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5 2004 6/6 - - -
6 2005 4/4 /1 - -
7 2006 5/5 - - -
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BLosBy oYM EbMdom, Lods®mzgemdo  obssmdmigbgdmwo 390900l
omEgbmds 56w 396Mgdol, MMIgdoE LSIODME 5O Jmgows SO, 22-05
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561539000 lo0dgm  3996JHgdol  LodMozwgl  ©oL3Wge  LodsMmM3gEMbmsh
890505300 2565300MdBL Fg3bmzgEgmdol gobgomsmgds, 3xdMboo  IEOEIMO
6055900l 5MLYdMdS s BosIROL  LYLBHO  BHMGY BYod3os, Mmdgwoa B3zgbL
3096 gbfogaroe A5ME0boL, JoMgwol, oboswEobol s bbgs Msombgddo pH-7.6—-
8.6 8O gddos o FoMmIMoAIBL F03MHMIOL bobyMdwogzs© 3939GH0MJOOLS S
F9L5d5dobo 39MLOLEIOE00L bgwwdgdfiymd 30MmMdL (obowgm- 3bGowo 2-3).

gb®ogo 2

XOowgbby 350mliszzmggo dobstgms fgmgdol fgsemdspombms
3M6396GBMs3ool dsBgabgdgwo

# 000065M9ms Lobga{mgds pH
1 00580L §goco 7,2
2 3obsbo 7,2
3 5CNRJONO 8,4
4 065330 8,35
5 000MbogEgmo gMmby 8,3
6 33 gmo 3H™bg 8,3
7 0MMH0O 8,45
8 05H30 7,2
9 wm3obo 8,3
10 39X 9o 7,5
11 9333560 7,0
12 cHombo 7,0
13 b9©odgams 5,8
14 Lyaglso 6,6
15 3b9bob fyseo 7,1
16 dods 8,35
17 doOHMd 7,35
18 Bsom®o 7,15
19 43060d 7,15
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gbGowo 3

Lsgdotrmggermdo xomgbby 56539000@bsodgem 3MbdEgdols boswsggdols

bodsydgdols pH-ol dsBgzgbgdemgdo

# 50060 pH
1 3905060l Mo0mbo-lma. dgMEwozo 8,2
2 290060l Msombo bmg. gddzgbog®s 8,15
3 Jo0geols Hs0mbo . sdobo 7,65
4 abo30bol Ms0mbo. bmgs.  FyomTs 8,3
5 900 gBobHYsOHML Goombo bmg. fomgwfiysGrm 8,65
6 J. §m50b0 83BHMJoObboL BHgMoGmMoos 8,4-7,95
7 @obAbMmMOl Bo0Mmbo bmes. Eglss 6,25

dmbymo 6,95
X53965 5,7
BodsmO 6,25
8 D00l Goombo bmy. Hmbo 6,35
9 Lgbsgo 8,9

13




0530 2
Xowgbol  Lsgsdaobg 83edgool 1, 30”, 34F,/ s dsgomgdol 33580 9gds35¢mo
bsbgemdgdol LGedoGmdOl dglfiagurs

Lo30d30bg  9BHodgdol  Bodsb-m30Lgdgdol,  39MdMmE  IMOBRMEMYOMEO,
3NCGHNOO0,  BHobdG™bosmMo, Laods@mwobmmo s bbgs  030bgdgd0L
dgbodm (33000 gdgd0Eb  2odmdobadyg, Bz96L  dog®  Fgbfegerowo odbs
0Ju3960896GT0 s9mygbgd o 9FHsdgdol LBMdOWMOMdS (bMowo 4,5, 6,7, 8, 9).

50 30Bbom 331939030 4o0m3094gbgm xowgbol  Logsd3oby LLEHO s 34F,
8390900,  9aMgm3g  do30wgdoL  a350MTdo d90s35¢00 89990 Lobgmdol
30360mmMysbobdgdo: Bac. cereus, Bac. megatherium; Bac. subtilis, Bac. mycoides o
Bac. Mesentericus .

gbMogro 4
X0gbob bogsgd3obg 9Bs0gdols s Bacillus 335G30 979535000 BmamgOMO
bsbgmdgdols dmOHBmEmaon®o ©s Gobd@mbosmetho mzgoligdgdo

500L fgboom
Ne | Logodgobg 8¢edo 0 B3MGSs | 3553Lwgs | BedGrsmds
35J3069 3% Bygd3d 358Lmen
1 | Bac. anthracis ,bo" + + - -
2 | Bac. anthracis 34 F, + + - -
3 | Bac. cereus + + + +
4 | Bac. megatherium + + - +
5 | Bac. mesentericus + + - +
6 | Bac. subtilis + + - +
7 | Bac. mycoides + + - +

89b083bo: Yo X0agbol  L35J30bg BBgd0  MAMEgd0s,  bem  dozoEgdol
33560L  Ubgs  Lobgmdgdo dmdMo30;
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gbGowo 5

Xogbol bsgagd3obg 83sdgdols s Bacillus 43560l 303BH:@MdMS 3MEEGHNMMoEIHo

60356-m30Lgdgd0

0} 10}
Bo36md0b DOOL 1530909MHJdS R
Ne 390635600l
@55220@3 QN EN ORI 0060 ﬁ)o@) 3mmbo 29X0OKZIOS
dmombo (30mBogd0)! ob g
0bogo
Bac. ™35¢09b396G3
1 | anthracis 05, 35300l 60@9%?326’0 RO * 60@6@@%3%613
b0 Bo0woligd6 3M@mbogdo o 65d30!
o0 bogmgdo
Bac 2498330635009 dmmngmeem—
2 | anthracis , ©5300L bo, mdol R _— ’
,34F, B00EoLYdE® Box3M0LYOMHO
0 baengdo. 30@mbos
5330, 3g6doco
3 | Bac.cereus | g3sb@gwgdo, | 3Mweyeobygdeo R 35BGOL
99903693 30@mbos
Bac. 3bsmFgdo
4 | megatheriu 9936932 390065090 RO 3odMoLGdOO
m 5330
om
5 r?]aezéntericu 3330. BomFoligdco, s 65d30l 56
s 990036930 @wmOfmgsbo dodMOLYOIGMO
deatrmber—
5330, MYJNOHO
6 | Bac. subtilis 156G o DmaAx IO R 30wob®Olgd6
299330635009 §odeoligdmo o
5bsm Fgomemo
deatrmber—
MYJNOHO
7 Bac. 5653 e R —_—
mycoides 05330
§odeoligdmo
5bsm Fgomemo
8gbodgbs: * R bm®3wosbo gmmmbos; O -gemzo  3membos;  S-

wmOfmgsbo
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gbdoo 6
Xowgbob bogodaoby o Bacillus 335G30 999535000 dogHMdMS

BIGBIBAHN0 5JHogmds
®ob dgmowmgbo 3oL 390m0b
bogogd3obg 99009 ob H,
N b @nxob 960 NH
9¢sdo ©9ds 3060w S 3
®9MI30s obo 5JBHOZ3Mds
| Bacil!(us anthracis " N N . . .
»bHo
2 Bacillus anthracis n N R i N N
34F,
3 | Bacillus cereus + + + + - +
4 Bacillus_ . N N N N .
megaterium
5 BaC|IIus_ + . R N N N
mesenterius
6 | Bacillus subtilis + + + + + +
7 Bacill'us N . R N N N
mycoides

89b083bs * + OEYIVOMO MFod309; — MIOYMBOMO MHYod30s.

gbMoemo 7
Xowgbob bsgsg30bg s Bacillus 335080 9gdsgsero dozBmdgdol
bsgdsamob®o mzoligdgdo

BobdoMdoob 39MHIY6EG0s
n C
N 3036000l B 2 2 OS c £
@slobgEgds g € 5 S Q &
£ £) ') [} é [0}
sl o) 0 [g=}
v 2 2 02 €| 2
o & 3 & 3
1| Bac. anthracis ,,l@0“ a - a - - a
2 | Bac. anthracis 34F, ] - | - 0
3 | Bac. cereus a d G| - -
4 | Bac. megaterium 0 | | - - a
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5 Bac. mesentericus 0 5} 5} - - d

6 Bac. subtilis a a a - - d

7 | Bac. mycoides G| 9 9 - - -

89609365": 3 — 07530 Fo63mddbs; — Bgo35L o6 Fomdmgdbol.

gbGowo 8
Xogbob bsgsg30bg 83odgdol s dsgomgdols 3gsmol ibgs sbgmdgdols
R53m0MHIbMdGEMdS
83900
Ne M900
JoLOI0 24005 8530 Fah gop0

1 | B.anthracis “sti” 4+* 4+

2 | B.anthracis 34 F, 4+ 4+

3 | B.cereus R* R

5 | B.subtilis R

6 | B. megatherium R

7 | B. mesentericus R R

89b083bs* R —3¢000 Hgbob@gb@wmos; 4+ 950oeda®dbmdosty.

gbGowo Ne 9

Xogbob bsgsgd306g G090l s d530egdol 335MoL Lbgs Labgmdgdol
3b@0doMmEGH03mIyMHIbMBYMdS

3bGHodomEH03900
c
Q C c s
c £ S S c
Sl el s | 2| 5| %
N 3n0oncgdo T ) 2 & % g
S [se] c ) e
R o} Q )5) (o] &
£ 1S & o) 3 2
& ) R S = &
& g € s g 94
" 3 ) & 5
1 | B.anthracis ,sti” R* R 4+ 4+ 4+ 4+
2 | B. anthracis 34F, R R 4+ 4+ 4+ 4+




3 | B. cereus 3+ 4+ R 4+ 4+ 3+

4 | B. subtilis 3+ 4+ 2+ 4+ 4+ 3+

5 | B. megaterium R 3+ R 4+ 4+ R

89bodgbs* R —3Godo  MgBobBgbBMwos;  (wobolol  bstolbbo o6
290m3w0bs),

2+ bbBo dp™abmdosty;

3+ bodomE FpMA6MBOSGY,

4+ Booda™dbmd0s6g (3019000mgdL F03MMdms LM WoBolby).

3bMowdo dmEgdeo 33930l d9aagd0 gbsymal, ©®md  Bgzgbl dog®
399mygbgdM@o xowgbol  bs35J30bg 9B93gd0 ,,bBHO” ©s 34 F2, sa®gmgg Bacillus
3350do 899s35¢0 3399900  LEHVOWMMO 60356-n30Lgdgd0L  dJmbyg
30360mMM560D3g0d005. Fo0  sbolOSMIPOM BHOZMGO BOES dMombls s spsMBY,
398Lasl 96 250Mm000s3909b,  FoMImgdboob L3MMOL, 0dwgz096 R s RO
ROGHIOL  3MEwmbogdl,  Jocmm3oL ©535b5L0sMYOJE0s 9653900 0BMOHMdY,
,,05635¢00GH0L  Ygebsdsdol” g9bmadgbo. (obowgo gbGowo Ne 4,5,6,7). xowwgbol
153593069 9398900 LLBHO, 34F, amdbmdostgs 396030w0bol, @ModgBHMMm3mhodol
©> mJbs303wobol dods®mo /4+/, beagwm MbolBIbGWwo dmwmododbobols s
05dBHM00xMmMEGHLS©T0.  Ls30MHOL3OMM  sIMBbEs  BsgoWgdoL b3y LobgMdIMS
2bE0dOMEH03MIYMAbMdgemds. Bac. subtilis s Bac. cereus  8s@oqda®dbmdost
503mBbs  B5dBHM0dgmOGIL,  3gbogowobols s  MJLsgozwobols  dodsGom.
2bormaomMo sdmBbes Bac. megatherium 3gbogowobolbs s @mgLsEozwobol
30056 0. 3dmeodogbobolls s byyemgsbowsdoudo 3Mg3scoGol -
b g3s0dgBobol  dodsmm 3o MHIBoLEHIBGMWoO. (sbOHowo Ne 8).

30L 3993900 230639690L, MM  xowgbol  bogodzoby 8EsgdoL ,,bGHo”
5 34F; 3500 da™adbmdgmmmds sboliosmgdm gods— s Fah — g353980bsdo, Mo
@obololb  bsGobbdo sobobs  (gbGowo 9), bmewm  Bzgblb  9Ju3dgm0odgbEdo
299my9bgdmo 8530w gdoL 235030 Tg0535¢r0  B03MMdIBO  5©0b0dbMEO Foagdol
900350 M9bobBHIBGHWwos.
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0530 3
X0owgbols 08¢96m©osgabmliBozol asmdxmdgligdwyemo
BA9bBH-boLEGgdob 9gdvdsggds

X0wobol bsosabmliBozm GHgld-LoLEIIoL EITBIEIdOL Lsfiyobo gés3o
P390l (309030 dmoEszs  Tdwowo  FoBGMmoL  LsdMY3030GE0M  BGMBEHOL
99mbg3sL. gl 3565L3bgwo smEogdgEo [obsdoMmdss 0dolsmzol, HMI BLEs©
303Mm©Y0  M59gbo Bo@owos  BMOGHOL  5dGHo3mds. 53 Fobboom  3sbomE@o
39053 MEoboool  Mgodaoom  (xowgbol  963H0ggbMo  ©osabmliEozmdol
299mygbgdom) o9m331939030 4odm3z04gbgo 3MIgMEoMEo: v3Msobols (LgMos Ne2
2008) s 6bgool  BggMsosdo (LgMos Ne72, 2009 s  LgMos Ne67, 2010)
©53D5©JdMo  xowgbol  LadMg3o3odoEom  TMsBIdo. 30l  F9gagdo
9mE9dnwos sbGowo 10-do.

gb®ogro 10
X09bols 30396H0dnbrGo 8Ms@gdol B3g30E039M0 5JBH0ogmds (HoG®O)
Ne B6o@gd0b obsbyergds 8633’5;222@0 6(();252? °
| 12)03@330306’)&60('1 36s@o  byos 1365065 1:100.000
) 17)236)38030@03001 dOodo  bghos Gebgono 1:50.000
3 lg;s@ggosooogom Go¢o  Lgoos Heglsgoo 1:50.000

O0ameE3 bM0wosb  BBL, 3sLommo  390spyBHobszool  Mgsdgoom
3°0033gmo Bsdo bs3M93030¢s30Mm 3MGH0EB Y43gmwoeby Fowswo sg@Eozmdom
390m0MBgM©s 9305060 Ho®Imgdol LsdMg3030¢ o300 IMsdo (b-2), GmIgedos
X0gbol Lsfobsowdgam 96EGH0dsIGIMomwo sbGHOoLbgmgdol GHo@®mds (33M-00)
990065 -1:100.000, by 50  2obBo3gd500 030090 IWIIOMNO TJIR0, O3
06003690 m3bs 90995330 b6 IMo@gddo sb6EHOLbgMEgdol 899339 mdSL.
©o©3boos, (GION) 0500 E0GM0sbo 3653V 900gdMwo
0096mmdMwobom  ©sIHsEIIMWo  LoosgbmliBozm  3MHY3sMGH0  IBOHM
036 dbMd0sMYS.

50bobo  LsdMmg30303Hs30m  FM5GHIO0ED  yemdMwobols  dJoegds
23956bmOE0gw©s BL30OEHWWO JgPMEPO® Fgosbmeol  4sdmygbgdom  (Dubert at
al.1953).  bs®Bgbo  L3oMEHOLs s Ub3s @sds  ImEg3mo dobstglzgdols
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AmboEogdws©  03bmaEw™mdMEobm®mo  blbsmol  gofdgbwsl  gsfoMdmgdom
©05wobom  (LvEOsE0HBM  3oM30L  BMOGOOL  bmds  Fgoagbos 10,000
3J0MEOAEHM™BL). 37350530l L3gE30B03MNOMIOL  bTsMWgds©  3obogbwom
Bgomanwol — xowgbol  LodMgE030¢HeEom MGl sEbm®dE0sL  Bacillus-b
33560L  Lobgmdgdol  cereus s megatherium-b  g58mygbgdom. 3@ wOgdol
Bsdmegsbgol  890gy  9®LgdMwo  Lodmg®ozol  LEBBPIMEHOL  dobgyzom
35850900 Mobsdsm0o FmEEmdol 2 dJarME/der  3mb3EIBEG®IE0L.  TGsEOL
gmgger 1 9-b 35053900,  dogd@gmomwo Lmldgbbool 0.1 dev, Fgbxwégzol
990093 303500000 MYMAMLEsGTIo 1520 Fooo 37°C-By. SELEOdEOOL 909y
b396Bosl  35396GMoRMI0MGdom 6000 dG/Fon 15 foo 9963530mdsd0, F9dgy
0oL 3830 GH30m  LELEHIMOWobsgoM gomG®do — millipore (gmeob
bmds - 0,22 pm).

0o0oda™mdbmdostg,  9JBHoMmO  LsEosabmbBozm  BHILEH-LobEHIIOL
dmdbogdol 9om-ghmo  3603369mmzsbo  gBHs3o 9ol sELbmGOBYEEOL
(9000OHME303J00) LBV oDBs3o0l  Igomol  dMBg3s. 58  doBboo  B3ggbL
99b3960096BHT0 253309496y JHOMOHMEFOEGJOOL BMMTI30EOM ©FYT53900L
Ubgo@albgs 3gommo. (gbMowo 11) Hmam®s 3bOHowosb Bsbl Csizmas dgommoom
5099953900 gPMODOMEOGIOOL  godmygbgdom  smdmbBgbowo  ozmMdmo
5m©gbmds 400 sl (3+) 9goy9bl, Menbmos, Imytep 1978-0l dgommeoo 100
205LL, begwm MastHekHit ¢ coasT. 1968 9gmm©om 3o Tglodergdgero aobs 25 smslo
0036MMd0L 50dmbBgbs.  JomgdMw 9909g0bg IYMEbMdOm odmgerobs, M®I
05096L30L s MBssgzBMOMs doghH TF9dwdszgdIEo IMEOROEOMJO0 TJOOMPO
BOHMB39wygmnl  xowgbol Fomowdy®dbmdosty, b3g30803MGO BHgLG-LobEgdolb
Jogdab.

gbMogro 11
bbgsolbgs 990m©om ©FM3s390M®Wo  gMhom®OmEo@GJdoL  B39E0B03MMMBdOL
dglfogams

# | 960mOME03JO0L 20dmBgbogro 9030MdIdOL HomEgbmds (5075l0)
ROIsobobogos | 1600 | 800 | 400 | 200 | 100 | 50 25 125 | 6

1 | Csizmas 1960 e I e I e T - - - -

2 | Menpmos, IMyTep | +4+ | +4++ | +4++ | +4++ | +++ | ++ ++ + -
1978

3 | MastHCKuHit € COABT. | +++ | +++ | +++ | +4++ | +++ | 444+ | +++ | ++ -
1968

896093b65: 4+; 3+ — ©5©JO0MO 35BYbHo (R58M3wgboo 303MMdGOOL MoMEIbMd.);
245+ = 9990YmR0m0 3s5bbo.
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©003bmbE03wdol obFBOIdIWS© BOOI>0boBoMmYdM
JOHONOME0EGJOL 30g3bo3om BsBH®0mdol Jwwmemool 0.9 %-s60 blbs@oom s
39b9bom MHgLL3GBEOMmYBSL 53539 bLbsGom (PH=7.0-7.2) ©s 350%D5gdLOm
9H00OME0GHIO0L  2,5%-056 9bsfmbl. s0bodbm Lmlidgbbosdo ghom®m™mEodEgdol
(50©96mds 89000906s 5-6.10° M) G©L. s 3Mg35M0F0L 3930803 MNOMdOL ©s
3a®dbmdgmdOL 5350 gdol FoBbom (9M0MNOHMEF0GHJOOL BgEs30Mm0B 30Em3zs60
@5 Ubgs boghromgdol dmbsgowgdws®), 5 Gowowod®  2,5%-006 brbdgbbosl
359539000 MMIJOHMATH935 Joeorydol (K2CR207) bbgssbbgs gs6%sg9d0L (1:1000;
1:5000; 1:20 000) 0565856 BmEm@mdsl s 35075398@0m M9MAMLEsETo 37°C 20
§m000L 99685300 d530. 35¢0dol d0dHMTsG00 ©sFMIZ90ME  GMOOOMEOGHIOL
3693b930000 bsBH®0Tol Jerm®mool 0.9%-0s60 LbBsMom s 353Bsgdom 2,5%-
056 Lybidgbbosb. 1393083039OMBOL s FpMHABMBdGEPMBOL  MZoELsbGOLOM
bom390mgbm  G99a0 F0MgdMEr 0dbs BMMTow0boBoMYPIMWO  JHOMMM30EGHIOOL
35¢0930b doghmIsGom 1:5000-bg 456%s390000 ©sdmdagqdol dgdmbggzsdo.

9H0OME0GHIO0L 2,5% bmb3gbBool 5 da 35053JOOm GHobobol  Tgo35L
(36396GH®530s 2,0X10%) 0956505010 FEwyenmdom s 35053B9dO0m MYMmBMLEGHT0
37°C 20 §oo gobBsgemdsdo, 8909y 2-x9® 3Ongbogom 1/15 M gmbigsdol
03900 PH=7,2 s ghombge 1/15 M gmbigs@ol dggmoo pH=6,4. BsdmMgisboero
9600OME0GIO0L MHgLL3dgbBomgdsl 35bYbwom bs@Mmomdol Jarmemool 0.9%-
0560 blbsM0oom 2,5%-056 3mb3gbEHMo30599 o 35053g0om  LybloEobl-xowagbol
Lofoboordgam 0dbmyMmdeobl.

L50sRBMLEBH0ZM  BHYuG-LOLEGHIGOOL  ITBsEGOOL  3MMm3gbdo  ASBLsIMo-
M9d0mwo  360336g9mds  gbodgds  gm®TscroboboMgdymo s 39¢rodol
30gMHMmIs5GHom 531933900 JOHOMNOHMEOEJOOL LbblodowbBsEosL  (BGOLbyvy-
WIB0® EIGZOMHMZL). 30 IB0M JHONOHME0GJO0L  LgblodowoBsgool 3Mm3glo
LbLoEGHObOLS s SELMMBdIHEOL MMMOIOMNJTYJds G gdsboBdos, G@Iol
omEIbmMdM030  obsLOSMPDS  EWIOLOMZOL  dMEMIEY o6 MOl Fglffsgerowo.
3bmdoos,  MHmI  Mm3G0doMo  390mbgblodoEoBsEos  ©ITMIOWIOIE0S
LbLoEGObOL  3MmbEI6EHME05%Y, LYBLOdOWOBsEOOL  bsba®dwogzmdsby, Lbbs@ol
G9939M0@ MDY s §Yordsomboms 3mb3gbEMsz0sby  (PH) s Lbgs.

Gobobol 353000  (1:20000) 33539090  JMONOMEOGHIdOL  Lgbbodo-
@WobBo3osl  xowgbol  Lofobsswdgym  03Mbmymmdmwobomn  3sbgbroom
09mAnLAGHTo  37°C 3 Lossool  gsb8sgermdsdo,  bbdgbbool  3gHom@meo
Ybxomgz0m, 398@gy 63930  go@sp3dmbos 853035080  +6 +8 °C-bg, 10-16
Losmol  2963sgermdsdo. bgblodoEr0BsEool Mz  bBobgzaMo Losmoom
0Mg bL3gbBosl 3mBoBgdom 1% RMMIsewobl LybLoEobol, LEBOEDBsEool
dobbom.  009bMyMdMobol  m3EGH0domo  bsbgblodowobszom  EMBOL
2396L5BO3MSL ZofoMmBmgdom 9Ju39M0IEEIs©, MOLMZOLSE 096D TMEEMdS
9H00OHME303HRDBY (5 Iw) 3009000 X0wgbol 03MbMEMdMEobol bbgsslibgs
©MBsL (939 1 3w 2,5 %-56 gBomOMmEo@gdol Lrtdgbbosby 50 33, 80 93, 150
033 @ 200 933 (0s). (3009000 5350030690, M3 03MbmyEmdMwobols
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33035 @o  bsbgbbodowobsgom ©@mbs 150-160 FozgMmysdos.  s©0bodbwwmo
©MDHBOM  ©IHZOMONMWO  JHONOMEOEGJO0  bolosMEYd0E  Towowro  IMHIbMdY-
WMO0m, M55 ILAWO®S 1533193 LML3gEBosdo 20-25 smsbo Fo3MmMdYO
96090l 50dmBgbom (}owgbol ,,bEHo” 3sd30bs).

lsggds 1
Xowgbob 5b630g960L (3o3Gmdol 3gaol s6¢0ggbo, Bmgbobo) gsbbsbrgms
3300 39053 Gobogool Hgodzosdo

Bagnugfin roogd §o6nb t_ﬁ #’
gfomfMmpnggde  medydaggds wmadyBaggds Lablbndnmnbagna
36gnalbaggemgdnm

-ognbols
i

sBFnggba,
&mglnbn

wepgdnmn waEymegnon
Agaggos Agedgos

X0wgbol  03Mbmymdwobol  Mm3@odseMo  MBoL  odmygbgdom
5395700 0gdbs LoOsRbMLBO3M BHguG-LobEIds, Aol L3g30R0IYOMdS
5 FaM3dbmdgmds  Ggbfisgwow 0dbs xowgbol  bogsdsoby 8BHedgdby (Lido-1
3939353000 3m®m3s; LEO-1 L3MMMZbo BM®Ts; 34F,- 39393H9309O0 BMEDs;
X0wgbol  Logadzoby 8@sdo- lkhtiman g939@ecom®o gmeds) s Bacillus g3s60L
0om3mdoybergdby (B.cereus, B.anthracoides, B.thuringiensis, B.megaterium,
B.subtilis). 8omgdmero 8993900 dmEgdvemos gbGowodo (gbMowo 12).

gb®ogro 12
X0Egbol bogosgbmligoze Ggld-LolEgdol da®Mmabmdgummds s
13930803MMds 336G-30

# 2990g969dMwo 00dmB960w0 303MMdIBOL Hom©gbmds (5005b0)
9300900 1600 | 800 | 400 | 200 | 100 | 50 | 25 | 125 | 6
1 | bEo-1L3mes ++*++ el e I e B S B + +
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LGo-1

e B e I o I B +
30690200000
34F;- 393935000 | ++++ | ++++ | HH++ | HHHE | | | |+ +
B.anthr.lkhtiman

& Fhtt | | R | R | R | | + +
3333G°¢0 gm0
B.cereus - - - - - - - - -

B.anthracoides - - - - - - _ _ _

B.thuringiensis - - - - - - - _ _

B.megaterium - - - - - - - - -

O[O (N (U]| & W[ N

B.subtilis - - - - - - _ _ _

896003bs: *  +++ — 299m3wgboo 3030MdYBOL Mobmds;
++ ©5 — 9OYMBomo 3sbmbo.

6OHymO3  3bOHOwosh Bsbl, 835390 LoosgbmliGozm  GHILG-
Lob®gdoo Bgbsdegdgeros 20-50 smsbo LbHo“  bagsgdgoby 9®sdob, 34F, o
Ikhtiman -ob 8036md7@wo 393935G0NO0 IXGIOL, ©s 40-50 smsbo ,bEo-1”
bL3MEOOL  5IMBgbs. 8939339090 LoEOsRBMLE3M  BJuB-LoLGHIIOL  sm@Mglis
©5©900m FHsMHg F90dwgds Bo0mZoml ol BoJBHO, MM ol MoMymuom JgRJdL
odggs  B.cereus-b 935MoL F03OMBPPMD, M3 5ILEAEHWOHIOL  GHLE-LobEHIIoL
139(30830329OMBS.

B396L doge 89093539090 FHgl®-LoGgdol dg@abmdgwmds dgliffsgerom
0g65 bbgo ¢9dbmemao00 300gdmo sBserma0® Loosgabmlidozm 3Mg3sMm5EMb.
33930L 39093900 FoMImygbowos d9-13 sbGoendo.

gb®oemo 13
X0egbols bogosgbmligozm Gglid-lobEgdols dp®mdbmdgmmds

o}
X0gbob L3mO™Zsbo b56febe
Loggo GgbG-bobEgdol 3593060l (LGo-1)
# 296lbge39ds
5LsbgEgds 3odmgmagbowo )
ogbmds
1 | ®obG-bobEgds, dmdbogdmwo <0,01
$39bL dogt 89935390900 17,9425
0900MEO0m
2 | ©0s3bmbBozwmdo
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General Characteristics of the Thesis

Anthrax still remains to be the actual problem in the whole world. Deep interest
to Anthrax is the reason for the list of health, social-economic and other questions,
concerning the nature, pathogenesis, diagnosing, treating-preventing means and etc.

Making a spore by the bacterium and keeping its vitality in the ground for
decades, transformation from sporadic form into vegetative, constantly creates the threat
of explosion, significantly inhibits the elimination of the bacterium as a biological object
[Gavrilov... 2006, Drinks 2009, Hampson...2011].

The special Interest to Anthrax is caused by the possibility of using the Anthrax
as a biological weapon.

In 2001-2015, human cases of the Anthrax disease were detected in the territories
which had been animal graves earlier. Statistical data show that the number of
individuals with Anthrax was 812. In 2000-2011, the number of animals with Anthrax
came to 108. Of these, 99 were bovines, 7 — sheep and goats, 1 horse and 1 pig. All the
cases of the animals had the lethal outcome.

The abundance of emerging disease focuses (hotbeds) and the intensity of the
spread of the disease require the inevitable conduction of the fast, simple and affordable
research investigations. The diagnostic, modern methods of Anthrax are expensive and
its usage for retrospective investigations is associated with rather high expenses.
Therefore, it is extremely challenging to elaborate highly sensitive, specific and
economically approved diagnostic test systems.

Goals and Challenges (tasks) of the Study

The goal of the work is to elaborate, test and implement the improved diagnostic
serological test systems for fast indication of the Anthrax causing bacteria in water, soil,
leather, fur and other objects hence from the actuality of Anthrax disease emerging and
spread of the infection.

Taking above into consideration, the research covered the following challenges:

1. Studying the Anthrax epidemiology in 2001-2015, in Georgia;

2. Studying the basic traits to establish stability of the Anthrax vaccinating strains
(“STI” 34F2) and the species, belonging to the Bacilli group (Bac. cereus, Bac.
mesentericus, Bac.subtilis, Bac. mycoides);

3. Elaboration of the improved serological test-systems and its utilization in the
reaction of passive hemagglutination;

4. Studying the sensitivity and specificity of the improved test system for Anthrax
diagnosing;
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5. Investigation of the probes from river water, soil, leather, artificially contaminated
by “STT” (the Sanitary Technical Institute) vaccine and bacilli species;

6. Utilization of the improved (updated) test-systems in the white mice,
intentionally infected by “STI” vaccine;

7. Utilization of the Passive Hemagglutination Reaction (PHR) in the river water, soil
and leather for fast indication of the Bac. antracis

Scientific Innovation of the Work

- Unreliable points of Anthrax, described in Georgia, in 2000-2011 and the map, made
according to them.

- Improved serological test-system is elaborated for Antrax express diagnosing  in river
water, soil and leather;

-The Passive Hemagglutination Reaction, offered using Anthrax test-system  with its
sensitivity, is above the tested, precipitation reaction and is  prospective in Medicine
and Veterinary, for purposes of scientific and  practical application.

- The test-system 1is Anthrax specific and highly sensitive Erythrocyte
Immunoglobuline (antibody) diagnostics, which allows to detect Bac.antracis indication
— 2.0x103-3.0x10® (20-30 thousand units of microbes) in the short time period, within
1.5-3 hours;

Practical Significance of the Work

1. Anthrax incidence dynamics has been studied in Georgia, in 2011-2015;

2. The map of emerging, unreliable focuses of Anthrax has been described, which will
help health and veterinary specialists, interested in Anthrax problem to duly and
timely make liquidation arrangements of the disease;

3. The elaborated, specific and highly sensitive test-system allows within the short
time period (1.5-3 hours), to investigate for Anthrax the pathological material and
environmental objects — soil, water, leather and etc. The test system will especially
help veterinary specialists to accurately count the cases of Anthrax causing bacteria
in leather and provide people and animal safety.

4. By means of elaborated test-system, it is possible to investigate the existence of
Anthrax incidence in soil, which is important to establish safety while transiting,
meliorating, developing building sites and taking agricultural plots.
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The Constitition and the Volume of the Dissertation

The dissertation thesis is presented on 134 pages of the printed text. It consists of
the introduction, literature review, description of the utilized materials and methods
(approaches), own investigations, discussion of the achieved results, conclusions,
practical offers, list of literature. The atlas of the emerged focuses and instruction:
“Elaboration of the improved test-systems” are attached with the work (is approved by
the Immunogene Scientific Council). The work is illustrated with 18 charts, 4 diagrams,
map and 2 schemes. The list of literature covers 155 names.

Investigated Objects and Methods
Investigated material

During the trials, we investigated 191 soil, 19 river and 130 leather samples and
microorganism cultures: Bac. Cereus, Bac. Subtilis, Bac. Megatherium, Bac. Anthracoides,
Bac. Mycoides, Bac.Mesentericus, Anthrax vaccine “STI” and 34F2; In order to check the
elaborated test-system, we used 10 white mice, with the live mass of 18-20 g each.

Feeding areas

We used for bacteriological investigation: Soy broth (pH 7.2-7.4), soy agar (pH
7.2-7.4), half-liquid (0.4%) agar, bloody agar, milk, meat-peptone gelatin, colored row of
sugars (glucose, fructose, rhamnose, sucrose and dextrin).

Serums for Precipitation

Serums for Anthrax precipitation have been used in experiments, made in
Ukraine (series N 2 2008, “Kherson Biofactory”) and Russian Federation (series N 74,
“Orlov Biofactory”, 2009 and series N 67, 2010 “Orlov Biofactory™).

Antibiotics

To detect the microbial sensitivity towards the antibiotics, we used in trials
commercial Doxycycline, Penicilline, Polymyxine, Trimethoprim and Sulfanilamid
medication Sulfadimezin and Bactrim forte’s paper discs (manufacturer: Benex Limited,
Shannon, County. USA).

Bacteriophage

Phagosensitivity of the microbial species of the Anthrax vaccine strains and
Bacilli family was checked by commercial, specific Anthrax “Gama” and Fah diagnostic
phages. (LTD “Bacteriophages Biopreparation” Tbilisi).

Methods
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Studying the cultures covered the morphologic (growth features on the feeding
areas, hemolytic abilities, staining by Gram rule and etc.), cultural, stating biochemical
properties (H2S NH3), antibiotic and phage sensitivity. We defined the concentration of
Hydrogen Ions by pH-meter (Seven Easy, Metter Toledo, Switzerland).

Serological Reactions

In raw-leather, soil and water probes and other investigated objects, for better
indication of Bac. Anthracis, we used Askold (precipitation) and passive (indirect)
Hemagglutination (PHR) Reactions. We utilized Takach apparatus for PHR.

Review of the Investigation Results

Dynamics of affecting humans by Anthrax in Georgia, in 2001-2015

Based on the materials, searched by us, the cases of affecting humans by Anthrax came to
812 (diagram 1, 2).

Diagram 1
Dynamics of Studying the Anthrax Cases in 2001 — 2015 years
160 147 143
140

120
100

Note: Ordinates — the number of cases

Abscissa — disease cases according to the years.
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Diagram 2
Dynamics of Anthrax Cases in 2001 — 2015 years
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Note: Ordinates — number of cases

Abscissa — cases of the disease according to the years

As it is seen from the diagram, in 2001 — 2015, out of 812 cases of affecting
humans by Anthrax, the disease value is particularly high in 2012 — 2013 (142 — 143
cases). However, in 2002 -2005, the minimal number of cases was described (15 — 19
cases).

In 2000 — 2011, the quantity of the affected animals came to 108 (diagram 1) with
lethal outcome in all the cases. The cases of affecting certain species of domestic animals
by Anthrax have given the following statistics: 99 heads of cattle, 7 sheep and goats,
lhorse and 1pig (schedule 1) (diagram 1).

As it is seen from the schedule, the maximum of Anthrax incidence was detected
in 2000 — 15, in 2008 — 12 and in 2011 — 18 cases. The exception is the incidence in 2002,
when it is not any Anthrax case registered in agricultural animals. It is worth to point
out that based on formal data of 2002, the incidence of animal disease is much lower than
the similar value (figure) among the humans, for example, in Kvemo Kartli, Imereti and
Samegrelo regions. In that time period, there are no animal cases described. However, 15
cases of human disease are registered.
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Schedule 1
In Georgia, in 2000-2011, the quantity of agricultural animals, affected by Anthrax

Ne year bovine sheep and goats pigs horses
1 2000 15/15* - - -
2 2001 6/6 - - -
3 2002 - - - -
4 2003 - 2 - 1/1
5 2004 6/6 - - -
6 2005 4/4 /1 - -
7 2006 5/5 - - -
8 2007 10/10
9 2008 12/12 2/2
10| 2009 10/10 V1 R R
11 2010 3/3 - - -
2| 2011 28/28 V1 1/1 -
Total 108 99/99 7/7 1 /1

Note: 15/15, out of 15 cases, all 15 died.

Diagram 3
In Georgia, in 2000-2011, Anthrax disease values of agricultural animals
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In Anthrax Epizootiology, the newly emerged manifesting focuses have particular
importance. Based on the materials, searched by us, the number of newly emerged
focuses i.e. those, that have never been described, is 22 (map 1). Most of newly emerged
focuses are located in Eastern Georgia (16), relatively few — in Western Georgia (6)
(diagram 2). Unreliable regions are: Akhalkalaki, Bolnisi, Gardabani, Gali, Dusheti,
Zugdidi, Tetritskaro, Tianeti, Marneuli, Ninotsminda, Sagarejo, Samtredia, Kazbegi,
Tsageri, Tsalka and Tskaltubo regions.

Diagram 4
Newly emerged, Anthrax manifesting focuses

Note: 1. Western Georgia

2. Eastern Georgia
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Map 1

Newly emerged focuses of Anthrax in Georgia
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Note: o— the point, fixed on the map is a newly emerged focus

It is well known that the number of factors affect the development of Anthrax
causing bacilli. Among them the concentration of Hydrogen Ions (pH) is important.
With this in view, during the study, we defined the pH of investigated water and soil
samples (schedule 2).

The analysis of the study results showed that the abundance of unreliable points
in Eastern Georgia if compared with Western Georgia, is caused by the development of
Livestock, existence of soils, rich with the humus and weak alkaline reaction of the soil,
which is within pH- 7.6 - 8.6 in investigated regions of Gardabani, Kareli, Akhaltsixe
and others and represents the supporting condition for long-lasting microbial vegetation
and hence the persistence (see the schedules 2-3).

Schedule 2
The (pH) values (figures) of the Hydrogen Ion concentration of river waters, investigated
for Anthrax
# Rivers pH
Abashis tskali 7,2
2 Alazani 7,2
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3 Algeti 8,4
4 Aragvi 8,35
5 FEast Frone 8,3
6 West Frone 8,3
7 Tori 8,45
8 Liakhvi 7,2
9 Lochini 8,3
10 Mejuda 7.5
11 Mtkvari 7,0
12 Rioni 7,0
13 Suramula 5,8
14 Supsa 6,6
15 Tskhenis Tskali 7,1
16 Dzama 8,35
17 Dzirula 7,35
18 Chailuri 7,15
19 Kvirila 7,15
Schedule 3
pH figures of the soil samples of unreliable points (items) for Anthrax in Georgia
# District pH
1 Gardabani district, Berliki 8,2
2 Gardabani district, Lemshveniera 8,15
3 Kareli district, Abisi 7,65
4 Akhaltsikhe district, Tskroma 8,3
5 Dedoflistskaro district, Tsiteltskaro 8,65
6 Kutaisi autofactory area 8,4-7,95
7 Lanchkhuti district, Lesa 6,25
Shukhuti 6,95
Japana 5,7
Chibati 6,25
8 Zugdidi district, Rukhi 6,35
9 Senaki 8,9
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Chapter 2

Studying the Stability of Species of the Bacillus family and Anthrax
Vaccine Strains /“STI”, 34F2/

Hence from the possible changes in Vaccine strains’ traits, namely morphological,
cultural, tinctorial, sucrosic and other features, we have studied the stability of strains,
utilized during the experiment (schedule 4, 5, 6,7, 8, 9).

For this purpose, we used Anthrax vaccine “STI” and 34F: strains, as well as the
microorganisms of the following species of Bacillus family: Bac.cereus, Bac.megatherium,
Bac.subtilis, Bac.mycoides and Bac.mesentericus.

Schedule 4

Morphological and Tinctorial Features of Some Species of Bacillus Family and Anthrax
Vaccine Strains

Ne Vaccine strains Gr:;;?;; of Spore | Capsule | Movement

1 | Bac. anthracis “STI” + + - -

2 | Bac. anthracis 34 F, + + - -

3 | Bac. cereus + + + N

4 | Bac. megatherium + + - +

5 | Bac. mesentericus + T - N

6 | Bac. subtilis + + } +
7 | Bac. mycoides + + . +

Note: Anthrax vaccine strains are still, but other species of Bacillus family are movable;

44




Schedule 5

Cultural Traits of the Bacillus Family Microbes and Anthrax Vaccine Strains

Growth characteristics

Name of . .
Ne Microbe Brainheart Brainheart agar Fc;rfm Gelatin swelling
broth (Colonies)
colony
Bac. slight
anthracis opalescence jellyfish " . .
! . cotton-like colonies RO upside down fir
»bGO sediment
Bac. Transparent, hite- i
2 | anthracis cotton-like waTe gre;’ on R p—————————— ?
34 Forr sediment fnane cotony
3 | Bac. cereus film, ﬂ,akes’ pale curly R funnel
Opacities colony
4 Bac. . opacities film with wrinkled RO funnel-like
megatherium masses
Bac. . .. wrinkle-like fir or funnel-like
> | mesentericus | LM Opacities mucous S
grey-white
6 | Bac. subtilis film, flake sometimes R cylinder-like
Transparent brown
Wrinkled
grey-white
7 Bac. id wrinkled Film sometimes R ————————— ”
mycoldes brown
Wrinkled

Note: R rough colony; O smooth colony; S mucous
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Sch

edule 6

Enzymatic activity of the microbes, belonging to the Anthrax Vaccine and Bacillus

Family
milk | Methylen . .
. . . gelatin hemolytic H, | NH
N|  vaccine strain clottin e blue . .
. hydrolysis activity S 3
g reduction
1 BaCIll’l.’JS anthracis - n N ) N n
»bBO
5| Bacillus  anthracis N n N ) I
34F,
3| Bacillus cereus + + + + - +
4 BaC|IIus_ n n n n n n
megaterium
5 Bacillus . + + + + + +
mesenterius
6| Bacillus subtilis + + + + + +
7| Bacillus mycoides + + + + + +
Note:  + positive reaction; - negative reaction
Schedule 7
Sucrose Properties of the Microbes belonging to the Anthrax Vaccine and Bacillus
Family
carbon fermentation
7] —
. )
Ne | name of the microbe g 2 2 é .E <
2 S| 8| 2| 5| &
&} — 7 E = @
1 | Bac. anthracis ,,b@o” AT A - - A
Bac. anthracis ,,34”"
2 " A - A - - A
F
3 | Bac. cereus A A A - -
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4 | Bac. megaterium

5 Bac. mesentericus

6 Bac. subtilis

b e e
b I e
> || >

7 | Bac. mycoides

« »

Note: “A”- Acid production; Doesn’t produce acid

Schedule 8

Phagosensitivity of Anthrax Vaccine Strains and Other Species of Bacillus Family

Phages
Ne cultures
Gamma phage Fah phage

1 | B. anthracis,,sti’’ 4+* 4+
2 | B.anthracis “34 F,” 4+ 4+
3 | B.cereus R* R
5 | B. subtilis R R
6 | B. megatherium R
7 | B. mesentericus R R

Note:  R- strain is resistant; 4+ is highly sensitive

Schedule N9

Antibiotic Sensitivity of Other Species of Anthrax Vaccine Strains and Bacillus Family

Antibiotics

N Cultures

Polymyxin
Penicillin

Doxycyclin
Sulfadimidin

- |Bactrim Forte
b Trimetoprim

)

*
IS
+
EaN
+
EaN
+

1 B. anthracis,,sti”’
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2 B. anthracis,, 34 F, R R 4+ 4+ 4+ 4+
3 B. cereus 3+ 4+ R 4+ 4+ 3+
4 B. subtilis 3+ 4+ 2+ 4+ 4+ 3+
5 B. megaterium R 3+ R 4+ 4+ R
Note: R-strain is resistant; (the degree of lyses was not revealed),

2+slightly sensitive;
3+moderately sensitive

4+highly sensitive (indicates the full microbial lyses).

The results of the investigation, given in the schedule, reveal that Anthrax
vaccine strains, used by us “STI” and 34 F2 as well as the strains, belonging to the Bacillus
Family are the microorganisms with stable traits. They are characterized with typical
growth in broth and agar, they don’t create the capsule, but form the spore, give R and
RO-shaped colonies. They are non-hemolytic and “pearl lace” phenomenon is their
characteristic feature (see the schedule N 4, 5, 6, 7). The Anthrax vaccine strains “STI”,
34F: are sensitive to Penicillin, Trimethoprim and Doxacyclin /4+/, but resistant to
Polymyxin and Bactrim Forte. Antibiotic sensitivity of other species of Bacillus family
has been just the opposite. Bac.subtilis and Bac.cereus turned to be highly sensitive to
Bactrim Forte, Penicillin and Doxycyclin. The same was Bac.megaterium to Penicillin
and Doxacyclin. However, was resistant to Sulphadimidine (schedule 8).

The results of the trial (experiment) show that the Anthrax vaccine strain “STI”
and 34F: are highly sensitive to Gamma and Fah phages, that was reflected in the degree
of lyses (schedule 9) and the microbes, belonging to the Bacillus family, which were used
in our experiment, are resistant to the above phages.
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Chapter 3
Elaborating the Improved Test-system of Anthrax Immunodiagnostics

In our experiments, the initial stage of elaborating the Anthrax diagnostic test-
system included selection of high titer precipitation serum. The latter is the inevitable
prerequisite to exactly know how high the serum activity is. With this in view, during
investigations with passive Hemagglutination reaction (using Anthrax Anti-genetic
Diagnosticum), we utilized commercial Anthrax precipitation serums, made in Ukrain
(Series N 2 2008) and Russian Federation (series N 72, 2009 and series N 67, 2010). The
results of the trial are shown in schedule 10.

Schedule 10

Specific Activity (titer) of Anthrax Hyperimmune Serums

Serum name producing titers (phr)
Ne country
1 | Precipitative serum, series 2 Ukraine 1:100.000
2 | Precipitative serum, series 74 Russia 1:50.000
3 | Precipitative serum, series 67 Russia 1:50.000

As it is seen from the schedule, out of the three precipitative serums, investigated
by Hemagglutination reaction, the Ukrainean one had the highest activity (S 2), in which
the titer of anti-Anthrax Antibacterial antibodies came to 1:100.000 i.e. in this dilution,
we received the positive result, which was significantly higher than the consistence of
antibodies in the remaining serums.

It is established that the diagnostic preparation, received from high-titer serums
and made by immunoglobuline is more sensitive.

Out of precipitative serums, the globulin was received from serums by spirits
method, using Methanol (Dubert at al. 1953). In order to remove the remaining spirits
and low molecular admixtures, we performed the purification of the immunoglobuline
solution by dialyses (the size of pores of dialyses bag was 10 000 kilodaltons). In order to
increase the specificity of preparation, we performed the Anthrax precipitative serum
absorption using Bacillus family species of B.cereus and B.megatherium. According to the
existing turbidity standard we made 2 billion/ml concentrations of equal volume. 0.1 ml
suspension was added to every 1ml of the serum. After shaking, we left it in thermostat
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for 15-20minutes at 37 degrees of Celsius. After absorption, we centrifuged with the 6000
turns a minute for 20 minutes. Then we filtered the serum in the sterilizing filter —
Millipore (pore size — 0.22pm).

One of the basic stages of the highly sensitive, active diagnostic test-system is the
selection of the method of absorbent (erythrocyte) stabilization. With this in view, in
our experiment, we utilized different methods of formaldehyde processing of
erythrocytes (schedule 11). As it is seen from the schedule, the number of microbes using
erythrocytes, processed by the Csimas method, came to 400 thousand (3+), by the
Menshov, Shmuter 1978 method it was 100 thousand and by the Maianski at al (1968)
method it was possible to detect 25 thousand microbes. Based on the received results, it
was revealed that the modified method, elaborated by Maianski at al provides obtaining
the highly sensitive, specific test system of Anthrax.

Schedule 11
Studying the Specificity of Erythrocytes, Processed by Specific Methods

# Formalinization of number of the detected microbes (thousand)

erythrocytes 1600 | 800 | 400 | 200 | 100 | 50 | 25 | 125 |6
1 | Csizmas 1960 ot | | | A | - - - - -
2 | Menbmos, llImyrep 1978 e o e e e sl B 2 ++ |+ -
3 | MasHckuii ¢ coast. 1968 I I B B B B B o -
Note: 4+; 3+ - positive answer (number of the revealed microbes);

2+; - negative answer.

In order to make a diagnosticum, we used to wash the formalinized erythrocytes
with 0.9% NaCl solution and resuspended by the same solution (pH=7.0-7.2) and made
the erythrocyte 2.5% mass. The amount of erythrocytes in the above suspension was 5-
6.10° cells. In order to increase the specificity and sensitivity of the ready-made
preparation, 5ml 2.5% suspension was added to the equal amount of different dilutions
(1:1000; 1:5000; 1:20 000) of Gold acidic Potassium (K2CR207) and placed it in the
thermostat for 20 minutes, at 37 degrees Celsius. We washed the erythrocytes, processed
by Potassium Bichromate, by the NaCl 0.9% solution and made the 2.5% suspension. In
respect of specificity and sensitivity, the best answer was received by the formalinized
Potassium Bichromate in case of 1:5000 dilution.
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In order to improve absorptive properties Tanin acid was added to the 5mls of
2.5% suspension of erythrocytes (concentration 2.0x10%) in equal amounts and place it
into thermostate at 37 degrees Celsius for 20 minutes, then we wash it with 1/15 M
phosphate buffer pH=7.2 and once 1/15M phosphate buffer pH=6.4. We perform
suspension of the washed erythrocytes by 0.9% solution of NaCl wup to 2.5%
concentration and add Sensitin — Anti-Anthrax Immunoglobuline.

In the process of making the diagnostic test-systems, sensibilization (loading with
antibodies) of the erythrocytes, formalinized and processed by Potassium Bichromate has
a special importance. The process of erythrocyte sensibilisation with proteins, interaction
between the Sensitin and Absorbent is a complex mechanism. Its quantitative
characterization is not fully understood so far. It is well known that the optimal
hemosensibilization depends on Sensitin concentration, duration of sensibilization and
the temperature of the solution, Hydrogen Ion concentration (pH) and etc.

We performed the sensibilization of the erythrocytes, processed by Tanin acid
(1:20 000) by the anti-Anthrax Immunoglobuline in thermostate at 37 degrees Celsius for
3 hours, by the periodic shaking of the suspension. Then we placed the mixture in the
fridge at +6 +8°C, for 10-16 hours. Half an hour before the completion of the
sensibilization, in order to stabilize, we added 1% Formalin to the suspension.

We defined the optimal, sensibilizing dose of Immunoglobuline by the
experiment, for which we took different doses of Anthrax (50,80,150, 200mkg proteins
for each 1ml 2.5% suspension) for the equal amount of erythrocytes (5ml). By the trials,
we found out that the optimal sensibilizing dose of Immunoglobuline is 150-160mkg.
Erythrocytes, loaded with this dose are characterized with high sensitivity that was
proved by the detection of 20-25 thousand microbial units in the investigated suspension
(Anthrax “STI” vaccine).

Scheme 1

Defining the Anthrax antigen in passive Hemagglutination reaction

-0 o

Native  Aldehyde  Tamin ahwits

: : Sensibilization
erythrocytes processing processing with tibodies
Anthrax

antigen,
toxin

positive negative
reaction reaction
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Using Anthrax Immunoglobuline optimal dose, the diagnostic test-system was
made. Its specificity and sensitivity was studied on Anthrax vaccine strains (STI-1
vegetative form; STI-1 sporadic form; 34F2 — vegetative form; Anthrax vaccine strain —
Ikhtiman vegetative form) and the representatives of the Bacillus family (B.cereus,
B.anthracoides, B.thuringiensis, B.megaterium, B.subtilis). The received results are given
in the schedule 12.

Schedule 12

Sensitivity and Specificity of Anthrax Diagnostic Test-System

# | Utilized strains quantity of the detected microbes (thousand)
1600 | 800 | 400 | 200 | 100 |50 |25 | 125 |6
1 | STI-1 spore B e I Rl B (R + +
2 | STI-1 vegetative Rl B B O I e S B B
3 | 34F2- vegetative Rl B B e I e I B B
4 | B.anthr.lkhtiman
. el I ol N I + |+
vegetative
5 | B.cereus _ _ _ _ _ _ _ _ _
6 | B.anthracoides _ _ _ _ _ _ _ _ _
7 | B.thuringiensis _ _ _ _ _ _ _ - -
8 | B.megaterium _ _ _ _ _ _ _ - -
9 | B.subtilis _ _ _ _ _ _ _ _ _

Note:  +++ -quantity of the revealed microbes;

++ and — negative answer

As it is seen from the schedule, by means of the elaborated diagnostic test-system
it is possible to detect 20-50 thousand “STI” vaccine strains, 34F> and Ikhtiman’s
microbial vegetative cell and 40-50 thousand STI-1 spore detection. It can be considered
as the very positive side of the offered diagnostic test-system, that it gives the negative
results with the microbes of the B.cereus family, which proves the specificity of the test-
system.

Thus, we can conclude that the elaborated test-system is the highly specific and
highly sensitive preparation, which can be used for diagnosing the Anthrax causing
Bacillus.
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The sensitivity of the test system, elaborated by us, was studied with the similar
diagnostic preparation. The results of the investigation are presented in the 13 schedule.

Schedule 13

Sensitivity of Anthrax Diagnostic Test-System

1 f
Name of the experimental test- revealed amc?unt o trustworthy
# svstem Anthrax sporadic vaccine difference (P)
Y (STI-1)
1| Test-system, elaborated By the 179425 <0.,01
method, prepared by us T
2 Diagnosticum, prepared By
> 192,0+15,0 <0,
Fomicheva and etc. 1971 Method. 0.05

The relative assessment of the elaborated test-system showed its high sensitivity.
The trials proved that the test system, elaborated by us, is 10 times more active than the
existing similar preparation.

Studying the Specificity of the Anthrax Diagnostic Test-System

The microbes of the Bacillus family (Bac.subtilis, Bac.megaterium,
Bac.mesentericus, Bac.mycoides, Bac.cereus), spread in the soil and water are
characterized by antigen similarity with Anthrax causing Bacillus. This causes the chance
to get the positive, non-specific, false result in investigated objects, in passive
Hemagglutination reaction.

Taking the above into consideration, the test-system, received by the proposed
technology, was additionally studied for specificity in the objects of artificially
contaminated environmental area: soil, water, raw leather.

In parallel regime with passive Hemagglutination reaction, with Askol reaction,
we investigated the samples of artificially contaminated leather and soil samples
(schedule 14).
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Schedule 14

Index Values of the Anthrax Diagnostic Test-system Specificity

specificity
Ne Name of microbe
Passive hemagglutination .

; Askol reaction

reaction
1 | Bac. anthracis “STI” + + + +
2 | Bac. anthracis 34 F, + + + +
3 | Bac. cereus - - + +
4 | Bac. megaterium - - - -
5 | Bac. mesenterium - - - -
6 | Bac. subtilis - - - -
7 | Bac. mycoides - - - -

Note:  +reaction is positive; -reaction is negative

The results showed that during the investigation of soil samples, contaminated
with Bacillus species, in all the cases, the results proved to be negative which clearly
proves the specificity of the utilized test-system (schedule 14). During the precipitation
reaction, while counting the results, B.cereus gave the positive result.

At the next stage, the sensitivity of the test-system, elaborated by us was
investigated. With this in view, we took the artificially contaminated, following samples:
soil, water and raw fur. The defined amount of “STI” vaccine spore was introduced into
the samples (Schedule 15).
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Schedule 15

Samples, Artificially Contaminated by “STI” Vaccine Strain

Quantity of the Full quantity of microbes (phr)
revealed
microbes
=] a1 g} =)
g2 |B |8 |2 |E |
c =] < < < < g =i g
= =) — =] = =} = = 5
— — =} A = =] =t =3 =
SIEEIE 2|82 |E (2|2 |
Sample q |2 |8 | |S |5 |€ |5 2|2 |2
— o — =) e =
214 (g2 (8 |@a g |
0 < ~ = 0 Q —
Soil +* + + + + + + + + + -
Leather + |+ [+ |+ + ]+ + |+ ]+ ]+ -
Water + + + + + + + + + + -

Serum control -

Diagnosticum
control

Note: +positive,
-negative.

The analysis of the result, received by the test system reaction, showed that in
the above objects, the minimal amount of the searched vaccine strains - 20-50 thousand
microbial bodies can be detected and in water — up to 10 thousand microbes (during the
positive reaction, in penoplastic fossa, the sediments are precipitated in umbrella like
manner). In all the probes, where the above listed bacillus family microorganisms were
spread, negative answers have been received. The similar result was received when
counting the results of Askol or precipitation reaction (schedule 16).
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Schedule 16

Results of Investigation by Askol Reaction of Artificially Contaminated Soil,
Leather and Water Samples by “STI” Vaccine Strains

Quantity of the Total number of microbes
detected
microbes
=) = 2 2 2 =
Sample = £ = g g & § o
g8 =} g g S d |vv 2 [N 2 | o
vy o a o — 2 S B
" e 0 ® 5 | 3 | 3 [= 3
~ © = °© o © )
— \° o — = = = =
R R R +
Soil +* + + + - - - -
Leather + + + + - - - -
Water + + + + - - - -
Antigen control + + + +
Note:  +positive; -negative

The received results revealed that by Askol reaction, it is possible to reveal 2
million and more microbial cells.

The sensitivity of the diagnostic test-system (specific activity) was studied on
white mice (schedule 17) whose live mass was 18-20g. In advance, we infected the
animals intraperitoneally by one million colony-producing units (1.0x10°) of Anthrax
vaccine strain (34F2). After 6hours from vaccine introduction, by Paster pipette,
intraorbitally, we took the animal blood samples and separated the serum. We
inactivated the complement, for what we heated the serum up to 56°C.

In order to remove the Hemagglutinin, we performed the serum absorption by
the erythrocytes of the same series, which we used to make the diagnosticum (schedule
17).
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Schedule 17

Studying the Anthrax Diagnostic Test-System for Sensitivity, Using White Mice

D f th i
Utilized osage 0 the Investigated organs and results
. vaccine
vaccine | ) I
ntraperitoneally | Jiyer * spleen serum lung kidney
34F, 1,0x10¢ cpu + + + + _

Note:  CPU - Colony Producing Unit
-+Positive Reaction;

- - Negative Reaction

By the trials, we found out that the positive result i.e. vaccine was detected while
investigating the serum, liver, lung and spleen, which proves the presence of the vaccine
strain in the above organs.

The negative answer was received by kidney investigation. The received result
shows that it is sensible to investigate the animals, suspected for Anthrax utilizing the
improved test-system, elaborated by us.

In order to control, we investigated the organs, similar to the healthy animals. In
all the results, the negative answer was received.

Investigation of Water, Soil and Pathological Materials by
Anthrax Diagnostic Test-System

Research works, stipulated by the dissertation theme, consisted of fast indication
of Bac.antracis in raw leather, soil and water.

During the trials with passive Hemagglutination reaction, bacteriological
investigation and Askol rection, we used 130 bovine leather, 19 river and 391 soil
samples, suspicious for Anthrax (schedule 18).

In parallel regime to passive hemagglutination reaction, we investigated leather
probes by precipitation (Askol) reaction, already implemented in veterinary practice.
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In passive hemagglutination reaction, we used commercial (Russian production,
Anthrax immunoglobuline, erythrocyte diagnosticum) and Anthrax diagnostic system,
elaborated by us as a diagnosticum. We performed the passive hemagglutination reaction
by macro and micro methods. For micromethod, we used Takachi apparatus.

Out of 130 bovine leather samples, investigated by us, all the cases turned to be
negative (reliable).

In parallel regime, we put controls (of diagnosticum, antigen, investigated

extract, solution liquid). We shook the plate carefully to mix the ingredients.

We performed the passive hemagglutination reaction by classic method. Out of
the received results, of 391 soil probes, 371 turned to be negative, 18 - positive.

In case of bacteriological investigation, we received 375 negative and 16 positive
results.

As the result of investigation of water samples, we found that 18 out of 19 probes
were negative and 1 was positive. While bacteriological investigation, 19 samples were

negative.

For today, the precipitation reaction is mainly used to investigate raw leather and

dead animals’ internal organs (spleen, liver, heart) for Anthrax.

Schedule 18

Results of Investigation of Raw Leather, Soil and River Waters

B iological

phr Askol reaction .aCtQI’I.O ogica

investigation

N f
Ne alir} N ? Quantity

2 A 20 A~ 20 ~
1. | Raw-leather 130 130 - 130 - INP INP
2. | Soil 391 373 18 INP INP 375 16

3. | Water 19 18 1 INP INP 19 -

Note:  INP-Investigation Not Performed
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By passive hemagglutination reaction, the number of vegetative forms during the
1.5 — 3 hours was 20 thousand microbes/ml and spores were 40 thousand microbes/ml.

The trial analyses show that the new diagnostic test-system has been created (kit)
— Anthrax Erythrocyte Immunoglobuline Diagnosticum, which is characterized by
specificity and high sensitivity. By means of the elaborated diagnostic test-system, it is
possible to detect the Anthrax causing bacillus in pathological material, including raw
leather and objects in the environmental area, suspicious for Anthrax. The test-system
gives the opportunity for retrospective analyses of many tens of probes simultaneously in
order to detect Bacillus anthracis.
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Conclusions

The number of emerging unknown foci of Anthrax (2001-2015) came to 22. Among
them, 16 were in the East and 6 — in Western Georgia. The most unreliable regions
for Anthrax are: Kakheti (Dedoplistskaro’s region, Sagarejo’s region). Qvemo qartli
(There are 12 unreliable units in Gardabani region). Imereti (Terjola region 5
unreliable units, Samtredia — 3; Bagdadi — 3; Tskaltubo — 4). The map of newly
emerged foci of Anthrax is created.

New, effective, diagnostic standard test-system is elaborated — Anthrax
Immunoglobulin (antibody) erythrocyte liquid (dry) diagnosticum in raw leather,
pathological material (blood serum, internal organs) and in the objects of
environmental area (soil, water and etc.) to reveal the Anthrax causing bacillus.

In order to heighten the specificity and sensitivity of the diagnostic test- system, in
order remove non-specific antibodies, the first time absorption of anti-Anthrax
hyper immune serum was performed by the suspension of B.cereus and
B.megatherium 18-20 hour cultures. Conditions for receiving the immunoglobulin
fraction from hyper-immune serum by means of spirits method were defined. Anti-
Anthrax immunoglobulin optimal sensibilisation dose (150-160ug protein) was
found experimentally for the 5ml 2.5% suspension.

Using modified test-system, the number of Anthrax vegetative forms came to 20-50
thousand in ml, in passive hemagglutination reaction in 1.5-3hours and the number
of spores was 40 thousand in ml that is 10 times more than the existing diagnostic
preparation.

The passive hemagglutination reaction is much higher (100 times) with its
sensitivity than the precipitation reaction, implemented for Bac.anthracis indication
in path.material, raw leather and environmental objects. It’s significant, that the
specificity of the offered test-system is much higher than the precipitation reaction.

The elaborated test-system (Bac.antracis indication) allows the exclusion of Anthrax
disease in the personnel of leather factories, building and irrigative works and duly
conduction of the anti-epidemic arrangements.
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Practical Offers

Hence from the results of the conducted works, we make to Medicine and laboratory
practice of Veterinary the following offers:

1.

In order to perform the Passive hemagglutination reaction, we offer the simple,
specific and highly sensitive, standard diagnostic test-system.

In order to perform the preventive arrangements, we offer recently formed,
unknown, unreliable foci. In order to neutralize (to make effective the use of means
of disinfestion) the Anthrax- causing bacillus, we offer the indices of hydrogen ion
concentration of unreliable foci (soil, water).

We offer the specific and highly sensitive test-system for indication of Bac.anthracis
in raw leather and environmental objects, which in minimal time (1.5-3hrs) allows
to diagnose the detection of the Bacillus Anthracis.
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