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3350M0L  J03OMMmOYsb0BIgd0.  9bsdgmmzg  3eslogozsgoom,  3bmdowos
069939900l 500 Lobgmds, HMIgdoE 0gmas bbgoolbgs d0Mm35M9ds@. Lobgmdgdols
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9 9bms) 5 LoyMmgb—-050mdMeg9d9geo  (LEbLMYd0) LoLEBHIIGIOL  MOAbMgdO.
0639 MbBO 0530L0  LOA3GHMAgdom 33080 3ooM0sL,  ©9305@0DA,
9600Mm3MOGL,  HMOIOIMNWADL,  @goddsbombl,  FMgwolb  Goxl  ©o
AM6930sl. 530 25dMm, BAoMs© om0 OsRBMUBE0MYds 300500 bgds.

XXI-9 159939960l sbofgolbobomzols  drmaEgemdo 33wsg MRS 3OMdgds
5Q58056900Lsm30L.  F9Jdbogros gHmMdEo30 30dologdo - Legwol dgmebgmdol,
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dmowgmdo, 3dsgdo, bgglLuyOgmls s  MMOSWINDY. 93500 FOMOMOWIQ
3039w©gds 00  M9a0mbgddo, ULssg doLgzb  IgEbmzgErgmdsl,  39MHdm
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5dm39bgdo:
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9302033 MABMOGMBY).
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396@OLS s  bmgwol  dguebgmdol  LsFobolGH®ML  BOJGIOOMEMYOME
WsdMMSGHMOo0l  F0gH  5F0sbgdoEsb s  3bmggwgdosb  domgdmewo
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bsd93wo  BgduBHolb 146  a3960©BY. TgoEogl  Fglegol, oG IMOGOOL
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3060LMEMao00lL  0bLEOGHMGHOL 3MmEgdEosdo sOLYdMYo 36 LsdMBgmdm  FEsdo:
Brucella melitensis. # 130 m/z; 254m/z; 238m/z; 70m/z; 71m/z; 238; 237; 63/9; 7; 110; 16M.
Brucella abortus. # 19; 9; 141; 99; 64; 544; C68. Brucella suis. # 1s/z; 52s/z; 76s/z; 153s/z;
175s/2;182s/2;193s/2;1330;7s;8s;15s; 32s; 35s;36s; 7sa;11sa; 14sa.
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353d3H9Mm0mEBsag00. LodMToml AbgergEMmdsdo 453mygbgdeo ogym dGWYEgLMHYOHO
9393900L  E3dMMIEHMM05d0  Lbgoolibgs {iemgddo  sdmymazoo  gogqdo: ## TB,
IV,V,VLVILVIII, IX, X,XIL,12(b) o> BA; 22 go0 - B. melitensis 3290 ¢)0H90005b:
Ro900 ## 214, 248, 2, 3, 5, 6, 27, 29, 43, 63, 81, 58, 90, 100, 147, 109, 110, 224, 177, 271,
273 s 239; B. abortus- 3790 @109000056: Bo3900 ##544 ©5 SBs©ASTIMYMmTBoo 19,
141-1, 141-2 ©5 9; B. suis -Qsb ##7 sa o 11 sa ; B. canis - ©sb #1066; B. ovis - sb:
## 281, 290, 02 o5 64. Ly 45 gs0.

dgom©9do:

05J3H9M0gd0lL  0@I6EHOR0ZIE0S @S BOMEWMAOMOO  M30L9d9d0L  Tgbfogers
b9dm©s 3wsbolzMMo 05JGIO0MEmyomMo dgommgdom (IToxposckuit B,H. 1998.).
3b6G0d0mFGH03900L 30356 IMABMOGMOOL  2obloDBEgEL  3oFoMTIMmgdOom
363030m3H039008 8 Xm0l 14 ©slobgegdol LEsbIOEMEo ©OL3IJOI0D S5O0
©ogMbool dgomeoom (Hasamun C.M., QPomuua W.II. 1982).  d5d@Hgmoma3eqqdols
L9E9J30d S TFoMO  BOMEMYOOHO M30L9dJOOL (IMOGMEMYO0S, LYOMEPMYOWGO,
80D03Mm-Jodowmo ™30L90900, WoHOLYMO 5dBH0ZMds s IMJIYIOOL Os35DMbO)
d9LPogeolisl  3bgeddM3sbgrmdom  Lygmzggwomom©  3bmdowo  Igomgdom
(Tompadap6 A.M. 1961., Agamc M. 1961).

93393900L  oBoLlOO  B3gIBHEOMOL  AobLIBPIOIL  3oHoMTMGdEOm  Tgs® 153390
5609%g 3Mg0x 0oL dgmmol (Maxamsuau E.I'., Yarumsumu T.I. 1949) dobgzom.

35GOMb-xMIMb MO0 gHNddggool  BoBgdol  Jgufogers bgdms
LGObIOGHMOo dgonmEadoL (Azamc M. 1961., I'abpumosry M1.M. 1973) 358mygbgdoo.
00mMMJ0 155330930 B0l JgdmNb3935d0 ZLOBWIM30  SELMMdZ0OL LoBJsML,

©@5396GHMO 39M00MmEL s LyTMsM A5FMLZ3EOL LoEOU.

05JBH9M0MmAoaolL  IgMdbmdgEmdsl Lbgsslbgs goBozm-Jodor®o  RsdEHmemgdol
303560 3LHogerMdO® LEIBPIOEHWWO IgMPIdOm, 39MImE: 1) MEEHMs00LEGIMO
bo39d0l dmgdggdsl 303393000 BGMUGsEE dx3gMTdo bgsalbgs gdudmbogool
3060md9030; 2) Boabg mbdmbm@mo dmzol Imddggdsl 3uHsgermdom bEsbIOEHWO
dgoom©oom (Anzpepcon T. 1956., Yannmsmm T.I'. 1968) 3) gm3mobsg@ogs¢ol  3gdL
35(%9M900m bEebsmEHwo dgmmogdom (Iabpunosuy .M. 1973).

059G9M0M0gd0L 258603 gdsly O 3MmBEIBEHM0MGdSL 39bgbom Yot 509y
MmOIO0560 535600L Igommeoom (Hershey A.D., Kalmanson G., Bronfenbrenner J. 1943).
obgzo 153390 90930 d5JGHIOOMBORJdOL  GHOGHOL 3LSBOZMOZ300  539eTobols
9900MEom, 8456 153390 5M9DY - MOEO0SL FJNMEOM.
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3M635JB0, 930939 00bIMMHGOME0 otgdm s 33900l 3O MEJEgdo.

5060865305, MM 5@sd0sbms  3MmergdBHogzdo  BMMbMBMOHO 9350 gdOL
503ddz6M9gdo 56 3060379069090, 30650056 9sFosbo  Fsmmzgol  Bobl
Do0mogbl, 0Mdgs  godmbs3zeoll  Fomdmoybl  dogo FoMo o YyzomgEro
3bggds. 3BM39wmMs IMMOL 930DMMEH09gO0L 3930 39W9ds 935380090 ME0s GOHMOL
dbeMog, 2oM9gmero @5 LobmBEM—b53gMObgm  3bmgqEgdols 30653056,
©553500900L AB3EgMmdOl OGHIBGHMO  BMOLmb, TgmMgl ABGMOZ, 9350900l
903939 13mMTob JOHMmbozMdo AooLZWs S ©IY30569dME0  EOSYBMIE03S-
939960B5MdLM6.
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LG MIOME0 EOMMIBHMOONYWHQ. WHOMOSGHMO0ME0 05ABMLE03s FMOo393L
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3b@olbYgMgdols oYgbs M0G0l s ME0bsgool ®god3o0m  BdMHY3IXMHBMMO
05abMLBH03MIol  4odmyqbgdom; 3. 08MbMEO  FEMMmEgLgbgool dgomo; 4.
S9MA0Mo  IgmEOo - d0Obgl  Mgodgos  dMYE3gwobol  godmygbgdom,
5.9358Mm@0036mbGH035  (LOBgMOOL  OYIDs) S RBIYMEH0306Mds  (FoILEBYMOOL
ORIM9I6(306905).

Po@dmppgboer  B5dO™3do  Fgbfiogeroo bbgosbbgs fewgddo (1942-1963F)
399mymz0eo 36 LEINHBYMIm IBEHo00sb 11 dog3mmabgds Brucella melitensis, do»
dm6ob 4 9BF0 290MmYmxBoos  MdoEroldo,  ©sbs®Bgbo 7 F@sdo 2q6M3sb0sdo,
0o gmdo, Omlgomdo, ysbobgmdo. 7  Brucella abortus-sb 3 9@sdo
0BME0MHG30s Md0oldo, 2-2 dEsdo HMLgmLs s 0byeroldo s Brucella suis
18 93500  5dmymxzoos  bbgoolbgs J399ybgddo  MmamGogss: sdd (2 8@sdo),
Babgmo (2 93sdo), 0baolo, ¥dMWasmmo, OO, 0FIE0s,  SMR96E0bS,
3m@mbgmo (9 93sd0). godmymaol fysmml dobggzom, mmbogg Brucella melitensis
(0000¢oldo  25dmygmxzowo) JEsdo, 53060l Lolbeosh sGol 0cbmwomgdmo,
ologg OMaMmOE  9mdsbosts s  Mmbgmdo.  obgeroldo  aodmygmgowo  dEsdo
dbbgoggbs OJmbobosbss domgdeo, 3 @SToL  Ho®dmBmds  3bmdos. M3
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d99bgds  Brucella abortus -ob 93sdgdb — 2 (00d0oldo godmymaoeo) 9odo
5530560l LobbEPoEsbss  OBMWOMmGdMEo,  1-b535J30bms,  1-LosgMMITMMHOLM
9GS ™bos, 2- Abgowagbs MHJmlsbosbss, 1 0byerolbobosh dowgdmwo 8Esdol
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(39830b65D0b0) s bLEgsbowsdoEYdOL oMoy BEGdOL F0dsMm.

6390 MBols Q0536mbE030 dbmxyEom X 9bo330L mO560Bsi300L
9339605309000 259033093900l HOQ0 FJPMPII0MSs MY STIDEH0MGdI0, Jom
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9 B.abortus 141 1,4 x10%° CL CL CL CL | d5009 | 95009 tv

7sa B.abortus 141 1,3 x10° CL CL CL CL SCL - -
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11 sa B.abortus 141 1x10° CL CL CL SCL - - -

396009365: CL-L6¥9e00 ¢roBobo, SCL-b5§oemd®030 @obolo, tv -gsaol bygs@o®o 3nwmmbogdo.
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3e0bgds. # 19,9, 141-2 s 7sa — 1539008 RTD  10% Bmgoos, bogom 141-1 o 11
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3930580 sOLgdmeE Babortus @5 Bsuis 935090%9. 35009 @s
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299066935 50O WOMOMMO 9dE03Mmdom B. abortus 93sdgdol dodsem. mdizs B
suis =g 9cmgddgqdolsll gsaol Lofiyolo GHo@®mo (10° RTD) odwrggs L aroboll,
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108 102 108 108 108 108 102

RTD | RTD | RTD | RTD | RTD | RTD | RTD | RTD | RTD | RTD | RTD | RTD | RTD | RTD
B.abortus
19 CL CL Cl SClI | Cl tv Cl + Cl Cl Cl Cl CL SCL
141 CL SCL | SCl |+ SCl | tv SClI | sCl |cl Cl Cl Cl SCL | SCL
544 CL SCL |SCl |tv SCl | tv SCI | SCI [SCI |SCI |SCI |SClI |SCL | +
99 CL CL Cl tv Cl tv Cl SClI | Cl Cl Cl Cl CL SCL
9 CL SCL | SCI |+ SCl | tv + + + + SCl | + CL SCL
64 CL SCL | SCl |+ SCl | tv SCI | SCI |[SCI |SCI |SCI |sClI |CL SCL
c68 CL - tv - + - SCl | - SCl | - SCl | - SCL | -
B.suis
1s/z CL SCl | - - SCl | - Cl - Cl - Cl - CL
52 s/z CL SCl | - - Cl - Cl - Cl - Cl - CL
76 s/z CL tv - - + - SCl | - Cl - Cl - CL
153 s/z CL - - - + - SCl | - Cl - Cl - CL
175s/z CL + - - + - SCl | - Cl - Cl - CL
176 s/z CL - - - + - SCl | - SCl | - SCl | - CL
182 s/z CL - - - + - SCl | - SCl | - SCl | - CL
193 s/z CL + - - + - Cl - Cl - SCl | - CL
7s CL - - - - - SCl | - SCl | - SCl | - CL
8s CL - - - SCl | - SCl | - SCl | - SCl | - CL
15s CL - - - SCl | - Cl - SCl | - SCl | - CL
32s CL - - - SCl | - Cl - Cl - SCl | - CL
35s CL - - - - - Cl - Cl - SCl | - CL
36s CL + - - SCl | - Cl - Cl - Cl - CL
7sa CL - tv - SCl | - Cl - Cl - Cl - CL
11sa CL SClI | - - SCl | - Cl - Cl - Cl - CL
14sa CL - Cl - - - SCl | - SCl | - Cl - CL
1330 CL SClI | sCl |- SCl | - Cl - Cl - Cl - CL
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bbgo@slbgs §ergddo 0dbs godmymaoo Bbgoslbgs  §gomrmsb. 39Mdme, 10 gsgo
0BME0MH9390s Bodmberol g3g35wMEMo Fsbosb ((mdfmds): ## IV,V,VLVILVIII, IX,
X, XI1,12(b) 0> BA; 22 gs0 - B. melitensis 390 @10m90000sb: o900 ## 214, 248, 2, 3,
5, 6, 27, 29, 43, 63, 81, 58, 90, 100, 147, 109, 110, 224, 177, 271, 273 s 239; B. abortus-
3MGHOG000: Bogygdo ##544 O sbEroysdmygmaowo 19, 141-1, 141-2 s 9; B.
suis -Qob ##7 sa o 11 sa ; B. canis - @sb #1066; B. ovis - @oob: ## 281, 290, 02 s 64.
99L5MYOMOE A9dM30Ygbgo M9xgMHPL Rsao TB, GMIgwos godmgmaow odbs
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393900L 103RTD —obs dmgdggds; 3359900l RTD —ols 9mgdgogds
B.abotrus 9¢sdgdo 20% _B.abotrus 8@&sd9d0
mCL
mCL mSCL
100%
©O00Ms0s # 5. B.suis-ob 9@s090%by 000505 # 6. B.suis-ols 959909

23939006 RTD —ols 9mgdgogds
3393900L 103RTD —ol 0mddggds;

. B.suis 353900 B.suis 8@58360. o
2% mCL B SCL
9% 56% m SCL nTv
mTvV ER

3960539090 Boggd0 o Fomo  LYFNTom  QobDeggdgd0 — RTD  dopogn
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b 93odg0bg, olbobo ULsHgol GHoGHMGddo 50056 odBHoMEMdo, 25OHES I30MmgMm©Ibo
399mMb53eolobs, BosE dmddggdl dsomo RTD.  RTD- Go gs3900L 096 dEsdgdols
©w0oBolo Jomo dmddggdol oxkgMHI6E0MYdOL Lodswrgdsl odwrgls. dgmeg dbGOg,
50 3009030 250m3e0bs 93Hodgdol  gMmdbmdgwmds (3530 9GO0 Fo3gOoL
908s6Hm. OHmamO3 3bgsgm, B. abortus-b 9353900 boliosm©gdosh Ma®m domowo
3393MIgMHIbMBGMdOm, 30O B. suis -ls Lobgmdols dEsdgdo.

3393900L  Bodumbmdon®o  mM30L90900L  TguFagarolsl geo-gmo  360dzbgwm356
AILAL B35 BHIO0MBIAJOOL  LgOMEMYoMMHO  EIBILOIMYdS  FoMTMoqbU.
bW YdMYMBoo Boggdol ## 141-1, 141-2, 19, 9, 7sa sllsa bgo@GHGowobsiool
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95d300b5mM30L  2odm3094gbgn TB sbGHoRsyMGo Moo 1:100 396%sgg9000 30
{mo0sbo gdudmBogoom, 37°C-Bg. domgdmwo dmbs3gdgdol dobgz00 godmmgurom
0965 852900l 6g0GHMw0bsE0ol 30MM39bGMwo d5B396909w0 s bgo@dMowobsiool
LoBJoOl 3MBLEEES (K).

3OO #5 . sbosdmygmzowo Bogqdol Byo@E®mswoBogool Mgodsos B.abortus 141 35¢Gmb-
OXOIQDY

330L TB 96530L 45603905
# 1:100
9Jb3mbogool e 30f o
Byo®H®. % bgod®m. K

141 -2 77,8 49

141-1 38,3 1,59

19 90,5 7,7

9 86,3 6,5

7 sa 90,9 5,1
11sa 100

Sboasdmygmgomo # 19, 9, 141-2, 7sa s 11 sa- gs3900L MON0gMmddggdsd TB
3B6G0GBMO OB 259Mo3w0bs 670EH®IE0Bs300L Jowswo 3MmEgb@o (77-100%)
5 6903H5e0Bs300L 3MBLEBES (K) 396Mygmds 4,9-0sb 7,7-0¢09, ©o3 30mmomgdls
005%9, ©mI SHE5ASTIMYMBOWO  FB5gd0 0bLBoGE3do 5MLgdmEo
0MH39MHBMYOO  Boagool 3MIMWMPONOH0S s ImbBomglioggs. 3oads #141-1 TB
BGHOGBYMO  FOIGHMID MO0 gMHMJIJIOOLIL  godmogErobs  Bgo@EHMowoBsiEool
090560900 0o  (38%) 0sb396909c0 @S  FgLodsdobs  6goBHHmIX0BIEGOOL
3MbLEBGHS (K) moc®o©s 1,59, Momss  ©sb@Gmmgds dobo dmemgmeo booglbomds
0639 MBM6 TB 53o8056.

05dH9MH0MmBogd0L LY gdEool EOML 530 GIJ0S  FoggdoLs S 395G Mb-
IXOIO0L MO0 gOHMJIggdol  BoBgdol  dglfogwrs,  MHMIgEoE  Bo3gooL
306099 gbBHMOoL  gOM-gOHmo  2obABoBOZMGo  BHguBH0s.  BORJOOL YR OIOI0S
9360300 BMYs©o  356MmbDMT0gMHgdol oy bol  doBboom  Fglfogwrow
0dbs B. abortus- b 1393080MM0 B93JdOL 35GOMB-MKROIOMID MYOH0YM01JIg)OOL
B3I B3HJO0:  SELMEMDE0S, WIBHIOGHMMO  3JOHOMPO, Foagool  Ladmom
259053500 9P 0683030090 359EHIM0ME MY MIODY.

33193990l MM,  Bd5gBHIMOoME  MXMIODY Bogol  sELMMdEo0L  LoBJs®ol
39bLOBOZOOLIMZ0L  F935MB0gm §.900535L 0BLAEHOGHMEHOL 3MmegdE0sdo sOLYdMEO

5096039 d3OMEgMBMOH0 Bogo # TB, 02, 1066, 177, 544 , 281 3o@H®™Mb-1)x g0
B.abortus 141 ©s 51939 B30 TB - 3oBOmb-yxégoo  B. abortus 19. (3500
2499m304ygbgm 96EGH0Bsammo Moo TB  qobboggdom 1:100, Mmool Lbgsaolbgs
9mb533909000.  d5dBHYMoIer  MXMJODY RBoFoL  dELMOdE0s bgds  LoBdsGoom,
OMIgog 3oL 3mb639bEGHMs300Ls s BodBHYMOOL 3OMIMMOEFOYW0. SELMMdZ0OL
95Jb0doE MO LOBRJSMOL 3MBLEBGS  JOIMZMZIEGD BMOIMEO0m. SELMOBFOOL
396000 5060360 Foggdolsm3zol yMdgemgdms 60 §00sb 3 LssmsdY.
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womoMH0  B3gdBHOoLs s 0535BMboL dglfogeroll Fgwgas®, dgzsMbogom 45
0520056 2oblbzs390o 5dGH03MmO0L s Os35DMbol dJmbg 10 gogo. 99dymddo
3930L(93090 500  BOMEWMYPOWOO M30U90900, JJMNIME: BoFoLs s 35GHOMb—
21X O9O0L YYOHM0GHMJI9JO0L B3HGd0; BoD03M—J0T0MHO FoJEMMIdOL dmddggds;
339860 bofios3gdols ImOBMEMy0s.

05d3H9M0MPoag00L 203603 gdoL  9OHMXIMI©O  303¢ol  glfogerolsmgzol
390Bgm 0dbs  2.9w05358 0bLGHOGHMEOL 3Mmwgd300sb B. abortus - s dodsHro»
5JBHomeo  dodBHotomxsaqdo:  ## 02, 544, 1066, 281, 177, 110 o 5bg3g
Sberosdmygmaowo #141 s 11sa goggdo 4990530 gdv)ero 930 B. abortus 141-%y.
05JAH9M0MBogoL  25dM3gdoL  GOMXIMIO  (303¢ol  dmbsizgdgdol  dobgzom
©5350030b9m, O3 3bOOEdo s0b0odb o B39 MBMYOHO BSAJOOL VX MJOTOS
399653905 30MMO0MOE Lsd 39M0MEE Fgodwgds soyml: 1) 0-sb 3,5 Lo-0cy
05J9M0MmR53930L 65053900l BHoM©IbMBS LEOdOEIMMO 0gm @S 3G S5©00bodbydMS
doBgds. 2) 3,550-sb 6 Lo-dg d90dRbgMEs B0l MoMm©YbmdolL bsfowszgdol bywro
BMs. 3) 6L~ 8 L-0g Boffoes3gdol Mom©IbMdOL 93390000 DBMS. Foawyeo
Bsfos3900L Bodwmsm dmlisgwr0sbmds 9hm 063303060909 dog@gM 0 VX M9ODY
996Yygmds 21-0sb 68 gMmgmeEsdy.

3bMowo # 6. B5JBHIM0MGBAJOOL 458653 dOL GOMNKIMIWO (3030

g300L | 9Bsdol 330300 dmbogosbmds
1 goo 2 (300 3 3o Lodoom
# #
dmbos3900
177 B.ab.141 46 39 41,7 42
544 B.ab.141 15 23,7 25 21
1066 B.ab.141 39 73 33 49
11sa B.ab.141 40.6 46 29 38
141 B.ab.141 45 77 81 68
110 B.ab.141 45 42 55 47
02 B.ab.141 20 52 25 33
281 B.ab.141 55 43 72 57

039 MHBME 359EH9M0MRBIRJODY B0D03M-J0B0oMOO BoJBHMOJOOL Hgdmddggds
d930L(o3wgm  09MHIM0bsGH035300L,  JWMmOHMBMEOIOL,  ToMEMZobIL,  MLIMLMOO
dm30l @5 MEHMI00LGgHo Lboggdol godmygbgdoo. 09H3M0b5JEH035:300L
3399BH™OOL JgufogErololl BoadL 3503MdOm 5%-0560 0bFH M35 0m, 45°-sb 75°-
dg. §obsbfo®o 99990000 ©oA0bs, ®MI 56° —sb s 65° -y 0bGEHYMZSEo
b5 9993060900y 2-2° -3y. 09MH3M0bsgE0353008 J909o®© OO MHBYOmO
05d3H9MH0MTo8900L 3b™390dgmRgeo  Bofoszgdol  Momgbmds,  HmIgwoa
3990bsbMos 30m396¢ 900 6563969005 (3G #7-00.
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3500 #7. 3OHY39MBMOHO B5JBHIOO0MRBRJOOL MYMIMOBsgdE035300L 3obgE oo

B350l 35™390YMRgEo B0l bsHows39d0lL MHoMm@gbmds 3Hnd39MoEweol
598g9gdolL Fgegpoe (360336¢880)

# 45° 50° 56° 58~ 60° 62° 65° 70° 75°
544 100 70 54 35,6 18,4 12,6 1,06 9X107 0
11sa 100 100 78 52,3 25,2 18 1,2 2X10° 0
\ 100 100 60 35,4 25 16,6 0,6 0 0
02 100 100 100 52,5 23,75 12,5 0,45 26X107 0
281 100 100 100 85,4 51,6 10,4 0,5 16X107 0
TB 100 93 56,5 43 35,8 17,4 0,15 0 0
1066 100 100 68,4 47,4 24 11,2 0,47 94X107 0
177 100 100 58,6 58 58 21 0,02 9 X107 0
141 100 100 100 68,3 36,5 14,6 0,024 22X107 0
110 100 100 100 67,4 23,2 4,65 0,14 3 X107 0

0399900L  #544 > TB —Logol mgMHdmobsd@ozs3ool dJ3gs Bogzs®o 50°-0o,
HMIgmd Bsfos3gool Gomgbmds 30% s 7% -oo obsgd@ozotms 56°- by,
bomm bgos Bezs®o - 65°. 95006 MmEgLss, Roggdo # 02, 281, 141 s 110 —
50dmPbbgb dyMmogdo  56%-Bg. ©IbsMHgbo  Roagdo  0bsMPMbgdE  (3mEbog
X OJIOL 54%-5b 78%-0009. $oagdL # 02, 281, 141 o 110 58°-sb 65°-009
396560B690m@0 3Jmbsm 3bmzgwdymggwo bsfowszgdo, Mog 2odmobs@gds dsmo
360Hm39bGMwo 358396900l 3egdsdo - 68,3%-sb 0,024%-0¢0q. # 544, 11sa, 02, 281,
1066, 177, 141 5 110 - 53900 vdwgdgb  70°-b, beoerm goggdo V s TB s0bodboyer
A99396M5¢MM5Bg  LOMMOE 065030006,  Mbs  500bodbML, GMmd  g3zges
d9LPogrowo gs3gd0L LEMEo 0b5dE035305 9500b0dbgdm©s 75°-Bg. dgbfageroo
30900 (##TB, V, 544, 11sa, 02, 281, 1066, 177, 141, 110) og®dwo ©s3+9ds3900L
0909250 503mhbbab dyM9ad0. (3MEbIO FogMo BofoErs3gdol Momgbmdols
@5 9939653 ML TMMOL MPSOHO0MTNO ©sTMI0YIOMEGDS godmbobmos  #1
3553030l Lsboo.

30553030 #1. 06 39MBYOHO BogOOL MoMmEIbMdOL s 3HYF3gMoGHWIMOL MYsH0mT0

—-110
/ — 141
/ 177

/e

45 50 56 58 60 62 65
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Jo8ommo 603009093900l Gogo  dmddggdl 306HLOL 0ol IBsGIMS305DY.
306500006  39domdol  3Om3gbdo s  30MHLOL  bo3MblYM3s30ME  oBmoygbgds
JmOMmxzm®do,  SToLsmzol  aobs  LsFo®m  9gagqlfogers dobo  Hgdmddgwgds
0MHM(39MBMEO  Bsa90DY. JmOmazm®Iol  HBgdmddggdolsl d900hb930
039 MHBMYOHO BoAJOOL 309dOL IBSGHIMSE0s, ML FodmE JU BoggO0 3565396
5dBH™M3MBL 39633901 EOHMOL dMbs33990d0. (300LsMZ0L  S©GdIMW 0dbs bo33900
6050590, HMIgeoE 99039300  JWMmOHMBMEOAL.  BogoLs s JEMOMABMEOIOL bs6gz0
053593690 Bbgsslbgs Mol dmbs3zzgmgddo: 10 fo, 1 Lo, 2 Lo, 3 Lo, 24 Lo, 48
b, 72 Lo s 25 EE). 06 (39MHBNYOO  BoJBHIMOMBR DY JErmOMGBMOIOL
b98gdggdol  8ggpee doegdro  3bmZIwdYmEIEo  Bopgdol  3OmEIbHYo
95639690 gd0 Imzgdmmos  3bGow #8-do.

300 # 8. 3OH39WMBMMO Bog OB JMOmMRMMOIoL Bgdmddqwgds

3980l 39300 35M39wgmxzgeo Bogqdol 3OHm3gbE0 bbgoalibgs 9dudmbogool ™l
10 foo 1 bo 2 bo 3 bo 24 boo | 48 b 72 boo 25 oy
# 3MbGHO Mo
TB 2,27 x10° 100 27,3 21 17,2 49 1,65 1,1 0
02 1,15x10°° 94 40 25,2 15,1 3,74 1,3 0,43 0
1066 1,47 x10° 51,7 47,6 14,4 13,6 4,7 0,95 0,7 0
11sa 3,4x10° 77 15,3 11,7 10,6 2,47 0,76 0,35 0
\4 6,4x108 53 11 7 5,3 1,3 0,6 0,5 0
110 45x108 89 48 46,2 43,5 14,4 3,7 1,28 0
141 8,7x108 27,7 11 5,4 1,5 0,5 0,8 0,8 0
177 5,6 x108 51,7 34 25 20,7 3,8 0,9 0,18 0
281 7,0x107 100 47 13,5 10,8 3,8 1,9 1 0
544 7.65x108 74 36,3 29,2 29 7,3 0,8 0,445 0

R93900# TB o 281 -10 fyomosbo gdudmbogool d9gas© s0mBbbgb 25ddwrgbo
JmO®MmxzmOIoL J0ds6m, beerm sbs@Bgbo gogqdo ## 02, 1066, 11 sa, V, 110, 141, 177
©> 544 bsfowmd®mog goddegbo. dgdamdo gJudmboEool  Fggac  dsmo

3539w YMRgemds 05bsmsb 03w gds. 25 @Ol 899wy LOWWOo 0bsdEHogzs3os
396035005 Y39 Boddo.

956MH©M35656  dmddggds  d5dBHIM0MRBIRGODY 300l gbsGHMMOEosLS o
539M396@ 900l 0b5gEH035309L 0figg3L. 0oL LB, MY BMaME dmddggdl
356M3565 dOM39gMBNOH B5390bY, BoBocmgdme 0dbs 9Ju3ge0dgb@gdo, MmOl
bbgoolbgs 0065330009000, Losg 39dmygbgderos 8 Ims®vyemo  JoMmgsbs.
039 MHBNEO dogdBHYMHOMAPey 0D ToMrM3565L dmddggdolsl 990dhbg3s  BoamO
Bsfos3zqgool boffocwmd®mogo  0bsdGHogegos. 20 ool 899wgy 0bsd@GHozoMoads
B39O0 bsfoers3900l 10%-sb — 45%-39; 40 Hromol 9999 14%-05b - 57%; bmm
60 {mool 89809y 17%-sb — 68%.
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3bMowo #9. F56M3565L 3mJdggds dOHVY39MBMG FoaqdbY

3390l 39800 3bM39mYMmxgo Bsgagdol 3OHmEgbGo bbgswsbbgs
93b3mBoEool O™

# 30bGMmmo 20 40ho 60Ho
TB 1,64 x10° 73.8 70,7 52,4
02 8,40x108 83,0 80,1 80,0
1066 1,59 x10° 63,0 63,0 62,0
11sa 2,80x108 86,0 84,0 83,0
\4 2,56 x108 90,0 86,0 82,0
110 4,82x10° 76,0 76,0 49,0
141 1,44 x10° 81,0 80,0 57,0
177 6,0 x108 55,0 50,0 45,0
281 1,75 x10° 78,0 43,0 32,0
544 4,20 x108 78,0 76,0 76,0

bIMLmOo Gm30L dmddggds 059@IM0MGBIRGOBY d930Lfog3wgm sbgOLMbol doge
3900 30503 M0 gMEOm. 0dob AobeM339390 M) Modgbs dmddggdls
909JGHOMoGHI00  Roaol  JE0sbMdsHY s ol 9dBH03mdsBY, 4 MG
Bs@®0mdol JermGool blbs®do d930@bgm  gogo, 98 Lyldgbbools 0,1 de-U
531995390 10 9 ©oLEGHOWoMGdwo [yseo s Ao63LsBWIMID RBsAOL BHoGeMo.
39MOEIYIMOQ  I3H0M B0l 3MBEGHGMEo.  mbdmlyGo dmzol dmddggds
0MH(39 BN Boagd0bg  Bobg9bgd0s  sbMoro #10-Jo.

3bOowo #10. mbdMbyOHo dmzol dmddggds 3M¥Y39XMBNMO Bo39dBY

B0l B0l 3bm3dgmgygo
B93900L 3OHM396G0
3MbGO Mo
TB 1,01 x10° 100
02 6,85 x10° 10,1
1066 4,87x10° 100
11sa 8,0x10° 100
Vv 1,27 x10° 7.8
110 2,2x10° 100
141 9,6 x10° 100
177 3,0x10° 66,6
281 2,0x10° 100
544 6,2x10° 100

090929000 BBL, O™ dodBHgMommoeaqdo # TB, 1066, 11sa, 110, 141, 281 s 544 —
0650BM6q09b  5dBHM3MmOol MLAMLOO Im3ol dmddggdol 99wgas®, bawmm gogo  #
177 — 33,4%-00 0bsgdBH0300©0q05, KR530 # V - 92,2%-000 @5 02 — 89,9%. 309d0m
53006, ®MI dMrM39MBMOHO 35dBHIM0MRBIRJO0 dEgdgb  MLIMLE T3l
909G o@H00L dmgdggdsl.

0Mbgdcm03 30039000  Goggool  3m3Ms300L  T9bseBMbgdoLsM30L OO
96003690™d5 543 05d3H9MH0MRoa900L M EHMI00LRYHO Lboggdolodo o3 gmdsL.

d9LPogroe 0dbs 339w MBMMO dodBHIMOMBIAGOOL 065dEH035305 M EHMI00LFIMO
bboggdol dmddgEgdom.  BodGHgMHOMesagool ILLO3adOLIMZOL  godmygbgdweos
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M EGM006539O0 bommMs  (UVLS-28EL P/N 95-0201-02 CA USA ) @seoeob LogMdom
25460, ©odm®90s md0gd@L dmMob 18 11a. (3500 5©0JdME 0dbs smo Gogo: ## TB, 1066,
11sa, 110, 141, 281, 177, 02 , V. @5 544, ©sbboggdol 10-10 {odosbo 0b@Hgdzowoo.
Hoboliffomo Lom®mogb@oom 3gdom dgufsgaroe 0dbs g3oggdol  olboggds 5 {odol
3963530 ™d530, GO 99925053 065JGH030090w0 F$53gd0 56 ©IR0JLOMS. S0l
399 MY EH®500LxgO0  bB0ggdol  Bgdmddggds  dgzolfogwgom 10 §s80q0sb.
M EGM50068IO0 BoMHOL LodESgMOL  FIBLEBOZMOLIMZOL s 9Ju3gMH0dgbE ol
LGHobIOEGHMM 306MHMdYOd®Y Toboyzs65, LOZMBGHMMMM® s0gdMwos T2 gogo.
OmamOma  BbL, 1060 Mer@®osoolggho  Lboggdol Bgdmddggdol 8909y oo
25990 gmdom 25dm0oMbBg35 TB gog0, 890056090000 bLbEos #02 s #1066, bmerm 4 gsyo:
## 'V, 110, 141 s 177 9bgoglbo 50056 g58degmd0oo s 3500 5M5065dEH0306090)e0
5399900L 9993339 mds  0,34-0,41% RO GdJ0s.  Y39eoHY dgm3dbmdostgbo
50dmPRbbgb Roaqdo:## 281, 544 s 1lsa. dg0mdo 20 {d slboggds 230839693l
P6Ox03 0b6543035305L, 0b939 OmymmE 30060 0bsdGHogzs300L OML. dOWEgMbDMOO
9393900 YRO® 453dgbo 500RbHI6 T2 Gogmsb Fgocgd0m. o0 IMEOOL Y39y
399 06560F690L 3bHM390YMmRqEMmdIL Gogo #02, Gmdwol 3mEbowo bsfows3gdols
50 9bMds Babg35M 0560 albogzgdoL F9gAs® M0 0,25%.

B53900L  WobolwGo dmddggdol 3m@gbEoswols s Fom0  SELMOBEFOO

3356530l M9393GHMOM0  13930RB0OMIOL MROM  EIAHIWIOO  F9M3IZEIZON
9393900L ORIMIH306MOOBIMZ0L LoFoMM 4obs B0 B3JEIMH0M MXEMNIODY
0bgoEoMgdol 99399AOMIOL  FgbHogers.  §vagd0lL  dodBHoMome  3E909dbY
063303060900l 9839JGHVIOMOS 2obolsDPZMYds 25TMBs33 g3 F@909dDg B0l BHoGMmOL
3905609000  35GHOMb-Mx MDY 39dM3wgbo Roaol  BHOGHOMb. B396L  dogM
d9LPHogroe 0465 dMHY 39 MBMMO dodBghomgaggdol # TB, 02, 1066, 11sa, V, 110, 141,
177, 281 s 544 - 0bxoEo®9gdol 989G MOMds B. abortus 141 o B. abortus 19
935090%Dg. TB o #02 1352900 259653 gd0lsls B.abortus 141 9Eodbg o 999mddo
AGoGHOob  oqbom  B.abortus 19 9@s3Dg, o6 450m3w0bs oo Aoblbzsz90s
dom0  0b6x8030MO0L  9BIJAHVIOMOOL  gobloBzmom.  Bsagdol  bsfows3gdols
50mEabMds gMmo s 0039 BIMOLLOL FsMAWddos -107, mwdzs 0bxzooMgdols
9183993 MOHMdoL  3m9xz03096GH0 0,83 s 0,88  FGHmwos.  ©@bsMBgbo 8  goaol
998399AMOMdS g3 9Mmo bodobbom  10°sb 1089y, bmgrm 3mgioi30gb@o 0,4 ©sb
0,2-8¢0g5. bmgom dgmeg, dsbdobdgen 93odbg godcmsgergdol 99dmbgglsdo, GMmEILsg
03900 XM 09-19 938Dy 0gbs  2odMmeggdmeo o dgdamd 141  9E3By
395A0GHOMo, BBl Gmd #110, 281, 544 xoagool 063303060930l 9539dEHOM™dS 1-U
AGoeoo. ## TB, 1lsa, V, 141, s 177 3539008 ©@smgLgol 9i39d@G«pemds 1-%g d9@os,
bowem #1066 Rogobsm3z0L 83390005 ©OEOs.  d99YR900©b  A5dMI0body,
3900amddo  Boaq00L  4oLedMOZWdE A5TMYqbgder 0dbs B.abortus 141 9¢sdo.
3353900 065303060930l 95399 OMdOL F9ga9g00 b5B3969005 bEMO #11-3o.
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gbMowo #11. 8s3900L 0bxzo30Md0L 9539JEMMMDS dMY39LMmB® 9Es0gdDY

R3O0l # B.abortus 141 9#s9%g 0bgogotmgdol B.abortus 19 350%9 0bgogotmgdol
399053 gd Yo 983JOYOMDBS 39903 gRYo 989JOOOMBs
B9300L HoGOgoo B.abortus 19 B53300b GoG®gdo B.abortus 141
30y 8¢50%y
B.abortus B.abortus B/A B.abortus B.abortus B/A
141 (A) 19 (B) 19 (A) 141(B)
TB 5,6x10° 4,7x10° 0,83 3,8x10° 4,9x10° 1,28
02 2,5x10° 2,2x10° 0,88 9x107 4,5x107 0,5
1066 2,8x10° 8,0x108 0,28 1,0x107 4,15x10° 0,415
11sa 4,4x10° 1,9x10° 0,43 3,45x10° 3,6x10° 1,04
v 2,0x10° 5x108 0,25 4,6x10° 5,6x10° 1,2
110 5,0x10° 1,04x10° 0,20 3,4x10° 3,0x10° 1
141 2,8x10° 6,2x108 0,22 1,83x10° 3,2x10° 1,75
177 4,1x10° 9x108 0,21 2,9x10° 3,35x10° 1,15
281 1,8x10° 4,2x108 0,23 9x108 8,0x108 1
544 2,6x10° 1,03 x10% 0,4 1,2x101° 1,2x10 10 1

30639630, OM™MIgwms GHoE™mgdo dgMygmds 100 -101 B5f/dm.
90360m3Mm3mds  458Mm330039005 23583965, MM dGIMEIWMDBNO B5JEIMOOMBIAJOL

3baliosmMgdL LOHYYEO FMOBMEMYPOMOO 0EIBEHWOMDS.
990930 xgsgd0: #IB, 02, 1066, 11sa, V, 110, 141, 177, 281 s 544.

0639 MHBMOHO B39O0l OB MR00L Fgbolfogzeo ImdBss 10 Bosaol
0@3dOOmbye-

d9LoLHO3I SVGdIM 0bs

o g3,

399b53065 B0 FeGIoL 130, BmIoo 600x 600A ©0s5I9EHGTo s dmgerg 150-200 A
Loa®AoL Hobsbo®mo. 9396060l Jeslogozsgool  dobgwzom, Tgbfiogerowo Goygdo

30939036905 Podoviridae-Us caxobb.

22




LbGomo # 1. #TB gogw®o boffoeszgdol gangdGemmbome 90360Hmb3m3mumo gm@m (aoogds x100 000)

O

bGomo # 2. #11sa oMo Bofos3gdol gergd@®mbma d030mL3Mm3mwo gmn@m (3oogds x72 000)

o ‘,(

dmddggool L3gd@®ol dobgzgom  FgzoMbogm 2 sbowro s 8 Lozmergdsom
000. 0904dbs  3m33wgdAHo  GMIol  d9dz9mdom  FoMTo@gdom Bods®ms
069939900l 0I6EGHO0R03S300L S  ORYMHYI6E0SE300L  (3009d0. B39bL  dog®
3960Bgmwo s d9Lfogerowo 10 dmEqgwmdmMo dsd@gmomgsyo: # TB, 02, 1066, 11sa,
V, 110, 141, 177, 281 s 544 - 999m(dgdem 0dbs @. 9e00035L Lob. 359@gM0omMmgzs300UL,
9036MB0MEMYo0Ls S 30OWMLME™yool 0bLEOGHMGHTo  SOLYdIMWOo  BsdmHgmIm
d3o090Dg,  dB93g  Lododmzagwrml  Lmywol  3gObgmdol  LsTobobiEMm™U
05JH9OOMEMPO0ME IOMOSGHMM05d0 (LMA), 005535093505 300bGO™Mmeob 396GHMobo
(NCDC) s 908-b 0B0sbsls dBoGol  1bo39mLoG GOl  Lalimgem-lsdgw®bym
396GOLS s Lod3WMbowm  3939M0bsGool  ©93sMESTgbGHoL  (LSU)  dogé
SbEosdmygmxyo  dM39mBNG 9EHedgdbg (e 146 JEodo). Lo BgIm
9359900L  BHYMEH030M900LOMZ0L  godmygbgdmee  0dbs  smo  dMIMEIXMBYOO
200 (##T1B,02,1066,115a,V,110,141,177,281,544),  6HmIgewms  35GHOMb—)x 6900
B.abortus 141. gogqdol ##1B, 02, 11sa, V, 544 — 10° RTD o RTD g603dsbgomols dbgoeglo
dnddggds od3o B.abortus-l 93Hsd90%g.  @opqdo #1066, 110, 177, 141 s 281-U
396Ub39390wo Imgdggool 0s35DMbL s 9dGH03MdL 53wgbL Roaqdol LsdmTom
3965390580 (RTD), bmem 58 gogqdol 102 RTD-do dmddggds TB goaol dbgsglos.
Mo3 099gbgds  B.suis-ol 9EHodgdl 3539008 RTD-L 80ds®mo gl dEHodgdo s0dmPbs
9BobEBEGHMwo, bmgom 10°RTD-I d0dsmom oblibgs39de byGoml 0dwgzs. o
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03939008 B53Mgdom  Jgbodergdgeros B39 gdol  LobgmdsmdmMolbo o
30sLEbYMdM030 OBIMI6E0MGDS.

B30bL  Fog® Lemgwol  JgmEBYMdOL  LYSTOBOLEHMML  BdodBHIHOMEMAOE
odMM5GHMM05d0 15331930 oboerosb  0gbEGoRogoMgdMmos 31 Bodmdo.
9350900 250mgmxz0o0s J30wRqbIOJMLIBO 3bmggewgdol HJosb, Lolbeosb s
30MOEGH0MGIM0 bogmz0sb. d3O™MEgMmBMMO 05dEHIM0mMmisygd0L 103RTD s RTD-
9890900l 9900929 9HEoYsdMYmRoo 93odosb 18  gmdbmodosg se0dmBbs,
sbsMBgbo 13 bodmdo ®gBoLEBHIBEIO 50BMBBEs d5dEgMHomzsaqdol dmddggdols
90056m.  MHomoE 09330005 303565 MM, MHMT B sATMYMBOWO 39w EHMMHGOO
B.abortus-s 80939036909, o3 9L939 OILEAHWOES Lmxgwol  dgmOHbgmdol
L5FOBOLEBHOML  BoJBHIOOMEMPOME  EdMOIBMO05T0 BoBoMgdMwo 49693 03MM0
565¢r0Bols dobgz00m.

LogoMM39eML 9350005 3MBBHOMEOL 396GHMT0 5350 5@F0s6gdOL
Lobbgrol 65088900056 podmgmaoo 42 39mGMcs  99350mfidgor 10
0639 HBMM0 d5dBHgMomaxzsaol 103RTD s RTD dods®o.  5dgosb 3 608mdols
3@ meds:  FY0708-00041, FY0708-00079 oo 10C001003/03/115 - da6dbmdosty
503mBbs §s3gd0L dmgdggdols dods®mm.  sbs®Bgbo 60dmTgdol 3@ mMgdo
M9HoLEIBEGHMgdo 093bgb yz9ws 23990l 103RTD s RTD dodsmom,
bo396M0M©m© gL b0ddgdo B.melitensis-ls MBS Ho6rdMoa96bab.

533-b 0B0sbSL FBHoGOL 1b039MLOEGHIEGHOL 393HIM0BsM00L Y36 ESFY6EHTo (LSU)
B396L 3096 BoEOM®S 330930000 13MToMmgdO dEIM39EPMHBNOHO BoAJOOL 3M0JGH0IMEO
3990g9gb900l M35eLIBOOLOM. 3OEIMDMOHO  Boggdol 3mA3wgdEoo (##TB, 02,
1066, 281, 177, 544, 11sa, V, 141, 110 3s@6Omb—mx g0 B. abortus 141 5 03039 $353900
3oBOmb—mx@goo B abortus 19). 890m{j0s OMamO3 LS Dgmdm,  SbY39
SbEosdMmYgmBo dMHY39mHe ESdgd0 (bvyew 15) B.abortus S19; B.abortus S19
(shiport); B.abortus RB51; BC-LSU; BC- SVM 2; B. ovis; B.ovis(shiport); CDC1-BO1;
CDC2-BO2; CDC3-NF2653; B.neotomae; SDRL; BA.2308; BM. 16M; BS.1330.
393Mm 303060900l 3009035  230P39bs, OmA B. abortus 141 s B. abortus 19 935990%9
39965309090 3353900L oMM B3gJBHMO FbLHZ93WYdS M6 LOYL.

sl3369%0

1. 9gbfogemoew  0dbs  Logmergdszom dOv3gmbmMo  93Hodgool  dmOHBm—
3MGHOIYOO0,  00mJ0doOHO S BYOMEWMAO0OHO MZ0LYOJO0. HO0DE.
59 Bobgmdg00Lsm30L sTIBILOIMYdJWO  BH03099M0 b0Fsb-30l90900.

2. 28 06v390mbmmo 9Godo dgdmfids  goblbgeggdmewo 99d560Bdols dJmbg 14
Ubbgoolbgs  9bG0domEH030l  FJodsMo. 36¢080m3H030m33OHIbMdYMdOL

d9bfogeoll  Fggyo, ©o0bs  Fomo  Fopowro  AyMmAbmMdYEMds
36E0d0MEH03900Bsd0.

3. 3390 BMOH0 FE9Tgd0L M EHES00LGBIOHO EILBOZYIOOL TJOIRO® A9TMYMTBO
0dbs  bmdogmo gopagdo: ##19, 141, 9, 7sa o llsa. 9gbfiogeroew  0dbs
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General Characteristics of the dissertation

The actuality of the theme. Brucellosis is global zoonosis and is one of the most common
infectious in humans and animals, which is characterized by the body’s most vital system
disorders. The disease Brucellosis is caused by Brucella spp. Microorganisms. Ten species
of Brucella is known according to the modern classification, which are divided into
different biovars. During the Brucellosis disease urogenital system (uterus, mammary,
lymph glands and testis), digestive system (liver, spleen) and musculoskeletal system
(joint) organs are damaged. Brucellosis is similar to malaria, rheumatism endocarditis,
tuberculosis, leishmaniosis, typhoid fever and tularemia with its symptoms. For this
reason, a diagnosis is often incorrect. At the beginning of the 21% century brucellosis still
remains a problem for people. Joint committees are established — with participation of
World Organizations for agricultural, Animal Health (OIE) and the World Health
organizations.

During the last 50 years more than 20,000 people are registered infected with
brucellosis. There are mainly two forms of brucellosis found in Georgia: Sheep-goat (an
epidemic form) and Bang’s disease (sporadic form), with their agents: Brucella melitensis
Biotype III and Brucella abortus Biotype I. They are characterized by a variety of epidemic
process. This circumstance was mainly due to the demand to the environmental
conditions of a certain disease pathogens, the virulence and different species of infection
sources. 96,68 % of cases of Brucellosis in Georgia are registered in eastern regions, mostly
in Kakheti and Mtatusheti: Sagarejo, Gurjaani, Telavi, Akhmeta, Kvareli, Lagodekhi,
Tsiteltskaro, Sighnaghi regions. Relatively common in meskheti, Javakheti and Kvemo
Kartli (Gardabani, Marneuli and Bolnisi regions). Even fewer number is recorded in
Khevi, Mtiuleti, Pshavi, Khevsureti, Trialeti (Kazbegi, Dusheti, Tianeti, Dmanisi,
Tetritskaro, Tsalka and some other regions). The disease is mainly distributed in the
regions, where they run cattle-breeding, particularly sheep breeding. Brucellosis is rare in
western Georgia. In East Georgia sheep-goat Brucellosis caused by Brucella melitensis is
mainly spread, but in West Georgia — sporadic cases-Bang’s disease caused by Brucella
abortus.

For the specific diagnostics of Brucellosis all immunological reactions, morphological
studies, also biological and bacteriological methods are used. One of the significant
methods for diagnosis of the disease is the use of Brucellosis bacteriophage. Among the
rapid and reliable epidemiological methods, an important part is phage typing, by means
of which it is possible to identify inner specific and serotypes.

In order to conduct the fight against Brucellosis and its prevention rationally, it is
necessary to determine Brucella species, because each species of this bacteria has a
different distribution area. Brucella species and also different strains of the same species
are distinguished for its pathogenicity and virulence. Brucella is one of the dangerous
object for creating biological weapons and during bioterrorism. As the disease caused by
Brucella is of polymorphic nature, hardly treatable and epizootic reproduced, Brucellosis is
evaluated in the World Health Organization Laboratory Biosafety Manual (2004), as a
high ind ividual and moderate social risk group and therefore Brucella is attributed to the
3 level of Biosafety. Various research projects are conducted in Georgia related to the
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study of especially dangerous infections, with collaborators of the USA and various
countries of EU.

The work is made by the support of the US Defense Threat Reduction Program, within
the framework of Project GG-17 “Clinical, Epidemiological and Laboratory evaluation of
Brucellosis in Georgia”.

The goals and objectives of the research: The goal of the research was the practical use of
brucellosis bacteriophages for diagnosis of brucellosis and differentiation of Brucella. The
following objectives were set for this research:

1. Study of brucellosis strains existed in G. Eliava Institute (Morpho-cultural features,
antibiotic sensitivity and phage sensitivity).

2. Identification of strains isolated from people and animals suffering from brucellosis,
through the existing brucellosis bacteriophages in G. Eliava Institute.

3. The isolation of the new brucellosis bacteriophages and study of their biological
properties in order to further use them in diagnostics.

4. Use of Brucellosis bacteriophages existing at G. Eliava Institute and newly isolated ones
for inner specific and interspecific differentiation of museum and newly isolated strains.

The scientific novelty. New Brucellosis bacteriophages # 19, 9 7sa, 141, 11 sa are isolated.
Their biological properties are studied. Some brucellosis bacteriophages were selected

form the newly isolated phages ## TB, 02, 1066, 11sa, V, 110, 141, 177, 281 and 544,
which made it possible to identify brucellosis strains and interspecific differentiation.

The practical importance of the thesis. By the Disease Control Center of Georgia and the
Bacteriological Laboratory of the Ministry of Agriculture, isolated microbes from the
pathological material and food products got from humans and animals, have been
diagnosed as Brucella, which was confirmed by the selected phages and collectible phage
set. Also, by means of this phage set, the existing strains of Brucellosis in the US Louisiana
University Bacteriological laboratory have been examined.

The volume and structure of the thesis. The thesis is submitted in printed version on 146
page. It contains an introduction, literature review, description of materials and methods,
own studies, discussion of results, conclusions and the list of references. The work is
illustrated with 35 tables, 2 graphics and images. The list of literature includes 212 names
and 17 websites.

The objects and methods of the research
Bacterial strains: 146 brucellosis strains are used during the work, among them:

1) 36 museum strains existing in the collection of George Eliava Institute of
Bacteriophages, Microbiology and Virology: Brucella melitensis : # 130 m/z; 254m/z;
238m/z; 70m/z; 71m/z; 238; 237; 63/9; 7; 110; 16M. Brucella abortus: # 19; 9; 141; 99; 64;
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544; C68. Brucella suis: # 1s/z; 52s/z; 76s/z; 153s/z; 175s/z;182s/z;193s/z;1330;7s;8s;15s; 32s;
35s;36s; 7sa;11sa; 14sa.

2) Brucellosis strains isolated from blood and milk of cattle and sheep and goat, also from
abortus fetus of diseased animals by the Bacteriology Laboratory of the Ministry of
Agriculture, in 2009-2011. 31 strains in total.

3) 42 brucellosis strains isolated from the blood of patients in the Center of Disease
Control in 2009-2011.

4) Brucellosis strains existing in Louisiana State University, from cattle as well as sheep
and goat, marine mammals and diseased people. In 2010 9 strains were investigated; in
May 2011-13 strains, in November 2011 — 15 brucellosis strains. 37 isolates in total.

Bacteriophages. During the work were used the isolated phages in Brucellosis phage
Laboratory: ## TB, IV,V,VLVILVIII, IX, X, XII,12(b) and BA; 22 phages — from B.
melitensis cultures: phages ## 214, 248, 2, 3, 5, 6, 27, 29, 43, 63, 81, 58, 90, 100, 147, 109,
110, 224, 177, 271, 273 and 239; from B. abortus cultures: phages ##544 and newly isolated
19, 141 bright, 141 turbid and 9; from B. suis ##7 and 11 sa; from B. canis #1066; from
B.ovis: ##281, 290, 02 and 64. Total 45 phages.

Methods:

Identification of microbes and study of their biological protperties were held by classical
bacteriological methods V.N. Pokrovsky 1998). Antibiotic susceptibility testing was
conducted with standard discs of 14 kinds of 8 groups of antibiotics, by diffusion method
in agar ( S.M. Navashin, I.P. Fomina 1982) During the selection of bacteriophages and
studying of their biological characteristics (morphology, serological, psycho-chemical

properties, lytic activity and range of action) we guided by commonly known methods (
A.M. Goldfarb, M Adams 1961).

The lytic spectrum of phages was conducted on solid food range according to Craigie
method modified by Makashvili and Chanishvili (1949).

The study of host cell interaction phases was conducted by using standard methods (Adams
M. 1961; Gabrilovich 1.M. 1973). In each case of research phage we determined the speed of
adsorption, latency period and average output value.

We studied bacteriophage sensitivity toward physical and chemical factors by standard
methods, particularly: 1) we studied the action of ultraviolet rays in phosphate buffer in
different exposure conditions (wavelength 254 nm, distance between the object and UV
lamp 18cm, interval 2-60 sec.) 2) we studied the effect of osmotic shock on the phage by
standard method (Anderson T. 1956; Chanishvili T.G. 1968) 3) Thermal inactivation
experiments were held by standard methods (Gabrilovich .M. 1973).

Phage multiplication and concentration was conducted on solid area by double layer
agar method ((Hershey A.D., Kalmanson G., Bronfenbrenner J. 1943). Bacteriophage titer
in liquid food area was determined on Appelmans solid food area, by Gracia method. The
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study of virion morphology of phages was conducted by using electron microscope JEM-EX-
1200.

The review of the results

Brucellosis takes one of the important places among the infectious diseases. Pathogens of
the disease brucella are characterized by high invasion and aggressive properties.
According to the tenth edition of international Classification of Diseases, submitted by the
World Health Organization, “some infections and parasitic diseases” Brucellosis are
referred zooantroponosis.

As it is known, the source and reservoir of zoonotic disease for people is first diseased
and infected animals, with which people have frequent contact, as well as polluted
environment and food products. It should be noted, that the agents of zoonotic disease do
not circulate in the group of people, because human is dead-end for them, but black
plague and yellow fever are exceptions. Spreading of epizootics among animals is
connected to migration of wild and farm animals, and to latent form of the disease, on the
one hand, and to transition of acute of the disease into chronic form and delayed diagnosis
and treatment, on the other hand.

For Brucellosis diagnosis apart from clinical data and history, medical examinations are
also necessary. Each case of the disease should be confirmed by laboratory tests.
Laboratory diagnosis includes the following methods: 1. Bacteriological-isolation of
pathogen and its identification; 2. Determination of immune antibody in serological
sufferer blood serum by Wright agglutination reaction, using Brucellosis diagnostic. 3.
Immunofluorescence method; 4. Allergic method-Burnet reaction by using brucellin; 5.
Phage diagnostics (determine species) and phage typing (innerspecific differentiation).

In the presented work, 11 strains from 36 studies strains belong to Brucella melitensis,
among them 4 strains are isolated in Georgia, other 7 strains in Germany, Bulgaria, Russia,
Kazakhstan. From 7 Brucella abortus 3 strains are isolated in Tbilisi, Georgia, 2 strains in
Russia, 2 strains in England and Brucella suis 18 strains are isolated in different countries,
such as: USA (2 strains), Czech Republic (2 strains), England, Bulgaria, Russia, Italy,
Argentina, Poland (9 strains). According to the source of isolation all four Brucella
melitensis Thilisi strains are isolated from human blood, as well as in Germany and Russia.
In England, the isolated strain is obtained from cattle and the origin of 3 strains is
unknown. As for the brucella abortus strains-2 Tbilisi strains are from human blood, 1 is
for vaccine, 1 — international standard, 2-from cattle, the source of isolation of 1 strain
from England is unknown. The source of isolation of Brucella suis strains are mainly pigs
— 10 strains, also (2), in 3 cases — cattle, 2 strains — human blood. In Georgia, in 2009-2011
newly isolated 42 Brucella strains are isolated from human blood, and 32 from cattle and
sheep and goats, milk and abortus fetus.

As we can see, the distribution area of brucellosis is quite wide and includes many
countries and continents, and in our researches people, as well as animals and food
products are infected. The essential condition for determination of brucellosis as exact
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diagnosis is the isolation of bacterium and its identification. The study of strains was carried
out by determination of all those tests, which are characteristic for Brucella.

Graph #1. G.Eliava Institute Collectible Brucella - strains
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The examination of smears by optical microscope revealed that none of the brucella
species differ from each other. Bacterial cells are rounded or oval shape, without grouping,
about lym in size. One of the important tests is the determination of colony growth
characteristics, size, shape and structure on brucella solid medium. It is known that
brucella microbes are mainly is S or R shape, and the isolated hem cultures from
chronically infected, who are treated by medicines, are often of L — shape.

The sizes of bacterial colonies of studied strains ranged from 1 to 5 mm diameter, with
convex, straight edges, whitish-gray, sometimes pale honey color. Acryflavin test revealed
that all the studied strain colonies are of S — shape, which was due to optimal conditions of
microbe growth. S shaped colonies brucella contain lipopolysaccharide complex, which is
located on cell wall and because of this the microorganism is painted Gram-negatively. The
same lipopolysaccharide complex stipulates virulence of Gram-negative cell and antigenic
properties, at the same time the defensive factor for the microbe, thus protecting it from
destruction. For the sizes of bacterial colonies of all types of S shapes brucella are variable,
have lipopolysaccharide chains of similar structure and A and M proteins, it is practically
impossible to differentiate them by serological reaction. However, it should be noted that
in case of disease diagnostics, Wright’s and Huddleson’s reactions have a special role. In
these cases diagnostics with S and R antigens are used. Some brucella species are in S shape
from the outset. These are B. melitensis, B abortus, B. suis. In adverse conditions or during
parasitizing in a strange body they dissociate by transition in R shape, but favorable
conditions give reversal ground. B. ovis and B. canis are constantly in R-shape, however
the cases of transition in S-shape are described in literature. It is important to know the
structure of colonies, because specifically active phages are used for differentiation of S
and R shapes.  Additional test, which is used for differentiation, determination of
grouping skill of species on the solid ground of microbe, by means of adding of certain
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chemicals, such as aniline dyes thionine and fuchsine. It is known that when there are
both components, only B. melitenis grows, by adding fuchsine — B. abortus, by adding
thinione-B. suis. The test proved that brucella strains existing in the collection maintained
their initial structure S shape in long storage conditions and selectively grow in different
medium.

During the study of biochemical activity the attention was paid to the ability of
microorganisms to produce enzymes. Traditionally sugar fermentation ability by microbes
is studied. In this case, in particular brucella, show very low activity. As the results show,
all the strains actively produce their specific enzymes such as: oxidase, catalase, urease,
and hydrogen sulphide selectively. The results of Brucella biochemical activity are shown
in Table #1.

Thus, the study of morphological, cultural, biochemical and serological properties of
36 museum brucella strains proved that they carry the characteristics typical for these
species and are their typical representatives.

Table #1.  Brucella differential signs

Brucella spp.

oxidase catalase urea Agglutination with H2S TSI

acryflavine

Paint bacteriostatic action

specific serum

Formation

test

Thionin

Base

Magenta

B.abortus  (7)

+

B.melitensis (11)

B.suis (18)

Currently, in the medical practice for treatment of the acute of brucellosis various
groups of antibiotics are used with complex of immunomodulators (interferon,
cycloferon). The use of interferon revealed side effects, cycloferon is now undergoing a
clinical test. In all specific cases the sensitivity of microbes to antibiotics, the drug action
mechanism, localization and ways of transporttion should be taken into account. It is
known from the literature, that the series of tetracycline —aminoglycosides, cephalosporins
and other drugs would be used for treatment. In recent years, pregnant women and young
children are treated with trimethoprim. As the experiments conducted by us show, all
the studied strains, except one, turned out to be resistant to this drug as well as towards
Cefinase B. The treatment of brucellosis takes a long time. The use of only one antibiotic is
often ineffective and causes relapses, formation of resistant and L —shaped strains, the

identification of which is very difficult. In specific cases any kind of correlation of
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different species and the impact of antibiotics have not been mentioned, so their

differentiation on this ground is impossible.

The diagnostics of brucellosis is regulated by a number of research methods from World
Health Organization recommendations, including the determination of sensitivity towards
TB reference phage. Later Wb (Weybridge), Fi (Firenze), Bk2 (Berkley) and R phages
were added. This phage-related problems and their serviceability are noted in the
International Committee report (Manchester) of Brucella sustematization. They also
recommend to review the existing scheme of phagetyping. Concerning this we set a task
to select and isolate new phages from the collection, so we could differentiate brucella
according to their sensitivity towards undiluted and diluted phages. TB reference phage
reveals some specificity and does not affect the Brucella melitensis species. This phage is

non-specific towards any other species.

Diagram #2. Brucella strains antibiogram towards antibacterial drugs
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As the diagram shows, the high sensitivity (96-100%) was identified by the strains to
aminoglycoside group preparation (Streptomycin, Gentamicin, Tobramycin); On more
than 100% of strains acted Tetracycline series antibiotic and chloramphenicol; Less
sensitive (46%, 61%, 75%) occurred towards Penicillin, Erythromycin and Cephalosporin.
The complete resistance was revealed towards cephalosporin group (Cefinase B) and

representatives of sulfonamides.
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The diagnosis of Brucellosis, by the recommendations of the World Health Organization
is regulated with a number of methods, including the determination of sensitivity towards
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Brucella TB reference phage. Our goal was to isolate the new Brucella bacteriophage, by
means of which it would be possible to differentiate Brucella according their sensitivity
towards phages. From phage environment (waste water) and also by crops “aging”, the
spontaneous release of phages was unsuccessful. For inner specific taping, mainly
moderate phages isolated from lytic cultures are used. Such phages are characterized by
high specificity of lytic range. One of the features of some bacterial cells is bacteriophage
content. To do this, we studies brucellosis strains, in order to identify which strain
contains phages, including virulent or moderate.  In order to determine the optimal
regime of microbe radiation, when their inactivation percentage is not more than 90-
100%, 3-3 strains were teste4dd: B. abortus# 19, 141, 544 and B. suis# 52s/ z, 1s / z, 1330.
The studies showed that brucellosis strains are phage carriers or lysogenic, as a result it
became possible to isolate 6 phages. Their lytic activity and spectrum has been studied on
B. abortus and B. Sui strains existing in collection of Institute. At the same time, the
action spectrum of initial titer of phages and their working dilution (RTD-Routine Test
Dilution), on indicative B. abortus 141 strains, by Greigie and Yen modificated method.

Table #2. Lytic activity of newly isolated strains
Phage Strain Phage control | Undiluted phage dilution
phage 10" [10° [10° [10" [ 10° [10°
# Indicator

19 B.abortus 141 2,2x10° CL CL CL CL net net tv

9 B.abortus 141 1,4 x10% CL CL CL CL net net tv

7sa B.abortus 141 1,3 x10° CL CL CL CL SCL - -
141-1 B.abortus 141 1x10° CL CL CL SCL SCL net 25tv
141-2 B.abortus 141 3,5 x108 CL CL CL CL net net Itv

11 sa B.abortus 141 1x10° CL CL CL SCL - - -

Note: CL-total lysis; SCL-partial lysis; tv — negative colonies of phage

As a result, Brucellosis phage # 19, 9, 141-1, 141-2 and 7sa — thousand fold dilution
makes the complete lysis of B. abortus 141, and the phage — 11sa —during hundredfold
dilution. The experiments revealed working dilution of phages (RTD) i.e. the dilution at
which the complete lysis (CL) of strains by phages is revealed. # 19, 9, 141-2 and 7sa
phages RTD is equal to 103, and for 141-1 and 11 SA phages — 10°. We have studied the
newly isolated ((## 19,9, 141-1, 141-2, 7 sa, 11 sa) phages’ lithic activity and the range on
the existivity towards B.abortus and B. suis strains in the collection of the Institute. At the
same time we used reference phage TB (titer — 8x10!° and RTD-10%), which is
characterized by high lithic activity towards B.abortus strains. However, during the action
on B. suis the initial titer of the phage (10°RTD) gives complete lysis, while their RTD is
not valid on more than 50 % of strains.
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Table #3.

Phage sensitivity of brucellosis strains with newly isolated phages

Strain Phages
TB 141 -1 141 -2 19 7 sa 11 sa
#
108 102 108 108 108 108 102

RTD | RTD | RTD | RTD | RTD | RTD | RTD | RTD | RTD | RTD | RTD | RTD | RTD | RTD
B.abortus
19 CL CL Cl SClI | Cl Tv Cl + Cl Cl Cl Cl CL SCL
141 CL SCL [ SCI |+ SClI | Tv SClI | sCl |cl Cl Cl Cl SCL | SCL
544 CL SCL |SCI |tv SClI | Tv SCI | SCI |SCI |SCI |sCI |sClI |sCL | +
99 CL CL Cl tv Cl Tv Cl SClI | Cl Cl Cl Cl CL SCL
9 CL SCL [ SCI |+ SClI | Tv + + + + SCl | + CL SCL
64 CL SCL [ SCI |+ SClI | Tv SCI | SCI |[SCI |SCI |SCI |SClI |CL SCL
c68 CL - tv - + - SCl | - SCl | - SClI | - SCL | -
B.suis
1s/z CL SClI | - - SCl | - Cl - Cl - Cl - CL -
52 s/z CL SClI | - - Cl - Cl - Cl - Cl - CL -
76 s/z CL tv - - + - SCl | - Cl - Cl - CL -
153 s/z CL - - - + - SCl | - Cl - Cl - CL -
175s/z CL + - - + - SCl | - Cl - Cl - CL -
176 s/z CL - - - + - SCl | - SCl | - SClI | - CL -
182 s/z CL - - - + - SCl | - SCl | - SClI | - CL -
193 s/z CL + - - + - Cl - Cl - SClI | - CL -
7s CL - - - - - SCl | - SCl | - SCl | - CL -
8s CL - - - SCl | - SCl | - SCl | - SCl | - CL -
15s CL - - - SCl | - Cl - SCl | - SCl | - CL -
32s CL - - - SCl | - Cl - Cl - SCl | - CL -
35s CL - - - - - Cl - Cl - SCl | - CL -
36s CL + - - SCl | - Cl - Cl - Cl - CL -
7sa CL - tv - SCl | - Cl - Cl - Cl - CL -
11sa CL SClI | - - SCl | - Cl - Cl - Cl - CL -
14sa CL - Cl - - - SCl | - SCl | - Cl - CL -
1330 CL SClI | SsCl |- SCl | - Cl - Cl - Cl - CL -

The initial titers of newly isolated phages as well as RTD-s almost all acted on B. t
strains. As for action of initial titers of phages (10° RTD) on B.suis strains — was distributed
on most strains, and towards phage RTD these strains were resistant.

For determination of activity range and specification of newly isolated phages, some

representatives of Enterobacteriaceae family were used: Strains of different serotypes £.
coli, Salmonella and Shigella. Total 54 strains. Highly active Brucellosis strains were taken
for the experiment.

The activity of Brucellosis phages does not apply to Enterobacteriaceae family

heterogeneous strains, which revealed specific activity range of these phages.
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Table # 4.  Specificity of action of collection and newly isolated Brucellosis phages

Name of culture Number of strains The action of phages isolated from different sources

from the From B.melitensis 22 From B.abortus 5 From B.suis From B.canis From B.ovis
environment phages phages 2 phages 1 phage 4 phages
10_phages

E.coli 17
Salmonella 22
Shigella 15
Total 54

The activity range of phages and ;ytic activity has been studied of two-layer agar by
Grace method. For this purpose 45 brucellosis phages existing at G. Eliava Institute are
used, which were isolated in various years and are different from each other by the source
of isolation. In particulat, 10 phages are isolated from cattle excrement (tsumtsuma-sulphur):
## IV,V,VLVILVIIL, IX, X,XII,12(b) and BA; 22 phages - B. melitensis cultures: ## 214,
248,2,3,5,6, 27, 29, 43, 63, 81, 58, 90, 100, 147, 109, 110, 224, 177, 271, 273 and 239;
From B. abortus- cultures phages: ##544 and newly isolated 19, 141 clear, 141 turbid and
9; From B. suis ##7 sa and 11 sa; From B. canis #1066; From B. ovis ## 281, 290, 02
and 64. We used reference phage TB for comparison, whihc was isolated in Thilisi, in 1955
by M. Popkhadze and T. Abashidze. The initial titers of each reproduces phage and their
RTD on indicative strains have been studied. To check lytic activity and range of these
phages, we used different species of B. Abortus and B.suis. As it is shown in the charts (#3,
#4, #5, #6), in case of initial titers the complete lysis was shown on B.abortus 100%
strains. In case of RTD the complete lysis was revealed on 80% strains, and on 20% of
strains partial lysis. As for B. suis strains, the same phages acted with initial titer on 56%
strains with complete lysis, on 29% strains- partial lysis, negative colonies of phages (TV)
were revealed on 9% strains, and fully resistant were 7% of strains. In case of RTD 84% of
strains showed complete resistance, on 16% strains negative colonies were revealed.
Diagrams ##3, 4, 5, 6 show lithic activity and range of Brucellosis phages.

Figure # 3 on B.abortus strains Figure # 4. On B.abortus strains
10°RTD phage activity; RTD phage activity
B.abotrus Strains 20% B.abotrus Strains

mCL

mCL mSCL

100%
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Figure # 5. On B.suis strains Figure # 6. On B.suis strains
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Undiluted phages and their working dilution — RTD show high activity towards B.
abortus. As for the action of these phages on B. Sui strains, they are active in initial titers,
except for minor exception, where their RTD acts. Strain lysis in RTD by phages allows us
to differentiate their action. On the other hand, these experiments revealed sensitivity of
strains towards the phages used in the experiment. As we can see, B. abortus strains are
characterized by higher phage sensitivity than B.suis strains.

During the study of taxonomic features of phages, one of the important tests is serological
characterization of bacteriophages. For neutralization reaction of newly isolated phages
##141-1, 141-2,19, 9, 7sa and11sa we used TB antiphage serum 1:100 dilution with 30-
minute exposition, on 370° C. According to the results a percentage of the phage
neutralization and neutralization speed constant (K) was calculated.

Table #5. Neutralization reaction of newly isolated phages

Phage Host-cell Dilution of TB serum
# B.abortus 1:100
Time of exposition 30 minutes
Neutralization
% Neutralization.
K
141-2 141 77,8 4,9
141-1 141 38,3 1,59
19 141 90,5 7,7
9 141 86,3 6,5
7 sa 141 90,9 5,1
11 sa 141 100

The interaction of newly isolated #19, 9,141 turbid, 7sa and 11 SA phages with TB
antiphage serum revealed a high percentage of neutralization (77-100%), neutralization
constant (K) ranged from 4, 9 to 7, 7, which indicates that newly isolated phages are
homologous and related to the brucellosis phages existing in the institute. Phage #141
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clear showed relatively low neutralization rate (38%) in interaction with TB antiphage
and thus neutralization constant (K) was equal to 1.59, which confirms distant relation to
TB brucellosis phage.

During bacteriophage selection it is important to study the interaction phases of phages
and host cells, which is one of the determinant test of phage virulence. In order to
determine general appropriateness of intracellular reproduction of phages, we studied
phases of interaction of specific phages with host cells: adsorption, latency period, average
yield of phages on one infected bacterial cell.

During studies, for determination of phage adsorption speed on bacterial cell we
selected some brucellosis phages existing in G. Eliava Institute #TB, 02, 1066, 177, 544,281
host cells B. Abortus 141 and also phage TB* -host cell B. Abortus 19. In the experiment
we used antiphage serum in dilution 1:100 in different time periods.

Phage adsorption on bacterial cell occurs in speed, which is proportional to the phage
concentration and bacteria. We calculated the maximum speed of adsorption by the
formula. Adsorption period for these phages lasted from 60 minutes to 3 hours.

As a result of study lytic range, we selected 10 phages from 45 phages which were
different in activity and range. Subsequently we studied their biological properties,
namely: interaction phases of phages and host cells; physical and chemical factors;
morphology of phage particles.

To study single-cycle of bacteriophage reproduction we selected active phage towards B.
Abortus from G. Eliava Institute: #02, 544, 1066,281,177,110 and also newly isolated #141
and 11sa phages reproduced on B. abortus 141 strain. According to the data of single-
cycle reproduction of bacteriophages, we identified that intracellular reproduction of
brucellosis phages given in the list can be conditionally divided: 1) from O to 3, 5 hours the
number of bacteriophage particles were stable and did not increase. 2) From 3, 5 to 6 hours
slow growth of phage was observed. 3) From 6 to 8 hours sharp growth of particles. An
average yield of phage particles on one infected bacterial cell varied from 21 to 68 units.

Table # 6. Single cycle of bacteriophage reproduction

Phage | Strain Phage productivity
1 test 2 test 3 test Avarage Data
# #

177 B.ab.141 46 39 41,7 42
544 B.ab.141 15 23,7 25 21
1066 B.ab.141 39 73 33 49
11sa B.ab.141 40.6 46 29 38
141 B.ab.141 45 77 81 68
110 B.ab.141 45 42 55 47
02 B.ab.141 20 52 25 33
281 B.ab.141 55 43 72 57

The impact of Physical and chemical factors on brucellosis bacteriophages was studied by
using thermal inactivation, chloroform, urea, osmotic shock and UV rays. During the study of
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of thermal inactivation factors, we heated phages in 5° intervals, from 45° to 75°. According
to the preliminary results, it was clear that the interval from 56° to 65° should be reduced up
to 2-2°. As a result of thermal inactivation the number of life-giving particles of Brucellosis
bacteriophages, which is shown in percentage is represented in Table #7.

Table #7. Thermal inactivation kinetics of brucellosis bacteriophages

phage The number of vital phage particles in consequence of temperature impact (%)
45° 50° 56° 58° 60° 62° 65° 70° 75°
#
544 100 70 54 35,6 18,4 12,6 1,06 9X107 0
11sa 100 100 78 52,3 25,2 18 1,2 2X10° 0
\4 100 100 60 35,4 25 16,6 0,6 0 0
02 100 100 100 52,5 23,75 12,5 0,45 26X107 0
281 100 100 100 85,4 51,6 10,4 0,5 16X107 0
TB 100 93 56,5 43 35,8 17,4 0,15 0 0
1066 100 100 68,4 47,4 24 11,2 0,47 94X107 0
177 100 100 58,6 58 58 21 0,02 9 X107 0
141 100 100 100 68,3 36,5 14,6 0,024 22X107 0
110 100 100 100 67,4 23,2 4,65 0,14 3 X107 0

For phage #544 and TB the lower limit of thermal inactivation is 500, the number of their
particle was inactivated in 30% and 7% at 56° C, while upper limit — at 65°C. While phages
#02,281,141 and 110 occurred resistant at 56° C. Other phages retain living cells from 54%
to 78%. Phages #02,281,141 and 110 retained their vital particles from 58°C to 65°C,
which is reflected in the decline of their percentage rate —-from 68,3% to 0,024%. #544,
11sa, 02, 281, 1066,177 and 110 phages cab endure 70°C, and phages V and TB were fully
inactivated on this temperature. It should be noted that complete inactivation of all
studied phages occurred at 75°C. The studied phages (##1B, V, 544, 11sa, 02, 281, 1066,
177, 141, 110) occurred stable as a result of thermal treatment. Logarithmic relation
between live phage particles and the temperature is shown in Diagram #1.

Diagram #1. Logarithm of the number of phages and temperature

45 50 56 58 60 62 65
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Series of chemicals act on denaturation of virus protein. Since in the process of work
and virus conservation chloroform is used, it became necessary to study the impact on
brucellosis phages. During the chloroform impact denaturation of brucellosis phage

proteins is observed, thus phages lose their activity in certain periods of time. For the
experiment we used feed medium which contained chloroform. The mixture of phage and
chloroform we detained in different period of time: 10 min, 1h, 2h, 3 h, 24 h, 48 h, 72 h and
25 days. As a result of chloroform influence on Brucellosis bacteriophages the percentage of
life-giving phages is given in Table #8.

Table # 8. The impact of chloroform on brucellosis phages

Phage Phage Percentage of life-giving phages during different exposition
10 1 hr 2 hr |3 hr 24 hr | 48hr 72 hr 25 days
N control minutes
TB 2,27 x10° 100 27,3 21 17,2 49 1,65 1,1 0
02 1,15x10° 94 40 25,2 15,1 3,74 1,3 0,43 0
1066 1,47 x10° 51,7 47,6 14,4 13,6 4,7 0,95 0,7 0
11sa 3,4x10° 77 15,3 11,7 10,6 2,47 0,76 0,35 0
\4 6,4x108 53 11 7 5,3 1,3 0,6 0,5 0
110 45x108 89 48 46,2 43,5 14,4 3,7 1,28 0
141 8,7x108 27,7 11 5,4 1,5 0,5 0,8 0,8 0
177 5,6 x108 51,7 34 25 20,7 3,8 0,9 0,18 0
281 7,0x107 100 47 13,5 10,8 3,8 1,9 1 0
544 7.65 x108 74 36,3 29,2 29 7,3 0,8 0,445 0

Phages #TB and 281 — as a result of 10 minute exposure occurred resistant towards
chloroform, while the rest of the phages ## 02, 1066, 11 sa, V, 110, 141, 177 and 544

partially resistant. As a result of further exposure their vitality was gradually decreasing. After
25 days all the phages suffered the complete inactivation.

The action of urea on bacteriophages causes denaturation of protein and inactivation of
enzymes. In order to determine how urea acts on brucellosis phages, several experiments
were conducted in different periods of time, where 8 molar urea were used.
dMm39mbHwe Partial inactivation of phage particles can be observed during the acting of

urea on bacteriophages. After 20 minutes from 10% to 45% of phage particles inactivate;
after 40 minutes from 14% to 57 %; and after 60 minutes from 17% to 68%.
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Table #9. The action of the urea on brucellosis phages

Phage Phage Percentage of life-giving phages during different
exposition

# control 20 minutes 40 minutes 60 minutes
TB 1,64 x10° 73.8 70,7 52,4
02 8,40 x108 83,0 80,1 80,0
1066 1,59 x10°? 63,0 63,0 62,0
11sa 2,80x108 86,0 84,0 83,0
\4 2,56 x108 90,0 86,0 82,0
110 4,82 x10° 76,0 76,0 49,0
141 1,44 x10° 81,0 80,0 57,0
177 6,0 x108 55,0 50,0 45,0
281 1,75 x10° 78,0 43,0 32,0
544 4,20 x108 78,0 76,0 76,0

The action of osmotic shock was studied by classical method provided by Anderson.
In order to determine how electrolytes effect on the integrity and activity of phages, we
applied phage to 4 molar sodium chloride solution. We added to 0.1ml of this suspension
10 ml distilled water and defined phage titer. At the same time we made phage control.
The action of osmotic shock on Brucellosis phages is shown in Table #10.

Table #10. The action of osmotic shock on brucellosis phages

Phage Phage control % of vital phages
TB 1,01 x10° 100
02 6,85 x10 ° 10,1
1066 4,87 x10° 100
11sa 8,0x10° 100
Vv 1,27 x10° 7.8
110 2,2x10° 100
141 9,6 x10° 100
177 3,0x10° 66,6
281 2,0x10° 100
544 6,2x10° 100

The results show that bacteriophages #TB, 1066,11sa,110,141,281 and 544 retain their
activity in consequence of osmotic shock affect, while phage #177 inactivates at 33,4%,
phage #V —at 92,2% and 02- at 89,9%. Experiments revealed that brucellosis phages resist
osmotic shock and electrolyte affect.

To maintain the population of phages in natural conditions, bacteriophage resistance to
UV is very important. In the test phage: ## TB, 1066, 11sa, 110, 141, 281, 177, 025, V and
544 were taken, with 10-10 second irradiation intervals.

By detailed examination of phage lytic action potential and their adsorption apparatus
receptor specificity, for phage differentiation, it became necessary to study the
effectiveness of their infection on bacterial cells. The effectiveness of phage infection on
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bacterial strains is determined by definition comparison of phage titers on investigated strains
to the phage titer detected on host-cell. 'We studied the infection efficiency of brucellosis
bacteriophages #TB, 02, 1066, 11sa, V, 110,141,177,281 and 544 on B. abortus 141 and
B.abortus 19 strains.

During the reproduction of TB and #02 phages on B. abortus 141 strains and then
determination of titer on B.abortus 19 strains, has not revealed any great difference by
definition of their infection effectiveness. The number of phage particles are within the
same degree — 10° though infection efficiency ratio is equal to 0,83 and 0,88. The
efficiency of the rest 8 phages fell in 1 degree from 10° to 10%, and the ratio is from 0, 4 to
0, and 2. As for other version, when phage first was reproduced on strain 19 and then
titrated on strain 141, it is obvious that planting efficiency of #110,281,544 phages is
equal to 1. Planting efficiency of phages TB, 11sa, V, 141 and 177 is more than 1, and for
phage 1066 it is dramatically increased 400 times. Based on the results for further
reproduction of phages we used B. abortus 141 strain. The result of phage infection
efficiency is shown in Table #11.

Electron-microscopic research showed that brucellosis bacteriophage is characterized by a
complete morphological identity.  The following phages were taken for study: #TB, 02,
1066, 11sa, V, 10, 141, 177, 281 and 544. . They have hexagonal shape head, the size
600x600A in diameter and a short prominence 150-200 A in length. According to
Ackermann classification, the studied phages belong to Podoviridae family.

Photo # 1. #TB phage particle electron microscopic photo (magnification x100 000)

2

Photo # 2. #11sa phage particle electron microscopic photo (magnification x72 000)
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Table #11. Phage infection efficiency on Brucellosis strains

Phage # Reproduced Phage titers on Infection Reproduced phage titers on Infection

B.abortus 141 strain efficiency B.abortus 19 strain efficiency

B.abortus B.abortus B.abortus B.abortus
On B.abortus On B.abortus 141
141 (A) 19 (B) 19 19 (A) 141(B)
strain
strain
B/A
B/A

TB 5,6x10° 4,7x10° 0,83 3,8x10° 4,9x10° 1,28
02 2,5x10° 2,2x10° 0,88 9x107 4,5x107 0,5
1066 2,8x10° 8,0x108 0,28 1,0x107 4,15x10° 0,415
11sa 4,4x10° 1,9x10° 0,43 3,45x10° 3,6x10° 1,04
v 2,0x10° 5x108 0,25 4,6x10° 5,6x10° 1,2
110 5,0x10° 1,04x10° 0,20 3,4x10° 3,0x10° 1
141 2,8x10° 6,2x108 0,22 1,83x10° 3,2x10° 1,75
177 4,1x10° 9x108 0,21 2,9x10° 3,35x10° 1,15
281 1,8x10° 4,2x108 0,23 9x108 8,0x108 1
544 2,6x10° 1,03 x10% 0,4 1,2x101 1,2x1010 1

From phages isolated by using UV rays, according to the action spectrum we selected 2

new and 8 collection phage.

A set was created, through which burcella identification

and differentiation experiments were successfully conducted and was confirmed by
genetic analysis of microbe.

10 brucellosis bacteriophages selected by us: #TB, 02, 1066, 11sa, V, 110, 141, 177, 281

and 544 were tested on museum strains existing at George Eliava Institute of

Bacteriophages, Microbiology and Virology, also at the bacteriological laboratory of the
Ministry of Agriculture (LMA), on newly isolated brucella strains by National Center for
Disease Control and Public Health (NCDC) and US Louisiana State University Agricultural
Center and the Veterinary Department (LSU), total 146 isolates.
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For phage typing of musem strains we used ten brucellosis phages
(##71B,02,1066,11sa,V,110,141,177,281,544), the patron cell of which is B. Abortus 141.
Phages ##1B, 02, 11sa, V, 544 — 103 RTD and RTD have the similar action on B. abortus
strains. Phages #1066, 110,177, 141 and 281 show different range of action and activity in
phage working dilution (RTD), and the action of these phages in 10* RTD is similar to TB
phage. As for B. suis strains towards phage RTD these stains occurred resistant, and
towards 10°RTD it gives different result. By means of the set of these phages innerspesific
and interspecific differentiation is possible.

For identification of isolated cultures form pathological research material (31 samples)
at bacteorological laboratory of the Ministry of Agriculture we tested and identified by
means of bacteriophages from cattle, including milk, blood and 3 abortus fetus, newly
isolated 31 strains. By action of brucellosis bacteriophages 10°RTD and RTD (host cell B.
Abortus 141) 18 strains from 31 occurred resistant to phages, so we can assume that these
cultures belong to B. abortus, which is also confirmed by the results of genetic analysis at
the Bacteriological Laboratory of the Ministry of Agriculture. Other 13 strains occurred
resistant to bacteriophage action.

We checked 42 cultures isolated from people’s blood at the National Center for disease
Control and Public Health on reproduced strain B. abortus 141 of 10 brucellosis
bacteriophages, by action of 103RTD and RTD, from these 3 sample cultures: FY0708-00041,
FY0708-00079 and 10C001003/03/115 - occurred sensitive to phages, which is
characteristic for B. abortus strains. Other sample cultures are resistant to 10°RTd and
RTD of all phages and likely represented B. melitensis.

At US Louisiana State University Veterinary Department (LSU) we conducted research
works in point of view of practical use of Brucellosis phages. With the set of Brucellosis
phages (##TB, 02, 1066, 281, 177, 544, 11sa, V, 141, 110 patron-cell B. abortus 141 and the
same phages patron-cell B. abortus 19). A museum and as well as newly isolated
Brucellosis strains were checked (total 15) B.abortus S19; B.abortus S19 (shiport);
B.abortus RB51; BC-LSU; BC- SVM 2; B. ovis; B.ovis(shiport); CDC1-BO1; CDC2-BO2;
CDC3-NF2653; B.neotomae; SDRL; BA.2308; BM. 16M; BS.1330. Phage typing test
showed that lithic range of reproduced phages on B. abortus 141 and B. abortus 19 strains
are different.

Conclusions:

1. Morpho-cultural, biochemical and serologic properties of collection Brucellosis strains
have been studied. Typical properties of characteristic for these species have been

established.

2. 28 Brucellosis strain have been tested towards 14 different antibiotics. As a result of
studying antibiotic sensitivity their high sensitivity towards antibiotics has been
established.

3. As a result of UV irradiation of brucellosis strains moderate phages have been
isolated: 19,141, 9, 7sa and 11sa. Lithic range and performance range of museum
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and newly isolated phages have been studied. Ten phages ##1B, 02, 1066, 11sa, V,
110, 141, 177, 281 and 544 have been selected for strain differentiation.

4. A strict specificity of collection and newly isolated Brucellosis phages on
Enterobacteriaceae family representatives have been established.

5. Biological properties of the selected phages (morphology of negative colonies,
adsorption, single-cycle reproduction, physical and chemical factors) have been
studied.

6. By studying of serological properties of bacteriophages the relation with TB phage
have been established, according to the viral particle morphology the studied
phages are related to Podoviridae family.

7. By means of set of selected phages the establishment of existing strains (from
humans, animals and pathological material) in Disease Control Center, in the
laboratory of the Ministry of Agriculture and US Louisiana State University
Veterinary Department (LSU) and newly isolated brucellosis stains and inner

specific differentiation was possible.
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