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1. Introduction

2. Summary
Brucellosis is a livestock disease which is also transmissible to humans and thus it

is of major public health concern. Brucellosis is considered as a major zoonotic
disease of public health importance worldwide. However, its prevention and
control poses a number of problems to national authorities, particularly to the
Veterinary Services and the Public Health sector. The prevalence of brucellosis in
Kyrgyzstan is one of the highest worldwide and has been increasing for animals
and humans in recent years.

Currently, there is very limited understanding of brucellosis transmission both
between livestock species and to humans at the national level. It is important to
understand the main transmission routes in order to establish a control strategy of
this zoonosis. Brucellosis can ultimately be eliminated only if the disease is
controlled in the animal reservoir since animal and human health is inextricably
intertwined. It is therefore necessary to consider human and animal health
strategies as two aspects of the same aim.

The goal of the current study was to describe the distribution and the transmission
dynamics of brucellosis in Kyrgyzstan and to determine its impact on livestock
production and public health. The results of the study should contribute to the
development of an efficient brucellosis control strategy in Kyrgyzstan.

The specific objectives are: 1) a historical review and analysis of brucellosis
control measures used in Kyrgyzstan; 2) a representative sero-survey of
brucellosis prevalence for humans and animals; 3) assessment of molecular
epidemiology of animal and human brucellosis in Kyrgyzstan; 4) brucellosis cost
estimations for livestock owners, brucellosis patients and society; 5) assessment
of the potential of abattoirs for brucellosis surveillance; 6) evaluation of the current
mass livestock vaccination campaign and promotion of effective brucellosis control
in Kyrgyzstan.

This research has been carried out within an interdisciplinary study with the
participation of different projects and operational teams involving veterinarians,
health workers, epidemiologists, molecular biologists, and laboratory and field
veterinary professionals. The study included: serological studies for humans and
animals (2006, 2007 and 2012) and the molecular characterisation of Brucella

cultures isolated from aborted foetuses of cattle and sheep, (2007-2011) as well

12



1. Introduction

as surveillance of abattoirs (2012) and the survey of patients through
questionnaires (2013). Based on the collected data, a cross-sector estimation of
the societal cost of brucellosis was done. Livestock demographic models were
used to estimate the losses in the livestock production. Health provider and patient
information was used to estimate the public health costs. Abattoir surveillance was
tested for its usefulness to estimate vaccination coverage of brucellosis and the
prevalence of PPR.

A national representative cross-sectional study using cluster sampling proportional
to size tested a total of 4,936 livestock sera and 1,774 human sera. The overall
apparent seroprevalences of brucellosis were 8.8% in humans (95% Cl 4.5-16.5),
2.8% (95% CI 1.6—4.9%) in cattle, 3.3% (95% CIl 1.5-6.9%) in sheep, and 2.5%
(95% CI 1.4-4.5%) in goats (Bonfoh et al., 2012). To confirm the circulating strains
of Brucella in Kyrgyzstan, aborted foetuses were collected in Naryn oblast for the
strain isolations. Overall, 17 B. melitensis strains were isolated from aborted
foetuses of sheep and cattle. Multilocus variable number tandem repeat analysis
showed low genetic diversity. Kyrgyz strains seem to be genetically associated
with the Eastern Mediterranean group of Brucella global phylogeny. We identified
and confirmed transmission of B. melitensis to cattle and a close genetic
relationship between B. melitensis strains isolated from sheep sharing the same
pasture (Kasymbekov et al., 2013).

We developed a demographic model for livestock and estimated the livestock
productivity taking into consideration the real cost of disease and accurate
calculations of final losses in the livestock productivity. The losses for Kyrgyzstan
were estimated for the period from 2006 to 2011 considering the seroprevalence
of brucellosis: 2.8% in cattle, 3.3% - in sheep and 2.5% - in goat.

The societal cost of estimate of brucellosis to Kyrgyzstan includes the cost of
public and private health and the livestock production system costs. We developed
a demographic model for livestock to estimate cost of disease with and without
brucellosis.

Net present cost of brucellosis to the public health sector (2006 — 2011) was
estimated at 1.38 million USD (95% CIl 1.22—-1.55) and the private net present
health cost was 6.02 million USD (5.5- 6.5). The overall net present health cost
was 23.0% of the societal net present cost of 32.5 million USD (25.7— 39.6). For
2006-2011, losses of the net present value were 13.7 million USD (7.1 — 20.7) for
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cattle, 0.78 million (0.49 —2.0705) for sheep and 0.75 million (0.08 — 1.43) for goat
products. The incremental asset value was estimated at 2.66, 1.63 and 0.11
million USD for cattle, sheep and goats, respectively. We carried out an abattoir
and field study on brucellosis and PPR sero-surveillance. Our finding of field
prevalence for brucellosis was in a similar range to the abattoir prevalence.
Abattoir prevalence in the area under the study made up 9.8% (95% CI 8.0 -
11.5%) and brucellosis seroprevalence in the field studies made up 10.7% (95%
Cl 8.9 -12.6%). When the abattoir prevalence was adjusted to the national
population structure, the brucellosis seroprevalence made up 10.4% (95% CI 8.6 —
12.2%).

However the PPR prevalence was lower in the field when compared to abattoir
surveillance. Field surveillance is two times more expensive than abattoir
surveillance. For certain cases, abattoir surveillance is feasible and sufficiently
accurate when compared with field surveillance.

The abattoir surveillance was predictive for brucellosis field prevalence when
adjusted to the national demographic composition but cannot be used to estimate

vaccination coverage without good traceability systems at the slaughterhouses.
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3. Kupuuw ces
Bpyuennes wmangaH apgamra >Xyryydy bifiaHd XaHa [gyvMHene ajam  asTbhiHa

canbiMAyy 3blSiH anbin Kerne Typrad gapT gen GenrunexHreH. OwoHgon ane 6yn
AapT MEHEH KypeLlyy XaHa anfblH anyy ynyTTyk Mekemenepre, Herm3avHeH mar-
YapbayblfblHa XaHa canaMTTblK CaKTOOro0 YOH KblbIHYbINbIKTApAbl anbin Kenert.
KbiprelacTaHaga apamgapgbiH  Opyuennesy canblWTbipMmanyy, AyWHeaAe 9H
XoropykynapablH apacbiHga gen TabbinraH XaHa akbIpKbl XblngapablH n4mMHae
kebenreHayH YCTyYHAE® GOMroH.

A3bipkbl Maanga 6pyuennesgyH TapanbilWbiHbIH KOMYH >XaHa MangaH-manra
XYryy XOMyH TywyHyn 6unyy Xony YektenreH. blnaHabiH angbiH anyyaa xe gapt
MEHeH KypeLlyy cTpaTervsicblH kabbin anyyaa xoropyparbl cebeprepan 6unyy
MaaHunyy.

Man meHeH agam Tbirbid GannadbiwTa 6GonroHAykTaH anapgblH [AeH-COONyryH
BGupaen Kapoo kepek, , OWOHAYKTaH AapTTbiH OYOryH XaHa OapTTbl KOHTPOMA0O
MeHeH Bpyuennesay asantyy MyMKYH4Yynyry nanga 6onot. MyHyH HermaunHge man
MeHeH ajamAblH [eH-COONyryHyH cTpaTternscblH 6up MakcaTTarbl 3KM acnekr
KapaTbl Kapoo Kepekx.

Byn nanngeeHyH oonboopyHyH MakcaTbl kaTapbl 6pyuenne3ayH KelproidactaHaarb!
TapkoO AWHaMWKaCblH XaHa Manyapbaybinbirbl MEHEeH canamaTtTblK CaKToOoro
KenuTpreH TaacMpuH masmyyHaoo 6onyn acentenet. N3nngeeHyH HaTbinkacbiHaa
Bpyuennesro kapLbl dP@EKTUBAYY CTpaTerns uwiten Ybiryyaa carnbiM KOLWOT Aen
nweHebus.

N3nngeeHyH Hernsrn makcatTtapbl: 1) bpyuennes Tyypanyy Tapbixbli MaanbiMat
XaHa 6pyuennes MeHeH Kypellyyae navganaHbinraH blKManapabl Tangoo; 2)
afjamMablH XaHa mangbiH OpyuennesyHyH TapKkallblH Cepornoruanbik nanngee; 3)
KbiprelacTaHgarbl MangblH XaHa ajamgapblH OpyuennesyH MonekynsapablK
anuaemuonorusacel; 4) ©Opyuennesgy KoHTpongooro, 6pyuennesgyH  man
93NepuHe XaHa KOOMrO KemnTupreH ubirbiIMAapbiH acnetee; 5) Opyuennesro
K&3eMer Kbiflyy Y4YH Man Coo XannapblHbiH abarnbiH MyHe34ee; 6) ydypaa 6onyn
XaTkaH >xannbl 39MAee KOMMaHUACbIH XaHa Opyuennesgy KOHTpPONgooJory
XbINbIWTapbIH TACTLIKTOO.

Byn u3npee ap-tapmakrtarbl ap Kangan ponbooprnopayH KaHa OLOHOOW ane

canamMmaTtTblK CaKTOO KbI3MAaTKEPENIMHUH, J3nnaemMumonoraopayH, MOonekynAapabiK
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GuonorgopayH, nabopaTtopusi KbI3MATKEPESNIMHUH  XaHa Man [OKTyprapAbiH
KaTblLyyCy MEHEH aTKapbInapl.

N3nngeene ceponornsanbik TacTblKTOOHYH (2006, 2007, 2012), monekynapabik
M3NNOGBHYH — KO3y XaHa My300 canranHgaH u4oryntynraH maTpuangapgbiH
Hernsuraern Kynetapanapgbl TMbuH Tangoo (2007-2011), man coto xannapblHbIH
navmngee (2012), binaHgaraH oopynapdblH xoonTopyHyH (2013) Hernsgepm
arnblHraH.

N3MngeeHyH Hermsnnge vwten YblkkaHaap: MangblH AeMorpadusnbik Ty3ynyLy;
9MOE6HYH KaMTbifbiwbl; 6pyLennes MeHeH binaHgaraH aHa binbiHagabaraH man
YapbaybInbIrbIHbIH  9KOHOMMKAIbIK Yblrawia-kmpewenepu. bynapgaH cbipTkapbl
n3nnNgee ydypyHga Manga KaHAablKTapAblH - “KblprbliHbIHBI® XKaHa 34KunepauH
XYryLuTyy nrneBponHEBMOHUACHI TaCTbIKTamraH. .

N3nnaeeHyH XblibIHTbIKTapbl. byra YennHkm ceponornansik naunngee (2006-2011)
kepresreHaen KbiprblacTaH aHgemukansik 6onyn acentenun, 6ogo manga - 2.8%,
kongo - 3.3% xaHa aukuge 2.5% kepresreHayry (Bonfoh et al., 2012), kunimHku
MONEKyNsapAblK U3NNgee MeHEH TacTblKTangbl, OWwWoHaon ane 6oaoro komaoH B.
melitensis xykkaHObIrbl aHblkTanabl (Kasymbekov et al., 2013).

BpyuennesgyH man 4YapbaybinibirblHa KENTUPreH YbIfbIMbIH 3CENTOO YYYH 3KK
B6enek moagengery aku b6awlka bikmaga 6aanocy CyHyLTanraH.

Ocenteene TOMEHKY GaaHbl anbiw y4yH 613 2006 XbingbiH 6aanapbiH angblk
XaHa owor TanTa akya anmyuwyy kypcy 1 AKLL gonnapeiHa 41.3 comay Ty3reH.
XKannbl koomro kentupunreH 4birbiM 1.3 munnuapg (95% MA 1.06 — 1.63
MUANupaa) com, canamaTTblKTbl caktooro 306 MiH (95% MA 279.5 — 332.3 mnH),
aHblH apacbiHaH 248.7 MrnH (95% MA 228.9- 268.1 MnH) xeke aHa 57.3 MnH
(95% MA 50.5 — 64.0 MnH) coOM KOOMAYK canamMmaTtTblKTbl CaKTOOro Tueluenyy
6onroH. XKeke MeH4UMKTMH kupewecn 385.2 mnH (95% MA 381.1 — 390.0 mnH)
COMrO 3blsiH TapTbin, n3nngee MeeHeTyHae (2006-2011) man 4apbadybinbirbiHga
635.7 MIIH coM, aHblH n4MHeH 6ogo manra 572.3 mnH (95% MA 291.1 — 857.6
Mnpa), kon yapbacbiHa 32.1 MiH (95% MA 20.2 —84.8 MnH) xXaHa 34ku YapbacblHa
31.2 MunnunoH com (95% MA 3.5 -59.0 MnH) YblirbiM KENTUPUIITEH Aen 3CENTENreH.
B3 man yap6aubinbirbiHa kapTa gemorpaduanblik MOAENb ULWITEN YbIKTbIK XKaHa
Man 4apObaubifbirblHa KenTUpUIIreH HakTanam 3biaHdbl acententeguk. Man
YapbacbIHbIH NpoayKuMackl botoHYya 6040 manabiH Hapkbl 32.5 mnpg (95% MA
23.8 — 37.8 mnpg), kon 4Yapbacel 10.0 mnpg (95% MA -7.77 — 12.25 mnpg) xaHa
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94km vapbacbiHbiH Hapkbl 1.01 mnpg (95% MA 801.5 mnH — 1.2 mnpa) comay
TY3r6H.

CanblwTbipMmanyy yh 4apbaybinbirblH akTUBAYY KO3eMenre arnyy mMan coronyy4dy
XangblH KO36MeJSIlYHe KETKEH KapaaTTaH 3Ku acefeH oropy 6onoT. blnaHabiH
XanbinbiWbIH W3UNAee KaTapblHAa YW 4YapbacblH Man cornyydy xawunapra
canywTbipyy MP33TUHAE XKYPry3ynreH nanngeene ousaunH XbliMbIHTEIK 6onyn man
cotonyyyy xaunga 6pyuennes 9.8% (95% MA 8.0 — 11.5 %) xaHa yn vyapbacbiHaa
10,7% (95% MA 8,9 -12,6 %) 6ongy. Man cowonyy4dy >xanfblH CTPYKTypacblH
enkegery >kannbol MangblH CTPYKTypacbiHa TyypanaraHga bifaHabliH Xanbinbiwbl
10,4% (95% MA 8,6 - 12,2%) Ty3ay. An aMun Marga XaHAbIKTbIH “KblprblHbIH”
n3ungereHge MblHYanbIK OKwow OONroH ok, Byra cebenkep anguH >Kawoo
TYPMYyLLY e MaMneKkeTTUH eHyrywy 60nco kepek, aHTKeHu 6usauH naungeene
biNaHAaraH Man COKLUKA Xe caTblKka KeTce, an aMu OHYKKOH MamrekeTTepae AeH
COONyry Ta3a raHa marn cotonaT 9KeH [ereH TbissHakKa Kenauk.

HernsmHeH man cotonyydy xaunapgbl yryTTyK >Xannbl MangblH CTPYyKTypacblHa
Tyypanaca MamnekeTTern binaHabliH XXanbIiNrblHAbIMLIH andblH ana autyyra 6onor,
Oupok ywyn ane ydyypaa MblHOAW Ke3emennee MangbiH naeHTUrKaumschbl
6onboco mangplH amaenreHaMrH Gunyy yyYyH nangananyy KblblHYbIfbIKKA TypaT
AEereH yedynmre Kenguk.

Orepge 6yn Kbicka ManbiMaT TYLWYHYKCY3 ©0MCo, aHrmuc TunuHae >asbliraH
MaanbiMaTTbl KapaHbl3, aHTKEHN AuccepTaumaHblH HEMM3W XaHa Tak MaanbiMaThbl

aHrmuc TmnnmHge 6epvu'|reH.
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4. Pe3lome
pru,ennes 3a60neBaH|/|e XUMBOTHbIX, NepeaarLlieecsd qenoseKy, cliegoBaTesibHO,

ABNSETCA OOHMM W3 OCHOBHbIX NPOOMnemM 34paBOOXPAaHEHUA W BeTepuUHapHOW
cnyxb6bl. bpyuennes Obin onpefeneH B KayecTBE OCHOBHOMO 300HO3a [Ans
0OLEeCTBEHHOrO 30paBOOXPaHEHNA BO BCEM Mupe. TemM He MeHee, e€ro
npodunakTMka n KOHTPOIb Co3aaeT psAg npobnem Ans HauMoHanbHbIX BMiacTen, B
YacTHOCTW, [ONA  BETEPUHAPHOro CekTopa W  Takke  0bLWecTBEHHOMY
34paBooxpaHeHuto. 3a nocnegHve rodbl, 3ab0NeBaeMOCTb XMBOTHbLIX U ntogen
6pyuennesom B Kbiprbi3aCTaHe pe3ko yBenuMyunacb M SIBAANCS TPeTbUM B MUpe
nocne Cupun n Monronuu. (Pappas et al., 2006).

B HacTosdllee Bpems NOHATME O NyTSAX nepefayn Opyuennesa, MeXBugoBOW
nepegayun, NyTy nepenayun Ans Yenoseka Ha HaLMOHaNbHOM YPOBHE OrpaHMUYeHo.
BaXHO MOHATb OCHOBHbLIE MNYTM Mepedadun B LENAX Cco3fgaHus cTpaTernu
yrnpaBneHna 300HO30B. B koHeuyHOM cueTe, Opyuennes moxeT OblTb YCTpaHEH,
TONbKO ecnv OonesHb B pe3epByape W HaxoOUTCS NOL KOHTPOMEM, TakK Kak
300pOBbE >KMBOTHbLIX W YernoBeka HenpeMeHHo nepenneTalTcda. [loaTomy
HeobXxoaMMO pacCMOTpPeTb CTpaTerMn 340POBbS YENoBeKka W XKMBOTHLIX Kak [Ba
acnekta c O4HOW Lernbio.

Llenbto gaHHOro uccrnegoBaHna SIBNSIETCA ONUCcaHne pacnpeneneHns n AMHaMmKu
nepegayn 6pyuennesa B Kblprbl3aCTaHe W onNpegeneHne ero BIUsiHUS  Ha
34paBooOXpaHeHne, NPON3BOLCTBA XXMBOTHOBOACTBA M ee npoaykumn. PesynbtaTbl
AAHHOro mMccnegoBaHMs MoryT crnocobcTBoBaTb paspaboTke  adhpeKkTMBHOM
ctpaterumn no 6opbbe ¢ 6pyuennesom B KblpreiactaHe.

KoHkpeTHble uenu: 1) uctopudeckun ob3op n aHanna mep 6opbbbl Opyuennesa,
ncrnonb3oBaBwmnxca B KblprblacTaHe; 2) cepornorndeckoe uccrnegoBaHue
pacnpocTpaHeHHOCTU Opyuennesom nogen u XumBoTHbIX; 3) MonekynspHas
anuaemuornorna Gpyuennesa XuBOTHbIX U nogen B KblproidactaHe; 4) oueHka
3aTpaT Ha KOHTpOsb Bpyuennesa, Bbirogbl Briagenbues XXMBOTHbIX 1 obLiecTsa; 5)
oueHKka noteHumana ybonHbIX NYHKTOB AN Hag3opa 3a bpyuennes3om; 6) oueHka
TeKyLLen KamnaHuM MaccoBOM BaKUUHALMK CKOTa U NPOABMXEHUA 3PHEKTUBHOTO
koHTpons 6pyuennesa B KbiprelactaHe.

[aHHoe wuccnepoBaHne ObiNO MNPOBEAEHO B paMKax MEXAUCLMMIMHAPHOIO

nccecnengoBaHUAa pasriMyHbiIX NPOEKToB W rpynn € ydYaCtuem BeTepuHaposB,
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pabOTHNKOB 34paBOOXPAHEHUS, 3NMAEMUOSIONOB, MOJSEKYNAPHbIX 6BGUONoros,
nabopaTopHbIX U MPaKTUYECKNX BETEPMHApPHbIX cneunanucToB. B guccepTtaumto
OCHOBHOM BKJIHOYEHbI - ceposiormyeckoe wuccnegosaHue (2006, 2007, 2012),
MOJSIEKYNISIPHOE UCCreaoBaHne - TUNUPOBaAHWE KynbTyp M3 abopTUPOBAHHbLIX
nnogoB KpynHOro poratoro ckota v osey (2007-2011), a Takke Hag3op 3a
y6orHbIMM nyHkTammn (2012), onpoc NaumMeHToB MHPULMPOBaHHbBIX BpyLennesomMm
(2013). B pesynbtate uccnegosaHuin B6binyv paspaboTaHbl: Aemorpaguyeckumn
COCTaB CEeNIbCKOXO3SAMCTBKHHbBIX >XMBOTHbIX; pacnpoCTpaHEHHOCTb 3aboneBaHui;
9KOHOMMYECKME 3aTpaTbl U BbIro4bl MPOM3BOACTBA XXMBOTHOBOACTBA C y4acTUeEM U
6es yuvactms Opyuennesa. A Takke nNpoBedeHbl  OOMNOSNHUTESNbHbIE
Ceposiormyeckne uccrneaoBaHus AOns BbISIBIEHUA 4YyMbl B MESKUX XBa4HbIX
XXMBOTHbIX N KOHTArMo3HOM NEeBPONHEBMOHMM KO3.

PesynbTatel wuccneposaHus. [lpegbigylime  ceporiormdeckne  nccrnegoBaHus
(2006-2011) nokasanu, 4To 6pyLennes3 B Kbiprbl3cTaHe sBMSAETCA SHAEMUYHBIM U
pacnpocTpaHeHHOCTb bpyuennesa coctasnseT y oBel — 3.3%, KPYnHOro poratoro
ckota — 2.8% wun ko3 - 2.5% (Bonfoh et al.,, 2012). 3TM paHHble O6binn
noaTBEPXKAEHbI MOSEKYNSPHbIM nccneaoBaHNEM, TUNMPOBAHNEM
abopTupoBaHHbIX NMNOAOB OBEL, M KOpPOB. Takke MWCCregoBaHMEM [OOKa3aHO
MexBnaoBas nepefada nHgekumm (Kasymbekov et al., 2013).

OueHka CTOUMOCTH Gpyuennesa Ha NPON3BOACTBEHHYIO cuctemy
XmnBoTHoBoACTBa B KblprelacTaHe npeactaBneHbl B ABYX MOAENsiX, KOTOpble
OCHOBAaHbI Ha pa3HbIX MeTO4AX OLEHKMN.

[na BbluMCNEHNA MUHMManbHLIX 3aTpaT, Mbl B3AnM 3a ocHoBy 2006 rog, no
obmeHHOoMY Kypcy Toro BpemeHu 41.3 com 3a 1 gonnap CLUA.

Mbl paspaboTanu gemorpaduyeckyto Mmogens AN XMBOTHOBOACTBA U NPOU3BENU
pacyeT NPOAYKTMBHOCTU >XMBOTHOBOACTBA MO pearlbHOW CTOMMOCTM ©0nesHu u
TOYHbIE OLEHKM KOHEYHbIX MNOTepb MPOAYKTMBHOCTM ckoTa. [lotepn Aansa
KblprelactTaHa oueHuvBanucb 3a nepuog ¢ 2006 no 2011 rog ¢ ydyeTom
pacnpocTpaHeHHOCTH bpyuennesa: 2.8% Ans KpynHoro poraTtoro ckota, 3.3% - y
oBey n 2.5% - y Ko3.

B nepuop nccnepoBaHnsa obwmi coumanbHbin yulepb ot Gpyuennesa cocTaBun
32.1 mnH. ponnapoB (95 % [OW $25.6 — 39.5 wMnH.gonn.) CcToMMOCTb
34paBooxXpaHeHust coctaBnseT 7.4 MnH. gonn. (95% AW 6.7 — 8.0 mnH.gonn.), s

kotopblX 6.0 mnH.gonn. (95% [OW 55 — 6.5 mnH.gonn.) And 4acTHoro
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3gpaBooxpaHeHus un 1.4 mnH. (95% AN 1.2 — 1.5 mnH.gonn.) anga o6LwecTBEHHOro
34paBooxpaHeHus. YactHble noTepu [OX0A0B OT Opyuennesa B 3TOT NepuoA
coctasunm 9.3 mMnH. gonn. (95% OW 9.2 — 9.4 wmnH pgonn.). CrtoumocTb
Gpyuennesa aAnsa XXMBOTHOBOAYECKOrO cektopa coctasmnu 15.4 mnH gonnapos, 3
KOTOpbIX ckoToBoACTBO TepseT 13.8 mnH.gonn. (95% AW 7.0 - 20.8 mnH.gonn),
oBuesoactBo TepsieT 0.78wvnH.gonn (95% AW 0.48 — 2.05 mnH. gonn) wu
ko3oBoacTBo TepsieT 0.75 mnH. gonn (95% AW 0.08 — 1.4 mnH.gonn).

CpefHast CTOMMOCTb aKTUBOB XMBOTHOBOAYECKOW NPOAYKLMM OLEeHEeHa Ha CyMMy
1.7 mnpa. gonn (95% AW 1.48 — 2.05 mnpa gonn), Ecnu nepecuntatb pacxogbl €
y4eTOM TEKyLUX LieH, TO cymma ByaeT 3HauMTenbHO yBenmyeHa.

AKTUBHbIN HAA30p B JOMOXO3ANCTBAX [Ba pa3a LOpPOoXe B CpaBHEHUWN C HAA30pPOM
Ha yOoWHbIX MyHKTax. Mbl npoBenu uccriegoBaHue Ha YOOWHbLIX MyHKTaX U B
AOMOXO038MCTBaxX U paspaboTtanu gemorpadguyeckyto Mogesb.

Hawwu BbIBOABI O pacnpoCTpaHEHHOCTN AOMOXO03ANCTB Obin B 6n1nM3koM guanas3oHe
C Haa3opoM Ha ybBoWHbIX nyHKTax. PacnpoctpaHeHHOCTb Opyuennesa npu
Ceponornyeckmx nccnepoBaHmax B y6omHblx nyHkTax coctasun 9.8% (95% AW 8.0
-11.5 %) n 10.7% (95% OWN 8.9 -12.6 %) npu nccnegoBaHMM JOMOXO3ANCTB. Mbl
CKOppPEeKTUpoBanu CTPYKTypy cocTaBa cTaga YOOWMHOro myHKTa K HauuoHanbHOMY
YPOBHIO, U cepororndyeckas pacnpoctpaHeHHocTb Obina 10.4% (95% AU 8.6 —
12.2%). OpgHako pacnpocTpaHeHHoCTb YyMbl MPC He 6bino ogvHakoBbIM MNpw
Haa3ope OOMOXO3SAMCTB MO CPaBHEHUIO C YOOMHbIM NMyHKTOM, coctaBuna 11% u
20.4% cooTBeTCcTBEHHO. [lpn Hap3ope YOOWMHbBIX MYHKTOB C KOPPEKTMPOBKOW
cocTaBa CTaja Ha HauuoHanbHOM AemorpaduyeckoM COCTaBe  MOXHO
npeackasatb pacnpoCTPaHEHHOCTb MHAEKUUN, HO Takon BUA Haa3opa He MOXEeT
ObITb  MCNONb30BaH AN OUEHKM oOxBaTa BakuuHauuen 6e3  xopoluen
NPOCNEXMBAEMON CUCTEMBI, TO €CTb MAEHTUMUKALNN KUBOTHbIX.

OCHOBHbIM WCTOYHMKOM WHOpMaUUn HABNAETCA aHrnuMnckas Bepcus OaHHOW
ancceptaummn, ecnvm YTo-NnnMbo He MOHATHO, MoXanymcra, CMOTPUTE aHIMUACKYHO

BEPCUIO KaK OCHOBHYHO.
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5. Introduction

5.1 Infection and disease
Brucellae are small, non-motile, non-sporulating, non-toxigenic, non-fermenting,

aerobic, Gram-negative coccobacilli that may, based on DNA homology, represent
a single bacterial species (Moreno et al.,, 2002, Rodriguez et al., 1992).
Conventionally, Brucella spp. are classified into seven species each comprising
multiple biovars (Rodriguez et al.,, 1992). Through discovery of new Brucella
species, especially in wild animals, this number is increasing (Rodriguez et al.,
1992, Boschiroli et al., 2001). B. melitensis, B. suis and B. abortus can infect
humans (Zinsstag et al., 2005, Diaz Aparicio, 2013). Human infection with B. canis
has also been reported. Infection of humans with B. ovis, B. neotomae (Wallach et
al., 2004) and the newly identified B. maris has not been described (Godfroid et
al., 2005). B. melitensis mainly infects sheep and goats (Garin-Bastuji et al.,
1998), and B. abortus is the major cause of abortion in cattle (Ocholi et al., 2005,
Taleski et al., 2002). There are some reports that even in the countries where B.
abortus has been eliminated in cattle, in some areas B. melitensis has re-emerged
in sheep, goats and cattle (Taleski et al., 2002). Still, B. melitensis, with the main
reservoir in sheep and goats, remains the principal cause of human brucellosis
(Cloeckaert et al., 2002). B. suis is also re-emerging as an agent of infection in
cattle, and as the organism is shed in milk, thus is a risk factor for human infection
(Salehi et al., 2006).

Two novel species B. ceti and B. pinnipedialis, isolated from marine mammals,
have evolved rapidly in recent years with the potential to cause human disease.
Another novel species B. microti has been isolated from wildlife, whilst B. inopinata
has been isolated from a human case (Taleski et al.,, 2002, Pappas, 2010,
Maquart et al., 2009d, Zygmunt et al., 2010, Maquart et al., 2008, Seco-Mediavilla
et al., 2003, Scholz et al., 2008). Brucellosis is considered to be globally one of the
most wide-spread zoonoses — a disease transmissible from animals to humans
and vice versa.

Brucellosis remains a major preventable zoonosis, which continues to cause
significant medical, veterinary and socioeconomic problems, mainly because the
overall burden remains underestimated and neglected (Aleixo et al., 1999,

Pappas, 2010). Compared to the highly contagious transboundary animal
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diseases like foot and mouth disease (FMD), brucellosis has sometimes been
regarded as a second priority for control. As a consequence, insufficient resources
have been allocated for the implementation of brucellosis control programmes
(Nikolaos, 1998).

Since the end of the socialist period, human and animal brucellosis has become a
growing problem and one of the most important zoonoses in Kyrgyzstan and other
countries of the Central Asian region (CAR) (Nikolaos, 1998). Although continuous
progress is claimed in brucellosis control, it still remains a major public health
hazard which explains the ever-increasing concern in many other countries.

In economic terms, brucellosis is one of the most important diseases of livestock.
The economic cost in annual gross volume of livestock products, loss of livestock
from brucellosis due to abortions, meat-shortfall, decrease in milk production and
infertility, death of young infants and loss of breeding stock caused by Brucella is
never, or very rarely, estimated (lvanov et al., 2010, Roth et al., 2003, Zinsstag et
al., 2005).

Brucellosis, particularly Brucella melitensis, has been identified as the major
zoonotic disease of public health importance in Kyrgyzstan. However, prevention
and control pose considerable problems to national authorities, particularly for
Veterinary Services and Public Health, in Kyrgyzstan which has the highest
brucellosis morbidity rate of all the independent countries of the Former Soviet
Union (FSU) (Wolfram et al., 2010) and incidence worldwide (Zinsstag et al.,
2009). Since the country gained independence, all the livestock has been
distributed to private owners and as a result the incidence of brucellosis in humans
has been increasing annually.

The complexity of the epidemiology of brucellosis and the serious difficulties for
effective control measures arise because of the involvement of both livestock
(cattle, sheep, goats) and humans (Ayman and Nermeen, 2010) in the disease
process. Seven republics of the former Soviet Union are included in 25 countries
with the highest incidence of the disease worldwide (Pappas, 2010, Zinsstag et al.,
2007, Pappas et al., 2006) In Kyrgyzstan, brucellosis control has become a
national priority, as a result of the high prevalence observed in livestock and

humans (Kozukeev et al., 2006, Pappas et al., 2006) (Figure 5-1).
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Figure 5-1. Human brucellosis incidence rate per 100,000 inhabitants in CIS
countries.
Note the sharp increase of human brucellosis incidences reported in Kyrgyzstan.

5.2 Burden and epidemiology of brucellosis in Kyrgyzstan
Although B. melitensis is still endemic in some areas of Southern Europe (Health
Protection, 2010), B. abortus has been eliminated or is on the verge of elimination
in these countries (Nikolaos, 1998, Health Protection, 2010). In Kyrgyzstan, where
the programs have been implemented, several technical problems challenge the
veterinary services, such as animal movement control and identification,
vaccination coverage and the emergence of B. melitensis in cattle. Brucellosis
caused by B. melitensis in small ruminants is major problem in almost all of the
Asian region (Benkirane, 2006, Donev, 2010). Poor infrastructure is among the
major obstacles to effective prevention and control of the disease, which, remains
endemic in some countries of the Asian region.

Given the massive infection of sheep and cattle, it is not feasible to slaughter all
seropositive livestock to eliminate brucellosis foci. Other important factors that
have led to disease propagation in the country were: i) no systematic 30 day
quarantine for newly arriving animals, ii) neglecting veterinary examination (and

provision of veterinary services), iii) lack of effective meat inspection at processing
23



1. Introduction

plants, iv) brucellosis-infected cattle keeping, especially of breeding stock, v)
failure of hygienic precautions during veterinary interventions, and vi) general lack
of zoo-hygienic and veterinary requirements for transportation and feeding and
construction and fencing of livestock facilities.

Among the methods for brucellosis control, epidemiological surveillance of human
and animal brucellosis is considered a high priority and of essential strategic
importance for endemic and disease-free countries (Nikolaos, 1998, Roth et al.,
2003). Experience has shown and proven that control in livestock is one of the
pillars upon which any monitoring control programs, irrespective of the country,
should be based. Moreover, essential tools for organized control of zoonotic
disease in general and brucellosis in particular are an efficient surveillance system
at the national level, effective co-operation and information exchange between
public health and veterinary sectors, as well as regular co-operation between
developed countries where B. abortus has been eliminated and the neighbouring
countries (Nikolaos, 1998, Kozukeev et al., 2006, Roth et al., 2003, Kim, 2004).
The natural conditions and economic drivers in Kyrgyzstan have led to uneven
development of animal husbandries. After independence in 1991, all livestock was
distributed to private owners, and veterinary services were no longer available at
all the farms. Lack of knowledge on animal keeping at newly formed private farms
further favoured the propagation of brucellosis in all parts of Kyrgyzstan, especially
in the lowland areas. Since that time, human incidence has increased annually,
and Kyrgyzstan has now one of the highest brucellosis incidences worldwide
(annual incidence: 78 per 100 000 in 2007) (NatStatCom, 2013) (Fig. 5-2). In
addition, in terms of incidence of human brucellosis, Kyrgyzstan (362.2 cases) is in
the lead compared to neighbouring CIS countries such as Russia, Kazakhstan and
is ranked third in the world after Syria (1603.4 cases) and Mongolia (605.9 cases)
according to the Pappas global status in 2002 (Pappas, 2010, Pappas et al.,
2006).
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Figure 5-2. Human brucellosis incidence rate per 100,000 inhabitants from 1996 —
2009.

Currently, the communities are concerned with strategic planning and effective
reduction of the occurrence and burden of this disease in humans and animals.
However, current knowledge on the transmission within and between livestock
species and to humans does not facilitate epidemiological description of
brucellosis in Kyrgyzstan. It is important to understand the main transmission
routes in order to establish a control strategy. Brucellosis can ultimately only be
eliminated when the disease is controlled in the animal reservoir, since animal and
human health is inextricably intertwined. It is therefore necessary to consider
human and animal health strategies as two aspects of the same aim.

5.3 Previous work on brucellosis in Kyrgyzstan

Since 1992 as part of a set of measures to combat brucellosis in small ruminants,
mass immunization of animals with B. abortus S19 was implemented. Ewes and
lambs were tested for brucellosis by serological methods (AT, CFT, and RBT).
Positively reacting animals were isolated and those with negative results were
immunized. In the following year for the 1-2 months before mating, sheep were re-
vaccinated with the same vaccine without preliminary serological testing. Particular
attention was paid to the timely isolation and removal of aborting sheep from the

flocks.
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Despite annual vaccination of sheep during this long time period, there was not a
noticeable decline of brucellosis incidence, also due to poor vaccination coverage.
The specialists advised use of the internationally recommended B. melitensis Rev-
1 instead of S19, which was successfuly administered in 2006-2007. Since 2008,
the conjuncitval application of Rev-1 vaccine was adopted.
5.4 Institutional collaboration
A representative study on brucellosis sero-prevalence in livestock and humans,
including the first attempt for comprehensive research in brucellosis prevention,
was undertaken in 2006-2007 by the Swiss Tropical Institute and the Institute of
Livestock, Veterinary and Pastures as a case study of the Transversal Partnership
Project “Extensive production Systems”, within the Swiss National Centre of
Competence in Research North-South. The project collaborated closely with the
local Veterinary and Public health institutions of the country and the Kyrgyz-Swiss-
Swedish Health Project in Bishkek. This study took place in the context of the
Kyrgyz-Swiss Health Reform Support Project, funded by the Swiss Development
Cooperation through the Swiss Red Cross, Bishkek.
Within the Swiss TPH project, in close collaboration with NCCR North-South and
JACS CAS (Bishkek), and in partnership with the Republican State Centre for
Veterinary Diagnostic, Labor Spiez, Spiez, and the Cantonal Microbiological
Laboratory (Istituto di Microbiologia Cantonale, IMC), Bellinzona, Switzerland,
aborted material was collected from April — May 2009 in Naryn district at the Naryn
Oblast veterinary diagnostic centre. Routine abortion diagnostic testing was
established by upgrading culture capacity at the Naryn Oblast laboratory and the
Central Veterinary Laboratory in Bishkek. The isolated primary cultures were
shipped to Switzerland for molecular diagnostic-characterisation. The cultures
were sub-cultured at Labor Spiez, and B. melitensis was confirmed through
biochemical and PCR tests. The isolated cultures were investigated for
biochemical and antibiotic resistance. Variable Number of Tandem Repeats
(VNTR) testing of the first strains was done by Marie Ballif at Swiss TPH and
Matrix-Assisted Laser Desorption lonization-Time of Flight (MALDI-TOF)
characterization of strains was done at IMC in Bellinzona. Through this process,
the Human and Animal Health unit in collaboration with Swiss and Kyrgyz partners
successfully established the laboratory and logistical capacity for isolation and
characterization of Brucella spp.
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6. Research rationale
6.1 Goal

The 'One Medicine' concept by Calvin Schwabe has seen an unprecedented
revival in the last decade and has evolved towards 'One Health' conceptual
thinking, emphasising epidemiology and public health. A 'tool box' translating the
'One Health' concept into practical methods in the fields of integrated disease
surveillance, joint animal-human epidemiological studies and health services
development has been proposed (Pappas et al.,, 2006, Zinsstag et al., 2009,
Frank, 2008). In this study, we seek to apply and validate available tools to foster
cooperation between animal and human health sectors based on evidence of the
best control options adapted to the context of Kyrgyzstan. Cross-sector
approaches in the epidemiology of brucellosis are new to Kyrgyzstan and may
lead to novel effective control strategies.

The current test and slaughter programme is inefficient to control the disease,
which is reflected by the high brucellosis incidence in humans. However, prior to
proposing a modern Rev-1 vaccination programme for all livestock, cost-
effectiveness of the control programme was estimated in a systematic way,
including all involved sectors. The results showed that strategy would lead to
considerable benefits for both the public and the veterinary sector.

The most cost-effective method for disease surveillance needs be assessed to
meet requirements for disease control in resource poor settings, but this is also of
interest in industrialised countries (Ridley, 2004). Surveillance of infectious
disease in livestock is expensive due to the cost of logistics, personnel and
diagnostic laboratory testing. It could be reduced by sampling from abattoirs in
place of costly farm surveys (Thornton, 1957). Despite the abattoir population not
necessarily reflecting the total herd, the combination of information on animal
origin through transport certificates and adequate meat inspection of the large
number of animals processed could be sufficient to replace field surveillance
thereby reducing the cost of surveillance (Caldow et al., 2001). In general, the use
of abattoir information depends very much on the type of disease and surveillance
system in question, but it would be applicable for the case of cattle and small
ruminant brucellosis. Sensitivity and cost-effectiveness of different sampling
scenarios are estimated. The present project investigates the possibilities and the
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feasibility of the use of abattoir as a data source for monitoring and control
programmes in animals as a model of disease surveillance and estimate sampling
cost in abattoirs to find the most effective sampling method and to assure that
future implementation is accepted by the veterinary service.

If abattoir surveillance proves to be a cheaper and equally sensitive way for
infection surveillance compared to field surveillance, the Kyrgyz government could
save substantial resources. Finally, the analysis done under this study is an
important one as an evidence base for policy dialogue with Kyrgyz authorities.

The goal of the proposed research project is to describe the distribution and the
transmission dynamics of brucellosis in Kyrgyzstan and to determine its impact on
livestock production and public health. The results will contribute to development
of an efficient brucellosis control strategy in Kyrgyzstan.

6.2 Specific objectives

The specific objectives are:

o A short historical review and analysis of brucellosis control measures in
Kyrgyzstan.

o Molecular epidemiology of animal brucellosis in Kyrgyzstan.

J Assessment of brucellosis costs to livestock owners, brucellosis patients
and society.

o Assessment of the potential of abattoirs for brucellosis surveillance.

o Evaluation of current mass livestock vaccination campaigns and promotion

of effective brucellosis control in Kyrgyzstan.
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7. Methods

7.1 Literature review

A systematic literature review of the international literature and its comparison with
the materials of FSU scientists was done. The most important parts of literature were
translated into English. The efforts were focussed on the analysis and review of
epidemiological and control policy documents in Russian and Kyrgyz languages to
document epidemiological and policy transition from the Socialist to the market
economy. In addition, the available reports were reviewed and synthesised. The
systematic review method was 1) document the literature search from electronic
databases and non-electronically available sources. A part of the literature was
collected from sources in the library of the National Academy of Science, Research
Institute of Veterinary, Ministry of Agriculture, Ministry of Health and National Library
of Kyrgyzstan. Key words for literature searching included: Brucellosis, Brucella
melitensis, Brucella abortus, incidence, prevalence, serology, policy, control. 2)
Publications were restricted to the period of 1960-2011 and checked for duplicate
entries. 3) Papers and reports were classified according to epidemiological or policy
relevance. Category 1: Human brucellosis: relating to brucellosis infection in
populations (i.e. disease frequency) or cases of human brucellosis (i.e. disease
sequelae). Category 2: Animal brucellosis frequency, diagnostic methods or control.
4) Frequency studies were classified as prevalence studies if they stated a specified
study population and area and an outcome expressed as the proportion of the study
population identified as a brucellosis case (%) or as incidence studies if they
described a time period of observation, a statement regarding the study population
size and area and an outcome expressed as the number of new brucellosis cases
per population at risk per time period. The study area was categorised in decreasing
order of quality as being at the national, provincial, district or village level. Diagnostic
methods were categorised by the prevailing test methods: Wright-Huddleston,
complement fixation or Rose Bengal. Control policy documents were categorised
separately depending on their legal or operational content aimed at documenting
temporal trends. 4) Documents were given an overall quality grade depending on
method descriptions and indication of diagnostic tests. Quality criteria required the
following detail: indication of year of study, size and sex/age distribution of study
population, indications of disease frequency and size of reference population. All
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references with notes were stored in the bibliographic referencing programs Zotero
version 4.0.17.1 and EndNote X7.0.2.

7.2 Analyses of existing quantitative data

Available historical quantitative data on reported human cases and prevalence data
in cattle, sheep and goats together with human and livestock demographic data were
entered in an MS Access® database and analysed in STATA 12® for time trends from
1960 to 1990 (end of socialist period) and 1990 to 2011 and data collected from field
and abattoir surveillance. Our hypothesis is that brucellosis control in livestock
changed with the end of the Socialist period, resulting in increased transmission
among livestock, which determines the growing epidemic in humans (Figure 1).
Some data analysis was preformed under supervision of Jan Hattendorf. For Monte

Carlo simulation,s we used Ersatz® software (www.epigear.com) in addition to Excel®

with a range of probability distribution functions, the ability to draw randomly from
these distributions and an automated sensitivity analysis for all parameters
expressed as probability distributions. Monte Carlo simulations were used for the
analysis of brucellosis cost in the Kyrgyz context.

7.3 Interviews with key livestock experts in Kyrgyzstan

Data on animal productivity were discussed with key livestock experts and
veterinarians in Kyrgyzstan. Through this study we obtained their experiences and
data on animal fertility and productivity needed for the development of the livestock
demographic model.

Previous studies done in the past decades were discussed with brucellosis experts in
Kyrgyzstan using key informant interviews. We documented their views on successes
and failures of past zoonoses control programmes. All interviews were registered with
notes, transcribed in a text editor and then analysed. Additional data were obtained
from itinerary reports, documents, scientific journals and books of the Soviet time

period and former Soviet Union (FSU) countries.
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7.4 Structure of thesis

The thesis presents the results of several studies in five chapters as follows:

1. Effect of political, cultural and economic issues on brucellosis
epidemiology and control in Kyrgyzstan

In this working paper the transition of the brucellosis control programme from the
Soviet system to independence is reviewed and analysed. The effect of historical
political system changes on the disease control programme is described in the paper.

2. Representative Seroprevalences of Brucellosis in Humans and Livestock
in Kyrgyzstan

A cross-sectional study of human and animal brucellosis prevalence was conducted
in three provinces in Kyrgyzstan, and it confirmed high seroprevalence of brucellosis.

3. Molecular epidemiology and antibiotic susceptibility of livestock Brucella
melitensis isolates from Naryn oblast, Kyrgyzstan

This study was conducted to type and characterise brucellosis cultures isolated in
Naryn province and to confirm the circulation of Brucella melitensis in the area and its
transmission to cattle. The strains are compared with the global phylogeny.

4. Societal cost of brucellosis to Kyrgyzstan

In this study a cost analysis of brucellosis to the Kyrgyz society was conducted. For
this purpose interviews with health care providers and 95 patients at the hospital
were held. A livestock demographic model was developed to estimate livestock
productivity with and without disease.

5. Slaughterhouse surveillance of infectious disease in Kyrgyzstan

This study was conducted to investigate the prevalence of brucellosis and
vaccination coverage at the abattoir and household level. Abattoir surveillance was
compared with the field surveillance. For this purpose abattoir population structures
were corrected according to the demographic composition at the national level.
Moreover the occurrence of Peste des petits ruminants (PPR) was investigated.
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8.1 Introduction
Brucellosis to date is one of the major concerns in Kyrgyzstan as well as in many

other countries, causing enormous economic damage to the government and much
harm to human health.

Seven republics of the former Soviet Union are listed in 25 countries with the highest
incidence of the disease worldwide. In addition, in terms of incidence of human
brucellosis Kyrgyzstan is leading compared to other neighbouring CIS countries such
as Russia, Kazakhstan, etc. and is ranked the third in the world after Syria and
Mongolia according to the Pappas’s Global status in 2002 (Pappas, 2010, Pappas et
al., 2006).

Brucellosis control in Kyrgyzstan became a national priority as a result of high
prevalence observed in livestock and humans (Pappas et al., 2006, Kozukeev et al.,
2006, Bonfoh et al., 2012). Official data shows an increase of human incidence in the
past two decades and makes up 78 per 100,000 in 2007(NatStatCom, 2013).
Although there is rather good acknowledgement nowadays on the impact and
importance of the disease (Wolfram et al., 2010) and despite continuous progress in
brucellosis control, it still remains a major public health hazard (Zinsstag, 2012).

A representative serological study showing an apparent seroprevalence of
brucellosis in Kyrgyzstan of 8.8% in humans (95%CI 4.5-16.5), 2.8% (95%CI 1.6-
4.9%) in cattle, 3.3% (95% CI 1.5-6.9%) in sheep and 2.5% (95%CI 1.4-4.5%) in
goats (Bonfoh et al., 2012). The Naryn oblast had the highest seroprevalences of
sheep among other species and was related with human brucellosis (Bonfoh et al.,
2012).

Recently B. melitensis was isolated in the Naryn oblast and has been characterized
with molecular typing methods. This confirmed that in the Naryn oblast B. melitensis
is endemic and sheep are apparently the main host of infection. B. melitensis is also
transmitted to cattle (Kasymbekov et al., 2013).

The reasons for such situation are inadequate brucellosis interventions, inappropriate
selection of vaccines and their use, non-compliance with the cold chain, minimum
vaccination coverage, minimum use of diagnostic tools and low public awareness.
The awareness of the type and prevalence of the circulating brucellosis is equally
important. It is necessary to define brucellosis control strategy and approve

brucellosis control programme at national or regional levels.

33



Part 2. Historical review

The natural conditions and economic drivers in Kyrgyzstan have led to uneven
development of animal husbandry. Lack of knowledge on animal keeping of newly
formed farms has further favoured the propagation of brucellosis in all parts of
Kyrgyzstan, especially in the lowland areas.

Currently, the communities are concerned about strategic planning and effective
reduction of the occurrence and burden of this disease in humans and animals.
However, the current knowledge on the transmission within and between livestock
species and to humans does not facilitate the epidemiological describing of of
brucellosis in Kyrgyzstan. It is important to understand the main transmission routes
in order to establish a control strategy. Brucellosis can ultimately only be eliminated if
the disease is controlled in the animal reservoir since animal and human health is
indispensably intertwined. It is therefore necessary to consider human and animal
health strategies as two aspects of the same aim.

The outcomes of brucellosis control in animals in Kyrgyzstan during different periods
have varied. In particular, the required interventions under the brucellosis control
program were not implemented in full. It was not always feasible to ensure rapid and
reliable recovery or replacement of infected animals to maintain the well-being as
well as the on-going brucellosis control interventions often generated minimum
effects, in other words brucellosis tends to re-emerge after a certain time span
following the implementation of interventions. There is evidence that in some
countries brucellosis control was backed up with a sound government program and
financial support which generated lasting effects and as a result they are
acknowledged as the "country free from brucellosis".

Currently, in many countries, especially in Asia and the Middle East (Pappas et al.,
2006), there is a dramatic increase in the incidence of brucellosis in humans.
Rationale of this study is a synthesis of the systematic literature review, the historical
analysis of brucellosis epidemiology faciliatates tracing back brucellosis control policy
and its effect on brucellosis disease frequency across the decades, spanning the

transition from Socialist system to the current market economy.

8.2 Materials and methods

8.2.1 Data collection
A literature review was conducted in Kyrgyzstan using mainly published literature in

Kyrgyz and Russian languages but also international peer-reviewed articles. Local

data collection was ensured from the national as well as the regional provincial
34



Part 2. Historical review

databases of the National Statistical Committee (NatStatCom, 2013). Bibliographic
databases such as PubMed were used to retrieve international articles. In addition,
available reports were reviewed and synthesised. All references together with
available abstracts were stored in the bibliographic reference program EndNote
X7.0.1.

The incidences of human brucellosis cases were collected from annual reports of the
Republican Centre for Quarantine and Especially Dangerous Diseases, Ministry of
Health and National Statistic Committee of the Kyrgyz Republic.

The incidences of animal brucellosis were collected from annual reports of the State
Veterinary Department, Republican State Center for Veterinary Diagnostic, Ministry
of Agriculture, Veterinary Research Institute, Research Institute of Livestock and
Pasture, Institute of Biotechnology of the National Academy of Science of the Kyrgyz
Republic.

8.2.2 Analyses of existing data
Historical quantitative data on reported human cases and outbreaks in livestock were

collected and analysed in STATA 12 and additionally visualised with graphics in MS
Excel. Also the situation of past vaccination programmes was carefully evaluated.
During the past years, brucellosis control programmes have used different livestock
vaccines. Therefore a critical evaluation on advantages and disadvantages of
different vaccines was performed.

8.2.3 Interviews with key brucellosis experts in Kyrgyzstan
Previous studies and developments over several decades were discussed with key

brucellosis experts and veterinarians in Kyrgyzstan. We became aware of their views
on successes and failures of past zoonoses control programmes. All interviews were
noted, transcribed in a text editor and then analysed. Additional data were captured
from itinerary reports, documents, scientific journals and books published in former
Soviet Union (FSU) countries.

8.3 Investigation outcomes

8.3.1 Pre-Soviet time in Kyrgyzstan and role of animals in human
livelihood

Kyrgyzstan is mainly a mountainous country harbouring two of the highest mountain
ranges of Central Asia, namely the Tien-Shan and the Pamir-Alay ranges. They
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cover more than 80% of the Kyrgyz territory with numerous glaciers, lakes and a
particularly difficult mountainous relief composed of ridges, spurs, high mountain
valleys and canyons.

Eighty-three per cent of the usable agriculture land is located within mountains and is
presented by high pastures and plateaus with dry steppe and short grass vegetation.
The climate is considered as dry continental (FAO, 2010).

Due to the different microclimatic conditions in mountainous areas of the country,
livestock herder’s transhumance follows the vegetation growth. This means they
move to distant pastures, rich with vegetation in summer and lower pastures in
autumn where winter season begins later. The typical extensive use of natural feed
resources contributes to the development of sheep, cattle and horse breeds adapted
to this situation.

Environmental conditions lead to the development of the country's livestock
husbandry in a mobile pastoralist husbandry system which was the main component
of the economy of Kyrgyzstan (Arnold and Jongma, 1978). Prior to the Soviet regime
livestock farming has been developed as the main source of income and people used
the skins and wool of animals for the manufacture of various household furniture like
felt, decorative items or clothes. For Kyrgyz people, livestock was an integral part of
the economy and animal products were used wasteless. In 1916 before the Soviet
Revolution there were: 2°544’000 sheep, 519'000 cattle and 708’000 horses in
Kyrgyzstan (book, 1973).

Today livestock production remains as one of the most important Kyrgyz economic
activities. Two thirds (2/3) of the Kyrgyz population make their livelihoods from
livestock production (FAO, 2010).

8.3.2 Political change and livestock production systems
The evolution of the political system in Kyrgyzstan influenced the development of

traditional livestock industry, especially the sheep breeding (Schillhorn van Veen,
2004). With the rise of the Soviet regime large sheep breeding and collective farms
(Kolkhoz) have been organised through collectivisation and deprivation of livestock
from the population (McKee et al., 2006) tab.1.
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Table 1. Animal population in Kyrgyzstan (picked for each 10 years)

Animal Population (thousand)

Years Cattle Sheep & goat Horses
1916 519 2544 708
1927 587.3 3736.6 618
1936 360.6 1241.2 299.7
1946 440.3 22723 290.2
1956 653.7 4530.6 364.4
1966 857.3 8303.2 230
1976 941.7 9850.5 265.3
1986 1110 10200 276.5
1991 1190.219 9524.935 320.468
1996 847.641 3716.081 314.066
2006 1116.733 4046.949 347.526
2011 1338.583 5288.115 388.971

The natural conditions and economic drivers in Kyrgyzstan have led to uneven
development of animal husbandry. After its independence in 1991, all livestock has
been distributed to private owners and veterinary services were no longer available
at all the farms. Lack of knowledge on animal keeping of newly formed private farms
has further favoured the propagation of brucellosis in all parts of Kyrgyzstan,
especially in the lowland areas.

8.3.3 Brucellosis intervention in Kyrgyzstan
In the last century scientists of Kyrgyzstan have concluded that the infection was

artificially imported to the country. For example, Smirnov quoted that in the opinion of
Soviet scientists of the 20-th century brucellosis in cattle and sheep was introduced
on multiple occasions to pre-revolutionary Russia from abroad with pedigree animals
in the late 19th and early 20th century. G.T. Lindtrop (1928) and N.N. Stepanov
(1950) (Smirnov, 1960) consider that brucellosis existed in goats in the south-east of
the USSR since long time (Smirnov, 1958). L.A. Andreev (1946) determined that the
type of brucellosis penetrated into Abkhazia from the Mediterranean coast and then
spread across the territory of Armenia, Georgia and the Northern Caucasus. Sheep
from the Northern Caucasus transmitted brucellosis across Kazakhstan and other
Central Asian countries and, apparently, brucellosis was introduced to Kyrgyzstan
through the same communication routes (Smirnov, 1960).
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According to V.I. Kim brucellosis was imported from the Baltic countries (Lithuania,
Latvia and Estonia) along with animals brought to improve the pedigree status of
animals (Kim, 2004).

In Kyrgyzstan brucellosis has been known since the early 30s. Veterinary authorities
started using vaccines only in the 50s, whereas the population of cattle and small
ruminants has grown significantly in comparison with the 30s.(Vozhdaev et al., 1971)
In the 80 - 90s, many scientists in the country were making enormous efforts to
eradicate brucellosis (Kim, 2004); however, it didn't yield any tangible effects
(Smirnov, 1960). There were different reasons for that, for example, it was
considered more important to reproduce and improve the animal productivity (milk
yield, wool production) but little attention was paid to the health of animals and their
resistance as the accomplishment of the production target by the Communist Party

was of top priority.

Even in the 50-60-s appropriate measures were taken to eradicate brucellosis,
however, according to the statements and opinion of Smirnov all undertaken
interventions “come to naught" (Smirnov, 1960) (fig 8-1 and 8-2).

Table 2. Evaluation changing policies and interventions

Pre-socialist  Early Socialist Post WW2 Period 21st Cent
Historical Period
<1918 1918-1945 1945-1990 1990-2000 >2000

Epidemiology in 0 3 4 1 2
Livestock

Epidemiology in humans 0 1 4 2 3
Diagnostic procedures 0 1 4 2 3
Herd management 2 3 4 0 1
Vaccine intervention 0 1 4 2 3

The fact that veterinary services had no experience with brucellosis infections when
the first outbreaks occurred largely contributed to the expansion of the disease. In
addition, brucellosis control was mainly conducted in cattle by carrying out mainly
organisational and veterinary-sanitarian measures that were inadequate (Vozhdaev
et al., 1971).

During the Soviet regime, control programs and vaccination campaigns of brucellosis
were approved by the Ministry of the Soviet Union in Moscow (lvanov et al., 2011,
Ivanov et al., 2010).
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Therefore, almost all farms in Kyrgyzstan as well as in the whole Soviet Union used
the same system for animal breeding, control of brucellosis and disease recovery
measures. Vaccines, diagnostic tools, methods and provision of veterinary
equipment’s were all centralised (Salmakov et al., 2010).

8.3.4 The spread of infection
Furthermore, the situation and management of some remote pasture hampered the

implementation of sanitary measures at dairy farms. For example, cattle originated
from some district of the Chui valley were annually driven to winter pastures on
Kazakhstan's territory or in the south of the country animals have been set aside for
grazing on pastures neighbouring the republics of Uzbekistan and Tajikistan (Kim,
2004, Vozhdaev et al., 1971, Smirnov, 1958). Fundamental veterinary rules and
principles have often been violated, thus leading to on-going brucellosis
transmission.

During the grazing period on summer pastures animals were tested by allergic test. If
the animals reacted positively they were examined through serological tests and
positive animals were slaughtered. Winter enclosures were disinfected before the

herds returned from summer pastures (Smirnov, 1960, Kim, 2004).
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Figure 8-1. Dynamics of brucellosis — sheep breeding farms

39



Part 2. Historical review

35%
32%
30% /AN
/X
25% 26%
21% \
20% /
0% / 9% Y,%
15%
/ 29 \13%
10% /
8%
7%
) : \ 6%

\ 2%
0%

1940-1945 1951-1955 1961-1965 1971-1975 1981-1985 1991-1995 2001-2004

Figure 8-2. Dynamics of increasing brucellosis in cattle breeding farms

8.3.5 Vaccine quality
From 1950 to 1960, the scientists proposed to use live vaccines for the active

prevention of brucellosis (Vyshelessky, Angeloff et al. 1956), and at the beginning of
this century they proposed the use of inactivated (killed) adjuvant vaccines (Kim,
2004) Since then major researches have been focused on the development and
improvement of vaccines with adjuvant (Denisov et al., 2010, lvanov et al., 2011).
Preventing animal infection with vaccines has been rather ineffective, and long-term
work brought insignificant success, thus cattle vaccination with S19 was ceased in
1998.

S19 vaccine was used for cattle in 1949 in the USSR and since 1954 it was also
applied in Kyrgyzstan (Vozhdaev et al., 1971, Avila-Calderon et al., 2013). During the
Soviet regime in Kyrgyzstan different vaccines have been used for cattle: B. abortus
S19, S82, 104M. Small ruminants were also vaccinated using B. melitensis Rev-1,
38/59, Nevsky-12 (lvanov et al., 2010, lvanov et al., 2011, Shumilov et al., 2010,
Sklyarov et al., 2010).

Suspected infected farms were vaccinated with S19 vaccine following this scheme:
first vaccination of calves at 3-5 months of age and revaccination (with 80 x 10°
Colony forming units (CFU)) at the age of 10-12 months (1-2 months before onset of
sexual maternity). Cattle were revaccinated every two years (lvanov et al., 2010, Kim,

2004, Salmakov et al., 2010, Shumilov et al., 2010).
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In parallel to the described brucellosis prevention measures, mass immunization by
B. abortus S19 was used in 1975 for small ruminants. The following vaccination
scheme was used: adult and young females from potentially positive brucellosis
herds were examined by serology (AT, Complement Fixation Test (CFT), and Rose
Bengal Test (RBT)) after separation of the lambs. Positive animals were isolated for
slaughter and negative ones immunized. Females were re-immunized by the same
vaccine without prior testing for brucellosis 1-2 months prior to artificial insemination.
Vaccination was conducted annually until the absence of clinical signs and positive
tested animals. All herds have been slaughtered if brucellosis positive animals were
found.

In order to reduce brucellosis, immunized animals were grouped by flocks. All
abortion and/or birth of weak or dead lambs were registered. Particular attention was
paid to the quick isolation and removal of aborted ewes from flocks. Disinfection was
conducted regularly- planed and emergent. Rams were not vaccinated but only
tested for brucellosis by serological methods.

It should be noted that after vaccination with S19 vaccine animals were not examined
serologically and therefore the question rose whether the infection’s foci were
removed or infected animals remained in herds as sources of infection. That's why it
is believed that widespread application of vaccine in sheep husbandry did not
achieved brucellosis eradication. Observations of the expression of immunological
reactions in vaccinated sheep of various ages showed that they remained
seropositive for a long time (Kim, 2004).

8.3.6 Causes of disease prevalence
Apparently, the reason for the growing incidence of brucellosis in Kyrgyzstan is the

use of locally produced vaccines. Here one can indicate two main causes: first is the
use of S19, B. abortus for vaccination of small ruminants against B. melitensis which
is recognized to have much severe virulence; second is the quality of the vaccine, as
the vaccines go through the internal control only, in other words, the private company
checks their products with no involvement of independent control.

The initial indicators of the vaccine titers were not the best even back in time (1998-
1999).

Besides the outbreaks of infectious diseases in those regions where the locally
produced vaccines were used testify to that, for example, except for the brucellosis
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vaccine the vaccines against FMD, sheep and goat pox, anthrax and rabies were
used, and these infections are recognized as endemic in Kyrgyzstan.

Many foreign experts who worked in Kyrgyzstan used to ship the vaccine samples
back home for testing the quality, however, the findings were never reported officially
instead of that there were verbal statements indicating that the vaccines do not meet
the quality standard.

In 2008, on the invitation of the State Veterinary Department, OIE experts checked
the bio-factory status and concluded that the factory poses a threat not only to the
country but also to the entire neighbouring region. The official OIE expert’s opinions
were submitted to the KR Government and Parliament. Later this issue was
considered by the Parliament in 2010 whereby they approved the closure of this
enterprise unless it is adequately equipped according to the required international
standards; however, the company is still running at the same capacity, meaning that
the produced vaccines are sold outside the country. Mainly they are exported to
neighbouring countries.

In general, it can be concluded that the use of locally produced vaccine did not
enable either the prevention or eradication of infectious diseases. Over the past 17
years prior to 2009 the bio-factory was a monopolist in terms of vaccine production
and tended to win all annual vaccines procurement tenders of the SVD and during
that time the incidence in animals went up that affected the human health and the

country’s economy.

8.3.7 Serological test
In Kyrgyzstan, as in many other republics of former USSR, serological diagnostic

methods (AT and CFT) combined with veterinary-sanitary measures could eliminate
the infection only in weakly infected farms and stables, which were isolated during
the whole year (tab.3) (Ashepa et al., 1973, Vozhdaev et al., 1971). An agglutination
test (AT) was used for diagnostic purposes (Kim, 2004).

42



Part 2. Historical review

Table 3. Lab diagnosis of sheep

Year Positive sheep Positive Ram Abortion Human cases
(thousand) (thousand)
1977 0.6 0.1 142 191
1978 1 0.1 169 215
1979 1.2 0.2 233 209
1980 1.3 0.2 269 221
1981 1.6 0.2 288 249
1982 1.9 0.4 407 292
1983 1.9 0.6 404 301
1984 1.9 1 409 327
1985 2.1 1.4 432 368
1986 2.3 1.5 555 411
1987 2.9 1.6 583 427
1988 3.3 1.6 599 489
1989 4 1.7 970 508

Standardized diagnostic tools and techniques are very important but their
implementation in the field might not be adequate in the lacking gold standard and
proper validation which requires the confirmation by bacteriological tests (tab.4).
Table 4. Lab diagnosis of cattle

Year Investigation Number of % Investigation Positive %
serology Positive bacteriology confirmed

1987 626385 11342 1,8 2081 131 6,3

1988 620697 11468 1,8 2138 124 5,8

1989 817526 5739 0,7 2277 78 3,4

1990 796700 4963 0,7 1482 43 2,9

Basic tests such as CFT and AT were used. AT was used to identify acute brucellosis
and CFT was used to identify chronic brucellosis. There were no rapid tests as Rose
Bengal Test (RBT). RBT was first used in 1986 (Kim, 2004), and ELISA and PCR are
not used to study brucellosis because they are too costly.

8.3.8 Brucella characterization
Studies on typing Brucella species were done in 1960. Initially the studies on typing

were conducted in the 60s under the leadership of A.A. Volkova and four types of
Brucella were identified : B. abortus bovis, B. melitensis, B. suis and later on B. ovis
was identified (Kim, 2004).

During the past years and up to 2008 bacteriological tests were used to differentiate
brucellosis field strains from vaccine strains. In the framework of the Swiss TPH
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project in close collaboration with Institute of Veterinary Bacteriology Vetsuisse of the
Bern University and the Cantonal Microbiological Laboratory (Istituto di Microbiologia
Cantonale, IMC), Bellinzona, Switzerland B. melitensis was confirmed by biochemical
and PCR tests. It enabled to collect about 250 aborted fetuses from sheep and cows
from Naryn rayon of Naryn oblast. The cultures were isolated and 36 of them were
shipped to Switzerland for typing at different times. Brucella melitensis was isolated
from an aborted bovine fetus. The first molecular study of Kyrgyz brucellosis strains
attempted to place them in the global phylogeny.

This study verified the findings of the previous serological studies on brucellosis
incidence and its endemicity in the Naryn region and interspecies transmission.
(Kasymbekov et al., 2013).

8.3.9 Political change and public health systems
Most of human brucellosis cases (88.5%) were registered in the areas where

brucellosis is endemic in small ruminants, whereas less people were infected (11.5%)
in cattle endemic territories. Human infections were more benign where cattle
brucellosis occured. Besides a high human incidence in the areas with numerous
small ruminant infections, human mortality was also higher in these regions
(Vozhdaev et al., 1971).

Year by year thousands cases of human brucellosis were registered. Fig 8-3 shows
the incidence of human brucellosis from 1996-2009. Since that time, human
incidence has increased year by year and Kyrgyzstan has now one of the highest
brucellosis incidence worldwide (Annual Incidence: 78 per 100 000 in 2007)
(NatStatCom, 2013) (Fig. 8-3).

8.3.10 Epidemiology of brucellosis in animals and humans before,
during and after the political transition

The epidemiology of brucellosis in Kyrgyzstan is influenced by numerous factors.
Brucellosis in small ruminanats being the most important of them. On remote
mountainous pastures common control measures in small ruminant species were
mostly ineffective due to the complexity of their full implementation. To some extent
the spread of brucellosis among animals could be restrained.

Despite the long-lasting vaccination period (40 years) using B. abortus S19, complete
eradication of brucellosis among sheep and goat was not successful.
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Over the last 5-6 years, immunization of sheep was hampered because of numerous
reasons, including economic and institutional issues (treatment or sale of infected
animals instead of culling), leading to a deterioration of the epidemiological situation
on brucellosis. This was later confirmed by the incidence of brucellosis in the human
population in Kyrgyzstan, which has raised sharply Fig 8-3.
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Figure 8-3. Human brucellosis incidence 1996-2009

The southern regions of the country reported the highest human brucellosis
incidence over 1996-2009. Only for the past 5 years 2007-2011, 19887 infected
people were registered, which are correlated with the high brucellosis incidence of
small ruminants in the same region. The correlation of human and animal brucellosis
was confirmed by a representative serological study for the whole country (Bonfoh et
al., 2012).

In farms where brucellosis affects sheep and goats, the majority of people are
infected at lambing and abortion periods. In most areas of the country the highest
incidence of human brucellosis is recorded from April and June and is mostly linked
with people conducting small ruminant livestock or persons processing raw materials
from these animals.

Based on these observations it appears that the main source of human brucellosis in
Kyrgyzstan is the contact with sheep and goat especially during the spring lambing

period.
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A possible source of infection could be found in dogs that are eating/carrying the
aborted foetuses, thus spreading the bacteria around and contaminating the
environment (Studentsov 1975). There is a possibility of infection from secondary
carriers of brucellosis infection - particularly from cattle, pigs, yaks, horses and dogs,
as well as from wild animals and blood-sucking arthropods (Shumilov et al., 2010).

8.4 Discussion

8.4.1 Analysis of the effects of past and current policies and
interventions

Brucellosis represents a major issue for veterinary and public health systems, leading
to economic losses and simultaneously endangering human population and animal
species. In countries where brucellosis has been eradicated brucellosis control
programs were generally started, financed and coordinated by the government itself
(Zinsstag et al., 2007).

In Central Asia the activities on brucellosis elimination were not enough intensified
probably also because of the newly organised farming system and political instability
and political changes. Partly this is also due to poor public and private veterinary
services and new (small-holder) livestock owners without sufficient knowledge on
livestock production. One of the important reasons is payment for private
veterinarians for their services. The reason for that is the lack of information on the
state-of-the-art scientific achievements, non-use of advanced control technology,
non-use of high-tech equipment, methods of diagnostics and specific preventive
interventions. The information on these matters is hardly available to the wide range
of professionals. These important topics are covered in international scientific articles
and other publications that are not available and not translated to local languages.
Therefore, valuable information on brucellosis control often remains unclaimed by
professionals and livestock producers at the village, rayon and even the oblast level.
Communication between veterinarians and physicians is absent (Zinsstag et al.,
2009)

Issues of the implemented control programs of brucellosis in Kyrgyzstan revealed the
lack of efficiency and highlighted the needs of an interdisciplinary approach
combined with high quality vaccines in order to achieve the disease elimination.
Interdisciplinary approaches should provide capacity building, functional laboratory
systems, enlightenment and comprehensive studies supervised by efforts of the
veterinary and public health sectors.
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8.5 Recommendations for brucellosis control policy and

interventions in Kyrgyzstan and Central Asia

The present historical review showed that control of brucellosis in Kyrgyzstan was
and is still facing major political, cultural and economic challenges. The actual
prevalence of brucellosis in Kyrgyzstan suggests that an effective mass vaccination
of sheep, goats and cattle, following the guidelines of the World Animal Health
Organization (OIE) is critical in order to control human brucellosis.

The recommendations suggest annual mass vaccination campaigns of sheep and
goats (achieving immunity coverage of at least 80%) during 5 to 10 years, before
moving on to vaccination of young replacement subjects along with testing and
slaughtering.

Mass vaccination should be carefully monitored on an annual basis to assess the
proportion of vaccinated animals. Otherwise, if not at least 80% of small ruminants
are immunized, the risk of disease re-emergence will increase immediately as has
been seen in other Asian countries and probability of increasing of disease like in
Syria an Mongolia(Roth et al., 2003, Zinsstag et al., 2005, Pappas et al., 2006). The
recording of new human cases, conducted at regular intervals (2 to 4 years) after
animal vaccination should provide additional information on the effectiveness of mass
livestock vaccination.

A test-and-slaughter strategy can be implemented only if public funds are available to
compensate farmers for culled livestock and if other enabling conditions are in place.
Of course, both interventions require well-functioning veterinary field and diagnostic
laboratory capacity.

As a novel approach, we recommend simultaneous assessment of human and
livestock disease incidence, which provides a good overall picture of the disease
distribution and transmission.

The reasons for that a plight are inadequate counter brucellosis interventions,
inappropriate selection of vaccines and their use, non-compliance with the cold chain,
minimum vaccination coverage, minimum use of diagnostic tools and low public
awareness. The awareness on the type and prevalence of the circulating brucellosis
is equally important. It is necessary to define the brucellosis control strategy and

approve brucellosis control programme at the national or regional levels.
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Abstract: Kyrgyzstan reported 77.5 new human brucellosis cases per 100,000
people in 2007, which is one of the highest incidences worldwide. The Rose Bengal
Test and the Huddleson test are currently used diagnostic tests in humans and
animals in Kyrgyzstan. A national representative cross-sectional study using cluster
sampling proportional to size in humans, cattle, sheep, and goats was undertaken to
assess the apparent seroprevalence in humans and animals. A total of 4,936
livestock sera and 1,774 human sera were tested in Naryn, Chuy, and Osh Oblasts.
The overall apparent seroprevalences of brucellosis were 8.8% in humans (95% Cl
4.5-16.5), 2.8% (95% CI 1.6—4.9%) in cattle, 3.3% (95% CI 1.5-6.9%) in sheep, and
2.5% (95% Cl 1.4-4.5%) in goats. Naryn Oblast had the highest seroprevalences in
humans and sheep. More men than women were seropositive (OR = 1.96; P <
0.001). Human seroprevalence was significantly associated with small ruminant
seroprevalence but not with cattle seroprevalence. Annual incidence of human
brucellosis exposure, measured by serological tests, was more than ten times higher
than the annual incidence of reported clinical brucellosis cases. This indicates an
under-reporting of human brucellosis cases, even if only a fraction of seropositive
people have clinical symptoms. In conclusion, this study confirms the high
seroprevalence of brucellosis in Kyrgyzstan and warrants rapid effective intervention,
among others, by mass vaccination of sheep and goats but also of cattle.

Keywords: apparent prevalence, incidence, brucellosis, human, livestock, serology,

Kyrgyzstan.

9.1 Introduction
Brucellosis is a bacterial disease of livestock with a high zoonotic potential. Its

transmission from livestock to humans occurs mainly by consumption of raw dairy
products and by direct contact during delivery and abortion. Brucella abortus is
mainly found in cattle and B. melitensis and B. ovis in goats and sheep. Humans are
susceptible to both B. abortus and B. melitensis, the latter being most frequently
reported in humans (Corbel, 2006).

Brucellosis occurs worldwide, particularly in developing and transition countries, but it
is well controlled in industrialised countries. Kyrgyzstan has one of the highest
brucellosis incidences worldwide with 36 reported annual human cases per 100,000
people in 2002 (Pappas et al., 2006) and 77.5 per 100,000 people in 2007
(promedmail.org, Archive Number 20090201.0449, published Feb 1, 2009).
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However, it is not known if the Kyrgyz health system coverage is exhaustive and if all
patients have access to care. It is likely that the true incidence is underestimated. An
earlier study by Kozukeev et al. (Kozukeev et al., 2006) indicated the importance of
cattle for the transmission of brucellosis in Kyrgyzstan, but the role of small ruminants
in brucellosis transmission to humans is not clear. Brucellosis can be diagnosed by
isolation (culture) of the bacteria, direct PCR of Brucella spp. genome in
contaminated specimens or indirectly by antibody detection either in serum or milk
(Corbel, 2006). The culturing of Brucella spp. from animal samples is complicated
and dangerous and requires biosafety level 3, which is not currently available in
Kyrgyzstan. Hence, we rely on available and more recent serological methods for
diagnosis. The objective of this study was to assess representative brucellosis
seroprevalences of livestock and humans for Kyrgyzstan and the association
between human and livestock brucellosis seroprevalence. Representative estimates
should be related to official reports and inform Kyrgyz public health and veterinary
policy. The test characteristics of the Huddleson test in humans and Rose Bengal
Test in livestock, which are currently used in Kyrgyzstan, are not known and there is
no gold standard.

9.2 Materials and methods

9.2.1 Partnership between public health and the veterinary sector
In the fall of 2006, an integrated assessment of human and livestock brucellosis

seroprevalence was undertaken jointly by the Republican State Center for Veterinary
Diagnostics, the Republican Centre for Quarantine and especially dangerous
diseases, the State Sanitary Epidemiological Department of the Kyrgyz Republic and
the Swiss Tropical and Public Health Institute. Complementary Support of
Community Action for Health facilitated this partnership(Zinsstag et al., 2009).

9.2.2 Study design
For this survey, the national census data on sheep and goat populations was used. A

multistage cluster sampling proportional to size was determined by levels of Oblast
(province), Rayon (district), and village (Bennett et al., 1991, Schelling et al., 2003).
Three out of seven Oblasts were sampled. Naryn Oblast was selected by
convenience (availability of previous serological studies), and the two others were

sampled randomly in proportion to their size. In every Oblast, three Rayons, and in
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every Rayon, ten villages, were selected randomly in proportion to their size as
shown in Fig 9-1 (Bennett et al., 1991)

JAt:Bashy;

S

Figure 9-1. Map of Kyrgyzstan with selected Oblasts and Rayons

Light grey Rayons belong to selected Oblasts but not selected Rayons, dark grey
Rayons are the nine in this study selected Rayons (oblasts = regions and rayon =
district)

In this way, a total of 90 villages were selected randomly and they were used as
cluster units. We assumed an intraclass correlation roh of 0.2 between clusters and a
design effect of 4.8. Sampling 20 humans or livestock in every cluster provided a
total sample size of 1,800 per species and 95% confidence limits of the estimate of
<3% below and above the estimated seroprevalence, which is representative for the
whole country.

This study was approved by the Ethical committee of the Cantons of Basel and the
Kyrgyz Health Authorities. Informed written consent was provided by all persons
participating in the study or of young children’s mothers, after they had received
detailed patient information. Overall, the proportion of sheep to goats was estimated
at 6:1. Due to the lack of more detailed information, we assumed that this proportion
is true for all Rayons. In the year of study (2006) very few animals were vaccinated
against brucellosis in Kyrgyzstan and their influence on the serological results of this

study were considered negligible.
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9.2.3 Human and livestock sample collection
The study was conducted by three field teams composed of one veterinarian and one

physician in the spring of 2006. A total of 103 villages in nine selected Rayons were
visited. Venous blood was taken with 5 ml Vacutainer tubes and the age, sex, and
names were recorded for all participants.

Blood of livestock (cattle, sheep, and goats) was obtained by venipuncture with 10 ml
Vacutainer tubes. Livestock and human samples were not necessarily collected from
the same households as the participation was voluntary. Human blood was
transported to the Rayon Health Center and animal blood was transported to the
Veterinary laboratory and centrifuged. All sera were shipped to Bishkek either to the
Centre for Quarantine for testing human sera with the Huddleson agglutination test or
to the Central Veterinary Laboratory in Bishkek for other tests described below.

9.2.4 Diagnostic tests
In Kyrgyzstan, the most common test is the Huddleson agglutination test for humans

(official test) and the Rose Bengal Test (RBT) for animals. Human sera were
subjected to the Huddleson test, the RBT (Bio-Rad Laboratories®), and an IgG and
IgM ELISA (Chekit® IDEXX Laboratories Inc.) with anti-human-goat IgG and anti-
human-goat IgM conjugates (Sigma-Aldrich Co®). The latter IgM test was only done
for sera that were Huddleson test or RBT positive and IgG ELISA negative.
Classification of ELISA was then positive if either the IgG ELISA and/or the IgM
ELISA were positive. Livestock sera was tested with a RBT from the Kherson Bio-
Factory, Ukraine, an indirect ELISA for ruminants (Checkit® IDEXX Laboratories Inc.)
and the Fluorescence polarization assay (FPA) (Brucella FPA®, Diachemix, LLC). 2
ml tubes with sera were kept for further testing and were simaltaneously tested with
the RBT at the Rayon veterinary laboratory.

Serological test results were interpreted according to the manufacturers’
recommendations. Cut-off values were determined by a titration curve analogous to
Bonfoh and Steinmann (Bonfoh et al., 2002, Steinmann et al., 2005). With the
exception of FPA, all values were recorded as negative, doubtful, and positive. The
cut-off value of FPA was at 90 mP. Since, agreements of pair wise comparison of
tests (Kappa statistics) within species were generally better when all doubtful results
were classified negative rather than positives, for binary classification of results,
doubtful sera were classified as negative for all tests, although the best agreement
between two serological tests was only a moderate agreement (Kappa < 0.6). For
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livestock sera, agreements between tests were better for cattle than for sheep and
goats. For further statistical analyses, we used the Huddleson agglutination test for

human sera and ELISA results for livestock sera.

9.2.5 Data analysis
Serological results were converted into dichotomous outcomes (1 = seropositive, 0 =

seronegative), depending on the cut-off value of each test. Logistic regression,
modelling for the outcome of seropositive humans and livestock (SP) included
random effects (re) at various levels as follows: (1) at the level of rayon for the
national representative estimate and for Oblast level, SP * re(Rayon) (Table 2). (2)
For the analysis of human sera the level of village was used as random effect.
Univariable models related SP individually with sex, age, and Oblast (Table 3). (3)
Assessing a possible relationship between human and livestock seropositivity we
have regressed SP * proportions of human and livestock seropositivity at rayon level
(Table 4).

9.2.6 Analyses of human sera
Participants with the same family name within a village were regrouped in a unique

family code. Age in years was categorized in steps of 10 years (0—10 years up to 80—
90 years) and in three categories that represent the life stage: 0—18 years; 19—45
years; and 46 years. A unique code was created for all villages. We have tested if
age, sex, and Oblast were associated with seropositivity in humans using logistic
regression model (with a random effect at the village level) based on the likelihood-
ratio test (LRT) (xtlogit procedure in STATA 10). The variances of the Huddleson test
(humans) and ELISA (livestock) were the highest at the Rayon level (district) when
compared to the levels of family, village, and Oblast (province). For the logistic
regression of human sera, we considered village as a random effect. Age, sex, and
Oblast were tested as univariable variables. The LRT test was used to test the
significance of a variable (Table 3). Apparent seroprevalences are presented,
because the test characteristics were not known for the different species.

9.2.7 Correlation between human and livestock seropositivity
Regressions have been done with SP* proportions of human and livestock

seropositivity (all livestock, small ruminants [sheep and goats together] and the single
species cattle, sheep, and goats) at a rayon level. Not more than one livestock

category was tested in a model due to strong correlation between sheep and goat
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seropositivity at a Rayon level. The confidence intervals were constructed using a
bootstrap re-sampling technique and the information on total number of individuals

tested per rayon.

9.2.8 Estimation of incidence of apparent brucellosis seropositivity in
humans

The age-specific apparent seroprevalence of the Huddleson tests was used to
estimate the incidence of brucellosis seropositivity of a catalytic two way model under
equilibrium conditions(Muench, 1959). We used data between the 2nd and 8th

decade of life because data on younger or older patients were too sparse.

dS/dt=-aS+bl (1)
di/dt=aS—bl (2

where S is the susceptible population and /is the seropositive population. Parameter

a is the incidence of seroconversion and b - the rate of loss of sero-positivity. Under
equilibrium conditions the apparent seroprevalence P is related to a and b (Eq. 3).

P-a/(a+b) (3

We estimated the seroconversion rate a and the loss rate b simultaneously from the
data using Vensim (Ventana Inc.) software, using a Powell algorithm analogous to

Zinsstag et al., (Zinsstag et al., 2005).

9.3 Results
A total of 4,936 different livestock sera (1659, 1642, and 1635 from Naryn, Chuy, and

Osh Oblast, respectively) and a total of 1,774 human sera (564, 606 and 604 from
Naryn, Chuy, and Osh Oblast, respectively) were tested with at least one serological
test (Table 5).

Table 5. Total sample size by species and number of samples examined with
different diagnostic test
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Species Total RBT RBT ELISA ELISA ELISA FPA Huddleson Cf’
(Biorad)' (Ukraine)® (ruminant)® IgG IgM 5 6
(human)* (human)*
Cattle 1813 737 1560 1698 0 0 1691 O 21
Sheep 2076 761 1855 2029 0 0 2029 0 49
Goats 1286 764 1082 1209 0 0 1176 O 37
Humans 1775 644 0 0 1762 369 0 1774 0

"Rose-Bengal Biorad

2Rose-Bengal Ukraine

Sindirect enzyme-linked immunosorbent assay detecting IgG in ruminants

“indirect enzyme-linked immunosorbent assay detecting IgG and IgM, respectively, in humans
®Fluorescence polarization assay

®Huddleson test

7Complement fixation test, was not further used in the analysis because the low number of available
results

9.3.1 Representative apparent seroprevalences and human incidences
In Table 6, human and livestock seroprevalences are presented for every Oblast.

The highest human brucellosis seroprevalence is found in Naryn Oblast and the
lowest in Osh Oblast. Using Rayon as a random effect, the overall representative
apparent seroprevalences of brucellosis for Kyrgyzstan were 8.8% in humans (95%
Cl 4.5-16.5), 2.8% (95% CI 1.6—4.9%) in cattle, 3.3% (95% CI 1.5-6.9%) in sheep,
and 2.5% (95% CIl 1.4-4.5%) in goats. The average duration of brucellosis
seropositivity (1/b) was estimated at 10.9 years. Keeping this constant, human
incidence of apparent sero-conversion is estimated at 0.88% (95% CIl 0.43—-1.77%)
per year for the Huddleson test. This means that on average 880 (95% CI 400—
1,770) persons per 100,000 are exposed to brucellosis per year. Extrapolated to the
total Kyrgyz population of 5.2 million on average 45,882 persons per year get
exposed to brucellosis.

9.3.2 Analysis of human sera for risk factors of brucellosis seropositivity
Additional data on age, sex, and village was available for 1,761 people. The

proportion of sampled female participants varied between 0.42 and 0.78 in 9 Rayons
and was 0.57 over the whole sample. The median age was 39 years (5-95%
percentiles 17—66). More male participants were seropositive compared to females
(in all three age classes) (OR = 1.96; p(LRT) < 0.001) (Table 7).

Table 6. Apparent sero prevalence estimates of brucellosis in Kyrgyzstan for human,
cattle, sheep and goats per oblast, 2006
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Oblast Species n Seroprevalence® 95% Cl
Naryn Oblast
Humans 564 18.3 14.0-23.7
Cattle 536 2.2 0.8-6.0
Sheep 562 8.9 5.8-13.5
Goats 561 2.5 0.9-7.0
Chuy Oblast
Humans 606 8.9 6.9-11.5
Cattle 598 5.7 4.1-7.9
Sheep 610 3.0 0.0-9.7
Goats 434 2.7 1.3-5.7
Osh Oblast
Humans 604 2.2 0.1-27.6
Cattle 564 1.6 0.5-4.5
Sheep 857 1.3 0.4-3.9
Goats 214 2.8 1.3-6.1

# Seroprevalences (and 95% Cl) calculated with a logistic regression
model specifying Rayon as a random effect.

9.3.3 Correlation between human and livestock seropositivity
At the Rayon level, both pooled small ruminant and sheep seroprevalences were

correlated positively with human seroprevalences: an increase of 1% of small
ruminant and sheep seroprevalences, increased human seroprevalence by 0.97 and
0.83%, respectively (Table 8).

Table 7. Risk factor of human seropositivity determined with the Huddleson test as
outcome variable

Univariable logistic

Variable Huddleson Test )
regression model

n Pos % OR p(LRT)
Sex
Female 1011 8.4 1 <0.001
Male 750 14.9 1.96 (1.4-2.7)
Age category
0-18 128 141 1 0.60
19-45 1049 11.7 1.2 (0.6-2.3)
>45 584 9.6 1.03 (0.5-2)
Oblast
Naryn 560 18.4 1 <0.001
Chuy 600 8.3 0.4 (0.2-0.7)
Osh 601 7.3 0.2 (0.1-0.5)

The uni- and multivariable models used a random-effect on village level.
P-values of the log likelihood ratio test (LRT) are presented

Table 8. Regression coefficient for human and livestock seropositivity
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Intercept (95% ClI) Slope (95% CI)
All livestock species 0.09 (0.05-0.12) 0.81 (-0.1t0 1.7)
Small ruminants 0.08 (0.05-0.11) 0.97 (0.3t0 1.7)
Cattle 0.15(0.11-0.18) -0.88 (-1.810 0.2)
Sheep 0.07 (0.05-0.10) 0.83 (0.3t0 1.4)
Goats 0.09 (0.07-0.12) 0.99 (-0.06 to 2.1)

9.4 Discussion
This study was designed as a representative cross-sectional assessment of

brucellosis prevalence in humans and livestock in Kyrgyzstan in 2006. Because of
the highly endemic epidemiological situation, the true incidence of clinical brucellosis
cannot be stated. The estimated incidence of apparent seropositivity using the
Huddleson test of 880 (95% CI 400—1,770) per 100,000 is 11 times higher than the
officially reported number of brucellosis cases. There is no reference data indicating
the proportion of seroconversion that leads to clinically manifested brucellosis in
endemic areas. If 10% of seroconverted people showed clinical symptoms, the
incidence of clinical brucellosis would be in agreement with the reported data.
However, if 50% of seroconverted people showed clinical symptoms, the level of
under-reporting would be 5.6 (95% Cl 2.5-11.4). Studies in Saudi Arabia indicate a
high proportion of clinical illness among seropositive family members of acute
brucellosis cases (Almuneef et al., 2004, Alsubaie et al., 2005). Further studies
require the assessment of the true incidence of human cases. The estimated
duration of seropositivity of 10.9 years is in agreement with Beklemishev in
Kazakhstan (cited v.Oldershausen, 1968) (v.Oldershausen, 1968), but we were not
able to estimate a confidence limit, without time series data.

In our study, the apparent seroprevalences between the Oblasts ranged from 2.2 to
18.3% in humans and between 1.3 and 8.9% in livestock species with the highest
variance for both at the Rayon level. Although, the Oblast seroprevalences of three
livestock species were comparable, we have seen a significant correlation between
human and small ruminant seropositivity at the Rayon level, thus suggesting Rayon
specific clustering. This likely reflects the relatively localized contact networks and
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marketing system of Kyrgyz livestock. A sheep—cattle relationship has been
confirmed by detecting B. melitensis strains in sheep and in two cattle (data not
shown). In humans, male participants were more frequently seropositive than female
participants but no difference between age classes was found. More data needs the
understanding of the frequency of brucellosis in children, where transmission may be
due to both direct exposure to contaminated livestock material and consumption of
raw livestock products. The higher risk of male seropositivity in human adults
indicates that exposure in these rural villages may more likely be due to direct
(professional) close contact with infected livestock, rather than because of the
exposure through contaminated livestock products, but this hypothesis requires
further investigation. In a study about risk factors of human brucellosis in Kyrgyzstan,
Kozukeev et al. (Kozukeev et al., 2006) reported a higher, however both non-
significant, odds ratio (OR) for keeping cattle (adj. OR = 4.5) followed by goats (ad;.
OR = 1.6). However, we find no correlation between cattle and human seropositivity
(indeed, we found a negative correlation) and we only find a significant correlation
with sheep, but not for goats. Such contradictory results, also due to different study
designs, reflect the difficulty in determining an association of infection between
humans and animals for zoonotic diseases. Confirmation of transmission chains by
molecular analysis of strains isolated from humans and different livestock species is
warranted.

This study was intended to inform Kyrgyz policy on brucellosis epidemiology by
providing representative data using existing and new diagnostic tests. As it is
important to adapt assessments to local health policy decision pathways(Habicht et
al.,, 1999), our analysis of human apparent seroprevalence is based on the
Huddleson agglutination test, which is the officially recognized diagnostic test in
Kyrgyzstan.

In a complementary analysis, we assessed the test characteristics of all used tests
through a Bayesian model for the estimation of true seroprevalence in the absence of
a gold standard, which are published separately. The results will be further used to
estimate the cost of brucellosis to the Kyrgyz economy analogous to Roth (Roth et
al., 2003).

The presented study is an example of an integrated human and animal study design
under a “One Health” paradigm, facilitating the identificating of the source of

zoonosis in the animal reservoir in a single step because of a connected study
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design and the ability to assess the impact of the disease in multiple sectors, notably
the health and livestock production sectors. It is thus an example of the added value
of a closer cooperation between human and animal health practitioners (Zinsstag et
al., 2009).

9.5 Conclusion
Our study confirms the high seroprevalence of brucellosis in Kyrgyzstan and

suggests that the annual incidence of human brucellosis exposure, measured by
serological tests, is ten times higher than the annual incidence of reported clinical
brucellosis cases. This indicates the underreporting of human brucellosis cases even
if only a fraction of the seropositive persons have clinical symptoms. Human
brucellosis seroprevalence was most closely associated with brucellosis
seroprevalence in sheep. Effective mass vaccination of sheep, goats, and cattle,
following the World Animal Health Organization (OIE) guidelines are warranted to
control human brucellosis at its source. Further research is needed to further confirm
the human-livestock linkages by molecular typing of Brucella strains from humans
and livestock, to relate human Brucellosis seropositivity and clinical symptoms in a
highly endemic area like Kyrgyzstan and to monitor control policies on their

effectiveness.
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10.1 Abstract
The incidence of human brucellosis in Kyrgyzstan has been increasing in the last

years and was identified as a priority disease needing most urgent control measures
in the livestock population. The latest species identification of Brucella isolates in
Kyrgyzstan was carried out in the 1960s and investigated the circulation of Brucella
abortus, B. melitensis, B. ovis, and B. Suis. However, supporting data and
documentation of that experience are lacking. Therefore, typing of Brucella spp. and
identification of the most important host species are necessary for the understanding
of the main transmission routes and adoption of the effective brucellosis control
policy in Kyrgyzstan. Overall, 17 B. melitensis strains from aborted fetuses of sheep
and cattle isolated in the province of Naryn were studied. All strains were susceptible
to trime thoprimsulfamethoxazole, gentamicin, rifampin, ofloxacin, streptomycin,
doxycycline, and ciprofloxacin. Multilocus variable number tandem repeat analysis
showed low genetic diversity. Kyrgyz strains seem to be genetically associated with
the Eastern Mediterranean group of Brucella global phylogeny. We identified and
confirmed transmission of B. melitensis to cattle and a close genetic relationship
between B. melitensis strains isolated from sheep sharing the same pasture.

10.2 Introduction
Agriculture is a key component of Kyrgyzstan’s economy and livestock plays a major

role in the daily lives of the population. Sixty four percents of the population live in
rural areas and rely on agriculture for their livelihoods. Up to 76% of the rural
population of the country is classified as poor.(FAO, 2010)

Since independence in 1991, veterinary support ceased then largely and the
incidence of diseases transmitted from animals to humans (zoonoses) has increased
dramatically in many regions in Kyrgyzstan. Brucellosis, anthrax, rabies and
echinococcosis are of public health concerns and present serious risk to the human
and livestock health. The incidence of brucellosis has increased steadily and
Kyrgyzstan has now one of the highest human brucellosis incidences worldwide
(annual incidence: 77.5 new cases per 100,000 people in 2007) (NatStatCom, 2009).
Currently, Kyrgyz communities are concerned about the effective reduction of

brucellosis burden for people and livestock.
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The latest species identification of Brucella spp. cultures in Kyrgyzstan was done in
the 1960ies. Both B. abortus and B. melitensis were isolated from cattle. B.
melitensis infections in cattle were thought to be a spill-over from sheep. Smirnov
and Tretyakova noted that abortions in cows after immunization with S19 were most
often seen in herds infected with Brucella spp. B. melitensis was isolated from
vaccinated and non-vaccinated sheep 3,4 . The authors concluded that B. melitensis
steadily adapted to sheep (Kim, 2004).

At present, the circulating genotypes of Brucella spp. are not known. This is true for
virtually all Central Asian regions. Bacteriological confirmation of Brucella spp.-
induced abortions is almost absent, because the owners do not report suspected
abortions to the veterinary services. Here we report recently isolated Brucella spp.
strains from sheep and cattle, which were collected in addition to a representative
national study on brucellosis sero-prevalence in humans and livestock (Bonfoh et al.,
2012) and to cost of disease studies in Kyrgyzstan (data not shown). The results
contribute to the understanding of the main transmission routes and effectively inform
brucellosis control policy in Kyrgyzstan.

10.3 Material and methods

10.3.1 Sampling sites and survey
The study site was in Naryn oblast, which has the highest human brucellosis

incidence in Kyrgyzstan and most of its population has an income through selling of
animals and animal products. First primary isolations of Brucella strains from aborted
fetuses were done at the veterinary laboratory of the Naryn province in November
2008. All public and private veterinarians were informed about the on-going project
on brucellosis. The farmers were informed beforehand and were asked to report
abortions through local village veterinarians; leaflets with information were distributed
through veterinarians and the announcement was published in the province
newspaper. Abortions from sheep and cattle were collected during the lambing
seasons of 2009 and 2010. In general, the lambing season starts in January and
continues till March and April and thus first abortions can occur in late
November/December. Veterinarians brought the collected specimens — aborted
sheep and cattle fetuses - dissected on site — to the Naryn laboratory. Stomach
content was collected in tubes and liver, spleen, kidney, lung, heart and other tissues
were collected in plastic bags. Veterinarians collected accompanying basic

information on the animals and farms such as geographic position and keeping of
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other than affected animals. Two weeks after the abortion, a visit to the affected farm
allowed blood sampling of farm animals for serology (data not shown) and
interviewing livestock holders with a questionnaire to obtain epidemiological data.
Total number of fetuses collected by the veterinarians was 125 from the whole district
and positive isolates by the Urease and Oxidase were selected for further study.

10.3.2 Cultures
Primary cultures were done at the Naryn zone Center for Veterinary Diagnostic and

specimens were frozen. When culture was negative, frozen specimens were re-
cultured at the Republican Center for Veterinary Diagnostic in Bishkek.

Stomach content and organs of the aborted fetuses were cultured onto Brucella
selective agar (bioMerieux, Switzerland) and onto own produced Brucella selective
agar (with agar, horse serum and antibiotics from Oxoid, Switzerland). Strains were
cultured on Brucella agar at 37uC with 10% CO2 for 2 days (Marianelli et al., 2007).

10.3.3 Antibiotic resistance testing
For the investigation of sensitivity of the cultures to phenotypic antibiotic resistance to

7 different drugs was assessed by the standard E-tests (bioMe rieux, Switzerland) on
Mueller-Hinton blood agar (MHS2, bioMe’rieux SA, France) and their minimum
inhibitory concentrations (MIC) were determined additionally. The following antibiotics
were tested: trimethoprimsulfamethoxazole (SXT) (1.25+23.75 mg), gentamicin (GM)
(10 mg), rifampicin (RA) (30 mg), ofloxacin (OFX) (1 mg), streptomycin (S), (15 mg),
doxycyclin (D), (30 mg), and ciprofloxacin (CIP) (5 mg). Inducible clindamycin
resistance test (“D-zone” test) was also carried out for all isolates. Results were
interpreted according to the Clinical and Laboratory Standards Institute (CLSI)
guidelines; for the purpose of this study, intermediate results were classified as

resistant.

10.3.4 DNA extraction and genotyping
DNA was extracted from one loopful of bacterial cells grown for 48 h on chocolate

agar, and single colonies were isolated by using the tissue protocol of the QlAamp
DNA minikit (Qiagen, Germany). DNA concentrations were measured by UV
spectrophotometry (Shimadzu, Japan). Multiple Loci Variable Number of Tandem
Repeat Analysis (16 locus MLVA) typing was performed with the 17 isolates
according to the protocol initially proposed by Le Fle'che et al. (Le Fleche et al.,
2006) and modified by Al Dahouk (Al Dahouk et al., 2007). To include 1 additional
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locus, bruce19 the protocols are available online on the MLVA-NET for Brucella
(http://mlva.u-psud.fr). In brief, the assay comprised the typing of eight mini-satellites
of the so-called panel 1 (bruce06, bruce08, brucel1, bruce12, bruce42, bruce43,
bruce45, and bruce55), three micro-satellites of the panel 2A (bruce18, bruce19, and
bruce21), and five micro-satellites of the panel 2B (bruce04, bruce07, bruce09,
bruce16, and bruce30).

Sixteen published VNTR loci were PCR-amplified in parallel and the numbers of
tandem repeats determined after electrophoresis on agarose gel. DNA extracts of B.
melitensis 16MT and vaccine strain Revi were used as positive controls. The
obtained MLVA patterns of each sample were then matched with an online database

(http://minisatellites.u-psud.fr/MLVAnet/querypub1.php) for identification.

10.3.5 MALDI-TOF MS analysis
A small amount of a colony of each pure culture was transferred to a FlexiMass

target well using a disposable loop and overlaid with 1.0 ml alpha-cyano matrix
solution (CHCA; 40 mg alphacyano in 33% acetonitrile, 33% ethanol, 33% ddH20
and 1% trifluoroacetic acid). The spotted solution was air-dehydrated during 1—-2 min
at room temperature and analysed with MALDI-TOF MS Axima Confidence
spectrometer (Shimadzu-Biotech Corp., Kyoto, Japan). The reference strain
Escherichia coli K12 (GM48 genotype) was used as a standard for calibration and as
reference measurement for quality control. Mass spectrometry (MS) analyses were
performed in positive linear mode in the range of 2,000—-20,000 mass-to-charge ratio
(m/z) with delayed, positive ion extraction (delay time: 104 ns with a scale factor of
800) and an acceleration voltage of 20 kV. For each sample, 2650 averaged profile
spectra were stored and used for analysis. All spectra were processed by the MALDI
MS Launchpad 2.8 software (Shimadzu Biotech) with baseline correction, peak
filtering and smoothing. A minimum of 20 laser shots per sample were used to
generate each ion spectrum. For each bacterial sample, 50 protein mass fingerprints
were averaged and processed. Spectra were analysed using SARAMIS (Spectral
Archive and Microbial Identification System, AnagnosTec GmbH) at default settings.
Cladistic analysis were based on the peak patterns of all analysed strains submitted
to single-link clustering analysis using SARAMIS with an error of 0.08% and a m/z
range of 2,000 to 20,000 Daltons.
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10.3.6 Data analysis
Allelic diversity was calculated using the formula below, where xi is the

h=1-Yx;°[n/ (n-1)]

relative frequency of the /- the allele at the locus, n- the number of isolates in the
sample and (n/(n-1) is a correction for bias in small samples (Selander et al., 1986).
VNTR data was the basis for the phylogenetic analysis using SAS (Statistical
Analysis Systems Inc. Cary, USA) proc cluster using the unweighted pair-group
method with arithmetic averages, (UPGMA). For the assessment of the phylogenetic
place of the Kyrgyz isolates, strains were selected from the online database by
Maquart (Bricker et al.,, 2003, Maquart et al., 2009a). (1471-2180-9-145-S1.xls;
http://www.biomedcentral.com/1471-2180/9/145). Isolates were selected to reflect
the diversity of geographical origin and the different biovars. Phylogenetic trees were
drawn using SAS proc tree.

10.3.7 Ethics statement
The Ethics Committee of the University and the state of Basel has approved this

study without restrictions at the meeting of January 11, 2007 (Reference number
02/07). The project conforms to the ethics requirements on animal testing (Published
in Schweiz. Arztezeitung, 2006, Band 87, S. 832-837) of the Swiss Academy of
Medical Sciences and the Swiss Academy of Natural Sciences. Animal owners were

asked for consent to test aborted fetuses of their livestock for brucellosis.

10.4 Results
Livestock systems and management of herds from which B. melitensis were isolated

varied between owners. Livestock owners kept cattle and small ruminants together
and practiced seasonal transhumance to high-altitude pastures. They sometimes
also kept entrusted animals from several owners and actively traded animals. During
the lambing seasons 2009 and 2010 in Naryn, 125 aborted fetuses (112 from sheep
and 13 from cattle) were collected in 4 villages and in Naryn city (Figure 10-1). The
isolation rate for sheep was 8.9% and 15% for cattle but the difference is not
statistically significant. Urease and oxidase positive cultures were selected and for 17
out of 23 isolates B. melitensis were confirmed by MALDI-ToF MS and MLVA-16
(Figure 2).
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Figure 10-1. Geographic location of the Naryn oblast and the villages from where

Brucella melitensis was isolated.
doi:10.1371/journal.pntd.g001

The dendrogram is based on MLVA-16 genotyping assay showing the relationship of
15 sheep and two cattle isolates of Brucella melitensis. For each locus showing
variability, the number of tandem repeats is presented. Additional information is
provided on the type of sample, the local strain designation, and the serial number of
the animal owner and the name of the village in Naryn oblast. Numbers in brackets
indicate repeated isolates from the same animal. Isolates not indicated as primary

were frozen prior to cultivation.
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Figure 10-2. Dendogram showing the relationship of 15 sheep and two cattle isolates
of Brucella melitensis

Of 17 isolates, 15 ones were isolated from sheep and two from cattle. All strains were

susceptible to the tested antibiotics. The allelic diversity of VNTR (h) was low, with

only three loci showing variation in the numbers of repeats. For locus 4 it was 0.6, for
locus 16 - 0.16 and 0.49 for locus 30 (Table 9).
Table 9. Allelic diversity of VNTR loci (all other loci were equal)

reference Number of repeats

# of allelic
copies 4 5 6 7 | diversities
bruce 4 0,35/6 0,18/3 0,47/8 0,601
bruce 16 0,88/15 0,12/2 0,162
bruce 30 0,59/10 0,35/6 0,06/1 0,496

Nominator — allelic diversity index
Denominator — number of repeats

doi:10.1371/journal.pntd.0002047.t1001

All other loci did not show any variation. Eight out of 17 strains were grouped into 6

different clusters. However, it should be noted that more than one isolate was

obtained from four animals. Isolates of cluster 2 were found in sheep and cattle herds

of two different owners. With regard to the geographical location, the Kyrgyz isolates

are the closest to strains from Kazakhstan, Israel and Irag which are all biovar3
(Figure 10-3)(Maquart et al., 2009a).
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Phylogeny Kyrgyz strains

Mame of Observation or Cluster

Algeria B.melitensis biovar} ———————————
Tunisia B.melitensis biovarl
ltalm [Snculud) B.melitensis biovar2
Switzedand (Bern) B.melitensis biovar 2
France (04) B.melitensis biovar2 1
France (06) B.melitensis biovar2 4
Argenfina B.melitensis biovar1
Malta B.melitensis rough 1
Mexico B.melitensis biovar1
ArabEmirates1 B.melitensisbiovar
Germany (Berlin) B.melitensisbiovar1
Peru B.melitensis biovar1
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Figure 10-3. Dendogram of the relationship of the Kyrgyz isolates when compared to
global database 11.

10.5 Discussion
B. melitensis isolates from Kyrgyzstan appear to be close to the so-called Eastern

Mediterranean group (Figure 10-3) (Maquart et al., 2009a), but a more detailed
analysis and more isolates are required to conclusively determine the position of
Kyrgyz Brucella in the global phylogeny. All B. melitensis isolates from Naryn Oblast
were closely related according to VNTR patterns. Isolates belonging to the second
cluster from the top (Strain No. 3-6) (Figure 10-2) were found in sheep and cattle
herd of two owners, indicating that the strains circulated between farms and were
transmitted between small ruminants and likely to cattle during communal grazing.

These two owners live 45-50 km apart. The owner of the cattle lives in the city of
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Naryn and his cattle graze is on a summer pasture with several other animals
suggesting rural/urban spill over through sharing common pasture. Eight isolates
(sixth cluster from the Top in Figure 2) from sheep stem from Jer-Kochku and Lakhol,
two villages 10 km apart. The animals from which they originated use the same
pasture for grazing, except for the two strains from Kulanak located more than 80 km
far from Jer-Kochku and Lakhol. This may indicate a contact relationship between
Kulanak, Jer-kochku and Lakhol (Figure 1). Owner 1 has sheep in which three B.
melitensis genotypes are present (Three B.melitensis genotypes are available in
sheep of Owner 1). A better understanding of the contact network of each animal’s
owner could possibly further explain the genetic diversity.

Multiple strains were isolated from liver, spleen and heart in three animals (Figure 2).
Isolates from different organs of the same animal had always the same VNTR
pattern, hinting to a likely mono infection. The isolation of B. melitensis in sheep and
cattle is the first recent confirmation by culture since the 1960ies in Kyrgyzstan. It
was expected because brucellosis in cattle was not a problem a decade ago and
increasing sero-prevalences and brucellosis abortions in cattle were observed during
the past years. It was therefore speculated that cattle may be a spill-over host of B.
melitensis from small ruminants. More isolates are needed to further consolidate this
finding. If confirmed, this may have policy implications for on-going pilot mass
livestock vaccination campaigns, considering cattle vaccination. We found no
antibiotic resistance and therefore the standard regimen used in Kyrgyzstan (i.e.,
Gentamicin plus Doxicycline) is likely to be adequate for humans. However, human
isolates should be tested as well. The use of antibiotics in livestock is not clearly
recommended.

This study confirms on-going transmission of B. melitensis in sheep and likely to
cattle in the province of Naryn in Kyrgyzstan. The high genetic homogeneity indicates
rather clonal expansion and on-going transmission, confirming serological
observations (Bonfoh et al., 2012). The role of cattle in the transmission of B.
melitensis should be examined more specifically. Further studies on human
brucellosis strain characteristics are needed to confirm sheep as the suspected
principal source of livestock to human transmission (Bonfoh et al., 2012). For this
purpose more discriminatory methods than VNTR may be needed. Further collection
of isolates from aborted fetuses including information on contact networks are
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needed to monitor the success of the ongoing mass vaccination campaign and to
allow calibrating VNTR dynamics in space and time.

10.6 Conclusion
We conclude that B. melitensis is endemic in Naryn oblast and sheep are apparently

the main host. B. melitensis is also transmitted to cattle. In the study period we
observed no abortions in goats and hence consider them less important for
brucellosis transmission in Naryn oblast. Our findings confirm an earlier serological
study, which related human brucellosis sero-prevalence to sheep but not to goat and
cattle (Bonfoh et al., 2012).
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Abstract

Objective: Estimate societal cost of brucellosis for Kyrgyzstan

Materials: Cost data were collected from public health authorities and 95 brucellosis
patients. Herd composition and livestock productivity were collected from the Ministry
of Agriculture and the National Statistical Committee farmer surveys.

Methods: Cost of disease for human health and livestock sectors to Kyrgyzstan was
modelled using a cross-sector stochastic simulation of livestock production and
estimated for 2006-2011. We developed a demographic model for livestock to
estimate cost of disease with and without brucellosis. Societal cost and number of
disability adjusted life years (DALYs) lost were the primary outcomes.

Findings: Net present cost of brucellosis to the public health sector (2006 — 2011)
was estimated at 1.38 million USD (95% CI 1.22—-1.55) and the private net present
health cost was 6.02 million USD (5.5- 6.5). The overall net present health cost was
23.0% of the societal net present cost of 32.5 million USD (25.7— 39.6). For 2006-
2011, losses of the net present value were 13.7 million USD (7.1 — 20.7) for cattle,
0.78 million (0.49 — 2.05) for sheep and 0.75 million (0.08 — 1.43) for goat products.
The incremental asset value was estimated at 2.66, 1.63 and 0.11 million USD for
cattle, sheep and goats, respectively. Human brucellosis caused 14,520 DALYs
(12,496-19,901)

Conclusion: The societal cost of brucellosis is very likely higher than the cost of
livestock mass vaccination, justifying investments for elimination of brucellosis in

Kyrgyzstan.
Key words

Brucellosis, public and private health cost, income loss, cattle, sheep, goats,
Kyrgyzstan
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11.1 Introduction
Brucellosis in Kyrgyzstan was estimated from reports and literature as having one of

the highest annual human incidences among the countries of the Former Soviet
Union (FSU) and worldwide in 2002 (Pappas et al., 2006). Brucellosis control
became a national priority due to high prevalence observed in livestock and humans
(Kozukeev et al., 2006, Nascher, 2009, Bonfoh et al., 2012, Kasymbekov et al.,
2013). Official data indicated an increase in human incidence since the end of the
socialist rule, up to 80 per 100,000 in 2011 (NatStatCom, 2013) (Figure 1). Although
there is currently rather an increased awareness of the impact and importance of the
disease (Wolfram et al., 2010) and despite continuous progress in brucellosis control,

it still remains a major public health concern
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Figure 11-1. Human brucellosis incidence 1966-2012

A representative population-based serological survey in Kyrgyzstanwas estimated up
to five times higher than that listed in official reports (Bonfoh et al., 2012) and B.
melitensis has been characterized using molecular typing methods which showed
that sheep appear to be the main host of B. melitensis (Kasymbekov et al., 2013).
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Livestock production is one of the most important economic activities in Kyrgyzstan.
The livelihood of two thirds (2/3) of the Kyrgyz population depends on livestock
production (FAO, 2010). The pastoral resources in Kyrgyzstan are limited and
endangered by degradation processes in some areas (Nascher, 2009). Infected
livestock (including foetuses and retained placenta) and contaminated livestock
products are the sources of human infection. The appreciation of the demographic
trends of the Kyrgyz livestock population is critical for natural resource management
and animal disease control (Zinsstag et al., 2005). The latter is particularly important
for planning and monitoring of animal disease interventions(Racloz et al., 2013).
Because there is almost no human to human transmission, brucellosis can only be
eliminated in humans through control in livestock. However, the cost-effectiveness of
control programmes in livestock for human health must be established (Zinsstag et
al., 2005). A livestock demographic model allows for simulation of national population
dynamics providing a precise tool for comparison of disease frequency in populations
with and without control measures (Caldow et al., 2001).

Preliminary estimates for Kyrgyzstan showed that the annual losses in livestock
production due to brucellosis and the annual costs of human brucellosis treatment
totalled between 5 and 15 million USD (Bonfoh et al., 2012). In Mongolia, the benefit-
cost ratio of livestock brucellosis mass vaccination was estimated at 3.2 from a multi-
sectoral perspective including the agriculture and health sector. Using a cost-sharing
scenario based on the separable cost method, the public health sector should
contribute 11% to the intervention costs resulting in a cost-effectiveness of 19 USD
per disability adjusted life year (DALY) averted (95% Cl 5.3 — 486.8), whereas
including private economic gain due to improved health should increase the public
health share to 42% and decrease the cost-effectiveness to 71.4 USD per DALY
averted (95% CIl 19.7 — 1824.1) (Roth et al., 2003). Brucellosis prevention and
control poses several challenges to national authorities, particularly to the Veterinary
and Public Health services of FSU countries. For the Government of Kyrgyzstan it is
important to get better insight of the true losses to the livestock industry, the cost
created in the public health sector, and the cost-effectiveness of interventions. The
objective of this study was to estimate the societal cost of brucellosis to inform

Kyrgyz health policy on options for control.
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11.2 Materials and methods

11.2.1 Cross-sector cost analysis
We conducted an incremental cross-sector cost analysis for brucellosis to the public

and private health sectors as well as income loss and losses to sheep, goat and
cattle production for the period 2006 to 2011. We applied a framework considering
human health and animal production similar to Roth et al. (Roth et al., 2003, Narrod
et al., 2012). The data of the representative population-based serological survey in
2006 an apparent seroprevalence of 8.8% in humans (95% Cl 4.5-16.5), 2.8% (95%
Cl 1.6-4.9) in cattle, 3.3% (95% CI 1.5-6.9) in sheep and 2.5% (95% CIl 1.4-4.5) in
goats were used for analysis (Bonfoh et al., 2012). The sum of all described costs
was considered as the cost of brucellosis to the Kyrgyz society. For each sector the
net present value of the cost was computed. The overall burden of disease was
expressed in terms of discounted disability adjusted live years (DALY).

11.2.2 Human brucellosis burden and cost
The overall burden of human disease was expressed in terms of discounted DALYSs -

health with time reflects the social preference of a healthy year now.

Data on the number of reported human brucellosis cases from 2006 to 2011 stratified
by age and sex was provided by the Ministry of Health (MoHKR) (Table 1). Data on
public health costs was collected from interviews with physicians and from official
information of the MoHKR. Data on private health costs and income loss was
collected during a patient-based survey with 95 clinically diagnosed brucellosis
patients who attended a public health facility in 2013, similar to Roth et al. (Roth et
al., 2003). This study was approved by the Ethics Commission of the Cantons of
Basel-Stadt and Basel-Land and the Kyrgyz health authorities.

Table 10. Numbers of patients used for the calculation of exposure constants*

2006 2007 2008 2009 2010 2011
Women 1652 1735 1649 1561 1711 1898
Men 1612 1694 1610 1524 1670 1853
Children 5-15 years 499 525 498 472 517 574
Children <5 years 77 81 77 73 80 88
Total no. of cases 3840 4035 3834 3629 3977 4412

*Source of information - www.stat.kg
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11.23 Valuation and benefit measurement
DALYs were used as a measure of health outcome. Based on the systematic review

by Dean et al. (2012), disability weights of 0.15 for chronic and 0.19 for acute
brucellosis were used (Dean et al., 2012a). The average age at onset was estimated
for each age group. For duration of disease, the Ersatz (EpiGear International,
Australia) exponential function was used, with B=3.11 years (Roth et al., 2003). The
economic evaluation included the impact on human health cost and income loss
including coping cost. The coping cost is included transport cost, lab fee, doctor fee,
drug cost and hospital cost. The quantities and unit cost for the health sector and the
opportunity cost of human brucellosis cases were derived through the patient-based
survey and data of MoHKR. All model calculations were in USD. The Kyrgyz
currency was converted to USD with an exchange rate of 1 USD = 41.3 KGS in 2006

as the baseline year (http://www.oanda.com/currency/converter).

11.24 Cross-sector economic model (ECOZ0O0)
The treatment parameters included both inpatient and outpatient data. The human

health parameters, population demographic structure and age and sex distributions
of brucellosis patients were obtained from the reports of the MoHKR (2007 — 2008)
and the National Statistical Committee (NSC) (NatStatCom, 2009) (Table 2). The
cross-sector health economic model (ECOZOQO) was populated with all retrieved
data. ECOZOO is composed of a spread sheet backbone in Microsoft Excel, which is
linked to Ersatz stochastic simulation and a de novo matrix model of the livestock
population (Roth et al., 2003).

Table 11. Human health input variables

Distribution,
Disease characteristics \(l:aeITJ t;al Minimum Maximum ﬁ::irscgfor

calculation
Proportion of chronic cases 0.70 0.5 3.3 (H)
Duration of illness (years) 3.00 1 4.5 (H)
Proportion of inpatients in chronic cases | 0.40 0.22 (22.6%) | 0.77 (77.4%) | (H)
Outpatient visits 4 St. dev. 1 Normal
Unit Transport cost (USD) 13.92 13.32 14.53 Pert
Average age at onset (for DALYS)
Women 42.3 36.3 48.3 (H)
Men 37.5 34.0 40.9 (H)
Children 5-15 13.0 10.7 15.2 (H)
Children <5 3.20 (C)
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Inpatient days

Women 14.00 3 16 (H)
Men 14.00 3 50 (H)
Children 5-15 14.00 3 20 (H)
Children <5 14.00 (C)
Proportion of hospitalisation 0.50 (H)
Hospital drug cost (USD) 16.3 15.74 16.83 Pert
Rate of non-formal treatment 0.45 16.2 (H)
F’roportion of cases reporting loss of 0.42 1 (H)
income

Coping cost per case (USD) 227.4 171.06 227.58 (P)

Disability adjusted life years

Disability weight for acute (D) 0.190 0.172 0.211 (S)
Disability weight for chronic (D) 0.150 (S)
Discount rate (r) 0.05 (C)
Age weighing (C) 0.16 (C)
Parameter of age weighting (beta) 0.04 (C)
Duration of disability in years (L) 4.50 (C)

(H) Ministry of Health of Kyrgyz Republic

(C) Roth F, Zinsstag J, Orkhon D, Chimed-Ochir G, Hutton G, et al. (2003) Human health benefits
from livestock vaccination for brucellosis: case study. Bulletin of the World Health Organization 81:
867-876. The frequency distribution of clinical disease duration fits best with an exponential
function for an average duration of 4.5 years. For cost effectiveness, we used the median of the
cumulated discounted DALYs, which corresponds to a median duration of brucellosis of 3.11

years

(P) Patient survey

(S) Dean AS, Crump L, Greter H, Hattendorf J, Schelling E, et al. (2012) Clinical manifestations of
human brucellosis: a systematic review and meta-analysis. PLoS Negl Trop Dis 6: e1929

11.2.5 Herd composition
Herd composition data were collected from farm surveys and the Ministry of

Agriculture (MoA) and NSC (NatStatCom, 2013). These data provided the herd
composition vector for a de novo developed matrix model using a stable state vector
of the herd composition. The data used to compare the model simulations of sex
disaggregated population had three age classes for cattle and sheep: juveniles - age
between 0-1 years old; sub-adults between 1-2 years and adults above 3 years for
cattle and 2 years old for sheep. For goats only two age classes were retained,
juveniles and adults, due to the earlier sexual maturity of female goats (Table 3).

Table 3. Equilibrium herd structure (Eigenvector) used for the simulation from 2006-
2011

Relative
Livestock Population | proportions
species numbers of the

Eigenvector

Cattle
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Female calves 130’409 0.116777
Male calves 130’409 0.116777
Heifers 207’328 0.185656
r?]zﬁ’ézcemem 50'264 0.045010
Cows 552’398 0.494655
Bulls 45’925 0.041124
Total cattle 1’116°'733

Sheep

Female lambs 594’689 0.18601
Male lambs 594’689 0.18601
Replacement | 455374 0.144623
females

E‘Zﬁ’;"emem 156'943 | 0.04909
Adult sheep 1’330’446 0.416145
Rams 57°937 0.018122
Total sheep 3'197°075

Goats

Female lambs 204'827 0.241009
Male lambs 204’827 0.241009
Female goats 365298 0.429827
Male goats 74’921 0.088156
Total goats 849’873

11.2.6 Matrix model
The basic structure of the model included a population vector N which was multiplied

with a projection matrix P to establish the population vector for the next generation at
time t+1 in years. A matrix model N1 = PN; (Vandermeer and Goldberg, 2003) was
used to simulate the demographic process of the national cattle, sheep and goat
populations in Kyrgyzstan with no resource constraints. Livestock populations of
future years were evolved through the multiplication of the projection matrix (Table.4,

a-c) with a vector of the age and sex stratified population (Table 3).

Population vectors were adjusted by the respective normed Eigenvector to simulate a
population in equilibrium. We adapted the demographic model to the official data of
the national cattle, sheep and goat population 2006 — 2011 (Figure 2) using an
equilibrium population structure obtained from 20’000 iterations of the matrix model
(Table.3). This resulted in an overall growth rate (Eigenvalue) of 3.7% in cattle, 5.4%

in sheep and 6.5% in goats.
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Table 4a: Cattle productivity parameters and their variability (projection matrix)

Parameter/(Unit) Saelltl t;al Min Max Distribution
Fertility rate for female offspring 0.045 0244 | 0246 | Pert
(calves per year)

Fertility rate for male offspring 0.045 0244 | 0.246 | Pert
(calves per year)

Survival female calves 0.85 0.849 | 0.51 Pert
Survival male calves 0.4 0.39 0.41 Pert
Survival heifers 0.9 0.899 | 0.901 Pert
Inverse years as heifers 0.5 Fixed value
Survival bulls 0.4 0.39 0.41 Pert
Inverse years bulls 0.66 0.65 0.67 Pert
Inverse years cows 0.7 0.699 | 0.701 Pert
Slaughter female calves 0.085 0.0849 | 0.0851 | Pert
Slaughter male calves 0.5 0.49 0.51 Pert
Slaughter heifers 0.03 0.029 | 0.031 | Pert
Slaughter young bulls 0.5 0.49 0.51 Pert
Slaughter cows 0.2 0.199 | 0.201 | Pert
Slaughter bulls 0.3 0.29 0.31 Pert

Table 4b: Sheep productivity parameters and their variability (projection matrix)

Parameter/(Unit) Saenj t;al Min Max Distribution
Fertility rate for female offspring 0.4725 0.471 0473 | Pert
(female lambs per year)

Fertility rate for male offspring (male 0.4725 0.471 0473 | Pert
lambs per year)

Survival female lambs 0.82 SD0.0005 Normal
Survival male lambs 0.28 0.279 0.281 Pert
Survival female sheep replacements | 0.88 SD0.0001 Normal
Survival male sheep replacements 0.15 0.14 0.16 Pert
Inverse years as adult female sheep | 0.75 0.7499 0.7501 | Pert
Inverse years as adult male sheep 0.66 0.65 0.67 Pert
Slaughter female lambs 0.1 0.099 0.101 Pert
Slaughter male lambs 0.64 0.639 0.641 Pert
Slaughter female replacement sheep | 0.1 0.099 0.101 Pert
Slaughter male replacement sheep 0.83 0.828 0.832 | Pert
Slaughter adult sheep 0.25 0.2499 0.2501 | Pert
Slaughter rams 0.33 0.32 0.34 Pert

Table 4c: Goat productivity parameters and their variability (projection matrix)

Parameter/(Unit) \(,:aelllt;al Min Max | Distribution
Fertility rate for female offspring 06 0597 | 0.603 | Pert
(female kids/young goat per year)

Flert|I|ty rate for male offspring (male 06 0597 | 0603 | Pert
kids/young goat per year)

Survival female kids 0.66

Survival male kids 0.15

Inverse years as adult goat 0.7 0.699 | 0.701 | Pert
Inverse years as adult male goat 0.66 0.65 | 0.67 | Pert
Slaughter female young goats 0.1 0.099 | 0.101 | Pert
Slaughter male young goats 0.64 0.635 | 0.645 | Pert
Slaughter female adult goats 0.25 0.24 | 0.26 | Pert
Slaughter male adult goats 0.33 0.32 | 0.34 | Pert
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11.2.7 Effect of brucellosis on livestock production
For the productivity losses from brucellosis we considered a prevalence related

reduction in fertility in terms of number of offspring per fertile female and milk
production in terms of liters of milk per year (Equation 1). Brucellosis does not cause

additional mortality in general (Table.4, a-c) (Roth et al., 2003).

Equation 1

Fo=F*(1-(Py*Rp))
Whereby F, is fertility with brucellosis, F is baseline fertility, Py is brucellosis

seroprevalence and Ry, is the reduction of fertility as a proportion depending on the
specificities of cattle, sheep and goats (Table 5).

Table 5. Slaughter parameters of Kyrgyz livestock

Slaughtering | carcass C
ltems coefficient yield (kg) Distribution Source
Cattle
Females of the respective birth year 0.085 90 (A, D)
Males of the respective birth year 0.5 100 (A, D)
Female replacements 0.03 170 (A, D)
Male replacements 0.5 180 (A, D)
Adult females 0.2 200 (A, D)
Adult males 0.3 220 (A, D)
Sheep
Females of the respective birth year 0.1 15 (A, D)
Males of the respective birth year 0.64 15 (A, D)
Female replacements 0.1 18 (A, D)
Male replacements 0.83 20 (A, D)
Adult females 0.25 20 (A, D)
Adult males 0.33 25 (A, D)
Goats
Females of the respective birth year 0.1 15 (A, D)
Males of the respective birth year 0.64 15 (A, D)
Adult females 0.25 20 (A, D)
Adult males 0.33 25 (A, D)

(A) Ministry of Agriculture of Kyrgyz Republic
(D) Delphi Panel

11.2.8 Consideration of uncertainty
The livestock numbers, product prices and production parameters were expressed as

probability distributions using Ersatz. The relative contributions of the different
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variables were explored during the automatic sensitivity analysis in Ersatz. The
variability of the parameters is based on expert opinions within a Delphi on the
effects of brucellosis on livestock productivity and, for cattle, the fit of parameters
from the official livestock production data was also used (Figure 2).

Figure 2. Comparison of data of matrix model with official data
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Ersatz software extends Excel with a range of functions that offer statistical
distributions and therefore the ability to draw randomly from these distributions as a
Monte Carlo simulation. This was done for the demographic and economic
calculations using 20,000 iterations for each scenario, and net present values (NPV)
were output functions. The convergence of the Monte Carlo simulation was tested by
the inbuilt convergence graph.

11.2.9 Economic evaluation
For the incremental cost analysis scenario we considered the endemic brucellosis

seroprevalence, as presented in Table 6. For the six years of simulation, the annual
asset value of the live animals was estimated as the sum of all incremental live
animals between the scenarios with and without disease multiplied by their market
price in each year. Livestock production was composed of the amount of meat and
milk produced in a given year multiplied by the price (Roth et al., 2003, Tschopp et
al., 2012). The net present value of livestock meat product was calculated using the
Excel function NPV and a discount rate of 5%. The prices of livestock and livestock
products were collected in 2006 (baseline year) (Table 7).
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Table 6. Decreasing effect of brucellosis (RBT positivity) on livestock productivity

parameters

Parameters Functions LCL UCL Source
Cattle

Fertility 0.49 0.38 0.42 (A, D)
Seroprevalence 2.8 1.6 4.9 (B)
Reduction of calving rate among 0.33 0.15 0.5 (C)
brucellosis positive

Reduction in milk production 2.1 0.73 4.95 (A, C, D)
brucellosis positive

Sheep

Fertility 0.943 0.85 1.035 (A, D)
Seroprevalence 3.3 1.5 6.9 (B)
Reduction in lambing rate 0.325 0.5 1.5 (C)
brucellosis positive

Goat

Fertility 1.215 1.0 1.51 (A, D)
Seroprevalence 2.5 1.4 4.5 (B)
Reduction in lambing rate 0.015 0.01 0.03 (C)
brucellosis positive

Reduction in milk production 0.319 0.78 1.42 (A, C, D)
brucellosis positive

(A) Ministry of Agriculture of Kyrgyz Republic

(B) Bonfoh B, Kasymbekov J, Diurr S, Toktobaev N, Doherr MG, et al. (2012) Representative
seroprevalences of brucellosis in humans and livestock in Kyrgyzstan. EcoHealth 9: 132-138

(C) Roth F, Zinsstag J, Orkhon D, Chimed-Ochir G, Hutton G, et al. (2003) Human health benefits
from livestock vaccination for brucellosis: case study. Bulletin of the World Health Organization
81:867-876

(D) Delphi panel

Table 7. Price in US Dollars in 2006 of live animals and livestock products used for
the production system

Value Average | Minimum | Maximum | Distribution source
(USD) (USD) (USD)

Cattle

Breeders 1029.1 605.3 1452.8 (A, D)

Replacements 605.3 363.2 847.5 (A, D)

Other stock (e.g. castrated males) 544.8 363.2 726.4 (A, D)

Young stock 109.0 48.4 169.5 (A, D)

Meat price / ton - off farm 2905.0 2179.2 3632 Normal (A, D)

Milk price / ton - off farm 363.2 2421 484.3 Normal (A, D)

Hide price - off farm 20.6 12.1 29.1 Normal (A, D)

Hide weight (tons) 0.015 0.012 0.018 FAO Stat

Draft power price 30 25 35

Proportion of draft animals 0.22

Discount rate (%) 5

Sheep

Breeders 96.9 48.4 145.3 (A, D)

Replacements 48.4 84.7 121.1 (A, D)

Other stock 72.6 48.4 96.9 (A, D)

Young 48.4 24.2 72.6 (A, D)

Meat price / ton - off farm 3389.8 2421.3 4358.4 Normal (A, D)

Hide price - off farm 4.8 2.4 7.3 Normal (A, D)

Hide weight (Tons) 0.003 0.001 0.005 FAQ Stat
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Draft power price 30 25 35

Proportion of draft animals 0.22

Discount rate (%) 5

Goats

Breeders 29.1 24.2 48.4 (A, D)
Female goats 32.7 16.9 48.4 (A, D)
Young females 31.5 14.5 48.4 (A, D)
Young males 18.2 12.1 24.2 (A, D)
Meat price / ton - off farm 2905.6 2179.2 3632 Normal (A, D)
Milk price / to - off farm 169.5 121.1 242.1 Normal (A, D)
Hide price off farm 4.8 3.6 8.5 Normal (A, D)
Hide weight (Tons) 0.003 0.001 0.005 FAQO Stat
Draft power 30

Proportion of draft animals 0.22

Discount rate (%) 5

(A) Ministry of Agriculture of Kyrgyz Republic
(D) Delphi panel

11.2.10 Sensitivity Analysis
The sensitivity analysis of the demographic model and cost of disease simulation

was done using the Monte Carlo simulation in Ersatz with and without the disease
scenario of apparent seroprevalences. Ersatz provides a multivariate sensitivity
analysis producing a list with the most sensitive parameters, expressed as Spearman
correlation coefficients. All simulations were then summarized by calculating mean

values and 95% confidence limits (Zinsstag et al., 2005).

11.3  Results

11.3.1 Cost to the health sector
The overall net present health cost was 23% of the societal net present cost of 32.5

million USD (95% CI 25.7— 39.6). The net present cost of brucellosis to the public
health sector of Kyrgyzstan between 2006 and 2011 was estimated at 1.38 million
USD (95% CI 1.22—-1.55), and the private net present health cost was 6 million USD
(95% CI 5.5- 6.5). The private health cost includes treatment cost of chronic patients
(41%), travel costs (19%), inpatient hotel cost (11%) and private doctor costs (11%),
along with drug cost (9%), informal treatment cost (6%) and private costs for
laboratory tests and food (3%) (Figure 3). The income loss was primarily the coping
cost (80%) (Table 8). In the six year period, human brucellosis caused a loss of
14’520 DALYs (95% Cl 12,496-19,901).
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Figure 3. Breakdown of private health cost
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Table 8. Cross-sector cumulative cost of disease for brucellosis to the Kyrgyz society

NPV losses 2006 2007 2008 2009 2010 2011 2011 2011
95% LCL 95% UCL
uSD
Public health sector cost (A) 253'583 507’355 737004 944’022 1°160°088 1'388'374 1'222'118 1'551°044
Private health sector (B) 1'099'881 2'200'579 3'196'645 4°094'556 5031714 6°021'869 5544708 6'491°980
Household income (C) 1'703'558 3'408348 4951'148 6'341°884 7'793'408 9'327'018 9'228'750 9'443'267
A+B 1'353'464 2'707'935 3'933'648 5°038'578 6°191°'802 7410'243 6'769'646 8'046'266
Human health cost (A+B+C) 3057022 6°116'319 8'884'796 11°380°462 13'985'210 16°737'261 8'895'241 22'816'280
Cattle (D) 4°949'437 6'532'384 8'193'533 9'901'111 11779117 13'857°658 7'049'416 20'765'216
Sheep (E) 1 82’871 205’865 354'279 545’171 778260 488'480 2'054'701
Goats (F) 72'447 162’315 275722 411’591 571°405 755’776 83864 1°428’881
A+B+C+D+E+F 8°078°907 12’893°889 17°559°915 22’047°443 26°880°903 32’128’955 25’648°490 39'578°898
Kyrgyz Som (KGS)
Public health sector cost (A) 10°472'992 20'953'777 30'438'274 38'988'099 47'911°655 57'339'850 50'473'472 64'058'113
Private health sector (B) 45'425'067 90'883'932 | 132021429 | 169'105'160 207°809'774 248'703'187 228'996'453 268'118'791
Household income (C) 70'356’961 | 140'766'272 | 204'482'398 | 261°919'817 312°867'755 385'205'829 381°147°369 390°006'931
A+B 55'898°059 | 118'837'709 | 162'459'675 | 208’093'259 255’721’4229 306°043'037 279'586'385 332°310'805
Cattle (D) 204°411'751 | 269'787°460 | 338'392'895 | 408915897 486'477°'528 572°321°280 291°140'885 857'603'410
Sheep (E) 27 3'422'583 8'502'206 14’631°707 22'515°561 32'142'152 20'174°216 84'859'163
Goat (F) 2992074 6°703'591 11°387°327 16’998'713 23'599'020 31'213'550 3'463'573 59'012'803
Cost of brucellosis (A+B+C+D+E+F) 333'658'872 | 532'517'615 | 725'224’501 | 910°559'393 | 1°110°181°293 | 1°326'925’849 | 1'059'282'649 | 1'634'608'489
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11.3.2 Net present value of livestock productivity and cost of
disease

The present value of cattle products (meat, milk, hide) in 2006 was estimated at
1.78 billion USD and sheep products (meat) at 376 million USD while goat
products (meat, milk) were 197 million USD. In the period from 2006 to 2011, the
cumulated net present losses caused by brucellosis to cattle production were
13.79 million USD, to sheep production 0.77 million USD and to goat production
0.756 million USD.

The relative contributions of the public and private health cost of brucellosis to the
societal cost were 22%, with the bulk being borne by private health costs,
amounting to 81% of the total health costs. The losses to livestock production
were 48.6% of the societal cost of brucellosis and the losses to household income

were 28%.

11.3.3 Sensitivity analysis
The effect of the variability of the parameters was assessed on the most important

outcomes, which were the overall cost of disease, the household health cost, the
income loss and the cost to cattle production. The overall cost of disease
depended most on the cattle milk price (Spearman’s rank correlation coefficient
[RCC] of 0.32), cattle fertility rate (RCC of 0.259) and slaughter rate of young male
cattle (RCC of 0.254). No human health cost parameter significantly influenced the
overall costs of disease. The household health costs were most sensitive to the
number of outpatient visits (RCC of 0.991), followed by transport cost (RCC of
0.089) and hospital food cost (RCC of 0.078). The cost to cattle production was
most sensitive to the same parameters as for the overall cost. The DALY estimate
was highly sensitive to the duration of disease (RCC of 1).

11.4  Discussion
This study presents the across-the-board estimation of the cost of brucellosis to

the Kyrgyz society. This estimate includes human health costs, income losses and

costs to livestock production. The human health cost is 22% (one fifth) of the total

cost of brucellosis, of which private households bear the most. Surprisingly, the

private income losses were higher than out-of-pocket health costs. The reported

income loss by patients is related to losses of out of pocket payments during the
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illness of patients to maintain the needed work and is not related to livestock or
livestock production losses. Note that income losses and livestock production were
not counted twice. Hence, the total losses to Kyrgyz households amount to 25
million USD. This may not seem like a large amount, however, importantly, most of
countries which have eliminated brucellosis considered freedom from brucellosis

as a public good.

Losses to the cattle production were 42% of total costs. Within these, cattle milk
contributed to 62% of losses, which reflects the importance and high prices of
cattle milk. The study was limited by the lack of empirical livestock productivity
data in general and the lack of concordance of official Kyrgyz data. The biggest
limitation was that losses due to international trade which resulted from brucellosis
could not be included.

The estimates of the costs of brucellosis to Kyrgyzstan were comparable to similar
studies done in Mongolia (Roth et al., 2003). The Mongolian study analysed the
profitability of brucellosis livestock mass vaccination over ten years, whereas in
the Kyrgyz study we estimated the cost of disease without intervention over a six
year period. The overall costs cannot be directly compared, but the distribution of
costs shows that relative private income losses seem to be higher in Kyrgyzstan.
Also, private health costs were proportionally higher in Kyrgyzstan than in
Mongolia. The costs to the livestock sector were about half of the costs to the
Kyrgyz society. The new strategy of brucellosis control (vaccination of livestock)
implemented in Kyrgyzstan since 2012 has not yet shown effects. The tentative
vaccination cost for small ruminants during the six years from 2016-2020 was
estimated at 0.52 million USD annually. At present, the health sector must bear
the costs of 2,296 human brucellosis cases (total number of officially reported new
cases in 2012) because of the lack of any effective control programme in the
livestock sector. As human brucellosis originates from livestock and livestock
products, the health sector is expected to benefit if brucellosis is controlled in
livestock. Similar to the Mongolian study (9), it would not be cost-effective for the
health sector alone to cover the full cost of a livestock mass vaccination
programme and a cost-sharing between the public and animal health sectors
should be considered (9). Allowing for annual average losses of approximately 5.3

88



Part 5. Cost of disease

million USD (95% CI 4.2-6.5) to Kyrgyz society, brucellosis control is likely to be
profitable with a benefit-cost ratio of 3 - 5.

11.5 Conclusions
Our study shows a sizeable societal cost of brucellosis to the Kyrgyz society

which, when compared to existing livestock mass vaccination schemes, is very
likely to be higher than the current livestock mass vaccination cost and thus
benefit-cost-efficient for the society and cost-effective to the public and private
health sectors which are only proportions of the societal cost. Monitoring costs of
vaccination efforts should be added to the intervention costs, and vice versa, and
livestock export losses due to brucellosis could be added to overall economic
analysis. Further research is needed to estimate the benefit-cost ratio and cost-
effectiveness of brucellosis control in Kyrgyzstan.
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12.1 Abstract

Representative active surveys based on random selection provide accurate
estimates of disease prevalence, but may be more costly than abattoir
surveillance. However surveillance at slaughterhouses in Kyrgyzstan is poor. In
addition, monitoring of vaccination coverage is lacking. The goal of this study was
to compare the data of the abattoir with findings of a field survey and to see if
slaughterhouse surveillance could be recommended in Kyrgyzstan.

To estimate the achieved brucellosis immunisation coverage, we have computed
the demographic composition through adjustment of the eigenvalues. Then the
values of seroprevalence at slaughterhouses were adjusted to the values of
brucellosis seroprevalence obtained through the active surveillance.

The field seroprevalence was in the same range of the abattoir seroprevalence.
Abattoir seroprevalence was 9.8% (95% CI 8.0 -11.5%) and field seroprevalence
was 10.7% (95% CI 8.9 -12.6%) as well. When the abattoir seroprevalence was
adjusted to the national population structure, the brucellosis seroprevalence
became 10.4% (95% CI 8.6 — 12.2%).

However, the peste des petits ruminant (PPR) seroprevalence was significantly
lower in the field than at the abattoir and could not be corrected with the inputs of a
demographic model.

For brucellosis vaccination monitoring, the abattoir surveillance seems predictive
for field prevalence when adjusted to the national demographic composition, but it
can hardly be used to estimate vaccination coverage without good individual
identification system of animals.

Incremental field surveillance is more expensive than abattoir surveillance.
Abattoir surveillance is feasible, but was only accurate for one of the two diseases.
We will further analyse our questionnaire data to conclude if the demographic
model can be improved and thus good predictive values can be obtained for more
diseases or not.

Key words: brucellosis, PPR, abattoir surveillance, demography, matrix model,
seroprevalence, Kyrgyzstan,
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12.2 Introduction

Efficient and reliable surveillance systems are needed in order to know the
disease status of a population and to provide reliable information on the absence
of diseases for trade partners (Cameron and Martin, 2006, Martin et al., 2007,
Hadorn et al., 2008).

In the countries of the former Soviet Union (FSU), mass screening and testing,
managed by laboratory practitioners, have been used for many decades and,
indeed, has led to public and private industries specialized on such mass
screening events. Currently, FSU countries seek more pragmatic approaches to
random sampling and less expensive approaches than mass screening to monitor
their disease control efforts (e.g. brucellosis and FMD vaccination coverage
monitoring) and the presence/distribution of other diseases (new diseases in the
region like peste des petitis ruminant (PPR) and endemic diseases such as rabies
and echinococcosis). However, active field surveillance and activities of veterinary
services mainly do outbreak investigations than surveillance to prevent new

outbreaks.

In resource-poor countries, abattoir surveillance could play an important role
because of the high costs of active field surveillance; however, its usefulness must
first be assessed. Representative and randomized on-farm surveys provide more
accurate estimates on achieved immunization coverage and disease prevalence,
but may be more costly than abattoir sampling and particularly they also require
training of a sufficient number of people in epidemiological methods.

Abattoirs can provide important information on livestock demography and health
and abattoir -based disease surveillance is widely used in the pig and poultry
industry (Alawneh et al., 2014, Lund et al., 2013, Lynch and Silva, 2013, Vial and
Reist, 2014, Kidie et al., 2013). However, routine meat inspection procedures are
not always sensitive enough to detect disease (Biffa et al., 2010).

Abattoir populations do not necessarily reflect the composition of the total livestock
population. Nevertheless, the combination of information on animal origin

(transport certificates) and adequate meat inspection of large numbers of
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slaughtered animals could be sufficient to replace field surveillance and, hence,
reduce the cost of surveillance (Caldow et al., 2001).

livestock markets and abattoir pose a risk for disease spread because animals
from different farms intermix and increase risk of spread infection to humans also
through livestock products.Brucellosis remains a major preventable zoonosis that
causes nonetheless significant public health concerns and livestock production
losses in different regions worldwide. lts overall burden is underestimated and the
disease often neglected (Dean et al., 2012b, Pappas, 2010)

In Kyrgyzstan, in the past two decades since the breakdown of the Soviet regime,
brucellosis control policy was based on test and slaughter, but this strategy did not
lead to tangible results because it was only geared to cattle and did not include
compensation scheme for livestock owners. Failure was partly also due to weak
public and private veterinary services and new (small-holder) livestock owners
without sufficient knowledge on livestock production. Until recently, there was no
consistent livestock vaccination program. Vaccination campaigns were suspended
due to general poor control of interventions in the livestock production sector,
economic instability and inefficient use of S19 for small ruminants.

A representative serological study found brucellosis sero-prevalence of 8.8% in
humans (95%CI 4.5-16.5), 2.8% (95%CI 1.6-4.9%) in cattle, 3.3% (95% CI 1.5-
6.9%) in sheep and 2.5% (95%CI 1.4-4.5%) among goats in Kyrgyzstan (Bonfoh
et al., 2012). The Naryn oblast (one of the 7 provinces in Kyrgyzstan) had the
highest seroprevalence in sheep than other species. In this study, sheep were
associated with human brucellosis (Bonfoh et al., 2012, Néascher, 2009). Recently,
B. melitensis isolated from Naryn oblast has been characterized with molecular
typing method. The study confirmed that in the Naryn oblast B. melitensis is
endemic and sheep are apparently the main host of infection for cattle
(Kasymbekov et al., 2013).

Kyrgyzstan implements a new livestock mass vaccination scheme (“Strategy of
mass vaccination of small ruminants in Kyrgyzstan, 2008-2013”) with alternating
vaccination of the entire herd and annual vaccination of young animals. The
strategy includes the shift from S19 to Rev-1 for small ruminants (with imported
vaccines since the locally produced vaccines did not comply with international
standards) and a shift away from subcutaneous to conjunctival vaccination. The
World Bank funded this scheme for small ruminants and the vaccinations started

93



Part 6. Demographic model and vaccination

in fall 2008. The implementation was incremental with new oblasts being added
each year. In 2012, all 7 oblasts were included. With on-going livestock
vaccination it is important to ensure continued awareness on preventive measures
and that already infected humans have access to diagnostic and treatment. Key of
study is also the monitoring of the brucellosis vaccination campaigns results to see
if the needed minimum immunization coverage was reached and, if not, corrective
measures can be implemented.

In the neighbouring countries Tajikistan and China, outbreaks of peste des petits
ruminants (PPR) are reported, and in other countries of the region such as India,
Afghanistan and Pakistan, PPR is endemic (Kwiatek et al., 2007, Zhang et al.,
2012, Malik et al., 2011, Abubakar and Munir, 2014, Munir et al., 2013, Zahur et
al., 2008, Albina et al., 2013) and is present in Kazakhstan (Lundervold et al.,
2004). The status of PPR in Kyrgyzstan was unknown. PPR foci existed in 2013 in
Tajikistan near the border to Kyrgyzstan (http://web.oie.int/wahid/public.php) and
there are frequent cross-border movements of people, livestock and commercial
goods between Kyrgyzstan and Tajikistan as well as China. Strategic vaccination
was implemented along the border with Tajikistan until 2009, but then was no
longer practiced to keep the status quo of absence of disease. To better counter
the risk of spreading across the country or to neighbouring countries; it is
necessary to conduct risk assessments and disease communication to enhance
the surveillance systems at different levels including the improvement of diagnostic
capacity for the detection of infection and standard laboratory procedures. When
planning this study, it was assumed that PPR already existed in Kyrgyzstan,
however, at a very low prevalence.

Livestock census data is not reliable in Kyrgyzstan, thus it is even more important
to monitor vaccination campaigns and adjust vaccine numbers when needed.
Various modelling techniques have been developed to close gaps of knowledge
on population demographics. Using a matrix model to simulate population
dynamics and estimate demographic parameters, allows to disease frequency
estimates. Such adjusted abattoir surveillance data may provide sufficient
information for disease surveillance needs in scarce resource settings (Ridley,
2004).

The pivotal question of this study was to decide if the disease monitoring and

surveillance can be done at abattoirs instead of field sampling. The aim was to
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demonstrate the potential for surveillance of abattoir and livestock markets for
epidemiological intelligence and, thus, promoting viable animal production and
improving the livelihoods of those living from livestock production. The hypothesis
is that the abattoir surveillance is sufficiently representative and sensitive for

monitoring of disease surveillance and is more cost-effective than on-farm testing.

12.3 Materials and methods

12.3.1 Study design
The study included both a random sample at farm and abattoir levels between July

and November 2012 in the Naryn oblast and Osh oblast (convenience sampling
including some of the areas previously sampled by Bonfoh et al., 2012). On-farm
level, surveillance was conducted based on random selection of animals in the
catchment areas of randomly selected slaughterhouses. Both livestock owners
who slaughter sheep, goats and cattle at home and those who use the
slaughterhouse services were surveyed. The proportions of animals slaughtered at
home and at accessible abattoirs were recorded.

The timing of the farm visits was critical, because anti-body titers in livestock are
below the detection threshold 3-4 months after the conjunctival vaccination
(Stournara et al., 2007). (Vaccination started in June and continued till October
2012). In each of two provinces, three districts, and in every selected district, ten
villages, were selected randomly with the selection probability proportional to the
size (Bennett et al., 1991). In this way, a total of 60 villages (the animals of one
village were considered belonging to one herd) were selected. We assumed an
intracluster correlation coefficient roh = of 0.2 and a design effect of 4.2.(Bonfoh et
al., 2012) Sampling 17 livestock older than 3 months was planned for each village
cluster. This led to a total sample size of 500 per species and province. The 95%
confidence limits of the estimate (assumed to be 10%) would be +/-<3% (Bonfoh
et al., 2012). The proportion of sheep to goats was estimated at 6:1. Due to the
lack of more detailed information, we assumed that this proportion is true for all
districts. In the study year, mostly young animals (new-borns and until 3 months of
age) and very few adult animals were vaccinated against brucellosis. Their
influences on the serological results of this study were considered negligible.
When the animal moved to summer pasture from June till September and
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sampling was done on pastures it was important to keep time of vaccination. We
started sampling only three or four weeks after the vaccination campaign.

The slaughterhouses in Kyrgyzstan are rather small and private. The catchment
areas were matched to the slaughterhouse and defined together with the local
veterinary authorities. In Naryn province, there were only two slaughterhouses and
both were enrolled. In Osh province, we have selected eight out of thirty-three
slaughterhouses. Selection criteria were accessibility and districts selected
randomly for active farm survey. Unfortunately, during the sampling period, the
number of slaughtered cattle in Naryn and of goats in Osh was limited and the the
wanted numbers were not always obtained. At the slaughterhouses, blood
samples of each third or each fifth animal was taken for serological testing.

As to the animal health and slaughterhouse professionals in the study area, we
conducted individual interviews and focus group discussions with them to record
their opinions on anticipated outcomes of the sero-surveys on farm and

slaughterhouse levels.

12.3.2 Sample collection
The study was conducted by two field teams and total of 95 villages in six selected

districts were enrolled. With informed consent of livestock owners blood samples
of each fifth or tenth (depending on the herd size) sheep, goat and cattle was
taken for serological testing of brucellosis and PPR at the local veterinary
laboratories. Blood of livestock was obtained by venipuncture with 10 ml
Vacutainer tubes. Samples were identified by the name and code of the village,
the owner’s name, livestock species and age. All collected sera were transported
to the provincial Veterinary laboratory, centrifuged and stored until further
serological testing (Rose Bengal Test). All sera from Naryn area were shipped to
Osh for ELISA tests. The selected districts and samples per species are shown in
Table 18 (village sampling) and Table 19 (slaughterhouse sampling).
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Table 12. Total sample size of village sampling by species and districts

Species Total Aktalaa | Atbashy | Naryn | Karakulja | Uzgen | Nookat | Karasuu
Cattle 1106 170 172 154 165 194 200 51
Sheep 1087 170 170 143 164 185 182 73
Goat 1055 170 164 154 163 185 186 33
Total 3248 510 506 451 492 567 567 157

Table 13. Total sample size of slaughterhouse sampling by species and number of
slaughterhouse

Species Total Naryn Oblast Osh Oblast

1 2 1 2 3 4 5 6 7 8
Cattle 582 7 9 109 28 | 16 | 58 | 69 | 80 | 75 | 131
Sheep 1111 509 15 453 - 2 4 17 0 | 111 -
Goat 96 85 11 - - - - - - - -
Total 1789 601 35 562 28 | 18 | 62 | 86 | 80 | 186 | 131

Names of Naryn slaughterhouses
1 —Naryn 1

2 -Naryn 2

Names of Osh slaughterhouses
1 — Sadykov (Osh city);

2 — Kara-Suu;

3 — Abdullaev (Osh city);

4 — Kashgar-Kyshtak-1;

5 — Plodovosh;

6 — Kashgar-Kyshtak-2;

7 — Rosibaeyv;

8 — Erkin SUP#2;

12.3.3 Questionnaire
The questionnaire included the proportions of animals slaughtered at home and at

accessible abattoirs, the livestock owner’s experiences in the recent vaccination
campaigns, the information they have received and their knowledge on brucellosis
in general. Since we wanted to explain the brucellosis seropositivity - given that
the vaccination campaigns were on-going when sampling - we have collected the
needed farm-level data for the seemingly most important explanatory variables. As
to PPR, livestock owners were asked about symptoms and their spontaneous
associations with PPR.

12.3.4 Serological tests
Serological testing for brucellosis was done at the Naryn and Osh State zonal

Centres for veterinary diagnostic (provincial level). The sera were tested with the
Rose Bengal test (RBT), whereby the modified test with increased sensitivity of

three parts of sera to one part (3:1) of RBT reactive was used for small ruminants
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and one to one (1:1) part for cattle. Positive results of cattle were confirmed with
the CFT. For each sample the strength of the reaction was recorded as (++)
positive, (+) weak positive or doubtful, and negative (-).

Post vaccination titers were established to estimate vaccination coverage of
vaccinated animals. We sampled villages from three to four weeks after
vaccination and no longer than four months. Seropositive sheep and goats
vaccinated four months earlier were identified as “negative” and counted as
vaccination titer. Seropositive sheep and goats vaccinated more than four months
ago were considered as infected with field strain. In parallel to the positive
serological test, the availability of an ear-notch was recorded and the owners
asked when brucellosis vaccination was done for their animals. All seropositive
cattle were tested with CFT and identified as infected if the test was positive. The
owners of seropositive animals have been informed through district veterinary
department and local veterinarians.

For PPR, a cELISA (ID Screen® PPR Competition, ID vet, Montpellier, France)
was used at Osh State Center for Veterinary Diagnostic (Osh oblast Veterinary
Laboratory). The cELISA is specific at 99.4% and has a sensitivity of 94.5%
(Libeau et al., 1995).

For each sample the competition percentage was calculated using the following
formula:

ODsampIe
Competition % = x 100

O Dnegative control

According to the manufacturer, the cut-off value for positive samples was Pl < 35
per cent and the mean value of the OD of the Negative Control was greater than
0.7 (ODnc>0.7) and the mean value of the Positive Control was less than 30 per
cent of the ODnc (ODpc/ODne<0.3);. The cut off for seropositivity used was: the
samples having competition values between 35 and 45 per cent were considered
doubtful and these samples were tested again for confirmative purposes as
recommended by the manufacturer.

12.3.5 Demographic model
Under the assumption of geographic representativity (knowing the abattoir

catchment area in a given area), knowing the composition of an abattoir population
can be used for comparison to the overall livestock population. A livestock
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demographic model was developed for sheep and optimized on national livestock
data in Excel. The basic structure of the model was a population vector N which is
multiplied with a projection matrix P to establish the population vector for the next
generation (Vandermeer and Goldberg, 2003). Ni,1=PN; (Table 20). Saying briefly,
the sheep population was subdivided into three age classes lambs, sub adults and
adult sheep for male and female animals. Population vectors were adjusted by the
respective normed Eigenvector to simulate a population in equilibrium. The
equilibrium herd structure was used to adjust the population structure in the
abattoir by an adjusting factor Rc (see below) for each age and sex class.

Livestock populations of future years evolve through the multiplication of the
projection matrix (Table 3) with a vector of the age and sex stratified population.
This provides the number of animal units in age groups through the defined unit.
The transition matrix corresponding to the graph of livestock life cycle consists of
three age classes, each of which is divided into two sexes as described below
(Table 20). Projection matrix showed the probability of the animal unit of i- class to

move to the next year.

Table 14. Projection matrix

Population Vector

Female calves 0 birth rate female 0 0.395
Male calves 0 birth rate male 0 0.395
Heifers 1/years as heifer survival female calves 0.50 0.855
Replacement male survival male calves 0 0.4 0
Cows Survival heifers 1/years as cow 0.9 0.491
Bulls survival bulls 3/years as bull 0.416 0.648
Female calve slaughter survival or mortality 0 0.085 0
Male calve slaughter slaughter mail calves 0 0.5 0
Young female slaughter 0 home slaughter calves 0 0.03
Young male slaughter slaughter young mail 0 0.5 0
Cow slaughter 0 slaughter cows 0 0.2
Bull slaughter 0 bull slaughter 0 0.3
12.3.6 Correction of abattoir data to national demographics’

Based on composition of the livestock population at equilibrium from the livestock
demographic model, we estimated the age specific population / abattoir ratio and
we showed that the weighted population prevalence is similar to the weighted
abattoir prevalence and we multiplied the abattoir data for every age class using
the population / abattoir ratio. We inferred the population disease prevalence from

the abattoir prevalence. Although abattoir prevalence estimates were corrected for
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field prevalence, there was a remaining bias from the animal selections for
slaughter.

Based on the empirical data this bias was estimated and established the
proportions of animals at farm and slaughtered and integrated in the demographic

model.

12.3.7 Model of seroprevalence estimates versus measured
seroprevalences at slaughterhouses and households

The model describing immunisation coverage of sheep based on coefficients of
the matrix based model is a ratio of RBT positive samples to the total number of
sampled animals. Also, it was necessary to determine the age and sex
composition ratio by dividing the number of particular sex and age group to the
total number of tested animals. The following formulas were used to estimate the

seroprevalences of slaughterhouse and households surveillance.

Pvi=Pp/ni (1)
Pvtot=> Pp/>ni (2)
Sa= (ni/> n1+n2+...ni) (3)
Rv = Pvsl / Pvil (4)
Rc=Sab/San (5)
Ajpo=Pab*Sab/Rc (6)
Where —

Pv — seroprevalence

Pp — positive animals

ni — number of tested animals in i-th age class

Sa — Age-sex composition (proportions)

Ry — ratio of slaughterhouse prevalence and field prevalence
R.=Sab/San — slaughterhouse and national comparison ratio
Sab — abattoir

San - national

Pab= Abattoir (age and sex slaughtered)

Ajp — adjusted seroprevalence
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12.4 Results

12.4.1 Demographic model
We adapted the demographic model to the official data of the national sheep

population 2006 — 2011 (Tab. 21 and Figure 12-1) using an equilibrium population
structure obtained from 20 iterations of the matrix model. The overall growth rate
(Eigenvalue) in cattle was 3.7%; in sheep 5.4% and in goats 6.5%.

Table 15. Equilibrium cattle herd structure following 20 iterations

Sex Age Proportion herd structure

Male young 0.186

Male sub adult 0.049

Male adult 0.018
Female young 0.185
Female sub adult 0.144
Female adult 0.415

160

SR
120 _;'_L
e ——

80

——Matrix Model

Official data

10

2006 2007 2008 2009 2010 2011

Figure 12-1. Comparison of sheep data of matrix model with official data

12.4.2 Cost of samples at abattoir and active monitoring
Based on the actual study expenditures, the cost of field surveillance was

estimated at 92.7 KGS per sample of which transport cost was 46.3 KGS, human
resources - 19.9 KGS and accommodation - 26.4 KGS. Overall, the transport cost

of one sample for the abattoir surveillance was estimated at 16.0 KGS.

12.4.3 Estimates of seroprevalence due to vaccination using
matrix-based models

Disease frequency data from abattoir surveillance is presented as uncorrected

sero-prevalence for brucellosis and PPR, the corrected seroprevalence uses the
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adjustment factor Rc to the national herd structure and the seroprevalence from
the representative field survey in the catchment area of the slaughterhouses
(Figures 12-2 and 12- 3)

0.13

0.12

0.11

0.1
—95% LCL

0.09 = Average

s 0,
0.08 95% UCL

0.07

0.06

Abattoir Corrected Field
abattaoir

Figure 12-2. Abattoir, corrected abattoir and field brucellosis sero-prevalence in
sheep in Naryn and Osh oblast.

Thus, we estimated the brucellosis sero-prevalence and brucellosis vaccination
coverage and the PPR sero-prevalence of sheep when sampling and compared
the prevalence of livestock disease with the sero-prevalence at slaughtering. We
have found that PPRYV circulates all over the country. Moreover adult sheep more
affected with PPR (male 19% and female 28%) and seropositivity of young sheep
was less (10.2% and 11.8%). We have found high seropositivity of PPR at
slaughterhouse and we assume that the animals were slaughtered visually
because of PPR.

The proportion of brucellosis seroprevalence is high among male animals at
slaughterhouse and female at farm level.
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Figure 12-3. Abattoir, corrected abattoir and field PPR seroprevalence of sheep in
Naryn and Osh oblast.

12.5 Discussion

Abattoir seroprevalence of sheep with a correcting factor for the relationship of the
abattoir and overall population structure results in a comparable estimate to the
observed field sero-prevalence in the catchment area of the abattoirs. Hence for
the case of brucellosis, the abattoir sero-prevalence corrected for the overall
population structure predicts reasonably well the observed seroprevalence in the
field. However this is not the case for PPR sero-prevalence. The abattoir values
are much higher than the field seroprevalence and the correction for the herd
structure does not adjust it. The surveillance of PPR at abattoirs overestimated the
field prevalence. This could be attributed to earlier slaughtering of ill animals and
prevalence obtained at the slaughterhouse appeared to be higher than the
reported number of infected animals. On the other hand this information could
indicate also a higher sensitivity of the abattoir to detect PPR cases. More
research is needed to establish comparative surveillance sensitivity in abattoirs as
compared to active field surveillance. The findings of the survey of the public and
the veterinarians on vaccination coverage were substantially higher than the
antibodies titers tested in the laboratory. According to the veterinarians and their
reported data the vaccination coverage makes up around 80-100%. According to
the questionnaire based survey of the public and the animals’ owners the total
vaccination coverage of all animals has made up 67%, whereas 33% of sheep and

goats were left unvaccinated.
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From the field survey we could divide the sero-prevalence into two groups of
sheep vaccinated less than five months ago and those vaccinated more than 6
months ago, however we could not clearly distinguish the time between
vaccination and slaughter at the abattoirs and, hence, failed to estimate the
vaccination immunity and natural infection rates in the abattoir. We should bear in
mind that the quality of the demographic and seroprevalence data is unknown at
the time of vaccination, owners and origin of animal at the slaughterhouses.
During the sampling period the number of slaughtered cattle in Naryn and goat in
Osh was limited. We could cover neither the cattle nor the goats. Overall, abattoir
brucellosis seroprevalence is predictive when it comes to field prevalence once
adjusted with the national demographic composition but cannot be used to
estimate the vaccination coverage without good traceability (identification) system
at the slaughterhouse. And it seems not useful for establishing PPR
seroprevalences at abattoirs. The difference of prediction between brucellosis and
PPR may be due to visibility of disease and owners strive to kick out sick animals
and brucellosis gain latent form.

It was assumed that in developed countries the slaughtered animals are mainly
healthy (Vial and Reist, 2014) and ill animals in developing countries. In our study,
we did not do meat inspection ourselves, but we have likely found echinococcosis
and mycobacterial infections and nevertheless further study needed to confirm this
assumption.

The correction of the abattoir data with the national herd structure can be used to
predict population level seroprevalence for brucellosis. Abattoir surveillance could
be used to assess the total prevalence of other zoonoses to estimate disease
frequency in the overall population.

The cost of field sampling of small ruminants in terms of human resources is twice
higher and the transport costs are much higher compared to abattoir sampling.
The cost-effectiveness in terms of cost per collected sample is currently calculated
and is reported elsewhere. The cost-effectiveness of abattoir sampling is likely
higher than the field sampling. The potential of abattoir surveillance for certain
diseases in Kyrgyzstan requires further studies in view of its adoption with regard
to selected diseases in a prevalence range of 5-10%. This could save substantial
resources for the Kyrgyz Government and could be used to control other infectious

diseases.
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12.6 Conclusion

If the abattoir surveillance proves to be a cheaper and equally sensitive way for
brucellosis immunization surveillance compared to on-farm surveillance, the
Kyrgyz Government could save substantial resources making it more feasible to
implement across all oblasts given the lack of trained field epidemiologists. Finally,
the analysis of the abattoir surveillance and assessment of needs with regard to
diagnostic and treatment of patients with brucellosis can generate further

evidences in Kyrgyzstan.
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13. General discussion
This research project was conducted in multidisciplinary partnership between the

Swiss Tropical Public Health Institute (Swiss TPH) and the Veterinary Services,
Ministry of Agriculture, Ministry of Health of the Kyrgyz Republic. Close
collaboration was maintained with the Institute of Veterinary Bacteriology of the
University of Berne in Switzerland.

The study was conducted within the research of the Human and Animal Health
Unit at the Department of Epidemiology and Public Health (EPH) at Swiss TPH. It
benefited from in-house support for statistical and epidemiological analysis of field
data. Specifically an interdisciplinary approach considering the interconnectedness
of human and animal health could be pursued. | further involved molecular
biological, statistical and economic methods, benefiting from collaboration across
EPH units.

The current test and slaughter program in Kyrgyzstan is an inefficient strategy to
control brucellosis as the prevalence is high. In order to propose a modern Rev-1
vaccination programme for all the livestock, cost-effectiveness of the control
programme has to be estimated in a systematic way including all involved sectors.
Results from the representative sero-prevalence and molecular study showed that
sheep are the main infection source and could also transmit brucellosis to cattle. It
is critical to know the scope of infection in animals as well as in humans to
establish a transmission model. Based on the current data a transmission model
could be parameterised which could serve as a basis to simulate control options
and thus to make evidence-based recommendations to the authorities. Eventually,

this should lead to more a effective brucellosis control programme.

13.1 Relevance

The outcomes of brucellosis control in animals in Kyrgyzstan varied during
different periods. In particular, the required interventions under the brucellosis
control programme were not implemented in full. It was not always feasible to
ensure rapid and reliable recovery or replacement of infected animals to maintain
well-being as well as the on-going counter brucellosis interventions often
generating minimum effects. In other words brucellosis tends to re-emerge after a
certain time span following implemented interventions. The reasons behind this
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are lack of information on the state-of-the-art scientific achievements, non-use of
advanced control technology, non-use of high-tech equipment, methods of
diagnostics and specific preventive interventions (Kim, 2004). The information on
these matters is hardly available to the wide range of professionals. These
important topics are covered in international scientific articles and other
publications that are not available for several reasons, including language barrier
or access to internet. Therefore, valuable information on control of brucellosis
often remains unutilised by professionals and livestock producers at the village,
rayon and even the oblast level.

13.2 Brucellosis background in Kyrgyzstan

Over the last century, scientists of Kyrgyzstan have concluded that the infection
was imported to the country. However, back in my childhood my grand-parents
very often used to say that "one shouldn’t drink raw goat’s milk” or “drinking raw
milk may cause a disease". Perhaps, this was due to the effective ban on
consumption of raw goat's milk owing to brucellosis. Could it be related to
brucellosis or was it some other infection? Currently it is difficult to answer this
question, but it is not unlikely that brucellosis already existed earlier in Kyrgyzstan.
The place of the Kyrgyz strains in the global phylogeny needs to be further
analysed using full sequencing of strains at this stage. It appears that Kyrgyz
strains may be related to strains found in the Middle East. This could indicate
much earlier spread, likely associated with the spread of domesticated livestock.
The use of classical diagnosis methods has also played important role in
preventing full identification of infected animals. The basic tests such as CFT and
tube agglutination test (AT) were used. AT was used to identify acute brucellosis
while CFT was used to identify chronic brucellosis. RBT was first used only 26-28
years ago and such tests as ELISA and PCR were not used to study brucellosis
due to costly diagnostic tests and huge scope of research work and the lack of
manpower to process 1.5 - 2 thousand samples per 3 lab technicians a day at the
central laboratory. Considering the issue of classical methods of brucellosis
diagnostics it should be noted that not all existing laboratories can apply AT and
CFT. This is due to lack of diagnostic equipment or loss of the laboratory
technicians practicing such methods who left their jobs in search of better salaries.
According to the statistics in Kyrgyzstan there are 27 rayons, area based
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(regional) laboratories and branches including the central laboratory, but not all
laboratories are equipped with diagnostic tools and there are insufficient
personnel, although the position of the Director in such laboratories is never
vacant.

Until recently, the official incidence rate in cattle and small ruminants did not
exceed 1%, the data of laboratory tests and the State Veterinary Department did
not correspond, and in cattle the rate was 0.6 and 0.8% and in small ruminants 0.8
and 1% accordingly. Due to unknown reasons, SVD tended to underestimate the
incidence of brucellosis in animals. Only after the rapid growth of brucellosis
prevalence in humans was attention paid to the disease control.

Also there is a trend of frequent change of management of the veterinary services
as well as continuous veterinary service restructuring that affects the zoonosis
control in the country. According to Anton van Engelen, the international expert,
the post of the chief veterinarian is "politicized" and management without proper
knowledge about the veterinary service system comes to power.

Despite this factor, substantial efforts were made with the assistance and support
of the international donors and projects.

13.3 Sero-surveillance
It should be noted that for the first time in the history of veterinary and healthcare
services, under the financial support of the Swiss Agency for Development and
Cooperation (SDC), the Swiss Tropical Institute and the Swiss Red Cross in
Kyrgyzstan, a joint sero monitoring of incidence and prevalence of brucellosis in
humans and animals was conducted, whereby three teams were established and
each team involved one health worker and one veterinarian. It was the first step
towards a "One Health" approach in Kyrgyzstan.
The findings of the Swiss-Kyrgyz research were presented at the workshop in the
village of Koi-Tash in June 2008 with the participation of leading experts from
Switzerland, Mali, the USA, Mongolia and neighbouring countries including
Kazakhstan, Tajikistan and Uzbekistan. The workshop participants suggested
practicing mass vaccination of sheep and goats and continuing molecular study.
The research findings served as the basis for developing the brucellosis control
strategy in Kyrgyzstan, which was approved by the Prime Minister in 2008. The
same year, the World Bank launched the project in Aktala rayon of Naryn oblast
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and in autumn of the same year the mass vaccination of cattle was initiated. In
subsequent years the mass vaccination was implemented in Naryn oblast and
further in other oblasts of the country. The full vaccination coverage of small

ruminants across the country was completed in 2012.

13.4 The potential of abattoir surveillance

A comparative study of field and abattoir surveillance combined with a correction
of the demographic composition showed that abattoir surveillance can reflect field
prevalence at the example of sheep brucellosis sero-prevalence. However abattoir
prevalence cannot be used to estimate brucellosis vaccination coverage. Abattoir
surveillance results were higher than field PPR seroprevalence. However, this
could indicate a higher surveillance sensitivity of abattoir surveillance. Overall
abattoir surveillance cost make up at least half of field surveillance and definitely
has a potential for use in Kyrgyzstan. More research is needed to further validate
the usefulness of abattoir surveillance in Kyrgyzstan.

It was planned to collect 6000 samples; however, it was not possible to collect
cattle blood serum due to non-use of abattoirs for slaughtering cattle in Naryn
oblast, and goat sampling was not done in the abattoirs in Osh oblast due to lack
or non-use of abattoirs for slaughtering the goats. In total, 5035 blood samples and

170 questionnaires were collected in two oblasts.

13.5 Demographic model

In order to get comprehensive estimates and design the demographic model we
computed the estimates in two different calculations, the LDPS FAO and the
Matrix models.

All the data for estimates were obtained from the National Statistical Committee,
reported documents of the Ministry of Agriculture and the Ministry of Health as well
as through personal communication, interviews and the Delphi panel.

Initially, the official data on the livestock population and animal productivity were
processed through LDPS for ten years, then the livestock population data of 2006
were processed through the Matrix model for twenty-one years in advance, as
during this period of time there is the probability to reduce brucellosis incidence

on the whole. The derived coefficients of the population composition were adjusted
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in their “own” vector through the correlation of coefficients of the last year to the
first year until a straight line was achieved.

The Matrix and LDPS models reproduce the official data with adequate
compatibility. The LDPS has even a slightly lower Root SSD. We replaced the
Matrix herd structure of year 21 and multiplied it with the start-up population of
year 2006. The main difference between the LDPS and the Matrix model is that we
do not have a category of other stock in the Matrix model.

We compared the results of two calculations in vector graphics. Upon achieving
the uniform line, the adjusted Matrix model was used to estimate the sero-
prevalence of brucellosis at slaughterhouses and field surveillance, for the costing

(cost effectiveness) of brucellosis.

13.6 Vaccination coverage
To estimate the vaccination coverage we have drawn the mathematical model.
This kind of model was developed in Kyrgyzstan for the first time. The
mathematical model allows for the estimation of the infection prevalence at
slaughterhouses and during active surveillance and to compare the results at the
national level. In order to estimate we obtained the data by demographic
composition through adjusting the eigenvalues. Then the prevalence values at
slaughterhouses were adjusted in compliance with the values of brucellosis
prevalence obtained through the active surveillance.
When the values of the active surveillance corresponded to the values of the
abattoir, the data were compared with the demographic values at the national
level.
Also during the active surveillance we have surveyed the owners of cattle and the
veterinarians involved in the process of mass vaccination. The findings of the
survey of the public and the private veterinarians’ data on vaccination coverage
were substantially higher than the antibodies titers tested in the laboratory
The goal of this study was to compare the data of the abattoir with the findings of
the active surveillance and to propose the replacement of the active surveillance
by the surveillance at slaughterhouses. As this method of surveillance of the
prevalence and animals’ vaccination coverage enables to save travel and per diem
costs, less resources are required for blood sampling from animals (less workload
for veterinarians).
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However, it appeared that this method is good only for identifying the overall of
availability and presence of any infection in general. The difficulty was that we
could not estimate the coverage of vaccinated sheep due to lack of identification of
animals; it was often impossible to find information about the time of vaccination
and animal origin, as prior to the slaughterhouse the animals are resold several
times whereby the original documentation (veterinarian’s certificate) is lost.

Also during the research, caprine contagious pleura pneumonia (CCPP) was
detected, the ELISA digital results were sent to the OIE Reference Laboratory in
France and the results obtained from them confirmed the presence of infection.
The veterinary authorities of the rayon and the oblast were informed about the
incident, however, the Central Veterinary Department did not report to relevant
authorities and the OIE respectively on the presence of infection. Apparently the
information remained at the oblast or central level. During that time there was the
murrain of more than three thousand sheep in Jalalabad oblast due to the use of
substandard vaccine. Possibly one of the reasons behind the murrain was the
negligence to minor murrain of goats in different districts. At the meeting with
veterinarians in different districts of Osh and Jalal-Abad oblasts it was reported
that the outbreak of CCPP took place everywhere, by autumn it had spread to

other oblasts of the country.
13.7 Cost of brucellosis in animals and humans

The estimates of the costs of brucellosis to Kyrgyzstan are similar to the studies
and economic estimates of Mongolia, F. Roth (2003). The Mongolian study
analysed the profitability of brucellosis livestock mass vaccination, whereas in the
Kyrgyz study we estimated the cost of disease. The private income loss seems to
be higher in Mongolia. Also private health cost was proportionally higher in
Kyrgyzstan than in Mongolia. The cost to the livestock sector is about half of the
average annual total cost of approximately 3 million USD to the Kyrgyz society.
Compared to Mongolia, the national Kyrgyz brucellosis mass vaccination program
should not exceed one million USD per year which would make brucellosis control
largely profitable. More research is needed, using a livestock human transmission
model to assess the profitability of brucellosis mass vaccination to Kyrgyzstan in

more detail.
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13.8 Estimates of livestock productivity

The livestock productivity data of 2006 were used in calculating the productivity of
livestock. The main difficulty was a discrepancy of official data and the findings of
the official report. According to official figures 72% of sheep are slaughtered,
based on the estimated number of lambs born in the current year at the same
fertility rate which creates a deficit of 370 000 young stock. Annually 46% of total
cattle population is slaughtered that is hardly compatible with the official data.
Kyrgyzstan exports animals to neighbouring countries such as Kazakhstan and
Iran and imports buffalo meat from India and China, but there are no official
records on this information at all.

Inaccurate data on the size of cattle population and livestock productivity
presented to the central level create difficulties in making decisions on control
measures, planning and procurement of vaccines. It is obvious that the official
contribution of the livestock sector to the national economy is highly distorted and
it causes constraints in determining the volume of gross domestic income (net
present value and asset value). No data on export of animals (for selling) are
available, thus the importance of livestock investments is underestimated in

Kyrgyzstan.

13.9 Declining transmission of brucellosis in humans

The peak incidence of human brucellosis was in 2011 with 80 cases per 100,000
people per year and since 2012 the incidence was declining likely owing to the
implemented mass vaccination of small ruminants.

This trend should be in place all over the country. It is quite apparent, that
preventive measures to control brucellosis affect the incidence of brucellosis in
humans.

According to the Chief of the Veterinary Department of Aktala rayon in Naryn
oblast where the mass vaccination was started in 2008, the incidence of
brucellosis in small ruminants and humans tended to decline; even the incidence
of brucellosis in cattle appeared to decrease (personal communication).
Undoubtedly we assume that if cattle vaccination strategy was in place the
incidence in humans might be even lower.

It should be noted that where there are village health committees (VHC) there is

much lower incidence of brucellosis in comparison to communities without VHCs
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(Tobias Schith, personal communication). Local health committees are
continuously outreaching to the farmers as well as promoting proper use of means
of protection during lambing and handling the placenta of new-born animals.

It should be noted that success of mass vaccination is due to comprehensive and

joint activities of VHCs and Pasture commities at the village level.
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14. Recommendation

1. These studies include basic research on brucellosis prevalence in humans
and animals, and the economic costs of brucellosis in general; we believe that
these studies can serve as an important line of reasoning for politicians and
officials in taking drastic measures to control both brucellosis and other zoonoses.
2. The molecular tests were conducted in one oblast and the findings have
proved the presence and interspecific migration of B. melitensis; it is necessary to
continue such tests in other oblasts of the country and across the Central Asian
region on the whole.

3. It is recommended to continue the mass vaccination of small ruminants
until the minimum (0.1-0.2%) prevalence in humans is achieved and the strategy
of testing and slaughtering should be addressed with further compensation to the
owners of animals.

4. It is recommended to vaccinate the cattle, at least 3-6 month old calves
should be vaccinated once.

5. It is necessary to raise, as much as possible, the awareness of people on
the importance of vaccination and its effects and promote personal hygiene
measures during the delivery of new-borns.

6. It is recommended to conduct annual, independent sero-monitoring, using
modern epidemiological cross-sectional study designs proportional to size.

7. It is recommended to translate and publish scientific articles in clear, plain
language and design a website for veterinarians to enable access to information.
8. In order to improve the veterinary diagnostic capability, it is necessary to
strengthen the oblast laboratories and, depending on the distance, to reduce the
number of branches and rayon laboratories and restructure the collection points
where the staff could make a preliminary diagnosis and ship samples for further
tests to the oblast laboratory. Laboratory staffing should be accordingly revised.

9. It is recommended to reconsider the role of veterinarians’ assistants and
expand their ultisation in vaccination programmes. Students of veterinary schools
could be invited for internships during the mass vaccination campaigns.

10. It is recommended to reduce the number of veterinarians engaged in
administration of the central management, with a focus on establishing a sound

data base of specialists at the oblast and rayon levels.
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11. It is recommended to improve the recording and reporting of statistical data
of the Ministry of Agriculture and the National Statistical Committee
12. It is recommended to ensure transparent tenders for procurement of

veterinary vaccines and diagnostic tools.
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Central Asia

(Left) Sheep and goats are often herded together and can be Infected With Brucella melltensis:
small ruminant pen In Mongolla. Photo: J. ZIfisstag (Right) Milk cream"Separator In Kyrgyzstan.
Unpasteurised dalry products are a health risk’In brucellosissendemic areas. Photo E..Schelling

Brucellosis is a livestock disease that is transmissible to humans, so is

5 . of major public health concern. Industrialised countries have elimina-
; P ted brucellosis with massive financial and technical interventions,

but these are currently not feasible in Central Asian countries.
Brucellosis has re-surfaced as a major health risk in the region after
- the end of the socialist period (1990). Can brucellosis be controlled
Case studles featured here were . under current financial, technical, and political constraints? Epide-
conducted In: Kyrgyzstan . . ., . : .
miological and economic studies in people and livestock show
promising options for the effective control and elimination of brucel-

Policy message .
Y 9 losis in the region, provided appropriate knowledge and technology

« Brucellosis is a highly contagious

-

.

.

livestock disease that can be
transmitted to humans through
direct contact and the consumption
of unpasteurised milk and milk
products. In Central Asia, it is
profitable for society as a whole to
control it by mass vaccination of
sheep, goats, cattle, and yaks.

At least 80% of the animals should
be vaccinated each year. If less
than 1% of livestock are affected,
vaccinations can be restricted to
young replacement animals only.

Treatment of humans should be
supported by education campaigns
and by ensuring that diagnosis and
treatment services are available at
the district level.

Vaccinating animals is the best
way to reduce human infections.
Education on safe animal handling
and the boiling of milk can also
considerably decrease the number
of cases in humans.

are available and there is political will for change.

Re-emergence of brucellosis
in Central Asia

During the socialist period, public
health and veterinary medical servi-
ces in Central Asian countries were
entirely state-led and effectively kept
zoonoses (diseases transmissible
between animals and humans) under
control. But after the end of the
socialist period at the beginning of
the 1990s, public and animal health
systems collapsed and livestock
production was privatised. Surveil-
lance of animal diseases was limited,
and controls were ineffective. In the
following decade, many different
zoonoses, including tapeworm and
rabies, re-emerged. Brucellosis is one
of the most important of these.
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Alarmingly high numbers of human
brucellosis cases prompted the World
Health Organization to assess options
for controlling the disease. Internatio-
nal experts recommended interven-
tions in livestock to reduce human
health risks. An economic assessment
of a ten-year livestock mass-vaccinati-
on campaign in Mongolia showed that
brucellosis control is profitable and
cost-effective for society as a whole,
including the public-health and
animal-production sectors. If costs are
shared between the livestock and
public-health sectors proportionally to
their benefits, the intervention is in
the most cost-effective band of
public-health interventions.
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Featured case studies

Joint human and animal brucellosis
studies

Blood testing for brucellosis was done
simultaneously in nomadic pastoralists
and their livestock in Chad. When
medical doctors and veterinarians
worked together directly, the sources
of human brucellosis could be identi-
fied. This study was used as a model
for the work in Central Asia (Schelling
etal. 2003).

A model of animal-human brucello-
sis transmission in Mongolia

A mathematical model of livestock-hu-
man brucellosis transmission showed
how human brucellosis can be reduced
by interventions in animals. This model
was used for the economic assessment
mentioned below (Zinsstag et al. 2005).

Human health benefits of livestock
vaccination for brucellosis

A case study of cross-sector societal
economic assessment of the profitability
of brucellosis mass vaccination show-

ed that the societal benefits were three
times higher than the cost of the inter-
vention (Roth et al. 2003).

Towards a “one health” research-
and-application toolbox

Integrated human and animal disease
monitoring and surveillance was tested
in Kyrgyzstan. This method can serve
public health and veterinary services to
join efforts for monitoring and surveil-
lance and save scarce logistic and hu-
man resources (Zinsstag et al. 2009).

Obstacles to controlling
brucellosis in humans

People with brucellosis suffer from
long-term recurring fever, joint pain,
weakness and fatigue. But there are
no specific symptoms that make the
disease easy to identify. That means
that unless adequate laboratory tests
are available, brucellosis is often
under-diagnosed and hence under-re-
ported. Curing brucellosis takes years
—even a decade - of treatment, and
its control is often not considered
profitable because the disease is only
seen either in humans or livestock,
but not together — and doctors and
veterinarians often fail to communica-
te. It is not possible to vaccinate
humans against the disease.

Stepwise brucellosis elimination:
Choosing the right approach

To choose the best option of control,
detailed information is needed on the
distribution and the number of new
cases in a country. However, if the
disease is present (independent of its
prevalence in animals), it is recom-
mended to start annual mass vaccina-
tion campaigns of animals (covering
over B0% of animals every year) for
5-10 years, before moving on to
vaccinating young replacement stock
along with testing and slaughtering.
The test-and-slaughter strategy can
be advised only if public funds are
available to compensate farmers for
culled stock and if other enabling
conditions are in place (see below).
Both interventions require well-func-
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A blood test for brucellosls using the Rose Bangal Plate agglutinatlon test: On the left side s a
negatlve result. On the right are posithve results. Photo: |. Morlyon
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Cattle in peri-urban dairy production in Bishkek, Kyrgyzstan. Cattle are usually infected by Brucella
abortus, but can also be infected by Brucella melitensis. Photo: ). Zinsstag
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tioning veterinary field and laboratory
capacity.

Integrated baseline
assessment

Almost everyone who is infected with
brucellosis has come into contact
with infected livestock or livestock
products. Detecting brucellosis in
humans depends on suitably equip-
ped laboratories in health centres,
and access to such centres, especially
in rural areas. A lack of such condi-
tions leads to the under-reporting of
human cases. Studies in Kyrgyzstan
and Mongolia show only 5 to 20% of
cases are ever reported officially. As a
novel approach, we recommend the
simultaneous assessment of human
and livestock disease frequency,
which provides a good owverall picture
of the distribution and transmission
of the disease (see case studies).

Enabling environment

Effective interventions against
brucellosis rely on important enabling
conditions:

* Public or private veterinary services
that cover fully the area of interventi-
on and have sufficient equipment and
staff.

* Human and veterinary laboratory
capacity at district and provincial
levels with sufficient capacity to
handle the testing of blood samples,
and at the central level a laboratory
that can grow and identify the
pathogen.

» Electricity to produce vaccines and
to keep the vaccines cooled until they
reach the animals to be vaccinated.

» If test-and-slaughter systems are
implemented, sufficient public funds
to compensate farmers for culled
stock and a relatively corruption-free
environment (if farmers are not
compensated, they may sell infected
animals illegally, which contributes to
continued transmission of the
disease).

» Animal registration and movement
traceability.

+ Appropriate management and
monitoring of the control programme.

Choice of vaccine for
livestock mass vaccination

If brucellosis is detected in livestock,
mass vaccination of livestock should
be the first option, regardless of the
number of animals infected. It is safer
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to vacclnate using eye drops than the
more usual syringe. Different specles
need different types of vaccine: sheep
and goats should be vaccinated with
B. melitensis Rev-1, and cattle and
yaks with an attenuated B. abortus
519 straln. Sheep and goats of any
age and sex can be vacclnated,
Including lactating anlmals, but
vaccination should take place bafore
the mating season, as vaccinating
pregnant sheep can provoke abortlon.
Im cattle, famale animals of all ages
can be vaccinated, but never males.
More than B0% of the anlmals In an
area should be vaccinated every year
to reduce the risk of dlsease transmis-
slon.

Mass vaccinatlon should be followed
Immedlately by an annual monltoring
programme to assess the proportion
of vacclnated anlmals. The recording
of new human cases, conducted at
adequate Intervals (2-4 years) after
vacclnation, provides additional
Informatlon on how effective the
vaccinatlon has beemn. The number of
new human cases should drop,
although not Immedlately, as Infected
animals are not culled durlng a mass
vaccination and will remaln for
several years untll they are elimlnated
by natural replacement. The vacclne
quallty should be tested prior to the
annual campalgn.

From mass vaccination to test
and slaughter

Once annual mass vacclnatlons have
begun, It |5 necessary to ldentlfy
Indhvldual anlmals {e.g., though ear
tags) and control llvestock move-
ments to prevent Infected stock from
entering the vacclnated area. After
5-10 years of llvestock mass vaccina-
tlon, once less than 1% of the flocks
are Infected and the dlseasa s
restricted to certaln areas, Itls
possible to change the control pollcy:
only young replacement anlmals need
be vaccinated, and the adult anlmals
should be blood-tested. Anlmals that
test posltive must be culled and
destroyed. Thelr owners should be
compensated adequately, depending
on the market value of the anlmals.
Fallure to compensate farmers
effectlvely will lead to lllegal sales,
Jeopardlsing efforts to stop further
transmisslon and to ellminate the
disease. Once no new clinlcal lve-
stock amd human cases occur, and no
blood samplas test positive, the

country cam apply to the World
Organlsatlon for Anlmal Health (OIE)
for certlfication of freedom from the
dlsease. This certification requires
annual representathve surveys
demonstrating the absence of
positive animals.

Prevention of human
exposure

At the same time as the Interventlons
In Ihvestock, humans should be
provided with access to care and
adequate treatment free of charge.
Efforts should be made to prevent
human exposure through direct
contact with llvestock and the
consumptlon of unpasteurlsed milk
and milk products. Informatlon,
education, and communlcation
campalgns using the mass medla,
new Informatlon and communlcation
technologles, schools, and engage-
ment wlth communltles, herders, and
oplnlon leaders should be used to
create awarenass, mothvate people to
change thelr behavlouwr, and seek
health care If necessary.

Joint himan and cattle blood sampling for

Brucellosls diagnostic in Kyrgyzstan.
Phota: Joldoshbek Kasymbekov

Def 5;:? OnS

Brucellosis: A bacterial disease causing abortions in sheep, goats, and cartle.
Hurmans get infected by direct contact with livestock and the consumption of raw milk
and milk products.

Disease incidence: The number of newly reported cases per time and population at
risk. The incidence of human brucellosis was 78 cases per 100,000 per year in
Eyrgyzstan in 2007.

Human incidence of disease: The number of infected people who applied for
medical assistance as a proportion of the total population.

Prevalence: The proportion of humans or animals reacting to a serological test.
Prevalence is not time-dependent and is often reported as percentage.

Sentinel: An animal or human that is monitored for a disease in order to indicate its
presence. A sentinel can be used to predict the presence of a disease in another
species.

Rose Bengal Test: A test of blood serum used to diagnose brucellosis. It can be used
for both animals and humans. A drop of serum is mixed with a reagent; if it forms
granules, it indicates the presence of the disease.

Test and slaughter: A control strategy in which animals are tested for brucellosis.
The animals that test positive are cullad.

Vaccination coverage: The proportion of animals effectively vaccinated among all
animals during a vaccination campaign. For effective brucellosis contrel, vaccination
coverage should be at least 30%, optimally 100%.

Vaccination route: Brucellosis vaccines can be applied under the skin with a syringe
and needle (*subcutaneous”) or with a dropper into the eye (“conjunctival application™.
Thiz second method is safer than the former, so is preferable.
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research highlights from the
NCCR North-South on important
development issues. The policy
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Policy implications of NCCR North-South research

Adapt technologies to the local context

NCCR North-South research shows that brucellosis is massively under-reported,
and that its control would be profitable in Central Asian countries. Simple
laboratory tests, which can be implemented at the district level, enable it to be
diagnosed in humans and animals. Well-monitored mass-vaccination campaigns of
livestock would reduce the number of newly infected animals until it is possible to
start a regime of testing animals and slaughtering those that are infected. The

goal is to eliminate the disease.

Close cooperation between human and animal health services

Closer cooperation between public and animal health services would increase the
benefits of interventions against brucellosis in livestock to prevent risks to human

health.

Enabling conditions

Effective interventions against brucellosis rely on adequate public and private
veterinary services and laboratory capacity. There should be sufficient electricity
and storage facilities to maintain a cold chain. The application of a test-and-
slaughter campaign requires the adequate development of veterinary services, the
ability to identify all animals individually, and the effective control of animal
movements. It also depends on sufficient public funds to compensate farmers for
culled stock. Animal registration is an essential factor for successful animal

disease control.
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Man sanepu y4yyH cypoosiop

15.1 Questionnaire for farmer survey (2006)

AHKemHbIU onpoc 0sisi efiadesnibues XU8OmHbIX
(BpyuennesayH yapbara TUArM3reH Taacmpu
Impact of Brucellosis on households
BnusiHue 6pyuennesa Ha OomalHue xo3stcmea)

Final version from 3 June 2006

1. Mlumepebto 60r0HYa XKannbl MaaibiMam
General information on interview
O6wasn nHcopmauus 06 NHTEPBLIO

[1.1.] WHTepBbloHYH N
# Interview:
UHmepebio N:

[1.2.] PenopTepayH aTbl XeHy:
Initials interviewer:
UWHuyuanel periopmepa:

[1.3.] IHTepBbto anbIHyy4y KyH: Kbin An KyH
Date of interview: Year: Month: Day
Jama uHmepsnbio: oo Mecsy, [eHb:

[1.4] WHTepBbloHYH BawwTanbIwbl:
Time of beginning of interview:
Bpems Hayana uHmepeabio:

[1.5.] WHTepBbio anraH xep: (ambin)
Location of interview : (village)
MecmononoxeHue UHMep8s.Io: (ceno)
Keuye, yn Ne
steet # of home
ynuua aom Ne

2. ®depmepre Kapara Xannbl Maanbimar

General information on farmer
O6uwas uHghopmayusi omHocumesibHO ¢hepmepa

[2.1.] MHTepBblo anbiHAbI:
Initials interviewed
NHmepsbto nosy4yeHo om:

[2.2] Kawbi: Xaw  nacnopTyHyH Ne
Age of the: years old passport #
Bospacm nayueHma: nem  Ne nacriopma

[2.3.] XblHbICbI: Sex: [Ton:
[2.3.1.] 0 Opkek? Male? Myxy4uHa?
[2.3.2.] 3 Aan? Femal ? KeHwuHa?

3. MyHe3pgeme kaHa yapbara cTtpaTudukaumanoo Yyapachbl
Xapakmepucmuku u Mepbl 05151 cmpamughukayuu domauwiHe20 xo3silicmea
Household characteristics and measures for stratification of households
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[3.1.]  YIh1 33CMHMH Hernsru KbiamaTbl:
Main occupation of head of household:
OcHosHoe 3aHsimue enasbl CeMbU:
[3.1.1]. O MamnekeTTuK kbiamaTkep? State employee? MocydapcmeeHHbIl cryxawjuli ?
[3.1.2]. O >Kekeue nwmep? Private employer? YacmHsil npednpuHumamerns ?
[3.1.3]. O Manubl? Livestock herder? KueomHogod ?
[3.1.4]. O bawka? Other? Apyzoe?

[3.2.] CnsgmH kopooaory MangabiH caHbl?

(kepekTyycyH 6enrunen TonTypryna:)

Which number of animals do you have in your household?
(please cross and fill in a number if there are any:)

Konuyecmeo xuesomHbix 8 Bawem xo3sticmee ?
(noxarnytcma nod4epkHUMe U 3arosiHume HyxXHoe:)

[3.2.1.] O Bogo man? (2006 YennH TyynraH)
Cattle ? (adults, born before 2006)
KPC (s3pocrible, poxd. 8o 2006)

2006 TyynraH Topnok
(juveniles, born in 2006)
mernku, poxa. 8 2006

[3.2.2.] O Xbinkbl? (2006 yeliuH myynzaH)
Horses ? (adults, born before 2006)

Jlowadu? (83pocribie, poxoeHHbie 0o 2006)

2006 myyneaaH KynyH
(juveniles, born in 2006)

xepebsima, poxoeHHble 8 2006

[8.2.3.] 0 3ukn? (2006 yeliuH myyneaaH)

Goat? (adults, born before 2006)
Kosbl? (83pocribie, poxd. 0o 2006)

2006 myyneaH ynak
(juveniles, born in 2006)
Kosnsima, poxa. 8 2006

[3.2.4.] O Kon? (2006 yeliuH myyneaH)
Sheep? (adults, born before 2006
OBubI? (83pocsbie, poxd. 0o 2006)

2006 myynzaH Ko3y
(juveniles, born in 2006)
sieHsima, poxdeHHble 8 2006

[3.2.5.] O Youko? (2006 veliuH myynaaH)
Pigs ? (adults, born before 2006)
CBuHbN? (83pocsbie, poxd. do 2006)

2006 myyneaH moporiol
(juveniles, born in 2006)
rnopocsima, poxad. e 2006

[38.2.6.] 3 WNT? (2006 weliuH myyneaH)
Dogs? (adults, born before 2006)
Cobakn? (83pociibie, poxd. 0o 2006)

2006 myyneaH Ky4yK
(fuveniles, born in 2006)
wieHKu, poxo. 8 2006

[3.2.7.] O Tee? (2006 4eliuH myyrzaH)
Camels? (adults, born before 2006)
Bepbnitogbl? (83p., poxd. do 2006)

2006 myynzaH madnak

(juveniles, born in 2006)

sepbtoxama, poxd. e 2006

[3.2.8.] 3 Tonos? (2006 yeliuH myyneaaH)
Yaks? (adults, born before 2006)
Axkn? (83pocribie., poxd. do 2006)

2006 myynzaH mamarnak
(fuveniles, born in 2006)
ss4Yama, poxd. 8 2006

3.3.1. Bboao MmanAabiH NPOAYKTYYNYK NapamMmeTpu

Productivity parameters of cattle

MapameTpbl npoayktuBHocTn KPC

Ten (Bvip xbInga ap TyGap yhaaH anbiHraH TengyH CaHbl)

Fecundity

(Number of newborns per adult female per year)
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Mpwunnog (Konuuecmeo HOBOPOXOEHHbIX Ha Kaxd00e Mamo4YHOEe 1020/108b€ 8
200)
0-1 >xawTarsl MangblH enyMayynyry (6vp xaLKa YerlH enreH My300fopAyH CaHbl
Mucansl 2 6aw 10-g0H)
Mortality of 0-1 year old animals (Number of dead per all newborn in the first year
of life (e.g. 2 of 10)
cmepmHocmb 0-1-1emHUX XXUBOMHbIX (Konuyecmeo nasuwiux HOBOPOXOEHHbIX 8
repebil 200 Xu3Hu (Hanpumep 2 u3 10)
1-2 )awTarbl MangblH enymayynyry (1-2 xawTarsl MangblH 61p Kbl MYMHOE
enreH caHbl, mucanbl 2 6aw 10-00H)
Mortality of 1-2 year old animals (Number of dead animals of all animals

in this age class per year)
CmepmHocmb 1-2-nemHux xugsomHbix (Konuyecmeo naswux xUusomHbiX U3 8ce20
1020/108b51 8 3MOM 8o3pacme 8 200)

2 alTaH >XOropKy MangblH enymayynyry 2 XalTaH >Xoropy manablH 6up xbin
WMYMHAE erreH caHbl, Mucansbl 2 6aw 10-40H
Mortality of >2 year old animals (Number of dead animals of all adult animals
per year)
CmepmHocmb> 2-iemHue XU8o0MmHbIe (Koniuyecmeo naswiux XUOMHbIX U3 8C€20

B3POCIIOro norosfioBbs B FO,EI,)

abopTt Xbin nanHgern 6aapabik Mmangapaarbi 60nroH abopTTyH caHbl
(Mucanbl 10 6aw 50 geH)

Abortion (Number of abortions per of all pregnant animals per year
(e.g. 10 of 50)

abopTt (Konuyecmeo abopmoe om ecex XueomHbix 3a 200 (Hanpumep: 10 u3 50).

XbIN M4UHAErN cyT (NakTauums) (Buvp xbinparel 1 yinayH 6epreH cyTy)

Lactation per year (Liters of milk produced in one year per cow)

Jlakmauyusi 8 200 (llump mornoka, npouszeedeHHo20 8 1 200 Ha Koposy)

3.3.2. KownayH npoaykTyynyk napameTpu
Productivity parameters of sheep
MapameTpbl NPOAYKTUBHOCTYK OBeL}

Ten (Bup xbinga ap Ty6ap KOMAOH anblHraH TenayH caHbl)

Fecundity (Number of newborns per adult female per year)

lMpunnod (Konuyecmeo HOBOPOXOEHHbIX Ha Kaxxd00e MamoYyHoe Mo20s108b€ 8 200)

0-1 xawTarbl ManablH enymayynyry (6up xaluka YenvH enreH Ko3ynapablH CaHbl
mMucanel 2 6aw 10-00H)

Mortality of 0-1 year old animals (Number of dead per all newborn in the first
year of life (e.g. 2 of 10)

cMepTHOCTb 0-1-NeTHUX XNBOTHbIX (KonnyecTBo NaBLINX HOBOPOXAEHHbIX B

nepBblIi rog xusHu (Hanpumep 2 13 10)

1-2 xawTarbl MangbiH enymayynyry (1-2 »xawuTarbl KOMNOpPAYH OGUp XbIN NYNHOE
eIreH caHbl, Mucansl 2 6aw 10-40H)
Mortality of 1-2 year old animals (Number of dead animals of all animals
in this age class per year)
CmepmHocmb 1-2-51IeMHUX XXUBOMHbIX (Konuyecmeo naswux u3 8ceao rnoz2osioebs 8

amom eo3pacme 8 200)

2 XallTaH XO0ropky MangbiH enymMmayynyry 2 aluTaH Xoropy konnopayH évp Xbin nanHae
©nreH caHbl, Mmucansl 2 6aw 10-a0H
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Mortality of >2 year old animals (Number of dead animals of all adult animals per year)
CmepmHocmb> 2-nemHue xXusomHble (Korudecmeo nasuiux Xu8omHbIX U3 8Ce20 B3pOCNoro
noronosbs B roa)

AGOpT XbIN nunHaern 6aapabik KonnopayH 6onroH abopTTyH canbl(Mucansl 10 6aw 50 geH)
Abortion (Number of abortions per of all pregnant animals per year(e.g. 10 of 50)
Abopm  (Konuuyecmeo abopmoe om ecex XueomHbix 3a 200 (Hanp.: 10 uz 50.

3.3.3.  JUKMHMH NPOAYKTYYIIYyK NapamMeTpu
Productivity parameters of goats
MapameTpbl NPOAYKTUBHOCTHU KO3

Ten (Buvp xbinga ap Ty6ap a4KMAeH anbliHraH TenayH caHbl)

Fecundity (Number of newborns per adult female per year)

lMpunnod (Konuyecmeo HoOBOPOXKAEHHbIX Ha Kaxx00e MamoYyHOe M020s108b€ 8 200)

0-1 >awwTarsl MangblH enyMayynyry (6vp xaLKa YernH enreH ynakrapibiH CaHbl
mMucanel 2 6aw 10-0H)

Mortality of 0-1 year old animals (Number of dead per all newborn in the  first

year of life (e.g. 2 of 10)
CmepmHocmb 0-1-nemHux xxugomHbix (Kosuyecmaeo naswux HO8OPOXOEHHbIX 8 nepabili 200
JKU3HU (Hanpumep 2 u3 10)

1-2 >xawTarel MangblH enyMayynyry (1-2 xawTarbl 34kunepanH 6up Xbln nanHae
ernreH caHbl, Mucansl 2 6aw 10-40H)
Mortality of 1-2 year old animals (Number of dead animals of all animals

in this age class per year)
CmepmHocmb 1-2-nemHux xxugeomHbix (Komuuyecmeo nasuwiux XueomHbIX U3 8ce20
1020/108b51 8 3MOM go3pacme 8 200)

2 aluTaH >XOropKy MarngblH enymMayynyry 2 KalUTaH XOropy 34kunepavH 6up Xxbin nunHge
enreH caHbl, Mucansbl 2 6aw 10-a0H
Mortality of >2 year old animals (Number of dead animals of all adult animals
per year)
CmepmHocmb> 2-iemHue XUu8omHbie Kornuyecmeo naswux XueomHbIX U3 8Ce20

B3POCIIOro NMoronosbs B rog)

AbopT XbIn nanHgern 6aapabik 4knnepanH 60nroH abopTTyH caHbl
(Mucanbl 10 6aw 50 geH)
Abortion (Number of abortions per of all pregnant animals per year (e.g. 10 of 50)

Abopm (Konuyecmeo abopmoe om ecex xuUsomHbix 3a 200 (Hanpumep: 10 uz 50)

[3.4.] Y aacunHuH 6unum geHraanun? Which is the highest level of education completed of the
household head? YpoeeHb obpasoeaHusi anaebi cembu?

[3.4.1.] O Bunumcmns? No school attendance? be3 ob6pa3osaHusi?

[3.4.2.]1 O Opto 6unumayy. School. CpedHee obpasosaHue.

[3.4.3.] O OprokecunTuk,TexHukansik bunumayy.College. CpedHee npogh. mex. o6pasosaHue.
[3.4.4.] O >Koropky 6unumayy. University. Beicwee obpasosaHue.

[3.5.] Tamak-aw kampgoo: Procurement of nutrition: MMpuobpemeHue nuwu:
[38.5.1.] O CwusagumH yapba TemeHKynepayH KawcbiHbiCbiH eHaypeT? Do your household produce
his? Ymo u3 cnedytoujeeo npoussodum sauie xo35lcmeo?

[38.5.1.1.] O XKawsinya? Own vegetable? Osowu?

[38.5.1.2.] O Cy1? Own milk products? MonoyHas npodykyusi?
[3.5.1.3.] O 31? Own meat? MscHas npodykyusi?
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[3.5.2.] O Cu3sgep ywre Hermarn asblk-TYNYKTY KasiktaH anaceisgap. Do your household procure
his food mainly from. Bawe domawHee xo3slicmeo obecreyusaemcsi OCHOBHbIMU NPOodyKmamu
anaeHbiM 0bpa3om om:

[38.5.2.1.] O bazapaaH6bl xxe aykeHaeH6y? Market or store? PbiHka unu mMaza3uHa ?

[3.5.2.2.] O ©3yHep eHaypecyHepby? Own production? CobcmeeHHoe npou3sodcmeo ?

4. Epidemiology of human brucellosis. 3nudemuonozus.

[4.1.] CuspepavH yn-6yneeneH kumaup bupeeHe bpyuennes gnarHody kotongy 6ene? Have any
members of your household been diagnosed with Brucellosis? Umerom nu 4neHbl eaweeo
cemelicmea nocmaeJsieHHbIl duazHo3 Ha bpyuyernnes?

[4.1.1.] O >Kok No Hem

[4.1.2] O Ooba Yes Oa (Kan anyy y4yH Bpadka maaneiMaTtTaHbl3 For blood taking inform the
doctor Coobwume gpayy 011 839musi Kposu)

[4.2] Cu3 e3yHy3ayH MangapablH U4MHEH OpyLennes MeHEH binaHdaraHblH Ke3aewTnpamHnson?
Have you noticed Brucellosis cases in your herd? Bbl 3amemunu crydau 3abonesaHusi
bpyuennesa e sawem cmade?
[4.2.1.]1 O >Kok No Hem
[4.2.2.1 3 Ooba Yes fa
Orep ke3pewTtupceHns If yes Ecnu da,
[4.2.3.] KauaH, When, Kozda? Xbin Year 00:
Anbl Month Mecsu;:
Kawncel man? On which animal? Kakoe xusomHoe ?
[4.2.4.] O Bogo mangaH6b1? Cattle? KpynHbil poeambiti ckom?
[4.2.4.1.] Kangawn 6enrunep 6onroH? Symptoms you recognized Kakue 6biiu cumnmomsi?:

[4.2.4.2.] Cu3 binaHabl kKaHganya TacTbikTagbiHbiz? How did you confirm the disease? Kak Bbi
rnoomeepxdarnu 60ne3Hb?
[4.2.5.] O XKbinkblgaHbbl? Horses? Jlowadu?

[4.2.5.1.] Kangan 6enrunep 6onroH? Symptoms you recognized? Kakue 6biiu

CUMMMOMbI?:

[4.2.5.2.] Cu3 binaHabl kKaHganya TacTbikTagbiHbiz? How did you confirm the disease? Kak Bbi
rnoémeepxdasnu 6051e3Hb?
[4.2.6.] O Suknnep? Goats? Koabi?

[4.2.6.1.] Kangawn 6enrunep 6onroH? Symptoms you recognized? Kakue 6binu

CUMMNMOMAbI 2

[4.2.6.2.] Cu3 binaHabl kKaHganya TacTeikTagbiHbI3? How did you confirm the disease? Kak Bbi
rnodmeepxdasnu 6onesHb ?
[4.2.7.] O Kownnop? Sheep? OsubI?

[4.2.7.1.] Kangawn 6enrunep 6onroH? Symptoms you recognized Kakue 6biiu

cuMnmMomai ?:

[4.2.7.2.] Cu3 binaHabl kKaHganya TacTbikTagbiHbiz? How did you confirm the disease? Kak Bbi
noomeepxdanu 60ne3Hb?
[4.2.8.] O Youkonop? Pigs? CeuHbu?

[4.2.8.1.] Kangawn 6enrunep 6onroH? Symptoms you recognized Kakue 6biu

CUMMMOMbI ?:

[4.2.8.2.] Cu3 binaHabl kaHganya TacTbikTagbiHbi3? How did you confirm the disease? Kak Bbi
rnodémeepxdasnu 6onesHb ?
[4.2.9.1 0 UtTep? Dogs? Cobaku?

[4.2.9.1.] Kangan 6enrunep 6onroH? Symptoms you recognized? Kakue 6biiu

CUMIMOMbI?:

[4.2.9.2.] Cu3 binaHabl kKaHganya TacTbikTagbiHbiz? How did you confirm the disease? Kak Bbi
rnoomeepxdanu 6one3Hb ?
[4.2.10.] O Teenep? Camel? Bepb6mto0dbi?

[4.2.10.1.] Kangawn 6enrunep 6onroH? Symptoms you recognized? Kakue 6binu

CUMMMOMBI?;

[4.2.10.2.] Cu3 binaHabl kaHgamya TacTbikTagbiHpld? How did you confirm the disease? Kak Bbi
rnoémeepxdasnu 6051e3Hb?
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4.3. Cu3 abopTt 6onroHyH 6arikaabiHbi3bbl? Do you observe abortion? Bei Habnrodanu abopm?
4.3.1.0 Ooba Yes [Ja
4.3.2.0 ok No Hem
Orep OarkacaHbi3 kancbl mangaH? If yes, in whit species: Ecnu 0a, mo y kakux
JKUBOMHBbIX, 3MO bbI0:
[4.3..3.] O boponoHby? Cattle? KpyrnHbiti poeambili ckom?
[4.3.4.] O KonpgoHby? Sheep ? Osupbi?
[4.3.5.] O SukngeHomn? Goat? Kosnbi?

[4.4.] Cn3guH ManbiHpI3 Bpyuennesro TekwepwunreH 6ene? Have your animals ever been tested
about Brucellosis? Bawu xxusomHbie kozda-nubo nposepsiniuch Ha bpyuesnnes?

[4.4.1.] O >Kok No Hem
[4.4.2.] O Ooba Yes [a
Orep Tekwepunce: If yes: Ecnu da:
[4.4.2.1.] XXbinbl Year [00: Anbl Month Mecsu;:
Orep Gpyuennes MeHeH binlaHgaraH man Yblkca aHbl conroHcysoy? If yes, have the animals with
the result Brucellosis positive been slaugtered? Ecnu da, ebl 3abugasu XU80MHbIX C
ronoxumernsHbIM pe3yrbmamom Ha bpyuesnnes?
[4.4.2.2] O Oob6a Yes [a Kauyan? When? Kozda ?
Keinbl Year Noa: Awnbl Month Mecsy;:
[4.4.2.3] O Xok No Hem
[4.4.3.] O Bunbenm | don’t know 5 He 3Haro

[4.5.] CusguH manbiHbI3 Opyuennesro Kaplwbl amgenreHom? Have your animals ever been
vaccinated against Brucellosis? Bawu xueomHbie koz2da-nubo npususanucb pomus
bpyuennesa?
[4.5.1.] O >Kok No Hem
[4.5.2.] O Ooba Yes /[]a
Orepae ooba 6onco If yes Ecnu ga:
[4.5.2.1.] Kbinbl Year lNoa: Anbl Month Mecsu;:
[4.5.3.] O Bunbenm | don’t know 5 He 3Haro

[4.6.] Cu3 mangbl yapbaHbizga coecy3by? Do you slaughter animals in your household? Bei
3abusaeme XUBOMHbIX 8 8awem domawHeM xo3sticmee?

[4.6.1.13 Ooba Yes [a

[4.6.2.] O >Xok No Hem

[4.7.] Cn3 mangapgblH TepucuH 4YapbaHbizga mwtetecusbn? Do you process the skin of any
animal in your household? Bbr o6pabamsigaeme Koxy 1106020 XU80MHO20 8 sawiem doMawHem
xossalcmee?

[4.7.1.] O Ooba Yes [a

[4.7.2.] O >Xok No HeTt

[4.8.] Cn3gmH vapbaHbizgaH anbiHraH npobanapgbiH caHbl: Numbers of samples taken in the
household: Konnuyecmeo e3ssmebix npob Ha uccriedosaHue 8 sauwleM Xo35licmee:

[4.8.1.] KorigoH Sheep Osupi.......c.c.cn.......

[4.8.2.] QuknpeH Goats Ko3bl.......oceuvuenenn...

[4.8.3.] BogopoH Cattle KpynHbiti poczambiti CKOM.............c..c....

MHTepBbto OYTKEH yOaKbIT:
Time of ending of interview:
Bpewmsi oKOHYaHUs1 UHMEPBbIO:
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15.2 Questionnaire for farmer survey (2012)
AHKeTa JUIS UCCIIeIOBaHUS X03iCTB **** Yapbanap/iel U3WI06 YUYH CYpOOITIOp
(Livestock owners & herders *** piageabnbl JKHBOTHBIX H
KHBOTHOBOABI MAJI 33JIEPH KaHA MaTYblIap )
Final version from 25/ 06/ 2012

1. General information on interview (o6wasn ungopmayus 06 uHmMepPEvIO) UHMEPELIO
00IOHUA Heannvl maanbimanm

[1.1.] N° interview (unmepevio Ne):
[1.2.] Initials interviewer UMs aHKEPUPYIOIIIETO) MaaIbIMaT aTyydYyHYH aThl:

[1.3.] Date of interview (marta): Year (rox): 2012 Month (Mmecsi): Day (uucmno):
[1.4.] Time of beginning and end of interview (BpeMs HayajJla MU KOHLIA HMHTEPBBIO)
OaITasbIIIb )kaHa OyTYY YOaKTBICHL:
[1.5.] Location of interview and origin of animal (MecToO U IPOUCXOKACHUE KUBOTHBIX )
MaJIJIbIH TypraH >kaHa KeJreH Kepu:

2. General information on farmer (oowas ungpopmavuusn o pepmepe) pepmep
HCOHYHOO HCATINBL MAATLIMAM

[2.1.] Initials interviewed (uMs1) aThl )KOHY
[2.2.] Age of the (Bo3pacT) xamibl: years old (Jyier) kam
[2.3.] Sex (1OJI) KBIHBICHI:

2310 3 male M) D

2321 O female OK) A

3. Household characteristics and measures for stratification of households
(XapakTepucTUKa W HW3MEpPEHHE  CTpaTUUKAUKU  JOMOXO3SIMCTB)  4yapOaHBI
CTpaTH(PHUKANUSIOO Yapachl )kaHa MYHO3IOMO

[3.1.] Main occupation of head of household (OcHoBHOE 3aHsTHE TIaBbI cCeMbH) YU
39CUHHUH HCTHU3I'U KbI3MAThI:

;3.1..1 O Government employee-Public servant (I'oc.cmyxaruit) Mam.KbI3MaTKep
;3121 (3 Private entrepreneur (UacTHelii npeanpuaumares) XKekeue uimep?
;3.13] O Livestock herder ()KuBoTHOBO) Mamdsr?

;3.1.41 O Other self-employed (PaGoraromue He no HaitmMy) bamka xer3marTa?

[3.2.] Which is the highest level of education completed of the household head (Yposens
00pa3oBaHMs TJIaBbl CEMbH) Y1 93CUHUH OMIIUM JPHIIIJIU ?

;32.11 (J No school attendance (be3 06pa3oBanus) GHINMCH3?

;3221 O School (cpemnee o6pasopanue) OpTo GHIIMIYY

;3231 O College (cpenne crermansrOe00pazoBanne) OpTO-KECHTITHK OHITIM
;3241 (J University (Briciuee o6pasopanue) JXoropky 6umimMayy
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4. Heard composition (CocraB ctana) Kopoonyn (Mamnbeia) Ty3yaymry? Which number of animals do you have in your household? (kakoe
KOJIMYECTBO JKMBOTHBIX €CTh B BamieM crtane) Cu3amH Kopooary MaiawsiH caHbl? (Please cross and fill in a number if there are any *
Toowcanyiicma 3anonnume eciu ecms maxkogoe * Tomonoo cypoonopzo sxoon bepunu3s:)

Age (Bospacrt) | Female | Male Age Bospact | Female | Male Age Bospact | Female | Male
JKaIIbI CaMKH caMIIbl JKalIbl CaMKH CaMIIbI JKalIbI CaMKH caMIIbl
VYpraausl | 3pKek VYpraausl | 5pKek VYpraausl | 3pKek
0-1 0-1 0-1

Cattle 1-2 Sheep 1-2 Goat 1-2

KPC >2 OBLIbI >2 KO3bI >2

6omo | Total Becero ko | Total Bcero Ouku | Total  Bcero
baapabirst baapabirst baapabirst

(0-1) young (under 1 year) (tensta, sirusta, Ko3nara 10 1 roga) 1 sxairka 4eHHHKH My300, KO3y, YJIaK
(1-2) juveniles (1-2 years) (Tenku, spku-Obr4Ky o1 1-2 net) 1-2 kanixa 4eHUHKH TOPIIOK, TOKTY-00pyK yeOuy

(>2) adult (up to 2 years) (B3pocible KOPOBBI cTapiie 2 jieT) 2 jKallTaH )XOoropy yi-0yka-erys, KOW-KOUKOp-UPHK, FUKH-TEKE

5. Slaughtering monthly at the slaughterhouse (nomecsaunsiii yooii 6 6oiine) AmaivblH Man couyyuy Hcaiidazvl ail CAiblH Majl cory

Maungpia | Jan Feb Mar | Apr May Jun Jul Aug Sep Oct Nov Dec
JKallIbl SuBaps | @eBpans | Mapr | Anpens | Maii Wrwonp | Urons | ABryct Cent | okTsa0pb | Hos6pb | exaOpb
Female 0-1
Camku 1-2
VYpraausl 59
6010
Total slaughtered Bcero
3a0UTO corojrad 00710
Male 0-1
CamMI1ibl 1-2
byka-erys >2

Total slaughtered Bcero
3abuto baapabik

Oykanap

Total cattle Bcero KPC

sKaJImbl 0010
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Female 0-1

Camxku Koit 1-2

(ypraausr) > 2

COIOJITaH KO

Male 0-1
CaMIiel 1-2
KOUYKOP >2

Total slaughtered Bcero
3a0UTO KOUKOP

Total sheep Bcero oBen
JKaJIIbl KOW-KOYKOP

Female 0-1
CaMku 1-2
Ouku
>2
(ypraaubr)

Total slaughtered Bcero
3a0UTO GaapIbIrbl

Male 0-1
CaMIipl 1-2
Texke >2

Total slaughtered Bcero
3a0UTO GaapIbIrbl

Total goat Bcero ko3
JKanmel suku-Teke

5.4. Do you slaughter animals in your household ? (BbI 3a0uBaete »UBOTHBIX 1oma) Cuzaep Manabl YilieH coécy3aapobl?

i5.4..1 J no (uer) xo0K?
;5421 O yes (1a) 006a?

If yes how many animals per year (Eciu 1a To CKOJIBKO JKUBOTHBIX B roJ1) Drep/e ooba 00J1co, aHaa KbIIbIHA KaH4ya?

Age (Bo3pacr)
KAIbI

Female
CaMKH

Male
CaMIbl

Age BO3pact
KaIllbl

Female
CaMKH

Male
CaMIIbI

Age
Kallbl

BO3pacT

Female
CaMKH

Male
CaMIBbl
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VYpraausl | 3pKek VYpraausl | 5pKek VYpraausl | 3pKek
0-1 0-1 0-1
Cattle 1-2 Sheep 1-2 Goat 1-2
KPC >2 OBLIbI >2 KO3bI >2
6omo | Total Becero ko | Total Bcero Oukm | Total  Bcero
baapabirs: baapabirst baapabirst

[5.4.3] What purpose of slaughtering animals at home (KakoBa 11e1p 320051 KMBOTHBIX J0Ma) Maiibl YH0H COMTOHIYH MaKcaThl KaHaaii?
15.43.1] Home use (for food) (ucnonp3oBaTh joMa juist muimu) Y Wae TaMak-alika nangananyy?

[5.43.2.] Sale (mponaxa) catyy

5.5. Do you process the skin of any animal in your household ? (Ber oOpabarsiBaetre noma mkypy) Cus yliieH Tepu UTeTecu3zon?

;55.1] 3 no (mer) oK

(5521 (0 yes (ma) Ooba

6. Sales of animals (Ilpoaaska ;KUBOTHBIX) MaJIaP/bl CATYY
Please fill the table of monthly sale parameters

Manasin | Jan Feb Mar | Apr May Jun Jul Aug Sep Oct Nov Dec
YKaIIbI SuBape | ®epans | Mapr | Anpens | Mait Wwons | Uione | ABryct | Cent | okTsi6pb | HosiOps | Jlekabpb
Female 0-1
Camku 1-2
Ypraausl %)
oomo

Total sold Bcero npomano
caTeUIrad 0010

0-1

Male Camiint )

byka-erys g

Total sold Bcero npomano
GaapIbIK caThbUITaH

Oyxanap

Total sold cattle Bcero

KPC npogano >xanmsl
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caTeUIrad 0010

Female 0-1

Camkn Koi 1-2

(ypraausr) >2
COIONTAaH KOH

0-1

Male Camiinl )

KOUYKOP )

Total sold Bcero npomano
CaTBUITaH KOYKOP

Total sheep Bcero oBen
JKaJIbl KOM-KOYKOP

Female 0-1
CamMmku Duku 1-2
(ypraaubr) >2

Total sold Bcero nponano
0aappIThl CaThULIBI

0-1
Male Camiiel
1-2
Texke
>2

Total sold Bcero nmpomano
GaapapIThl

Total goat Bcero ko3
JKanmel suku-Teke
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7. Productivity parameters of household (IlapameTpbl NPOXYKTHBHOCTH
JAOMOXO0351ICTB) YapOaHbIH NPOAYKTHBAYYJIYK(6HAYPYIYY) NapaMeTpH

7.1. Fecundity - Did you had newborns in the last year? (Ilmomopoame — CKOJBKO
HOBOPOXKICHHBIX 32 ATOT Tof?) TyKyMIyymyK — YIIYJ XKbUIAa CU3IUH KOPOJO KaH4a Ma
tenaeny?

(Number of newborns per adult female per year) (konuuecmeo npuniooa Ha 83pocioe
n0207108be Ha 200) (HCHLABIHA MATL OAUIBIHA ATILIHSAH MONIOYH CAHbL)

(7.1 O cattle (KPC) Bono
(7.121 O sheep (oB1BI) Koif

(7.131 O goat (x03b1) 3uKkH
7.2. Of 10 reproductive female animals in your herd, how many newborns? Koxunuectso
MOJy4YeHHOro mnpurofa Ha 10 penpoIyKTHMBHBIX KUBOTHBIX B BamieMm ctaae? CusauH
kopoozory ap 10 TyOap ManabiH OalbiHa adbIHTAH TOJIIYH CaHbl?

(7211 O cattle (KPC) Bono ?
(7221 0 sheep (oB1bI) Kot ?
(7231 3 goat (x03b1) SuKu ?

7.3. Of 10 newborns animals, how many have died before the end of the first year of life?
Cxonpko u3 10 royioB npuIuiofa TEKyIIEro roja mnajo B TEYEHHUE MEepPBOro rojaa >KU3Hu?
Brritbuiket ap 10 6amn TeaayH KaH9achl KAHYACHI JKbUT WIUHJIE Oy ?

7311 3 cattle (KPC) Bomo ?
73213 sheep (0BIIbI) KO ?
(7331 0 goat (x03b1) 2uku ?

7.4. Abortion (Number of abortions (lost) per of all pregnant animals per year (e.g. 10 of
50); AGoptsl (Exeromnoe umcio abopToB (TMOTepsi) M3 BCEX OCPEMEHHBIX MKHBOTHBIX
(manpumep 10 u3 50); AGopt (Ap 6003 MaIaABIH Kadackl My300 (KO3y, yJaK) cajabl?
(mucainbl 50 gen 10 Gar)

(7411 3 cattle (KPC) Bono ?
(7421 0 sheep (oBIBI) Kot ?
(7431 3 goat (k03b1) SuKu ?

7.5. For cattle only what on the average lactation of you cattle? Tonsko mist KPC, cpennmii
yZI0H BalllUX KOPOB 3a JIakTaluio? oo Man yuyH, caad yiAaH ajblHIaH CYyT

(75.11 (3 less 2000 litre or how many litre (menbmre 2000 JTUTPOB MM CKOIBKO JIUTPOB) 2
MUH JIUTPCH KEM K32

(7521 £ more 2000 litre or how many litre (6ombure 2000 1 HIH CKOIBKO) 2 MUH JTUTPIEH
alllbIK JKe

(7531 (3 I do not know (ue 3Har0) 6unGEiiM?

8. Procurement of nutrition of animals: (3akynka xkopma aJis >KHBOTHBIX) MaJra TOIOT
KaMJ100:

8.1. Do your household produce his (Bame gomamnee xo3siicTBo nmpou3BoauT) CuzauH
yapOa TOMOHIOTYJIOPA6H Ublrapalbl:

8.1.1.] J own hay (cobcTBeHHOE CeHO) O31yK yomn?

8.121 (J own grain (cereal) (coGCTBEHHOE 3€pHO) ©3YK STHH?

.13 [ own silage (coGCTBeHHBI CHIIOC) ©3yK CHIIOC?

8.2. Do your household procure his food mainly from (Bame nomaminee Xo3sHCTBO
obecrieunBaeT KOpMaMH TiIaBHBIM oOpa3oM oT) CusiuH yapOa HETU3UHEH TOIOTTY

8211 O market or store (pbIHKA WJIM OT Mara3uHa) 0a3ap/aH ke TYKOHIoH?
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8221 (J own production (coGCTBEHHOE IPOM3BOJCTBO) O3IYK OHIYPYII?

9. Disease control & access to service (Koumpons 3a 6onesnvio & oOocmyn K
oocayycueanuro) /lapmmul KOoHmpoa0oo & meiineozo yKyK)

9.1. Have you noticed Brucellosis cases in your herd (3ameuwanmn nu Bel ciydan
bpymnemnnesa B Bamewm crane) Cuzaua KopooHy3aa Opylesie3 Ke3aemTu oemne?

O no (aer) xoK?

O yes (1a) 006a?

If yes, (ecnu na, T0) arepae 06a 6oJico, aHaa

[9.1.1.] when (korma) kauad ? Year (Toj1) *bLI: Month (Mmecs) aii:

on which animal (kakue >XMBOTHEBIC) KaiChLI MaJ1?

.12] O Cattle (KPC) Bono?

[9.1.2.1] Symptoms you recognised (CHMITOMBI paCIiO3HaHbI) KaHJal CUMIITOMIOP:

19.1.2.2] How did you confirm the disease (Kak Bb1 monrBepaunu 6one3nb) Cu3 qapTThl
KAaHTHII TAKTaIbIHEBI3?
9.131 O Sheep (oBIBI) KOII?

[9.1.3.1] Symptoms you recognised (CHMITOMBI paCIiO3HaHbI) KaHJal CUMIITOMIOP:

19.1.3.21 How did you confirm the disease (Kak Bb1 monrBepauiau 6one3ns) Cu3 gapTThl
KAaHTHII TAKTaIbIHEBI3?
9.1.41 O Goat (k03b1) 2uKn?

[9.1.4.1] Symptoms you recognised (CUMITOMBI pacliO3HaHbl) KaHAall CUMITOMOP:

19.1.42] How did you confirm the disease (Kak Bbl moarBepaniu 60mne3us) Cuz qapTTh
KaHTHI TaKTa{bIHBI3?

(O 1don’t know (He 3Hat0) 6UIOEiiM?

9.2. Have your animals ever been tested about Brucellosis (Bamm >xuBOTHBIE KOTAa-THO0
npoBepsich Ha bpynemes) Cuzauna man bpynennesro rekmepuiau 6ene?

O no (mer) xok ?

O yes (1a) 006a?

If yes (ecnu ma) arepae ooba 60:1c0:

9.2.1] Cattle (KPC) bomo Year (Toj) bLI: Month (Mmecs) aii:
19.22.] Sheep (OBIIBI) KOM Year (ToJ) >KBITI: Month (Mmecsr) aii:
19.2.3.] Goat (KO3bI) UKHU Year (ToJ1) KbLTI: Month (Mmecs) aii:

3 1don’t know (He 3Hat0) GrIOeiiM?

9.2.4 If yes, have the animals with the result Brucellosis positive been slaughtered (Ecnu
JIa, TO )KUBOTHBIE C MOJIOKUTEIBHBIM Pe3yJabTaToM Ha bpyienne3om Obutn 3a0UTHI) Orepe
o0a 60J1c0, ana gapT TabbUIraH Mal coroay oene?

3 yes (na) ooba ?

19.2.4.11 When (korna) kauan ? Year: (rom) »buT: Month (mecsir) aii:

O no (uer) xok?

(31 do not know (ue 3Har0) GHIOEiM?
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9.3. Have your animals ever been vaccinated against Brucellosis (Bamu >KHBOTHBIE KOT/Ia-
100 BaKIIMHUPOBAHBI MPOTUB bpylennesa) CU3AUH Mall KadyaHABIP OpYyIeIuIe3ro Kapiibl
sMmaennu oene?

O no (aer) xoK?

O yes (1a) 006a?

9.3.1.1 If yes (ecnu na) sarepae ooba 6oico:

Year: (rom) >XbL: Month (mecsir) aii:

3 1don’t know (He 3Hat0) GrIOEiiM?

9.4. Have your vaccinated against Brucellosis animals ear notching? (Bamm >KMBOTHBIC
BaKIIMHUPOBAaHHBIE NPOTUB bpylenne3a MMEOT BHILMIGI (Haape3bl) Ha ymax) CuszauH
SMJENTeH MaJI/IbIH KyJIarblHa 3H cajbIHIbI Oerne?

O no (aer) xoK?

O yes (1a) 006a?

9.5. Have you noticed PPR cases in your herd (Bb1 xorma nu6o 3amedanu ciydan Uymsl
MPC B Bamewm crane) CuziuH KOpoo10 KbIPTbIH OONTOHYH OaliKa bIHbI3 Oene?

O no (uer) xok?

O yes (1a) 006a?

If yes(ecnu ma) arepae ooba 607co,

[9.5.1.] when (xorma) kadan? Year (roj) >KbLi: Month (Mmecs) aii:

on which animal (kakue BUJIbI 3)KUBOTHBIX ) MAJIJIBIH KAChLI TYPYHIO?

19521 (J Sheep (oBIBI) KOII?

[9.5.2.11 Symptoms you recognised (CHMITOMBI paCIiO3HAHbBI) KaHJal CUMITTOMIOP:

9531 J Goat (k03b1)?
[9.53.1.1 Symptoms you recognised (CUMITOMBI pacliO3HaHbl) KaHAall CUMITOMOP:

10. Numbers of samples taken in the household and lab results xonuuecmeo npoo,
835MBIX 6 IMOM OOMAUIHEM XO3AUCHEE U PE3YIbIMAMAX 1A00PAMOPHBIX UCCIE006AHUTL

r10.1.] Cattle (KPC) bomo............... [10.1.1.] brucellosis...........ccouu....
(10.2.] Sheep (0BLBI) KOH................ (10.2.1.] brucellosis.......... o221 PPR.........o
(10.3.] Goat (KO3BI) UKH.................. (10.3.1.] brucellosis.......... 10321 PPR.....coovnnnn
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15.3 Questionnaire for brucellosis patients
(Impact of Brucellosis on households)

Final version from June 2013

Acute brucellosis

Chronic brucellosis

1. General information on interview
[1.1.] N° interview :

[1.2.] Initials interviewer :

[1.3.] Date of interview : Year:

[1.4.] Time of beginning of interview :

[1.5.] Location of interview :

Month: Day:

2. General information on farmer
[2.1.] Initials interviewed

[2.2.] Age of the:

[2.3.] Sex:
23110 male ?
2321 female ?

[2.4.] Adress (rayon, village)

years old

3. Household characteristics and measures for stratification of households

[3.1.] Main occupation of head of household:

.1.11 O Civil servant ?

;3121 (3 Private employer ?
;3.131 O Livestock herder ?
;3.1.41 J Does not work

;3.151 (0 Other self-employed ?

4. Perception and interaction with the health care system

[4.1.] How often did you address the health system from the beginning of your illness?

4111 O never
41210 1-2 times
4131 0 3-5 times

4141 6-9 times
[4.1.5.] >=10
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[4.2.] Where did you treat your brucellosis the last time :
(4211 (3 Family medicine (plants etc.) ?
14221 [ Traditional healer/doctor ?
4231 Pharmacy ?
14241 O Private doctor ?
14251 [ hospital ?

[4.3.] Why did you come to consult in this health centre/hospital ?
43.11 J Only place to get the treatment ?
4321 0 Cheaper than alternatives ?
14331 0 Iknow someone at this centre/hospital ?
14341 O Better quality than alternatives ?

4351 closest facility
4361  Others

5. Epidemiology of human brucellosis

[5.1.] Have any other members of your household been diagnosed with Brucellosis ?
;5.1 (3 no ?
;5121 3 yes ?
(s.1.2.1.1 If yes, when ? Year: Month:
15.12.2] If yes, what kind of treatment did he or she receive ?
(5.122.11 J no treatment ?
;5.12221 J Drugs ?
;5.12231 O Hospitalisation ?
(5.12241 (J Other

6. Costs incurred to household

[6.1.] How much do you spent for the current health care recourses for the disease
(Brucellosis) ?
(please cross and fill number in:)

(6.1.1.1 3 For transport costs: Som
(6.1.21 O For drugs: Som
(6.131 O For hospitalisation: Som
(6.1.41 O For laboratory or X-rays: Som
16.1.51 O3 Fees for doctors or others: Som
(6.1.61 (3 Food during hospitalisation Som
(6.1.7.1 (3 Other costs: Som

[6.2.] Up to now how many days have you been away from your household (inclusive
hospitalisation) in 2013 because of the disease Brucellosis ?
(Please fill number of days in) days

7. Loss of productivity
[7.1.] Are you still able to work as usual being ill from Brucellosis?
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.11 3 yes ?
(7121 no ?

(7.1.2.1] If no, since when have you been unable to perform your routine
work? Year: Month: Day:

8. Opportunity costs

[8.1.] Who replaces you for your routine work or part of your routine work while you are
away from your household or while you are being treated ?

8.1.1.] J nobody ?

8.121 (J relatives living in the same household ?

.131 CJ other relatives not living in the same household ?
.1.4] CJ other than relatives ?

[8.2.] Has your income decreased since you are ill from Brucellosis in 2013?

82110 no?

8221 3 yes ?
if yes, by how much?
here two possibilities to answer:
822.11 J by how many percent?
or:

82221 by Som. (Please insert the sum)

9. Availability of cash for treatment of Brucellosis

[9.1.] Has it occurred in your household, that you had no cash to pay
for health care (incl. drugs and transport) ?
.1.1.1 3 no ? (If no, then continue please with question [8.1.])

121 yes?
If yes, is it linked to the present disease?
.1211 O yes?

91221 no?

[9.2.] If it has occurred, that your household has had no cash to pay for health care (incl.
drugs

and transport), did you stop the consumption of health care services ?

92.11 O3 yes ? (If yes, then continue please with question [8.1.])
9221 (I no ?

[9.3.] If it has occurred that your household has had no cash to pay for health care, did you
receive health care without spending cash?

9311 3 yes ?
If yes, did you:
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93.1.1.1 O avoid payment ?
193121 [ seek for exemption ?

9321 no?
if no, did:

93211 (J borrow money ?

93221 OJ delay payments or postpone consumption, investments,
education?

93231 (3 Open up new income fields by for example engaging household
members in extra work, begging or charity, selling assets as live stock or
equipment ?

[9.4.] If it has occurred that your household has had no cash to pay for health care, did you
reduce consumption in health care?

9411 no?

0421 yes?
If yes, did you:
194211 () delay consumption of health care ?
194221 (3 reduce attendance or length of stay ?
194231 (3 cut level of treatment ?
194241 (3 do not complete treatment regime ?

[9.5.] If it has occurred, that your household has had no cash to pay for health care, did you
diversify consumption in health care?
95113 no ?
95213 yes?
If yes, did you:
19.52.11 (3 shift demand to other providers ?
195221 (J not seek for treatment ?
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