainsrelatively infrequent,populationcohorts
are unwieldy. Casecontrol studies,however,are definitely an option. Syndromicsurveillance
may be reliable only with furious rabiesbut can readily be undertakenn hospitalsor in the
community.Patientscanbe contactedsix monthsafterreceivingPEPto assessaccineefficacy.

If referredpatientshavedied, verbalautopsiesanreliably be usedto differentiaterabiesfrom

otherdeaths%3 %5, Howeverunpalatableyiral challengeandPEPexperimentgan- if necessary

- beundertakenn laboratoryanimalsto sparehumanlives. Postvacchationserologicalstudies
canbe conductedisingrecommendegrotocolsandat no risk to humansvolunteersor patients
bitten by a potentiallyor confirmedrabiesinfecteddog. Finally, asthe databaseat IPC is well-
maintained with nearly 275,000 fully documentedPEP referrals, in natura ( i nat
experimentsn patientswho did not completePEPprotocolsfor personareasonor reasonof
financial or geographicalaccesspresenta unique opportunity to asses<linical outcomein
patientswith reatlife exposuravho receivedshorterthanrecommendedegimens.

While many strive to prove not the conceptbut the reallife operationalsignificanceof
actionableOneMedicine/OneHealthin thedevelopingsetting,this PhDthesiswill makeuseof

epidemiologial approacheandclinical, virological andsurveillancedatagatheredoy research
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teamsat Institut Pasteurdu Cambodgeto sparehumanlives by improving geographicand

financialaccessibilityto rabiespostexposurgrophylaxis,in Cambodisandbeyond.

Figurel: Portrait of Emile Roux (1853933) ca. 1889
(© Institut Pasteur¢ Musée Pasteur)
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Figure2: Albert Edelfelt (18541905): Louis Pasteur (1885); Oil on canvas (© R@Gitdnd
Palais (Musée d'Orsay)DR), showing Pasteur examining a desiccated spinal cord from a
rabbit experimentally infected with rabies.
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Part 1. Background and rationale

1. Vaccines and vaccination against rabies

1.1 Rabies vaccines in humans

1.1.1 Nerve -tissue vaccines

In 1911,D. Sempleandhis teamfurtheredthe Pasteut e a setisalvaccing®129122\ork using
phenolinactivated(killed) rabiesvirus cultivatedon sheep'sr goatsbraintissue(seehistoricalreview
in Annex Chapterl). The effectivenes®f this vaccinewas estimatedo be 50% to 84%%*in rabies
exposegatientsNervetissuevaccinedNTV) suchasSemjpe/Fermitype or later FuenzalidePalacios
vaccinesproducedusing various preparationswere then usedfor severaldecadesacrossthe World,
savingcountlesgives'®125127

Thesewere, however,associatedvith severeside effectsdueto their animalmyelin content.The
World Health Organizationhas recommendedhe discontinuationof nervetissuevaccineuse (and
production) since 198%1128 Thesewere progressivelyphasedout worldwide. In Asia, Pakistanand
Myanmarwereconsumingemainingstocksandaimedto phaseout NTVs by theendof 2015.Nerve
tissue vaccinescurrently remain in use/productionn Algeria, Argentina, Bolivia and Ethiopia to
December2017.

1.1.2 Cell -culture and embryonated egg vaccines

Nervetissuevaccinesthenpurified NTV werefollowed by the adventof moderncell-culture and
embryonatedeggvaccines(CCEEV) still in usetoday!1#12%13 Thesevaccinesbasedon techniques
developedn the late 1950sdo not requireanimalsto be infectedand are more antigenicand better
tolerated™134 with anestimatecheurologicacomplicationratenot abovethebackgroundateof about
1 per100,000peryear3t, Furthermoretheindustrialprocessearequalitativelyandquantitativelybetter
suited for largescale and uninterruptedproductionand supply (although vaccine supply regularly
continueto beinterruptedat the internationallevel)*132 CCEEVsarebasedon the viral glycoprotein
(G) of inactivatedRABYV virus harvestedrom culturesof embryonidibroblastcells(humandiploid cell
culture vaccineor HDCV), fetal rhesuscells, monkey kidney (Vero) cells, chick embryo cells or
embryonatedluck eggs?*2 The straingenerallyusedfor humanvaccinesremainsthe PitmanMoore
canineRABYV straint.
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The cell-culturevaccinegCCVs) now in usemustin theoryall meetthe WHO criteria, including
antigenicity(? 2.5 IU perIM dose)asdeterminedoy the mouseprotectionpotencytest) basedon the
National Institutesof Health (NIH) testconsistingof vaccinatingmice beforechallengingthemwith
RABV 8133133 Theymustalsobe shownnoninferiorto the referencénumandiploid cell vacciné®. Al
areproducedn singleIM dose$!. Party becausef the needto ultracentrifugelow-yield culturesto
produceenoughRABYV, their cost, however,is greaterthanthat of NTVs and remainsprohibitively
expensivdor manyendemiccountries.

To 16 August2017,atotal of 17 cell-basedvaccineswvere producedvorldwide (9 in China);To 15
January2018 only two of thesecommerciallyavailable rabiesvaccinesare WHO-prequalified for
humanuse-=®.

1.2 Immune response after rabies vaccination in humans

The goal of vaccinationis to produce (preferably longterm) protective immunity in the
overwhelmingmajority of vaccineesat the lowestpossiblerisk of unwantedeffects,especiallysevere.
Whole,inactivatedRABV virus vaccinesaareamongsthe mosthighly immunogeniozaccinesavailable,
triggeringan immuneresponseavhich dependsn the integrity of the G proteinin the vacciné3#+12?
Immunity againstRABYV is basedon T-lymphocyte and B-lymphocytemediatedresponsewhich
camot be ascertainediirectly outsidethe experimentaketting?®. This responseroducesantibodies,
which can be titrated or measuredusing RFITT (neutralizingantibodies)or ELISA as a proxy for
protectiort®’.

In humansthereis a measurabl@ndsignificantrisein immunoglobulin(lg) M afteroneweekand
arisein IgG andlIgA aftertwo weeksfollowing rabiesvaccineinjection'®. No level of antibodiesis
formally provento befully protective,but WHO expertsconsideran antibodylevel of 0.5 IlU/mL as
protectivé1?® This threshold- which correspondso completevirus neutralizationafter 1:50 serum
dilution - is usedasa standardoy which to confirm protectionin personnetequiringimmunizationto
carryouttheir duties(veterinarianstesearchers.1.

In the overwhelmingmajority of publishedstudies,100% of participantsreceiving cell-based
vaccinegresentecdheutralizingantibodytitresabove0.5 IU/ml by Day 148494, whetherwith Vero cell-
basedsacciné® or Purified chick embryocell-culturevacciné*® andwhatevethe agé“* andnutritional
statu§>1%2 whendocumentedThis concludego equivalentlinical protectionby PVRV or PCECVby
Day 14%5%4 including in studiescomparingthe two types of vaccinefor preexposuré*? or post
exposur® prophylaxis In immunocompetentaccineespostvaccineimmunity lastsdecadesandthe
anamnesticesponsés extremelyrobust,including after low-doseintradermaladministratiof?®13%14#
148 Evenafterimmunity haswanedbelowdetectabléevels,anintramusculaor intradermaboosteshot
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or exposue to the virus causes rapid andlong-termrisein titers andprotectionfrom viral challenge,
evenin casesof high RABV inocula such as organtransplant?®!4® Boostersare recommendedo
stimulateimmunity in caseof renewedexposure but only one rabiescasehasbeenreportedafter
unsuccessfypre-exposurevaccinationin a personreceivingchloroquiné?®>%1%1 n clinical practice,a

personwho hasbeenidentifiably protectedbnceis now consideregrotectedagainstrabiesfor life.
1.3 Issues impacting efficacy

RabiesPEPwas"ineffective"in termsof virus neutralizingantibodydetectionn somepatientswith
uncheckedHIV infection or AIDS, with advancedB-cell lymphomaor kidney transplant®® A
publicationfrom Iran showedthat an EssenntramusculaiprotocolusingVero cell vaccinehad 100%
immunologicaleffectivenesén 50 patientswith variouscomorbiditiesor pregnanci?® Whetheror not
pregnancyinterfereswith antibodyproductionto someextent,bite victims who receivedPEP while
pregnantnevertheles®verwhelminglysurvived potential or confirmed rabiesexposure(seesection
below):1> Administrationof high dosesof RIG reduce antibod/ respons¢o HDCV, leadingto the
determinationof a maximum RIG dose per kilo weight*3!%> Concurrentmedication other than
immunosuppressasmayalsohaveanimpacton vaccineeffectivenessChloroquinehasbeenshownto
inhibit responseo rabiesvaccinationin vitro*®%*>’andin vivo after pre-exposurgrophylaxig>°-1°8.159
Whetherthat effect is sharedby other chloroquinecombinationdrugs or other 4-aminoquinolines
derivativesis unclear.Althoughthereis no clinical evidenceto supportthis, the intramuscularouteis
thoughtby someto be moreindicatedthanintradermaladministrationin casesuchasthesé*'% The
solutionmaylie ratherwith intradermaldosevolumeor repetition.

The impactof sex,ageor body massindex on the speedand quality of the neutralizingantibody
responseo intradermalrabiesvaccinationhasbeendocumentedy the ongoingRESIST2 study at
Institut Pasteurdu Cambodge Intermediateresultsso far show no clinically relevantdifferencein
antibody responseaccordingto age, sex, or whetherpatientswere underweight,overweight,or in
betweerthetwo.

1.4 Rabies vaccination risks

Aside from local and benigneffects, modernrabiesvaccinesare extremelywell tolerated®13%161
The availability of severaltypesof highly antigenicvaccinesallows persongo beimmunizedevenin
caseof allergy to egg proteing®2 Although all available data point to its innocuousnessvhen
administeredfterapotentialrabiesexposuren pregnantvomert®¥ 1% it is currentlyrecommendethat
pre-exposurevaccinatiorbedeferredn caseof pregnancyThisrecommendatiorhoweverjs to change

in theshortterm.
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15 Cross - protection

In experimentastudiesRABV vaccinatiorhasbeenfoundto becrossprotectivewith Europearand
AustralianBat Lyssavirusesind someAsian lyssavirusedelongingto Phylogroupl*’® 172 Protection
againstPhylogroupll, Il andIV lyssavirusegseevirological reviewin Annex Chapter2), however,
may be low!”3, Immunizationusingvaccinesbasedon canineRABYV is neverthelessecanmendedn

researchergorking on bats batlyssavirusesr peoplevisiting batcaves*2°

2. Rabies immunoglobulin

Thefirst rabiesimmuneserawere developedoy Babesin 1891 andthe methodfurther refinedby
Semple,Fermi, FuenzalidaHabel or Hosty and othersto finally producespecific humanantirabies
(gamma)jmmunoglobulin(RIG)38:86.126.174180 Rapiesmmunoglobulin(RIG) of equineor humanorigin
areneutralizingantibodiedargetingthev i r G gly@aproteinandareinjectedin thewound(or in the
bodyor aslavagein caseof mucousmembranexposurdo bats®?) to neutralizeor reducethe RABV
inoculumlocally beforeit canreplicateandspreadoeyondthe wound,while the vaccineeproducesis
or herown antibodiedollowing vaccinationlf indicated rabiesimmunoglobulinshouldbeinjectedas
soonaspossiblebut canbe usedwithin the weekafter initiating vaccinatiod®. Thereareto datefour
typesof rabiesmmunoglobulini(1) RIG of humanorigin (HRIG) from donors,with along half-life; (2)
RIG of equineorigin (ERIG), with ashorterhalf-life; and(3) highly purified F ( aflagnentproduced
from ERIG, whichhavemuchlessunwanteceffectsthanERIG*!183:184 A fourth rabiesmmunoglobulin
basedn monoclonakntibodiedMab) is manufacture@ndlicensedor usein Indiaonly. SeveraMab
RIG arecurrentlybeingdeveloped.

Despite the high immunogenicity and effectivenessof modern diploid cell vaccines even
administeredloné?®, theassociatiomf RIG with vaccinewasshownto bemoreprotectivethanvaccine
aloné®®187 |Importantly,however muchof thatwork wasconductedeforetheadventof moreeffective

cell-cultureor embryonatee@ggvaccines.

2.1 Using RIG after exposure

RIG isinjectedin andaroundthewoundandalwaysafterlavage Variousguidelinesanddocuments
havecomprehensivelpddressethe varioustechnicalaspect®f RIG administratior®!1881%% RIG use

is describedn thenextchapter.
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2.2 Issues with RIG use

221 Suppressant effect of RIG on rabies antibody response

Although thosetiters are considerednly a proxy measureof protectiort®’, admnistrationof RIG
with NTV andsubsequentlyith HDCV hasled in smallexperimentdo lower percentagesf subjects
havingattainedlevels consideredrotective(0.5 UI/mL) comparedo vaccinationalone 619219 The
samewasshownwith duckembryorabiesvaccinen earlystudied®1°¢ ConsequentlyamaximumRIG
dosewasdefinedto reducetherisk of rabiesvaccineresponseattenuatiordueto the observedserum
vaccineinterferencé’ 19219719 The suppressangffect of RIG on immuneresponsés counteredoy
boosterdoses® 2%

2.2.2 Cost and availability of RIG

Thevastmajority of peopleneedingRIG do nothaveaccesso it, for logistic or financialreason§.
Although ERIG are the mostwidely used,eventheseare producedin grosslyinsufficient quantities
throughoutheWorld'8%2%4 An edimated0.7M ERIG dosesand0.3HRIG dosesaremanufacturegach
yearoutsideof China,for an estimated30 M PEPrecipientsworldwide annually®®’. ProducingRIG
from animalsor humansis technically demandingand biosafety regulationsare stringentin most
countriesConsequentlyrabiesmmunoglobulins rareandcostly,at25-35 USD for ERIG andover250
USD for HRIG, manytimesthe monthlyincomeof mostpeopleat risk of rabiesin the endemicrural
areasof developingcountries.Somehistorical manufacturersre withdrawing from RIG production,

whichwill only makemattersworse.

3. Preventing rabies in humans

As shown in nowdevelopedcountries,canine rabies elimination i and consequentenduring
preventionof rabiesdedhsin humans- canonly be durablyobtainedby large scaleimmunizationof
dogs.This maybe achievedn Asia andAfrica in the long term. The burdenof rabiesin Cambodiais
presentedh Annex Chapter6. Successfupreventionof humanrabiescasesn the shortterm,however,
relies principally on primary and secondarypreventionthroughrabiesvaccinationof humans:Rabies
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vaccineis thereforeadministeredo presat theimmunesystemwith glycoproteinepitopestriggering

therapid productionof neutralizingantibodiesbeforethevirus canreplicateandreachthe SNC%,

3.1 Primary prevention T avoiding exposure and pre - exposure

vaccination

Primary preventionof humanrabiescasesrestsupon the preventon of bites and pre-exposure

immunization.

3.11 Avoiding exposure: preventing animal bites

This is thefoundationof rabiescontrolandthe original i andto dateperhapghe only successfui
illustration of the muchvauntedOneHealthparadigm.

Avoiding dogbitesavoidspotentialrabiesexposuremedicalandphysicalconsequences bitesand
healthcareexpensesDog bite incidencehasevenbeenreducedin somehigh-endemicitysettingsby
immunizingdogsagainstabies®’2%8 ameasure¢hathasbeenshownin severaketingsto bemorecost
effectivein preventinghumanrabiesthanadministratiorof postexposureprophylaxisin humang®®-21¢
Other crucial measuressuch as responsibledog ownership, stray dog population control and
immunizationhavelong beenaddresse@.

Well-cited guidelinesfor the individual preventionof dog bites recommendavoidingunknownor
parentingdogs,remainingi s like atIr erdé o ylikemb o shouldadogbecomeaggressive. Some
educatiorprojectan ruralcommunitiesappeato havebeenassociated time andspacevith areduction
in dogbiteg!’. Althoughtheserecommendationsiaybe effectivein reducingthe global burdenof dog
bitesandunnecessarPEPin developedcounties, their effectivenes®n the preventionof bitesfrom
rabidanimalsi especiallythosewith furiousrabiesi in endemicsettingshasto ourknowledgenotbeen
shown

To our knowledge thereare no internationally(WHO, FAO or OIE)-endorsedyuidelinesfor bite
preventiorandfor responsiblelogownershipOIE briefly mentiongesponsiblelogownershipbutdoes
not detail measureso guideindividual ownerg'? Few guidelinesalsoare availablefor policymakers
aimingto quantifyandundertakemonitoringor surweillanceandcontrol of dogbitesat the community

leveP1s,

3.1.2 Rabies vaccination before a bite (pre - exposure vaccination: PrEV)

Specific primary preventionof rabiesin humansis basedon pre-exposureémmunizationagainst
rabies. The rabies vaccine was used for pre-exposureprevention as early as 18824 This is

recommendeth animalhealthprofessionalsndin travelerso endemicareas.
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AlthoughmassPrEV of thegenerapopulationin enzooticsettingss notrecommendety WHO at
this time, it may be beneficialin isolaed population$'?'> The costeffectivenessof pre-exposure
prevention(vs. postexposurelariesaccordingto the setting,and may be favorableonly in a setting
wheretheincidenceof dogbitesis high?*®.

At leastone casehas beendescribedof a rabiesdeathin a personwho receivedpre-exposure
(intradermal)rabiesvaccine(PrEV)*%151158 This, however,seemsgo havefollowed absencef post
exposureboosting and nonresponseto pre-exposureHDCV vaccine (perhapsdue to concurrent
chloroquindreatmentyatherthanvaccinefailure despitesuccessfummunzation, Expertsreasserthat
no rabiesdeathsaredescribedn personsvhoweresuccessfullymmunizedafterPrEV, especiallyif the
recommendegostexposureoostersaareadministeregf-12

Wietenet al. reviewedthe effectivenes®f variousabbreviated’rEV protocolsof singleor double
0.1 mL dosesshowingeffectivenesespeciallyafter boosting'’. In an Australianstudy, singledose
PreV administeredD produceda measureablantibodyresponsén 98.2%of travelersby a medianof
23days,while anotheiin New Zealandachievedseroconversioim 95.1%of vaccinee$821° A oneday,

four-doseintradermaboosteregimenhasbeenusedsuccessfullyn over5,000patientsn Thailand®.

3.2 Secondary prevention after a bite i rabies postexposure

prophylaxis (PEP)

Approximately30 million PEPregimensare administeredvorldwide eachyear® andhundredsof
thousandsf not millions of lives have beensavedby rabies PEP sinceit was first successfully
administerd to JosephMeisterin Parison July 6, 188572 After washingandantisepsistabiesPEPis
aboutwinning a raceto the deathwith the rabiesvirus, developingvaccinemediatedantibodiesin
patientsbeforethe virus can replicatesufficiently at the site of inoculationto then passinto neurons
whereit is protectedoy the blood-brainbarrierandascendso the CNS (seepath@hysiologyin Annex
Chapter3). Therecommendegrotocolfor rabiesPEPincludeslocal aswell asgeneralinterventions:
Peoplein endemicareasshouldbe awareof initial measureollowing a bite andthattheyneedto seek
urgentcareif bitten. All healthcarestaff shouldalsobe properlytrainedasto what constitutedimely
andeffectiverabiespostexposuregrophylaxig-"®

3.2.1 fBeware of Greeks bearing gifts": Timely interyv

inoculation site

Despitetheir cunningand fighting skills, would an estimatedhirty to forty??° Greekcommandos
hiddenin U | y svgoedénsiorsehaveovertakernthe defense®f theimpregnableCity of Troy if their

numbershadbeensmalleror quickly reducedoy Trojanwatchmen?
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PEPstrategieso preveninfectionby infectiousagenttherthanRABV arebasednreducingviral
inoculum andhostvulnerabilitythroughantimicrobialg occupationalsexualor perinataHIV exposure,
perinatalHBV, HerpesB, me n i n ¢?4"#8iAsné proveneffectiveantiviralsareavailableto datefor
rabiesPEP,theaimis to limit therisk of viral replicationanddiffusion by reducingtheviral inoculum
throughmechanicalchemical(antisepsisand immunologicalinterventionswhile the h o s imrause
defensesdevelopto destroythe virus within days. Fortunately,humansare considerednot highly
susceptibléo RABV??°, Therisk of rabiesin unvaccinateghersongaslong beenknownto depencon
theanatomicasite of theinfectionbutalsoon theimportanceof theRABV inoculunt383°(numberand

severityof wounds,nterpositionof ¢ | o t andtirpe of contact(andperhapgshe RABYV variant).

3.2.2 First aid and wound management

The rabiesvirus hasa lipid membraneandis thereforesensitiveto detergent®. Immediateand
extensivecleansingof thewoundor scratchis of paramountmportancepsingrunningwaterandsoap
or detergent(for at least15 minutesaccordingto somesources}1%! and swabbing®¥ %2 After the
woundhasbeerthoroughlywashedanddried,anantiseptid prefaably povidoneiodine?®® (notopened
or pastexpirationdate)- mustbe appliedfor five minutes takinginto accounthat mostantisepticsare
partially inactivatedin the presencef blooc?**. Suturinga bite woundis contraindicatet}®! but was
requiredin 7.6%of paientsin oneseriesof patientsmanagedftera bite by a confirmedor potentially
rabid dog?®®. Immediatesutureis unavoidablewhenfor examplelabial occlusionor hygieneof bites
belowtheperineumarecompromisedin suchcasessuturefollowing debridemenmustbeminimaland
beundertakeronly severahoursafterrabiesmmunoglobulin(RIG) hasbeeninjectedin andaroundthe
wound. Delayedsuturingis preferableasit will avoid diffusing RABV in thetissue,alsoallowing for
the decongestiorof damagedtissue and improved aestheticor functional outcome after surgical
reconstructiofr. This multidisciplinary,delayedmanagemenwasimplementedy a consultingsurgeon
inP a s t eeryfirsh rabiespreventionclinic in Parisin 1886'.

3.2.3 Post -exposure prophylaxis in non -immunized patients

3.2.3.1 Indicati ons for PEP

Thefate of the patientis consideredo be determinedwithin the first weekor so afterthe exposure
to rabies.After the inoculumhasbeenreducedhroughmechanicabction/detersionantisepsisandin
somecasedlirectactionof immunoglobuin (seebelow),theh o simnmusedefensesnustbetriggered
throughPEPto thwartthereplicationof thevirus beforeit canenterinto thenervoussystemIndications

for PEP(vaccinewith or without RIG) vary accordingo type of exposureandarepresettedin Tablel.

43



Tablel: Categories of contact and recommended rabies PEP (Adapted from $¥#)0O

Categoryiltouching or feeding animals, licks ¢ None

intact skin
Category i1Inibbling of uncovered skin, minor Local treatment of the wpund
scratches or abrasions without bleeding Immediate vaccination; No RIG unless immune deficie

Category lillsingle or multiple transdermal bite Local treatment of the wound,

scratches, licks on broken skin; contaminatior Immediate vaccination and administration of RIG up ta
mucous membrane with saliva from licks, any following the firssdf vaccine*;

with bats.

*RIG will be replaced by the nascent immune response after that time.

ThesegeneraMWHO guidelineshowever mustbeinterpretecandadaptediependingn thetypeor
site of exposurethe natureof the biting animaland/orthe bite v i ¢ t iinmuéestatus.Categorylll
managemendf Categoryll exposuress indicatedif the biting animalis a known reservoiror vector
specieqbats)or if the patientis known to be severelyimmunocompromiseddtherelementgoutinely
consideredat IPC are whetherthe dog is confirmed rabiespositive. appearssick or the bite was
unprovokedthe numberof peoplethe animalhasbitten, whichis higherin rabiesconfirmeddogsthan
in rabiesnegativedogs(B. Mollo etal., IPC,ongoing).

WhenPEPis indicated(with or without RIG), healthcareworkersmay chooseamongseveralPEP
vaccineprotocols(Table2).

3.2.3.2 Intramuscular PEP vaccine protocols

The tedious Pasteurthen Sempleprotocolswere ultimately replacedby the Essenand Zagreb
protocols.The Esserschedul& endorsedy WHO since1992now includesthe administratiorof five
intramuscula IM) doseson days0, 3, 7, 14 and28. The Zagrebschedul& & is a shorter four-dose/
threesesion IM protocolendorsedy WHO since1992which warrantshighercomplianceandlower
costsfor equivalentor higherclinical effectivenes$' 82236238 A four-doseEsserscheduleomitting the
doseon D28 hasbeenendorsedor useby WHO since200F8,

Vaccinedosesshouldbe injectedIM in the deltoid areain childrenandadultsor the anterolateral
aspectof the thigh in babies,not in the gluteal muscleor other fatty tissueas this generatedess
immunogenicity®. Any doseadministeredn the glutealsite mustnot be considerecisimmunizingand
shouldbereadministered.

TheselM protocolshowever,aredoseintensive,consuminga full 0.51 mL vial of rabiesvaccine

for eachvaccinesessionThis led to thedevelopmenof intradermalID) rabiesvaccineregimens.

3.2.3.3 Intradermal (ID) rabies vaccination

Pasteutermedhisprocessi v a ¢ ¢ i imherioiof&Edwardlenre r usedf vaccinid®, aEuropean

adaptationof the Chinesethen Ottomanprocessof fi e n g r aiallgoxsgabsinto the dermisto
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immunize againstthat diseas&%2%°. Inoculation of antigensinto the dermisoffers the advantageof
immediatecontactwith mastcells, dendritic cells, dermaldendritic cells and Langerhangells in the
presencef extravasatiorand leucocycte€'®247 triggeringa specificcell-mediatedespons& 24 The
highimmunogenicityof ID vaccinationby directpresentatiorto theseantigenpresentingcellswasan
important weaponin the fight againstsmallpoX*®, tuberculosi$® and is being exploredfor other
vaccine$ It hasbeenshownto beeffectivein vaccinatioragainsty ellow Fever®? 2%, poliovirus?®’-2°8
or seasonahfluenzavirus?®®2%° |ts effectivenes# immunizationagainsHBV hasbeenstudied albeit
with conflicting resultg®% 264,

A comprehensiveverviewof the developmenbf intradermakabiesvaccinationwaspublishedby
WarrelP°®. Firsttestedn theearly 1960$%, anintradermaregimenwasoperationallydevelopedn the
early 1980848266271 Thjs strategywas further refinedusing Vero-cell derivedvaccinesby the expert
rabiesteamatB a n g kQué&edSsovabhi Thai RedCross(TRC) centef™272 |t wasendorsedy the
WHO expertcommitteesinceSeptembet 9912 andthe WHO StrategicAdvisoryGroupof Expertson
immunization(SAGE) since 2000202273274 To Septembef017,the TRC regimenassociatesour
session®f two ID injectionsof 0.1 mL, whetherthevaccineis purified chickembrye or purified Vero
cell derived*:206217.27%282 1n g 20022003 studyin the Philippines,Quiambaoet al. 22 assessethe
effectivenessf TRCintradermaPEPin 113subjectswvith Categorylll bitesby confirmedrabidanimals
(97% by dogs and 3% by cats) who also received RIG, demonstratingserological and clinical
equivalencef anID andanIM schedulé&®.

Dosesof reconstitutedrabies vaccine are drawn into syringes, prefeably insulin syringesto
accuratelymeasurethe small dose delivered, being careful to remove dead spacé®. After local
disinfectionand usingintradermalneedlespne doseof 0.1 mL is injectedin eachof the two deltoid
areascreatingapapule( i p @ @ o r acaugegby gnintradermalkollectionasfor intradermaltesting
for tuberculosisThis procedurecausesomepain andrequiresspeedandskill, especiallyin squirming
children.Furthermoreadministeringseveraldosesasin severaproposedbbreviatedegimends time-
andlaborintensive especiallyin busyrabiesclinics.

Despitethe smallerantigenicinoculum,differencesn the chemokine/cytokinactivationpathways
may offer an explanationfor the now firmly establishectlinical equivalenceof rabiesvaccination
through IM and ID route€*® (seebelow). The Thai Red CrossID regimen countsamong WHO-
recommendegrotocolsto Septembep01 718085283 Tgple2 showsthe regimensn useto September
2017atInstitut Pasteudu Cambodgevherethevastmajority of patientseceiveintradermaPEP.Table
3 showsthevariousWHO-endorsedndexperimentategimen.
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Table2: Antirabies vaccination protocols alnstitut Pasteur du Cambodge, Cambodia, 2015.

PREexposure

POSTexposure*

+ RIG if Category llI

or even in Category II/IlI

in case of immune deficiency

NO RIG ipreexposure immunized persons
*see WHO Categories of exposti&

DEVY

Dose (&ml) IM
Dose@.1 m)ID
Dose (&ml) IM

Dose 0.1 mi) ID
Immune deficient IM

Previously immunized IM
Previously immunized ID

1 1 lorl
1 1 lorl
2 1 1
2 2 2 2
1 1 1 1
1 1

2 2

Table3: Variouspre-exposure andpost-exposure regimen, WH@pproved or otherwise.

‘Do Ds D Du D Dus Dwo Remark

Preexposure prophylaxis

WHGapproved 2010

Intramuscular (IM) IM 1 1 lorl 1
Intradermal (ID) ID 1 1 lorl 11,150,284
Experimental
Soentjens et al. ID 1 1 285\WHQGendorsed in 2018
Wongsaroj & al. ID 1 1 286
Lau Cet al. ID 1 98.2%esponsés
Shaw MMt al. ID 1 95.1% resporidé
Postexposure prophylaxis
WHGapproveih 2010
TRC until 2007 ID 2 2 1 1 273,274
TRC since R0 ID 2 2 2 287
Zagreb IM 2 1 1 ~100% response by 9%
Essen IM 1 1|1 1 ~100% response by 19£88
4-dose/2 weeks IM 1 1|1 84
Experimental
IPC ID 2 2 289 WH@endorsed in 2018
Narayana, Sudarshan, | 4 4 90,92.94
Shantavasinietl al.
Liu Het al. IM 2 1 288
Huang @t al. IM 2 1 93
Warrell Meét al. ID 4 2 1 8% Endorsed 2087 Retrieved 20140
1D 8 4 1 1
Khawplod &t al. ID 8 4 87
ID 4 4
Boosters in immunized
WHGapproveih 2010
TRC D |2 ] ] ] 1
Experimental
Tantawichienet al. ID 4 290
Sirikwin 8t al. ID 8 8 |8 8 291
ID |2 2
Khawplod & al. ID |4 4 292
ID |8 4




3.2.4 Estimations of overall rabies PEP effectiveness

Although rabiesPEPis widely consideredasone of the mostsuccessfuand costeffective health
interventionsn endemicsettings,very few studieshaveprovideddataon rabiesPEPeffectivenessn
reakworld situation$®. Most availabledataon protectionby rabiesPEPoriginatefrom immunological
studiesin healthyvolunteerswhich fall shortof the degreeof evidenceneededo evaluatecapacityof

newPEPregimengo spardivesin thefield.

3.2.4.1 Estimates of rabies transmission in the absence of PEP

Severalstudiesprovide dataon survivalin patientswho receivedPEPafter a bite by a confirmed
rabid or suspectedabiddog'32% Basedon 19"C data,the overallrisk of transmissiorafterthe bite of

arabiddoghasbeenestimatedapproximatelyat 20%in absencef PEP840

3.2.4.2 Estimates of PEP effectiveness

Available dataon PEP effectivenessand failures may be seriouslybiased.Thesewere obtained
mainly throughpassivesurveillanceof humancaseshitten by dogs which overwhelminglywere not
testedfor rabies.Furthermoresurvival may haveimprovedalsobecausef greaterawarenessgasier
accesandsystematid®EPaftera dogbite andnot only aftera bite from a confirmedor suspectedabid
dog?®s. Variousavailabledataareshownin (Table4).

Caninemediatechumanrabiesis a nearconstantlyfatal diseasgseeAnnex Chapter4 for clinica
descriptionand outcome) Understandablyno field vaccinestudieshave data using placeboor an
exposedut unvaccinatedontrolgroup,exceptfor four i n a teuxrpael r istadeessonmievery dated,
which examineoutcomein personsunableor unwilling to receive PEP. A publication from 1923
providedoutcomen personsvhoreceived®EPusingSemplevaccing2.9%deathsamong312persons),
comparingt to outcomen personsoexposedo thesamepresumablybut untestedyabiddogbutwho
did not referfor PEP(6.2%o0f 1,362personsy. The authorsconcludethat PEPsavedoneout of two
personswho would have died of rabiesafter being bitten by a suspectbut untesteddog. Another
publicationmentionsa 19461956 seriesof 541 personsbitten by confirmedrabid dogsin India, with
8.8%rabiesdeathsamongthe 315who receivedPEPwith Semplevaccinecomparedo 48%fatalities
among106who did not®.

Thesesuccessateshaveprofoundlychangedvith theadventof modernvaccinesin acontroversial
19841985 study in Thailand, nine (45%) of 20 personswho referred for deepwoundsinflicted by
confirmed rabid dogs and who refused NTV contractedrabies and died, demonstrating100%
effectivenes®f PEPin thefield?%. In astudyby Quiambacetal., 57 personswith confirmedexposure
to RABV who receivedintramusculaiVero-cell vaccinewereall alive at oneyear®. In anotherstudy

by Quiambacetal., 110 patientsageds5-60 yearswho receivedntramusculaPEPandequineRIG after
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beingbittenby confirmedrabiddogswereall alive atoneyear®? Kalmothametal. found100%survival
at oneyearamong131 patientswho receivedvariousPEPregimensafter Categoryll/lll exposureo
confirmed RABV?’. In a study investigatingthe efficacy of PEP boosters,Shantavasinkukt al.
documentedurvivalin 253 participantsvho hadconfirmedrabiesexposureandreceivedPEPat least
one year earlier®® Although it mentionsthat therewere no reporteddeaths this study providesno

follow-up dataon patientsvho receivedPEPbut maynothavesurvived.

Table4: Summary of various clinical outcome studies in persons bitten by rabid or suspected
rabid canines which with owithout rabiespost-exposure prophylaxis

Vaccine effectiveness
Estimated by comparing to
20%40% theoretical
transmission data

Died
(CFR
95%0Q)

Died
(CFR
95%0Q)

No

*
PEP BEP

Vaccine used

Computed amon(
followedup**

Confirmed rabid dogs
Cornwall J\t al. India 148
192323 " "| Sempl&NTV IM - - 423 (B.0%; NA NA
30.439.7%
. 122
(¢}
oy ofINg SempleiTV IM gaa| % ég'i‘;’/" 215 (48.1% 87.05%
oY 49.863.5%
Thongcharo®fet al. 0 (0.0%0.0
Thailand, 1980s IV Vereell 27 0.2% 100.00%
o 9
SitthiAmorret al 0 (0.0%
) g Semple and other| 661 . 20 (45.06 100.00%
Thailand, 198% 0.060.01%)
) 23.266.8%
Quiambaet al, 0 (0.0%
Philippines 1598957 | '™ Vero cell + ERl 57 0.00.1 100.00%
Kamolthaet al. IM or ID cdilased 0 (0.0%
Thailand 1990077 | + ERIG 1881 50034 100.00%
12 Rabipur®tudies 0 (0.0%
cited in Giegt alsor | M Or IP£RIG 646 0.0- 100.00%
(excl?®) rabid dogs 0.08%)
8 Verorab@tudiesited | IM, ID or S& 0 (0.0% o
in Toovesy(excl30? RIG all rabid dogs| 360 0.0- 001%) 100.00%
. IM or ID cdilased o
ﬁ':;;’:;i‘g’ggg@oz + ERIGall rabid 84 %(8{'%’ 100.00%4
dogs T
Quiambaet al, ID PCECV + ERIQ 0 (0.0% o
Philippines 20@0%#2 | rabid dogs 101 5005% 100.00%
Quiambaet al., IM or ID Vero cell 2 (1.4% o
Philippines 20280483 | ERIG, dogs, cats 146 0.24.9% 100.00%
Bhartet al. India, 2014 0 (0.0%
203 ID Vero cell + ERI 26 0.00.2% 100.00%
Hampson, Tanzania, IM celbased 0 (0.0%
20022006 vaccines 15 0.00.3% 100.00%
(personal comm.) T
ID celbased + o
Laranolat el 4 | local ERIGI rabid| 1,730| Ss(é’ﬁé)f 99.14%99.57%
' dogs T
ID celbased +
Tarantolat al. 0(00%; o
Cambodia, 20@814% | 1063 ERIG L®3 | 0.00006%) 100.00%
untested dogs
. ID celbased +
Salahuddiet al, 2 (0.1%j;
Pakistan, 2009140 'lj’ncgs'tze%'ﬁogs 29161 0i 0.3%) 9968/6-9983%
(vaccingsoutes .
Total and exposuréso | NA NA| 658| 279 (42% NA NA
varied) 38.646.2%

* In some cases, incomplete; ** Computed asPME where RR is the relative risk of developing rabies in persons
without PEP compared to those who receiv&dNZER ot applicable.
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Dataon PEP effectivenessfter a bite by a confirmedrabid animalwill vary greatlyin termsof
healthcareseekinghabits and easeof accesgo timely and adequatdPEP. Casefatality ratesrise if
patientsrefer only for very severewoundsto high-risk anatomicakites,if they seekPEPbelatedly,if
the vaainesare not immunogenicat the productionsite or at point-of-care (cold chainissues)or if
patientshaveno accesgo RIG. As in a seriesfrom Pakistanwith 40% rabiesdeathsdespitefull -course
PEPusingNTV, thediscrepancypetweerefficacy estimatedy immunologicalresponseén controlled
laboratoryconditionsandreatworld effectivenesganbe dueto manyfactorssuchasdelayedreferral,
protocoldeviationandcold chainto preserveraccineeffectivenes¥®. The sane authorsmentionthat,
in the 1950s,IndianproducedSempletype vaccinewas estimatedo havean effectivenes®f 84%in
patientswho receiveda full courseof rabiesPEP,which droppedto 58% in thosewho receivedan
incompletePEPregimeri.

The efficacy of modernrabiesvaccineshasthereforebeenfoundto be 100%in controlledstudies,
butits effectivenessfterbitesby confirmedrabid dogsseemsomewhatower in realworld situations,

asshownby ourfield experiece(TarantolaA. etal., submitted.

3.2.5 PEP effectiveness: Intradermal vs. intramuscular

In astudyin Thailandbetween1996and2001,Kamolthamet al.?’ reviewed188 patientsexposed
to biologically-confirmedrabies,20 (10.6%)of whom hadreceivedthe intramusculafEssenregimen
and168(89.4%)who receivedntradermalPEP(ID TRC). Among these,75 (39.9%)hadCategoryll
exposureincludingsix (8%) who receivediM Essernand69 (92%)receivedD TRC. All 188 patients
werealive atoneyearafterexposurgTable4).

A similarclinical studyby Jaiiaroensuptal. concludedo 100%survivalat3 yearsn rabiesexposed
patientswho receivedM or ID PEP%. Anotherstudyby Bharti etal. on amorelimited sampleof 26
patientsbitten by rabid dogsandwho receivedID postexposurerabiesvaccineandRIG only in the
woundfound 100%survivalat oneyearor more®. Severabktudieson thedynamicsof rabiesantibodies
following oneor the otheradministrationroute concludedo a proxy antibodyresponsesquivalentto
clinical protectior?*®3973%9, Detailedcomparisondy vaccineandprotocolhavebeencomprehensively
reviewedby Toovey° or Rupprechetal.31°

It is estimatedthat 60-80% of rabiesvaccne usedworldwide is now administeredntradermally.
Although ID vaccination would theoretically reduce costs by 60-80%, one largescale field
implementationin Thailand documentedreal cost savingsas closer to 40%°” and anotherin the
Philippinesat 25% "3
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3.2.6 Rabies PEP failures
RabiesPEPfailuresweredescribechasearly asthe vaccineitself wasintroduced Around oneyear

after the first PEP,L. Pasteunn August1886 reported3 (0.2%) deaths(whetherthe caseof Louise

Pelletieris includedamongthesedeathsis unclear)among1,235 PEP recipientsafter the bite of a

potentially rabid animaP, while anothersourcespeaksof 21 (1.0%) deathsamong1,986 recipients
(including onefrom Bombay,India) by 22 Augustof thatsameyeaf!®. In 1887,Vulpian documented
12 (0.7%) deathsamongl,726 PEPrecipientsfor an expectechumberof approximately264 (15.3%)

rabiesdeathsf PEPhadnotbeenadministeredf?

A total of 47 (0.1%) fatal outcomeswere considered?EPfailuresamongthe 52,751 personsvho
received\NTV PEPbetweerl891and1953at the Institut Pasteuin Saigori*3. The proportionof those
truly exposedo rabies,however,is undocumented-rom 1963to 1968, for example,approximately
30,000persongeceivedPEPIn the USA afterconfirmedor potentialexposureo rabies,amongwhich
5 (0.02%) died of rabies'* Postexposureprophylaxis failures becameless frequent as vaccines
improved.

Failuresof rabiesPEPusingmodernvaccinesare now exceedinglyrare! 84315327 Between1992
and 1999, morethan 600,000PEPwere administeredn Thailand,a rabiesendemiccountry,with 13
rabies(0.002%)deathslocumentedhroughpasivesurveillancé’. As statedn theliterature thesePEP
failuresgenerallyoccurreddueto longdelaysbeforereferralor deviationdrom theWHO-recommended
protocol suchas suturing before PEP184132.183.325,328 3%gften imposedby operationalor anatomical
constraintsuchastransfixingwoundsto thecheekor theperineum)pmitting to infiltrate all thewounds

with RIG-%®or presumedlirectRABYV inoculationinto anerve.

3.2.7 Comparing and validating PEP protocols and vaccines

Takenaltogether clinical experienceand new epidemiologicaldatashowthat ID rabiesPEPis
comparabléo IM in savingthelives of peoplebittenby rabid dogs3® 33, But if PEPis to beimproved
andmademorecosteffective,how canregimenandvaccinedereliably compared?

Although serologicalstudiesshow that someregimenproducehigher antibodytiters than others,
antibodytiters rising at leastonce above 0.5 IU/mL are considereda reliable proxy for protection
(including legally when consideringboostersin ocaupationallyexposedpersonnel).The clinical
outcomein rabiesexposedoersonss determinedoy: 1/ the mechanicareductionof the inoculum; 2/
Rabiesimmunoglobulinuse(to be betterstudiedwith modernvaccines)and3/ theimmuneresponse
within the first few daysfollowing exposureHigher andmore persistentiters mightin the long term
provideprotectionagainstsubsequengxposureput long-term persistencef high antibodytiters after
PEPdoesnotimpacttheoutcomeof theexposurdor whichthatPEPis administeredf®. Thereis definite
immuneresponsevershootandfiviruso v e r longiterm@anamnesticesponses alsoconsideredo
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be protectiveand expertclinicians considerthat no deathsoccurin peoplethat havebeenimmunized
oncein theirlife.
Inthisa u t hopimiod,somparisorofr e g i m@feectivee@esandvalidationof newprotocolsmust
thereforenotrely onthepeakanddurationof immuneresponsé healthyvolunteersit mustrelyinstead
on 1/ The percentagef personsavho haveantibodytiters O 0 JUEmL at a giventime point; 2/ Those
capableof mountingananamnesticesponsand- perhapsnostimportantly- 3/ Clinical outcomedata
in peoplewhodid andwhodid notreceiveRIG with vaccineaftercategoryil or Ill exposuréo confirmed
rabid dogs. Clinical studiesin healthy volunteers may suffice only to validateonev acci ne o ¢

noninferioritycomparedo avalidatedvaccinefor agiven PEPschedule.

3.2.8 Operational constraints linked to intradermal vaccination

The RabiesPreventionCenterat Institut Pasteudu Cambodgédrpc@ipc) openedat the sametime
aslPCon27March1995.Dr. JeanLouis Soaress to becreditedwith introducingintradermaPEPwith
nervetissuevaccine(Fuenzalidafrom the onsetwith 8,607PEPreferralsin 1996,76% of whichwere
PhnomPenhresidentsFrom 20002014 incl., a total of 252,772patientsreceivedintradermalrabies
PEPatIPC,including203,519usinga Vero-cell vaccine(usedexclusivelyafter2003)in unvaccinated
patientsafterabite by a potentiallyrabiddog,49% of which werefrom PhnomPenh.

Constraintdinked with ID PEPuseat| P C@bgspreventionclinic includethe following: (1) ID
useis only possiblein centerswith sufficientturnoverfor ampoulego beusedwithin six hoursandnot
havingto discardthembeforetheyareempty; (2) Theabsolutenumberof injectionsperpatient(two per
sessionecomesan issuein very busy centerslike that of IPC which providescareto over 21,000
patientsperyear;(3) Time andcareneededo reconstitutevaccineusingsterilepowderanddiluentand
thento preciselyfractiontwo 0.1 mL dosegersyringe,onefor eachdeltoid area;(4) Skill requiredto
injectone0.1mL dosequickly butaccuratelyn thedermis twice overfor eachpatient,ncludingyoung
(squirming) children. This hasalso beendocumentedn the Philippineg”3. Importantly, the immune
responseo would-be low-volumeintradermaldosesaccidently injectedin subcutaneousssueshas

beenreportedo bethesameasintradermabaccinationatleastfor purified Vero-cell rabiesvaccing®’.

4. Abridged rabies prevention protocols in
humans

Early on, cliniciansandexpertcommitteeshavesoughtto maximizePEPeffectivenesandreduce

risks,recommendingndconductingesearcton the efficacyof reducedvaccineschedule¥ 33
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4.1 Historic protocols

P a st frst podtexposureprophylaxis(PEP)usingP a s t attenudiesl/accinerequireddaily
injectionsovertwelve successivelay$8 Laterprotocolsrangedn durationfrom 15-21 daysin Paris,
upto 40daysfor severeexposuresn somecenterswhile othercentersattemptedo shortertheprotocol
durationto tendays® S e mp bwa phenotinactivatednervetissuevaccinebeinglessimmunogenic,
PEPrequired up to 29 doses.The bettertoleratedsucklingmice rabiesvaccineregimendevelopedy
FuenzalidaandPalaciosn Chile alsorequired10-15 dose$’3?8 laterreducedo 8 dose$* with atleast
one attemptto reduceits posologyto four dosesin humanvolunteerd®®3*! Theseattenuatedor
inactivated\TV 1 containinghightitersof myelin andotheranimalproteins- requirednumerousloses
andinjections,causedsignificant pain (basedon personakexperiencein 1 9 7 2aldadverseeffects.
Eventhefirst humanculturevaccineusedn PEP,Vnukovo-32, requiredupto 25injectiong®. As newer,
bettertoleratedand more antigenichumandiploid-cell-basedvaccineswere introduced,protocolsi
initially only intramusculaandlaterintradermat couldbe andindeedwereabridged*8°185342

4.2 Abridged pre  -exposure rabies vaccination (PrEV)

4.2.1 Abridged intramuscular pre - exposure rabies vaccination

As per WHO recommendationqre-exposuregegimennow associatentramusculailM) injection
of 0.5 mL or 1 mL dosesof vaccines(dependingonthep r o d uirdieatiad) sluring eachof three
sessiongon Days0, 7, and21 or 28).

4.2.2 Abridged intradermal pre - exposure rabies vaccination

Intradermal (ID) injections of rabies vaccines have been shown to be noninferior to IM
adminigratior?8307.3% A oneday ID regimenusing various numbes of HDCV vaccinedoseswas
found ineffective®*® but severalaccelerategre-exposuraegimenshavedemonstrate@ffectiveness'’.
In Thailand,astudyby Shantavasinkugtal.* in 131 healthySubjectshowedhatafour-site,oneweek
pre-exposurdD regimenproducedadequatéevelsof neutralizingantibodiesn all subjectsalbeitfor a
lower time periodin RIG recipients.Another Thai study found that a oneweek 2-2-2 ID regimen
producediower responset D7 but equivalentresponseat D14 comparedwith a oneweek 4-4-4 ID
regimen in a small number of volunteer®’. As of September2017, intradermal pre-exposure
administrations endorsedy WHO for oneinjectionof 0.1 mL only (singledose)during eachof three
sessiongon daysO0, 7, and21 or 28)'%. A studyon a oneweekpre-exposurgegimenusingtwo single
0.1mL ID dosesat Day0 andDay7 in 420travelersconcludedo 94.5%effectivenes¥”. Anotherstudy
in 55 healthyvolunteersn Thailandusingone0.1mL ID dosesatDays0 and21 had100%effectiveness

at Day 35°%¢. A preliminarystudyof onevisit, two-dosepre-exposurdD vaccinationfollowed at one
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year by onesession4-site ID boostersshowedpromising resultsin healthyvolunteeré*. Recently
publisheddatafrom Soentjenst al. in Belgium yielded encouragingesultg®® At the time of writing
PrEPis likely to be shortenedo two sessiongon Days0 and7) in immunocompetenpersonsn 2018

recommendations

4.3 Abridged rabies post - exposure prophylaxis (PEP)

4.3.1 Abridged intramuscular PEP
A 3-monthsprotocoltermedthei Es s e g i assogiatingM injectionsat DaysO0, 3, 7, 14, 30

anda90boostewasii t € mp o re & roimmyata HO@5UVBI0 conferencén Tehrar® Thisi Es s e n 0
IM schedulewas subsequentlghortenedo 5 dosed* and remainsa referenceregimento date.The
i Z a g 8-vweebkiM schedut (four-dosethreesessiorprotocolon Days0, 7 and21)wasdevelopedy
the Zagreb Public Health Institute in the 1980s and demonstratechoninferiority¥83. A 2-week,
shortenedM protocolhasalsobeendevelopedor immunocompetergubjectsalsoreceivingRIGE. Al
threeprotocolsareendorsedy WHO. A failed attemptat a oneweekIM regimen(3 dosesat Day O
and1 doseat Day 7) initially producedencouragingesultswith ahumoralresponsafterDay 5 which,
howeverwassuppressetbr two weeksby concomitanRIG*?8

IntramusculatPEP protocolswere further shorteneddue to a vaccineshortagewhich lastedfrom
mid-2007to early2009.Thankto thisinterruptionin supply,rabiesandvaccineexpertsattheUS Centers
for DiseaseControl and preventionwere able to recommendabandoninghe fifth doseof the Essen
regimerd*132319 glthoughthis protocolis recommendedbr usein healthy,immunocompeterpersons
only. In arecentstudyin healthyvolunteers Huanget al. showedthat oneweekIM PEPproduced

immunity consideregbrotectivein 100%of subjectsy Day 14%,

4.3.2 Abridged intradermal PEP
The only intradermalprotocolapprovedoy WHO to SeptembeR017 hasbeendevelopedat Thai

Red Cross(TRC) in Bangkok, Thailand. This highly effective and costsparingprotocol associates
injectionof oneintradermal.1 mL dosein two siteson eachof threesessionst Days0, 3, 7 followed
by a single 0.1 mL dose at Days 30 and 90°”>. This was simplified and shortenedin WHO
recommendationsince 2005°2 The updatedTRC postexposureregimenin unvaccinatedsubjects
now associategitradermainjections0.1mL in two siteson days0, 3, 7 and28 (no sessiorat D90)-+:5
Studiesby Thraenharet al.34’ showedthat doublinginitial doseded to higherantibodyresponse,
althoughthis responseadoesnot occur earlie??. A study on shorteneconeweek intradermalPEPin
healthyvolunteersusingfour ID dosesn eachof threesessiongound100%effectivenesssevidenced

by neutralizingantibodytiters®.
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Overthepastfew years severaktudieson smallnumberf healthyvolunteershavebeenpublished
by Thai or Indianteamsshowingthe effectivenes®f threesessionsf four intradermainjections?-348
Oneof thesestudiesn India showsthattheimmuneresponseit D14 aftera oneweekprotocolof three
consecutivanjectionsat Day 0, Day 3 andDay 7 of four ID doseseachis comparablgo a 5-session
regimenin healthyvolunteerd®® At 12intradermaldosestheworkloadof this oneweek,threesession
protocol,however remainsmuchtoo high.

As did Beranetal. in healthyvolunteerd*®, Ravishet al. showedhatall dog-exposedecipientsof
a purified chickenembryo vaccineadministeredntradermallypresentedoy Day 14 antibody titers

consideregrotective™.

5. Promoting timely and affordable access
to adequate PEP in developing countries

Efforts havethusbeenmadefor decadeso shortenandsimplify PEP protocols’2 Thisis a public
healthpriority in the developingsetting,whereshorteningprotocolshelpsreducedosesjnjectionsand
costslinked with vaccinestransportatiorandbeingawayfrom work>>1-352

Postexposureprophylaxisis a costeffective interventiori'3%33% especiallyin rabiesendemic
settings The World Health Organizationis spearheading global effort to eliminatecaninemediated
rabiesby 203(°3% a strategyendorsedy ASEAN countriesincluding Cambodié>® **°. The ASEAN
strategyis basedon vaccinatingdogsi which will takedecades but alsoimproving accesgo timely
and effective PEP°, especiallyin Cambodiawherethis is accessibleessentiallyin PhnomPenh the
capital

It is well-establishedhatdistanceandcostremainmajorobstacle$o accessingmely andadequate
PEPfor rural populationsof developingcountrie$®2 Returningto the capital for the 4" intradermal
sessiorat D28 contributedo incur unaffordablecoststo bite victimsin CambodiaHow thencanaccess
beimproved?

In Cambodigheanswemmayto alargeextentlie in:

1. Performirg abaselineassessmemf availablesourceof PEP,andcurrentuseandobstacles
to useof timely andadequat®EP;

2. Improving geographicalaccessto timely and effective PEP by optimally positioning
peripheraklinics to promotereferral,reducetime andresourcespentfor referralaswell as

to reducePEPcompletion;and
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3. ShorteningintradermalPEP protocolsto reducethe numberof sessionsdirect costs of
vaccinesand indirect costsdue to repeatedtransportationand/or accommodatiorcosts,
especiallywhenanadultmustaccompanya child bittenby a suspectedabiddog.

Thesecrucial actionableissuesare the focus of the studiespresentecdhereinto qualify for this
Doctoraten Philosophyof Scienceat ParisDiderot(Paris7) Universityi ParisSorbomeUniversity, on
AEPIDEMIOLOGY ASA TOOL TO IMPROVE PREVENTION OF HUMAN RABIES: LOCAL AND GLOBAL HEALTH

IMPLICATIONS OF POSTEXPOSUREPROPHYLAXIS DATA, INSTITUT PASTEURDU CAMBODGE, 20032014 0

Part 2. Assessing the obstacles to timely
and effective PEP in Cambodia

6. Rabies Vaccine and Rabies
Immunoglobulin in Cambodia: Use and
Obstacles to Use

6.1 Background and rationale

The RabiesPreventionCenterat Institut Pasteudu Cambodg€rpc@ipc)wascreatedat the same
time that IPC wasreopenedon 27 March 1995and wasspecificallymentionedn the memorandunof
understandingignedbetweenthe Institut PasteurinternationalNetwork and the Cambodianhealth
authoritiesThe dataavailablefor thefirst completedyearwerecollectedin 1996,showing8,607rabies
postexposure(PEP)referrals,76% of which were PhnomPenhresidentsIn 2013 we soughtto re-
examine the updatedsituation and servicesrenderedto the population, identifying avenuesfor

progressionif any.
6.2 Method

This studywastwo-pronged First, we saughtto updateour dataon PEPreferralsto rpc@ipc.This
wasdoneby extractingandanalyzingPEPdatafor the previouscompletedyear(2012).We thensought
to documenthenumberof PEPreferralsat othersitesthroughouthecountryusingaweb-basedsurvey.

Thedatawasextractedrom the overall IPC databaseThis EpiData(EpiDataAssociationOdense,
Denmark)databasservesasabaselinaisk assessmemndPEPmonitoringtool. It is informedaspart
of clinical routinework by the same trainedclinical teamusinga standardizedjuestionnairdor each

patient.Patientsociodemographiandbite characteristicnumberandanatomicakitesof wo un d s é )
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areinformed,aswell asdog statug(sick-looking dog,unprovokedite é ) andthe natureandtiming of

the PEPreceived.Thesedatawereimportedinto and analyzedusing Statal3 (StataCorp., College
Station, TX, USA). We alsoexaminedvaccineandrabiesimmunoglobulinorderforms from IPC for

2012.

We contactedhepharmaceuticaitompanywhichsellsanddistributesverocell-basedabiesvaccine
in CambodiaThis companyhaddataon the numberof dosest soldeachyearin-country,aswell asan
estimationof the overallnumberof all rabiesvaccinedosesusedin Cambodiseachyear.Furthermore,
it listed thein-countryinstitutionswhich orderedandadministeredabiesvaccineandimmunoglobulin
eachyear.Thesénstitutionswerecontactedy theauthorusingSurveyMonke§, (SurveyMonkeyPalo
Alto, CA, USA) to documentheir PEPreferraldata.Thesewere thenaggregatedndanonymizedData

onvaccineandimmunoglobulincostswerecollectedon theinternet.
6.3 Results

A total of 20,610personsverereferredor self-referredto IPC for PEPafterexposurdo apotentially
rabid animalin 2012. Thesepatientsoriginatedfrom 22 of Ca mb o dhen2®psovinces.In 2012,
98.4%o0f patientsoriginatedfrom only 10 of theseprovinceg(incl. 41%from PhnomPenh)while these
10 provincesaccountor 66.8%of thetotal populationof CambodiaOf the20,609patientsdocumented
for type of injury, 6 (0.03%)referredafter a scratchby an animal, 20 (0.1%) after an animallick on
nonintactskin, 1 afterabite + scratchand20,582(99.9%)afterananimalbite. Of these 6,362(30.9%)
were considereddeep(Categorylll acording to WHO classification) and 14,220were considered
superficial bites (Caegory Il). Nine percentof the Categorylll patientsreceived equine rabies
immunoglobulin(ERIG).

The vaccinedistributionsurveyidentified five PEPcentersotherthanIPC andreceivedan answer
from all of these .Thesefive centers onefoundationHospitalin SiemReapandtwo Embassyclinics,
onegovernmentainstitutionandoneprivatehealthcareCenter,all in PhnomPenh- managed total of
lessthan1,500patientsin 2012.Basedon vaccinedistributiondata,anadditional10,000personsvere
admnisteredore- and/orpostexposurezaccinedosesn 2012in thecountry.

Most centersresortedto intramusculaiPEP,administeringa full 0.5 mL doseduring eachof four
sessionsThe costof PEPwas estimatedusingweb-basedresourcesBasedon wholesalepricing, the
costof afull courseof intramusculaPEPwasestimatednaverageat US$31.5Ccomparedo US$12.60
for a four-sessionpnemonthdosesparingThai Red Crossintradermalregimen.Whenindicated,the
wholesale price for one dose of ERIG rangal betweenUS$20 and US$35, dependingon the

manufacturer.
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6.4 Discussion and conclusion

Thesedatagatheredy a combinationof strategiegdataextractionandanalysisweb-basedsurvey)
confirmedthat IPC wasby far the largestPEPcenter(2/3 of PEPdelivered) in Cambodian 2012and
thatit aloneresortedo intradermaPEP.

Comparedotheveryfirst yearwith reportedPCdata patientreferralin 2012increasediramatically
with a largerproportionof patientsoriginatingfrom rural provinces(outsidePhnom Penh).Although
referredor selfreferredpatientsoriginatedfrom all provincessaveone,however populatedareasrom
the west of the country seemedunderrepresentedihis may have reflected serious challengesin
geographicahccesso timely andadequatd?EPfor residentof Westernprovinces.

A Cambodiarfarmer'smonthlyincomein 2012wasbetweenJS$60andUS$80.This makesdirect
costs(vaccine,ERIG é ) indirect costs(repeattransportatiorto and accommodatiornin the Capital,
especiallyif thepatientis anaccompanieahild) andlossof incomerelatedto PEPunaffordableor the
mostatrisk populations Abridging the PEPregimento threesession®ver oneweekonly would help
reducethedirectaswell asindirectcostsfor rural residentandimproveequityin accessingimely and
adequatéEPin Cambodia

This work waspublishedn the Journalof TravelMedicine™.
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Background. Authorities have pledged to eliminate canine rabies by 2020 in Cambodia, a country with a very high rabies burden.
Logistic and financial access to timely and adequate postexposure prophylaxis (PEP) is essential for preventing rabies in humans.

Methods. We undertook a survey of the few identified sites where PEP rabies vaccination and rabies immunoglobulin (RIG)
are available in Cambodia. We examined the Rabies Prevention Center at Institut Pasteur du Cambodge (rpe@ipc) database and
rpc@ipe order forms for 2012 to assess vaccine and RIG use. We conducted a rapid internet survey of centers that provide rabies
vaccine and RIG in Cambodia, other than rpc@ipe.

Results. The cost of a full course of intramuscular or intradermal PEP in Cambodia, with and without RIG, was also estimated.
Rabies vaccination is free of charge in one foundation hospital and is accessible for a fee at Institut Pasteur du Cambodge (IPC),
some institutions, and some Cambodian private clinics. In 2012, 27,500 rabies vaccine doses (0.5 mL) and 591 equine RIG doses
were used to provide intradermal PEP to 20,610 persons at rpc@ipe following animal bites. Outside of rpe@ipe, an estimated total
of 53,400 vaccine doses and 200 RIG doses were used in Cambodia in 2012. The wholesale cost of full rabies PEP was estimated
at 50% to 100% of a Cambodian farmer’s monthly wage.

Conclusions. Local populations and travelers cannot be sure to locally access adequate and timely PEP due to high costs and low
access to RIG. Travelers to high-endemic areas such as Cambodia are strongly encouraged to undergo pre-exposure vaccination or
seek expertadvice, as per World Health Organization (WHO) recommendations. State-subsidized, pre-positioned stocks of human
vaccine and RIG in bite management centers would extend the rabies prevention centers network. Support from Institut Pasteur
du Cambodge for staff training, cold chain, and quality control would contribute to reducing the risk of rabies deaths in Cambodia.

‘ ‘ Tith an estimated dog for every two to three
inhabitants (Institut Pasteur du Cambodge,

unpublished data), the incidence of dog bites is
extremely high in Cambodia.! Cambodia is also highly
enzootic for rabies: an estimated 800 human rabies
cases are thought to occur each year in a population
of 14million inhabitants.” This translates into an
estimated annual incidence of about six rabies deaths
per 100,000 inhabitants [5.8/100,000; 95% confi-
dence interval (CI) 2.8-11.5], comparable to the 2006
incidence of road deaths in the European Union.*
Cambodia like other countries of the ASEAN + three
group has committed to eradicate canine rabies by
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2020.%7 But Cambodia faces numerous challenges and
there are, to our knowledge, no canine vaccination, no
validated strategy, no funding, and insufficient exper-
dse dedicated to canine rabies eliminadon to date. In
Cambodia, human rabies cases are avoided solely by
postexposure prophylaxis (PEP) available to a minor-
ity of patients.® Immediate wound management and
vaccine PEP? are essential in reducing risk, but rabies
immunoglobulin (RIG) use is also considered a mainstay
of prevention.'” We undertook this study to identify the
gaps in access to timely and affordable PEP in Cambodia
and their underlying causes.

Methods

Created in 1995, the Rabies Prevention Center at Insti-
tut Pasteur du Cambodge (rpc@ipc) is the largest rabies
prevention clinic in Cambodia, providing postexposure
coverage for the southeastern provinces and most of
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Low Availability of Timely and Adequate PEP in Cambodia

the Cambodian population. Using Stata 13 (StataCorp,
College Station, TX, USA) we examined the rpc@ipc
database (EpiData, EpiData association, Odense, Den-
mark) and rpc@ipc order forms for 2012 to assess vac-
cine and RIG use. We mapped the province of residence
of the referrals to rpc@ipc in 2012 using ArcMap 10.0
(Esri, Redlands, CA, USA) to estimate served areas.

Using SurveyMonkey (SurveyMonkey Inc., Palo
Alto, CA, USA),'"" we also conducted a rapid sur-
vey of identified centers other than rpe@ipe, which
may provide RIG in Cambodia. The data were
anonymized and compared with estimated dose usage
and associated costs in Cambodia for all vaccines and
manufacturers in 2012, the latter kindly provided by
Sanofi Pasteur, the main supplier in Cambodia of
WHO-prequalified purified inactivated rabies vaccine
prepared on VERO cells.’> There are no other available
estimates. These data also pertained to the wholesale
costs of immunoglobulin from various manufacturers
in Cambodia, which were used to estimate the cost of
a full course of intramuscular or intradermal PEP, with
and without immunoglobulin.’?

Results

Rabies vaccination is free of charge in one foundation
hospital and is accessible for a fee at IPC, in some
institutions, and in Cambodian private clinics (Table 1).

Rabies PEP at 1pe@ipe

In September 2010, a partial cost recovery scheme was
introduced: a full course of four sessions of two 0.1 mL
intradermal doses is charged US§10 at rpe@ipc, with an
additional cost of US$35 in case equine RIG (ERIG)
is indicated. In some cases, full rabies PEP including
ERIG is offered free of charge.

In 2012, a total of 125,100 ID (0.1 mL) rabies vac-
cine doses from 27,500 doses of 0.5 mL (4.5 doses of
0.1 mL per 0.5 mL vial, due to dead space in the syringes
before changing to insulin syringes) were adminis-
tered to 20,610 persons at rpc@ipc following animal
bites. Of the 22 provinces from which dog bite vic-
tims were referred to [PC, 10 contributed more than
100 animal bite cases. These provinces—Phnom Penh,
Kandal, Kompong Cham, Prey Veng, Takeo, Kom-
pong Speu, Kompong Chhnang, Kampot, Kompong
Thom, and Svay Rieng—accounted for 20,292/20,610
(98.4%) of the animal bite cases managed at rpc@ipc
in 2012 (Figure 1). The population residing in these
10 provinces constitutes 66.8% of the total population
of Cambodia. In all, 591 (9.3%) of the 6,362 patients
with Grade III injuries also received ERIG in 2012. Of
the 227 persons referred to rpc@ipce after exposure to
confirmed rabid animals’ bites, 99% received ERIG. Of
these 227 cases, 45 (19.8%) originated from Takeo, 39
(17.2%) from Kampong Cham, 37 (16.3%) from Kam-
pong Speu, and 10 (4.4%) resided in Phnom Penh. The
attack by rabid animals was “provoked” in 41 (18.1%)
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‘Table 1  Vaccine and rabies immunoglobulin (RIG) use
data from the Rabies Prevention Center, Institut Pasteur du
Cambodge (rpc@ipc), and other identified sites of rabies
postexposure prophylaxis (PEP)

PEP referrals in 2012 RIG doses RIG type
Site 1 (rpe@ipc) 20,610 591 ERIG
Site 2 1 1 HRIG
Site 3 0 (refer to IPC) 0 (refer to IPC) 0 (refer to IPC)
Site 4 647 5 Unknown
Site 5 Unknown 27 HRIG
Site 6 800 17 ERIG
Other Unknown Unknown HRIG

Estimated ~10,000, pre-  Estimated ~100
and/or postexposure
prophylaxis

ERIG = equine rabies immunoglobulin; HRIG = human rabies immunoeglobulin; TPC = Institut
Pasteur du Cambodge.

and unprovoked in 186 (81.9%) cases. In the 186 unpro-
voked attacks, the animals appeared healthy in one and
il in 185 (99.5%) cases, which led the patient to bring
the head of the attacking dog to the National Reference
Center for Rabies at IPC.

All 227 documented exposures from confirmed rabid
animals were bites. Of these, 143 (63.0%) were Grade II
(no bleeding) and 84 (37.0%) were deep bites (Grade 111
according to WHO classification). The number of bites
was one in 2 cases (0.9%), two in 196 (86.3%), three in
19 (8.4%), four in 8 (3.5%), and more than five in 2 cases
(0.8%).

Of the 227 attacks by a confirmed rabid animal
documented at rpc@ipc, 92 (40.5%) were located on
the foot, 31 (13.7%) on the hand, and 29 (12.8%)
were located on the legs. Of these 227 persons, 224
(98.7%) received immunoglobulin. The three persons
who did not receive immunoglobulin had received one,
three, and five vaccine sessions, respectively. One was
a 30-year-old female (Grade II bite to the foor), the
second a 22-year-old male (Grade III to the leg), and
the third was a 9-year-old female living in Phnom Penh
(Grade III to the foot). They were all seen within
24hours of the exposure and discontinued PEP for
personal reasons.

Since 2011, all persons exposed to a confirmed
rabid dog were systematically followed up by telephone
after 6 months. There were no reported fatalities after
PEP in 2012, with or without immunoglobulin. The
two adult patients exposed to rabies who received no
ERIG were alive and well at their 6-month follow-up.
The third patient, a child, could not be followed up,
which is frequent in the highly mobile Phnom Penh
residents.

Rabies PEP ar Other Centers in Cambodia

Outside of rpc@ipc, an estimated total of 53,400 vaccine
doses (0.5mL) and 200 immunoglobulin doses were
used in Cambodia in 2012. The internet survey identi-
fied five centers other than rpc@ipc, which may be able
to provide rabies PEP in Cambodia: one governmental

7 Travel Med 2015; 22: 348-352
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Figure 1 Map of Cambodia showing the number of patients referred or self-referred for rabies postexposure prophylaxis by
province of residence, Rabies Prevention Center, Institut Pasteur du Cambodge (rpc@ipce), 2012.

‘Table 2 Estimated wholesale costs (in USS$) associated with vaccine and rabies immunoglobulin (RIG) for rabies postexposure

prophylaxis (PEP), Cambodia, 2012

Vaccine wholesale costs

Total wholesale cost for

RIG wholesale costs recommended Grade ITT PEP?

Low vaccine Average High vaccine  Low cost  High cost
costrange  vaccine cost  cost range ERIG ERIG Minimum cost ~ Maximum cost
Wholesale price per | mL dose US$6.40 US§7.87 US$8.90 US$20.00  US$35.00 — —
Wholesale price per two 0.1 mL US$2.56 USS$3.15 US$3.56 US$20.00  US$35.00 — —
Full course of four IM doses US$25.60 US$31.48 US$35.60 US$20.00  US$35.00 US$45.60 US$70.60
Full course of four double ID doses*  US$10.24 USS$12.59 USH14.49 US$20.00  US$35.00 USS$30.24 US$49.49

ERIG = cquine rabics immunoglobulin; IM = intramuscular; 1D = intradermal.

*Modified Thai Red Cross regimen of two 0.1 mL ID doses per session, for a total of four sessions.

institution in Phnom Penh, two Embassy clinics in
Phnom Penh, one renowned private health care cen-
ter in Phnom Penh, and one reference hospital in Siem
Reap (Table 1). All five offered rabies vaccine: in 2012,
the two largest centers had provided PEP to approx-
imately 800 and 647 cases, respectively; a third cen-
ter had managed no cases and a fourth had managed
one PEP case, while the last was unaware as postex-
posure patient files were mixed in with pre-exposure
files. Three of the centers offered RIG, one of these
intermittently, based on availability, but at no cost. Two
used human RIG (HRIG), one used ERIG, and one was
unaware. The large center with 800 PEP had admin-
istered 17 doses of RIG in 2012 while the center with
mixed files had administered 27 doses. There is no
information in centers outside rpc@ipc on systematic
follow-up at 6 months.

F Tiavel Med 2015; 22: 348352
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Cost of Vaccines and Inmunoglobulin

The average wholesale price in 2012 for one dose of
the seven available vaccines licensed in Cambodia was
US$7.90 (median USS8.10, range US$6.40-US$8.90).
The wholesale price for one dose of ERIG ranged
between US$20.00 and USS$35.00 (Table 2).

Discussion

Rabies vaccine and immunoglobulin are less used in
Cambodia and are accessible at IPC and to some extent
at some international clinics or reference hospitals. All
exceptone center are located in Phnom Penh, the capital
of Cambodia. Rabies vaccine alone may be accessible in
some private clinics elsewhere in Cambodia, but usually
at a high cost.
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At least more than 9% of the patients referred to
rpe@ipe with Grade III injuries also received ERIG
(40TU/kg body weight!>!%) in 2012. This percent-
age remains low in view of WHO recommendations,’
although itis higher than thatin many developing coun-
try settings.”>!1® At TPC, RIG is usually administered
because of confirmed laboratory diagnosis of rabies in
a biting dog’s head or because of a severe bite to the
face and/or hand, especially in children. When docu-
mented in other centers, this percentage of RIG use
varied between 2 and 77%.

In injuries other than bites, patients’ wounds and/or
immediately surrounding tissue are routinely infiltrated
with anesthetics in the emergency room,'” with steroids
in dermatology,'® or with tetanus immunoglobulin. In
many training sessions throughout Cambodia during
the past years, one of the coauthors (LS) was told
repeatedly by clinicians being initiated to PEP use that
they found great technical similarities with performing
local anesthesia and that they were very ready to use RIG
to infiltrate wounds. What then are the obstacles to RIG
use in Cambodia?

According to the clinicians, one obstacle is the inabil-
ity to calculate the dose according to body weight.
Improvements in the prescription leaflet could help
solve this issue.

A second obstacle is the perception that ERIG often
causes severe adverse reactions (SAR), despite the fact
that 4,608 doses of ERIG were used from 2000 to
2012, inclusive, at rpc@ipe with no reported adverse
reactions and that ERIG-SAR are considered rare by
WHO experts'?; in fact, so rare that WHO no longer
recommends a skin test prior to administering ERIG.”

The third, main obstacle to RIG use in Cambodia
seems to be its high cost, which is to be added to the cost
of vaccination. Expense has also been identified as a key
obstacle in other countries.?=?3 The wholesale cost is
the cost at which health care teams purchase the vaccine,
therefore not including added costs for transport, stor-
age, infrastructure, personnel, and injection materials.
This wholesale cost for a full course of rabies vaccina-
tion alone was estimated at between US$10 and US$36
in 2012, depending on whether ID or IM protocols are
used. ERIG is in limited supply and available at a whole-
sale cost of between US$20 and US$35 per dose. A
Cambodian farmer’s monthly salary is between US$60
and US$80.

The first consequence of these costs—to which the
cost of transportation must be added—is that even
the ERIG used at rpe@ipe remains too expensive for
most Cambodians, especially those residing in rural
areas where most of the potentially infective dog bites
occur.?* The vaceine and immunoglobulin are therefore
heavily subsidized at rpc@ipc and in some cases offered
free of charge. A second consequence of these high
costs is that centers that do not have a high enough
demand for rabies PEP are hesitant to store expensive
vaccines and RIG, which may expire before use, and
defer the use of intradermal injection of 0.1 mL doses
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from 0.5mL or 1mL vials, letting the remnant go
to waste. A third consequence of this high cost and
low access to RIG is that wavelers cannot be sure
of finding local access to timely and adequate PEP
after a dog bite.>=?® Travelers to high-endemic areas
such as Cambodia are therefore strongly encouraged
to undergo pre-exposure vaccination or seek expert
advice, as per recommendations from France and other
countries.”?*=32 Should they be victims of a dog bite,
they would not need to interrupt their travel as they
would only require a booster shot of vaccine within a
few days, but there would be no need for RIG, which in
practice is accessible at a reasonable cost only in Phnom
Penh. Additionally, some of the rabies vaccines used in
unregulated sites in Southeast Asia may be counterfeit.*3

Most dogs in Cambodia are owned. The patients
referred to rpc@ipc after a dog bite in 2012 declared
knowing the owner of the bitng dog in 19,705
(98%) cases. None of the animals were vaccinated
against rabies (rpc@ipe darta, Institut Pasteur du Cam-
bodge). If it is to meet its ASEAN commitment to
eliminate rabies by 2020,*7 Cambodia must solicit
international stakeholders and funders to provide or
subsidize canine and human vaccines, at least initially.
Laws must be passed to enforce vaccination of dogs.
State-subsidized, pre-positioned stocks of human vac-
cine and immunoglobulin in bite management centers
would extend the rabies prevention centers network.
Support from Institut Pasteur du Cambaodge for staff
training, cold chain, and quality control would con-
tribute to create well-positioned satellite centers in the
provinces, thereby increasing geographic and financial
accessibility to timely and effective PEP and reducing
the risk of human rabies deaths in Cambodia.
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Part 3: Improving geographical access to
timely and adequate rabies PEP in
Cambodia

An evidencdased epidemiological strategy for optimal positioning of peripheral rabies prevention centers in
Cambodia

7. Rabies Postexposure Prophylaxis (PEP)
Noncompletion after Dog Bites:
Estimating the Unseen to Meet the
Needs of the Underserved

7.1 Introduction

We analyzedhe characteristicef patientsdocumentedn the Institut Pasteudu Cambodgg1PC)
databasevho did not completetheir postexposur@rophylaxis(PEP)regimenof their own accordto
estimatehenumberof personsvhowould mostbenefitfrom arabiespreventiorcenterbeingpositioned

neartheir district of residence.

7.2 Method

Thesuccessivaetepsof themethodaredetailedin Tableb.

We extractedhecharacegristicsof patientavhoreferredto IPC for PEPduringtheyears20092013.
Postexposur@rotocolsconsidereccompletewere basedon WHO recommendationandthe regimen
developedy the Thai RedCross(TRC). We usedprotocolnoncompletiorafter a bite by a potentially
rabid dog as a proxy for difficulties or impossibility in accessingimely and adequatePEP, after
excludingpatientswho terminatedPEPearly dueto recommendationfatientpreviouslyvaccinated,
biting dogsurvival,biting dogthathadtegedrabiesn e g a t iTheassotiatiorof variousfactorswith
therisk of noncompletiorwasstudiedthroughunivariateandmultivariatelogistic regressionmodels.In
addition,aboostedegressiortreemodelwasusedto allow nonlinearassociationfor characteristicef
the distancebetweendistrict of residenceand IPC. Whateverthe model used(logistic regressioror
boostedregressioriree), quality of the predictionof the probability of noncompletionwas assessed
throughthe areaunderthe receiveroperatingcurveassociatedo this prediction.Districts contributing

O atientsto the databasevereexcluded asthe numberof noncompletersvasanticipatedo be O1.
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Table5: Summarized analytical strategy to identify rabi€®EP geographical coldspots

. Constitutinpedataset A Extractionfthe2009201HatasefromthelnstituPasteuduCambodg@PC)PEPpatientatabase;
A ExclusionfpatientsvhoterminateBEPearlyaspermedicaleanrecommendatiofpseexposure
vaccinationogsestechegativerwhiclks ur vi ved é) ;

. Complementitige A 159districhealttcentersverecontactethroughodhecountryo document:
datasete.difficultieto - DistancéromPhnorPenhEuclideadistancejistanc®yroadjntravetime travetostgreturnrip);
reachiPCrabieglinic - Monthgorrespondiigannuafloodingndriceharvests

. PEPnoncompletiand A Identificaticof patientsvhodidnotcompleténefullrecommend®EP( i MBbM comp | et e
nongeographiactors A Univariatthenmultivariategisticegressioanalysisoidentifalinongeographfactorsssociatedith
PEPnoncompletigassessionso June2012<4sessionafterthat).
A Computatiarfadjustedoncompletioddsatioforeachvariable.

. PEPnoncompletiand A MultivariategistienodekxploringheassociatiobetweenlistricbfresidencandPEPnoncompletion,
districbfresidence afteradjustmeribrthenongeographfactorsdentifieth step3;
A Computatidoreachdistricofan adjustedioncompletiamnidsratio.

. Expectedoncompleter A Usingeachd i s tmancomple@iamdsratio(stept) toapproximatelativeisk’>!;
caseloatheachdistrict A Computatiasftheattributableskpercent” ofnoncompletion
A Multiplicatiafthatattributabléskbytheestimatedumbeofpersonsitterbydogsin eachdistrict
A Providetheabsoluteumbeofpersonsvhodonotcomplet®EPprotocol® eachdistritwhichwould
theoreticallyeavoidedbypositioningrabieslinidnthatdistrict.
Rldistrict (7 ARBENbitten= ((RR 1) / RR) * (inaid;* pOBistric)

Where ARPR= attributable risk percent exposeds Number of dog bite victims expected annually|
district; RR = relative riskpigsicannual incidence of dog bites extrapatigdatbtd popistic= 2008
population of the distfict

. Documentiraistance A Boostedegressiotteemodeto explorg¢heassociatiopetweegharacteristicétravefromthedistrict
thresholdssociated centeto PhnonPenhidentifieth Step2) andPEPnoncompleti@fteradjustmeribrnongeographical
withnoncompletion riskfactorassociatediithnoncompleti¢Ste3);

A Leadingotheestimatinofa travethresholbeyonavhichPEPnoncompletigmcreasesignificantly.

. Identifyingnderserved A MappingftherabiesndexXoreachdistricin eachprovinceyhileattributingalue®:
areas - ToPhnomPenhwherdPCislocated);
- Tosixdistanandsparselpopulatedrovincesontributing5 patientsothestudy;
- Toallthedistrictdocatedvithirthedistanc@entifiedsathresholébrincreaseBEPnoncompletion
(stepd);
A AnalysisisinghePolygoiContinuitynethot?andtheGetisandOrdGi*statistigOtoidentifglustersf
districtgeharacterizdsya highRabiesndexhighnoncompleti@tusters).

We computedheattributablerisk percenusingtherelativerisk'®’ - approximatedy the oddsratio
of noncompletiorasthe probability waslow (<10%).°>1%- associtedwith eachdistrict, asproduced
by themodel.This attributablerisk percentwvasthenmultiplied by thepopulationof eachdistrictandthe
incidenceof dog bite$’ wascomputedo measureopulationimpactandwasnamedthe rabiesindex
(RI). Thisis theabsolutenumberof noncompletedP EPregimers which would theoreticallybeavoided
by positioningarabiesclinic in thatdistrict. TheRI for eachdistrict werethenmappedandthe Polygon
Coninuity conceptualizatiomethod®followed by thecomputatiorof the GetisandOrd Gi* statistic°
was usedto identify not only districts with a high noncanpletion burdenbut clusteringof high-RI

districts,nearwhich positioninga peripherarabiescenterwould likely havemostimpact.
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7.3 Results

During the years2009to 2013, inclusive,the 100,660patientsreferredto IPC after exposureo a
potentiallyrabid dogweremalein 52% of casesvith a meanageof 21 (SD 18.7 years)anda median
ageof 13(IQR 6-32). Patientgesidedn 18of Ca mb o @dipm@winses.

The PEPregimenwasconsiderechon-completedoy patientsin 7,814 (7.8%) of casesTherisk of
noncompletiorwas higherduring rice harvestandincreasedluring the study. It washigherfor years
after2010,whenthe delaybeforereferralwas> 2 days,whenthe patientwasan adultagedl15 to 49,
whenthedoghadbeen putdownor lostto follow-up, or finally whenthe prescribedegimenwasa full
PEPprotocol (4 or 5 sessionsgependingon the yearstudied).The risk waslower whenpatientswere
females or whenthebiting dogappearedick or wasconfirmedrabid. Sone districtswereassociatedo
aparticularlyhigh percentagef non-completerssuchasthedistantandsparselypopulatedorovinceof
PreahVihear,andconverselyto lower noncompletiorin the districtsof Kandalprovince,neighboring
PhnomPenh.Among variousmodelsevaluatedthat basedon distanceby roadin kilometershadthe
highestareaunderthereceiveroperatingcurve(0.883). Thisenablel usto identify athresholdassociated
with a markedincreasein noncompletionfor a distanceby road of apgoximately 150 km. After
calculatingtherabiesindexfor eachdistrict basedn statisticallysignificantoddsratiosobtainecearlier,
mapping of district clustersidentified two significant populatedareaswhich would benefit from
peripherarabiesclinics: thecitiesof Battambangin thewesternpartof thecountry,nearThailand and

PreyVengontheEasterrborderwith Vietnam.

7.4 Discussion and conclusion

Overall,vaccinePEPnoncompletionn this verylargedatasetwasapproximately8% andincreased
very significantlyduringtherice harvestduringwhich Cambodiansnustmakea cruelchoicebetween
preservinghemselve®r their loved onesagainstherisk of rabiesandtheirf a mi sbuycéokrevenue
for thecomingyear.Somedistrictsarein themsévesassociateavith avery highrisk of noncompletion,
with avery markeddistancehresholdof 150km by roadfrom therabiesclinic at IPC, PhnomPenh

To obtainamoreprecisesstimateof theeffectivenessf positioningtwo peripherarabiesprevention
clinics in Cambodia,we thereforeusednot a measureof risk but rather a measureof impact by
extrapolatinghisrisk of noncompletiorto all populationsijncludingthosewhich hadnotreferredto our
center.

Finally, thefinal resultsof our studyis a mapof district clustersn which thetheoreticahumberof
peoplewho would completetheir vaccinePEPwould be the highestif a rabiesclinic waspositioned

there. The populationof the largestcluster situatedto the eastof Battambangwill have to travel
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approximately60 km insteadof 180km to PhnomPenh andthatof the clusterlocatednearthe 150-km
thresholdwill travel approximatelyl20 km insteadof 150 km. This is alsotrue of patientsfrom prey
Vengwho will travel110km to KampongChaminsteadof 150km to PhnomPenh.The provincesof
Battambangndits four neighboringprovinceshadin 2008a total populationof 2.04M, 15.2%o0f the
then13.4M populationin Cambodia®

This articlewaspublishedn the AmericanJournalof Epidemiology**.
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Postexposure prophylaxis (PEP) prevents human rabies and is accessible in Cambodia principally in Phnom Penh,
the capital. Timely, affordable access to PEP is a challenge for the mainly rural population. We aimed to identify dis-
tricts independently associated with PEP noncompletion to position frontline vaccination centers. We analyzed the
2009-2013 database at the Rabies Prevention Center at the Institut Pasteur du Cambodge, Phnom Penh. Logistic re-
gressions identified nongeographic determinants of PEP noncompletion as well as the districts that were indepen-
dently associated with noncompletion after adjustment for these determinants. The influence of distance by road was
estimated using a boosted regression-trees model. We computed a population attributable fraction (rabies index (RI))
for each district and developed a map of this Rl distribution. A cartographic analysis based on the statistic developed
by Getis and Ord identified clusters of high-RI districts. Factors independently associated with noncompletion were pa-
tients’ district of residence, male sex, age 15-49 years, initial visit during rice harvest, the dog's status (culled or disap-
peared), and a prescribed PEP protocol requiring more than 3 PEP sessions (4 or 5). Four clusters of high-Rl districts
were identified using this analytical strategy, which is applicable to many vaccination or other health services. Position-
ing frontline PEP centers in these districts could significantly widen access to timely and adequate PEP.

access; dogs; epidemiology; medically underserved area; observance; postexposure prophylaxis; rabies; vaccine
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Abbreviations: IPC, Institut Pasteur du Cambodge; PEP, postexposure prophylaxis; RI, rabies index; RPC, Rabies Prevention Center,

WHQO, World Health Organization.

Human rabies after an animal bite is prevented by immediate
wound cleansing and antisepsis followed by timely and ade-
quate postexposure prophylaxis (PEP) (1). Pioneered by Louis
Pasteur in 1885 (2), PEP entails the intramuscular or intrader-
mal administration of rabies vaccine, with or without rabies
immunoglobulin (1). Although rabies PEP is available in Cam-
bodia, most Cambodians face daunting obstacles to the access
of timely, adequate, and affordable PEP in the rural setting (3).
A model of rabies deaths in Cambodia has been used to esti-
mate a total of 810 human rabies deaths in 2007 (95% confi-
dence interval: 394, 1,607), for an estimated incidence of 5.8/
100,000 (95% confidence interval: 2.8, 11.5), the highest pub-
lished worldwide (4). As efforts are renewed to control dog-
mediated rabies (5), we sought to identify factors associated
with PEP noncompletion in data collected by the Rabies

Prevention Center (RPC) at the Institut Pasteur du Cambodge
(IPC), in Phnom Penh, to optimally position frontline centers
and improve geographical access to PEP for underserved
Cambodians.

METHODS

Since 1998, the RPC at IPC staff have prospectively entered
data on patients and dogs for every initial and follow-up patient
visit using a standardized questionnaire (>21,000 referrals
each year). Some patients bring the biting animal’s severed
head to IPC for testing at the National Reference Center for
Rabies (Virology Unit, IPC). Brain samples are screened by
direct fluorescent test using a fluorescent lyophilized, absorbed
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