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6.0 o@gMsGHvMoL dodmboengs

395GH®mmo bgMzmeo LolEgdol (36L) 0bx3gdi09d0 8godewgds 2sdmf)zgmeo ogmb
35096930l Gomo™ B3gdGHMom, MMIgEoE dmoEO3L 30MMLGBL, dogdGHgM0gdl, Lmzmgdl,

3965D0390L s 063399300 30™m396 Bofjos3zgol - 3M0Mbgdl. s®Lsbodbsgos, GJ
0399603339396 ©s 089bm3MA3OMIbEGH0MGOM 35309639030 361 0bxg3qJz0gd0L
399m3(393900L  B3gdBHMo 2obLbb3gs39d0s. 5F0sbOL 0dMbmyBOOEOL F0Mlom
(503) 399mf39meds 065393059, sB939 bbgs JobgBom dmf3gmwds 03496Mm©IBROGEOGHOL

0pMB56Mmgm0gdds  Loxd39wwo ™ (36l 06839J30900L 2obls3MMEMNOME KaMRL,
(9903 Fbmemo 03960mgB030EGHO0L 306H™MdYdT0 3b3gds.

dmWm M599)b0dg SMegmeols 2o6353wmdsdo, 8603369em3z560 Fo®Bsdgdgdo odbos
domgmmo bl 063930900l  3o0mygbgbol  Tgufagerols FodsMrNEgdom. 3530l
A3060L 309995¢00B300L S IBMOIGHMOHOMWO OIFOMBE0ZOL sHSEPO FgoMEYdOL
090009050  dgbodegdger0  2obo@s 9T Q9939 YIJOOL  SOMIMO  OABMUE0IS o
93996065 Mds. 39399 IH0 dOMEMYoolL BFsEgd0m Boogwo dmgxobs Lbgsolbgs
3o™y960L BxoOHMZ30MMEgHEHMBOL Mo30L9dIMGdIOL (15).

3bL 06339930990l 3eobozMMo F0dobstrgmds Fgodwgds oyml d(3539, 939903039 96
396LoLAHIbGHIO, HMIGEoE Megz0l FbMOZ FMoEs3L JOHMbogwMw, W@ bEGHMEM ©s by
0b6939d3090L. 0b6g39d3o0l  8080bsMIMds  ©HTMZOYINW0S oM 9bBy, ol
809056MH9MdBg s Fsl30bderols 0dMbME LGsdmiby (16).

05308 33060 356250 5MHOL IO BODOINMO BIMOIMGOOM: M530L JOTPOm OO
352500 35MOLbom. MF3s, 53ob oM, bMGdoL OML Jumzowgdol d9d39ds 8dody
39000 gdG0Mb  9MOL 39300609 MO. 300093 JOPO EF3ES30 BOTMSEGdS ™30l
G3060bm30L 5GOL 3995@M9bEIBIWMEMO BMH0YMO, OHMIJWOE 3930w sMgdoL 39Ol
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95M®»9gEM® MxM9ggol IOl 8FoGmm 3996000909000 sGOL (oMdm®agbowo, o
bgls Mol sbmgdomo MXM9gEooL, 3500056900l s Fo3MMIME)3w99dol Jgligesls
b9dsGodbmoer  LogMEgdo. dgmegl dbBGOZ, ™sgzol  GH30bL 5J3b BME0dgbE o
@odgMMo  LobBHGds. B03OMAEOL S 3900353 ME  Fo3MMBIRJOL  JOMHOMSPO
30LEHMIgmo3Lgo0oL  3mI3gdlol  FMENY3YWIOOL O30 gdom b3 gdo  9Ju3MLOS
5bsbosmMgdm. (36L-do bs3egdos FsL3obdeol 0dmbmMo  LoliEgdobomgol  sbEoggbols
353M9996¢ 069090 MbsM0, o3 035l 49bs30MMdYOL, GMI w339 (36L-do Fgwhgme
3500096l 25005MRIbOL RGM OO Fsblo 5g3L (15).

3963390000 3500Mmy9bgd0ol doge 3995@™M9bEIBRIWMMO dsM0gMHOL oM3930L dgdsbobdo
39639 56 5MOL Fguogoo. Fsoe0md©, 3MBoL 3060MLbo s dsMmEGH030 39MH39LolL
306060  39MH0xgMomw  BgM3zgdl  dog3zgds s oLy smhg3t  3bL-L,  bmeom
06358906900 dsdBHgMogdo s bmzmgdo Lbobbeol qbom s0fg396 3bL-U o
IROIOOL  HBgo306HDY A9Bbosm obgmo  3mI3MbYBEJd0, HMIWIGdoE 3930 IMYOOL
930MO™ 999600090906 dmEOOL  390Hg30L  MbBsML 560FgdL Tom. 3bL-ol ¥MbgdMHoz0
39M5B0BH00 (MmamMo@ss 0sy. Naegleria fowleri) xs6dGmgeo dsbdobderol (36L-do
06530 GHMo30sL  39953Mmgb3aBoImo  dsMOgMOL  9bMMYH MR MH5YdDY
B99md89w9d0L gBom sbgbl. m3mMEHMbolEmwo 3bL 3oMmsBodgdo (Toxoplasma gondii)
5065303009096 (36L-U 08MbMYBROEOEHOL IJmby 35309639080, MoEYS6 Fom0 MMY6EOBI0O
3960 903ws39ds  39053Mm9bEaBIwMo  356MH0gMHOl  9bmmg)H X6 9ddo
8000bs6g sB6mgdom 3MM(39LL, MOl FJYRSE OBOIDS dIMOJMHOL 253530 MdS, OO
809379930 S 3565HB0EJd0 501939 doM0gMHTo s FJ0FMHgd05b Megz0lL BHz06do.

@bl 0b6339d30900  ©535380690ME0s  935MBOLS @S BO3Z3OWMBOL  Foow
958396909 sb. 59 353096@gO0L  godmLogaol  2olorgdxmdLYOIEISE  9Y30WIOII0S
UHOSB0 0sbmLB03S O PoWIYdgE0 Bs®g3s. 36L 06039730900l odMESEHMEOHO0wO
©0536MLGH035 930w 9dYI0s M3EH0TsWOHO 339OBIWMBOLMZOL. SdMOSBHMOOO

A9bBJO0L LHmGs 459mygbgdoly s gMHBg30LIMZ0L 30 5930WYdYE0s 3e0bo3 MO s
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W3dMMSGHMOH0o  39OLMBool 8F0OM  MODOIOHM3IS3060.  Me3-BMyE30b0L
Lobol (DHBEL) OMMWO 5gds s Podm3zeg3s 3609369 ™36  0bBMOTs309L
339993L. oM MIXMIIOOL MoMmEIbMOOL gobloBE3MOLs, MDBEBHL 00gdgds Mol
Pobom, Lem3zmgdol 4sdmbsgwgbs s bEgds Jobo dogd@EHgMomEwmy0IMH0, 3030 MR0IOO
@5 303M35dBHM0mMwo 33w935. 393H0E, 30MMLEo d9bobao@ols s 9bggBswodol
99000b393590, ©0sbMmBo Fgodergds ooligsl OHBEHL byHMmEmaoom, 306HLvIro b
8563969000 S 3Mm0dgMHoBoL KsF3MM0 Mgodgoom (PCR). Jumzowol gs8m3zwggzom
©05360mBol LTS EsTIM30YOME0Ss 085BY, M) Lo MOV MO0 BYOdMWo 0bggdiEos
@5 6599bs@ 9MH0oL Fglodwrgdgero 00 5EYOEOL BOMABLOS. 30LEHMEMA0S MO0MJdol
4390306 3353¢0938 806086905l 259mdfi393 06x8gd30me 396G By L3gEosw Mo s
03996m30LEmJodor®mo 8909030L d9mnMmEIdoL 25dmyqbgdom, HMBw9gdoE Im)mgdmwos
3M6309¢ Mo m6H560B3gdolsm3z0U. ©0536mbGHOMGdOL  FobLgdol Qo BeMS
d9L5degd9w0s PCR s bbgs dmeng3mw@do 3900mqgdols godmygbgdoo.

3MdIOBOE00L  9IPO®, 9YHOo 593l FoOlmedo sOLYdIMWwo  0bxggdszoMo
350MWMA0900L  bggoobms  58m39bgdsl obgm  ggmacezomee  969goedo,
HMIolm3zoLys 90bodbmwo 069930900 909 9O 0gm TobolinsMYOIE0. oM
500bY, 9350090900l 453M3w0bgdgd0 033w s B0 OIABMLEH0IS MY YdS
3w0boioLEGHJO0LS O WIBMEMSGHMMOO0L 13gE05eoLEHYOOLIMZ0L. 500 TMEOL 3936005
BmbmnbMMHo 0bg39gdiE0s, 956599 sOLYdME0, 96 sbs© S©0IM39bgdMwo, MMIgwos
39005¢obogl LobgmdMm0g BsMOIOL s 50bBOE0MIOL 5sT0sBL. sboTbMwo VBB
5Q30o@© bgds obgm LoE¥sgosdo, GmaEs FobsmMo 3bmggwgdo s 530560
956900396 3F0O™M 300639 EHT0 5606. BHYggdol 49bsyMM9gds 0f)393L 3bMm39wgdoL
500530560L BoEbM3MGdgW b obEIMGISL. b 50BM (396900 BgomMobggdiool
3525om0s  6035-300L0, GMIgerdsz 1998 gl Foes0Bosdo ©mMgdol 539MHdsdo
90998539 50030569330  45dmofigos  3dodg  9bEIBIOGHOL  9RBJINJJds. 9350 JdOL

390053995 bgdm@s MO 19360 9EJOMb 3mbEsJGo» (17).
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Bggbo 33930l Logobl  Fo®mdmopgbos  8(3539 89bobaoBol s  gbggBswodol
9GHOMEMPONMO0  BodBHMEMmGOol  dogds.  Jggdmom  qsbgzobowsgm 08 3s00mygbgdom

259m{3999wo 36L 06539J3090L, HMIgdBg©sa 39060 33¢935 BoBOIGMS.

30600 d9bobaoGo 9®Ol ™Mogol BH30bol MHdoEO  Fos®lGdOL b, MMM
395GHOsmo 6gMzmwo LolGHgdol 0bggdEool Asdmzwobgds. gotMmlvymo d9bobao@o
bdoMo dmobligbogds, HmymemE sbgdGomMmo 9960byo@o, BogMsd gb GHgMmdobo waO™
RBOOM  93bgdss. dBg3GH0MMO dgbobaoG0 ML 99350 Yds, MMIGELSE  SbolinsMYOL
05308 $H30b0L 25MLgdoL LgMMBMEo s60gds, MOlsEg MMAMOE Pabo, b sbEsgL
8mbmbm3mgmeo  3wgmEo@dmbo.  slgdGHomeo  99bobaodol  LobM®mdo 6 SMOL
3990390 30Mm969MH0 dogdEgmoom (18). oM, 030 B39MEgdMOZ 30M¥LGOOMSS
390m{3999wo0, dobo doBgHBo Gg0degds b3S gEOMEMy0s3 0gml, My 06g39d30mMo,
obg 50506339J30M0. 3oy. 3O39wmBMOo dgbobao@o sb9g3EoMo dgbobyo@os; 1939
5MLYdMBL [oderolidog®mo sigdGowmemo dgbobyo@o (19). sbg OH™I, GHgmdobo sLy3EGoMMo
3960ba0G0 950G MOl 30MMlmeEmo d9bobgo@ol BMLGHO Lobmbodo, mdgs g meMo
&9™30bo bdoMms 90rds69000L 999(33009e0@ 499m0Yygbgds.

3996000 gd9wo  300Lbemo  d9bobao@o, B39 gdM03, M30mYSB3MMbYdI©Os o
LEOMWO 25FMYS6IOMggds 7-10 9o ©Ygds. I3, BMES 3060MLbYImo 0bggd3os
0O gds  9960bamgb3gBswodol sb 99bobymdogwo@ol  Lobom, 809obsgmds

d90d9ds 36033690 m3bs AobsbaMderogzgl s sddodql (20).

930009800 MY0MH0 MZ5WLsBOHOLOM (3. F9offool MM, FgMPMOROMWIO 5MYSEO,
99b3mBoiEos 8gMH9dmMb, 50 MdM0Z MLObeEgMdST0 J93M(EIWIOMEI0 O93500)dJO0)
5 LoLEBYIMEMO godmzw0bgdgdol dJobgz00m FglodewrgdgEros 135G M EOIPRBMBOL
©5L3s. 935, 93069 299Mbs3OLOL A5MEs, J0boZMNMHO O WOdIMMIGHMOHOLICO
dmbs3999%0, OHMIgeroi 3939 30600 3960640EH0LMZ0L sGOL sTsbILOsMYdgWO,
365153056M0LOE B3YEOTROMM0s GEHOMMMYOVIMO OABMDOL ILILIGEs (20).
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939960bswMds  ©IM30EIOIos JobYHBY. g0MMlmEo  Fgbobyodol dgdmbgggzoms
M3 gLMOS0  BoMTSJMEMAO0MOHO  93MBIMBS 96 sOLYOMBL. 5T  35309DGHIOL
©53HTsMg 09M5305 MBHIMEYOsm, Mro3 FM0Es3L 30300059 mBgdge 15TV gd9OL,
©9006900LL5{0bs50dEgAM 361935653 gdl, 06396 LoMbYgdOL s oMY GddOL
369396305L 5 83MMbIEMBSL.

30m39b30Ms, 9960b3030L  299ma)393 yz9ws 306HLL  Jgmderos  9bggBOwoF oL
359m(39353. BH9M3obo 83539 30MLbwo 9b3EgBITOEHO0 39olbIMdL FbMEP MmO ™Mo30L
A3060L  ©sH0sb6gdsl, A9MLGOIOL BoGMZ0L gocndy, Foasd M9oMs© 9b3IBICOEHOL
@OML 393H-553090s0 YMm3z9wmM30L sGOL LobgHg A9MLYOOL IB0sDGds. 9b3IBsWOEFEHL
3963005690590 9600369 m™ds  5gal FoL30bdwol  0dMBME  LEHIGHMLL, L3gEoBMO
3069y 5396BL s 969G O oMGIM GodBHMM9dl (21,22). dmErm©OO™obgeds
330939905 9h3g9bs, MHMI  HobobfoMpobfigmds  Lbgosolbgs  gm®dol  9bzgRswo@ol
39630056M900L5d0  (RobL3MMMGBo gl gbgds  FodFGH030  3gM3glol  306Mvlom
3900300 9639BIWOAL) ©135300MON0d 55M3ZPO 3IBIHOINOO FILOIBIBOL
5ML9dMdLMIB, 39Mdm: TLR-3 063 gHrR396Hmbols, s9@mbicmdm®m-mggqlbomwo STAT-1-ob
1 305600LMdS s X-09b dg3omdHo NEMO-b oggoisodo (23).
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6.1. 96GHgMmgz0Mmmlgdo s 36l 06g39gdz0s
95390Mm3060mLgdo  d(3539 99bobgo@ol Yy3z9webg bdomo dobgbos - 85%-do 8(3539

30600 d96obaoGo 98 30MHMLIdOm SMOL  odmfizgwo. obobo di3oMg Bmdol
wo®le GBI 3009005, OMIIdoE 303mMmbsgoMmligdols (Picornaviridae - (“pico” -
35BoMy, “rna” - ®b3I) mxsbls 496932036905 s IM350 LyMHMEHO30 FosBbos. Bgbobyo@ol
399m{3935 dgmderos 50-%g 9@ J39303L, 3500 GOl 93m30MH¥LYdL, 3M3Ls30306MML A
©>  B-l, 3m@omzgommligds @ 9930  Lbbgs  9b6GHIOMZ06MMLL.  9GS3MEoMm-
95396O™3060mBgd0 bdoMs 93b3wgds; oLobo 0lgMO3g FI3M(EIWIONW0S, OMAMOS
6063060900 (MMIGd0E 3530900l JoMOMIO A5dMIf393900 501056) (24).

Dma09MM0 9bBHYOHM3060MLo (3. 3M3Ls30300wLo B5, g3mzo6mlo 6, 9 s 30) wid™
bdoMo d960ba0E0L 5539093l 0f)393L, 35306 HmEs bbggdo (3m3Lbszo A9, B3 s B4)
WROM 96093MHMB0m bollomM©Yd0sb (25,26).

96@9mm3060lgdo  JoL306dEol  MmORBOBIdo, B39 GIMOZ,  BYIIWE-MHSEIYHO
3bom 9903193056, o0 glodegdgE0s ML30MIEHMMHIE0 3BOM 2505(39d5G.

95396O™3060mBgd0 Dogbrmdo s Mg 990mEyMIsDY y39masb g3b309d0s6; Fsmo
MBs60, 259m0ofj30Mmb 06939J305 MdOE 1399080 5G0OL JOMOMIPO RBoJBHMMO, MOL odm

306090 d960ba0E0 [gerofools 53 MM a3bzgds (24).

953960™3060B900 70 s 71 boliosmgdosb dewog®o bgodm@G®mm30bdom s d9wmdwosm,
99606g0@0L  2o6s  29dmofgomb  8960bymgb3gBIoR 0, 3MmEoMmBogEo@olidsazsMo
3965¢0bMMo Lob®™MIo s 4096-dstgls Lob®mdo (27).

2014 fowl  ds0bob  abOHYolosb  LodoOmzgermdo  @s0fym  9bEHIHM306LvIeo
99606g0@0L 5539004935, 3036 doswfos dsobol dgmeg Bobgzs®do. Ggdmbgzglzgool do@gds
05300056  ®doobdo  soflym,  dsobol  TgmEg  Bobgzosb  F9dmbggzgdo
©M9RoLEGHMOM©s  Lbgs  Mga0mbgddo, bmwm  03woboEsh  Bodos@mgguml  gygges
M9y0mbdo ©5330JLOMS. bgo@olb3S MHdMEMISEHMMOWWO GIbBHoom
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0963058030000 0gm  9bGHIOM3060L0, bmm  3060HLMEMAOMOO  3ZLII0N
©o0bs ECHO-30, 6Hmdgwog 5009 ULododOmzgurmdo 9350939 gd0sb
390MYMRBOO 9O MBos. ©sgodboms  1100-Bg  dgBHo  G9dobggae.
d90mbgagzoms 80% dm@oms 3-15 figrol sb53MmdM03 XaBBY. yzgws 89d0mbggzsdo
Q0553500900L d0d0bsMgMds  0ym Bodmsem s dbvydydo Loddodol (28).

6.2. 39639L30MYl9d0 s 36L 0bxgda0s

396039L30MH1gd0 OO HBMIol B 30HGds. 0EIBEOBOFOMIOME0S ISBEMIdOM
130 bbgssbbgs 3903913060 L0. 50580560LM30L 3o0MYG6IMH0S M35 Fomysbo: smEGHogz0
396039Lob 306bo-1 6wy herpes labialis (HSV-1), HSV-2 569 a9bo@swmydo 3g6m3gLo,
390039 BbEGHIOOL g0Mmlo (VZV, sbm HHV-3), 9383906-0560L goxmlo (EBV sbvwy
HHV4), go®mdgyowmgommlo (CMV b6+ HHV-5), HHV-6, HHV-7 o> HHV-8. ygqws
396M391306OHLoOLM30L  EsTobolSMYdGE0s 0ol, GMI dsm F9MdEosm  sdmofi30Mb
WsAHYBGHMM0  0bx3gd30s.  Fogooms, HSV s VZV  396LolEGocmgdl  bgommboyer
3963wo0gddo, bmwm EBV - B @o0dgmEo@gddo. 5©s80569008 396393060900
dG03wgbmds  Byodm@GH®mM3Mwos s 03936 39BGHGMMOo s 39M0xIMH0MEO
Bg®3eo LolEgdob 3F3939 s JOMbOIME s9350JOOL (29).

HSV-1-85 990d¢0gds 258mf30mL Grmam®3 d960bg030, 0y 96398swo@0. 9b3gnswod ol
Lod3GH™Igdo0  BMmoEegl  (3BgWgdLL, Mo30L  BI0Z0L,  YMIMROLL,  FoOD0sbYISU,
NMIOMO ©IBOGEOAL, 953508 S FMYMHOL. RMIIOHO Bod3GHMIdEGH03d dbobgL
3060L0L M93W035305L O BTbEGd 56GdSL Loggmdwrols dgoseH Fols o
99900l ool  mdoGsw®  bsffoerdo. Lsggomdwols ool  3GMAMmgLoMmYdsTs
0999939050 890degds  o8mofjzomlb  39Mbosgos  mabdbergdo  ©sdsbslinsmgdgwro
L0d33HMAYO0m  (B9J0396M©0s,  30396M396GH0WOE0S,  IIMOE0ISEOME0  ©> 899I
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©I39IMIOMS30ME0  COZOEMDS,  MROL  AIBIOMMYDS).  39IMBgbo 35309639080
d90dgds 396396903 oML ay®mgdo, d933wowo d96@swMo LEsEmLo,
5835H05 56 MEGHMOMWO EIBOEOEG0. 5303 M3000m 33Mbsemdol 9dmligesdg HSV-
1 9633985@0@0L 3Jmbg 353096&gd0l 2IMS3gLMdS 0WM3GdMS.

HSV-1 96398500l o®Oml oB@HL B3901mgdcog, 35mmemyom®os, 353090@0s 90%-3o
50060869ds  3egm3odMBo  (Ambmbmzwgmdo  dwgmagodmbo - Lsdmerme 200
WX 90/03%), oasd dobo sMHMLYOMDS IBEITBIWORL 96 4odMMOiEbgL. GBRg3000
©0536mbGH030L Igmos MBGHL-do HSV-1-0 ©b3-ob s0dmPgbs PCR-om (30), 0393

©55350900L 5MJM 993D 890930 Gg0degds sMYMB0mO 0ymU (31).

30639gmoo  HSV-1  0bggdios  990dewgds 35608 96 com®fimgsboll  sbosbgdoom
8000b5(gMd©L, 56 sL0A3GHMINGOO 0ymU. 306lo MHY30E0MEYds F9FMHOL SO,
B39 gd603, 306MH0L ML 56 2960GIWMH MO390 oMBTo, MolsE B03Ys35MM
L9gbLMOHMo 69M3900L 06R0EOMYOILMSE. 90y 306MHILOL BHOIBL3MMEHOMGdS brgds
930mbme  2sbaeogddo s og 39MOLoLEHOMGOL.  gdoboBdo, MMIoms3 HSV-1
506530306090 (36L-U s 0§393L 9639BIOAL, drrerMIEY J9M339ME0 56 SMOL. 306LOL
3096 M3065G o  FMdol ool  mMdoGswmmMmo  Bsfforol s Lyggodwols
89005¢M0 ool sH0sbgds Jommomgdl, HMd 3oMmlo 390dwqds 3M 39 IOIMEIL
353000l MOi3560056 sEbHoWw Mo BoMGBoEHOLs s (3bogol 3ol yogwroo fobos
xmbemdo. 939 990dwgds o@IbGHMOO 300MLo 3MEIXEIdMEIL Lsd)Hzgms bgzol
396300056 FgbEMMomwo 63M3930L 2o3wom, HMIWgdog S0bgMH30M9096 Hobs s To
R}mbmgdl (32, 33). 3bL-0b EsB0sbgdoL gots HSV-1 bdoMo s®ol dgarol sdderol
dobgbo (34).

93790bsemds  HomBmgdl  96&H03060MMEo  3M935MGH0M - 5303 M30M0m.  39MH39L-

95398503 9330L Jgdmbgzgzedo Immgdmwos 9d3oMmoMwo MYMHI300L FYgds
5(30300M3060000 O0ABMDBOL  IILEAHYIMGOTY, oD gu 369356530 bS53 9ds©
AMJLoB0s, 33056 HYgOmeEds 8329MbsEMdD 30 FJ0dEGds 9935 JOOL 3OHMYbMBO
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39916LML.  93Mbomdsdo  slggg 29dmoygbgds  9B6GH03Mb3MlsbBHgdo o
©OOHJBMo  BsFMoEgdgdo. FMmBOHOoEgddo  LEAHBPIOGHMo  F3NOBI MDY
06@®5396mG0  sgozermgzo®mo 10 /3y Lodxgd ©mgdo 13-21 ©Eob s63sgwmdsdo.
Dmaxgm LEIOM0odo3 06006905, o608 om0  9BIJBHIOMOOL  Tglobgd  SDBOM
Lbgo@olibgomdss (29).

HSV-2 0ofj393L g9bo@owmé 396m39LL. dobo 6936MmEmaomcmo s6MmmeEgdgdo dmo3o3L
S1g3GHome  99bobaodl,  9b39BOIOBHL @S BMMY30©O39  MIOZNWMI3SMOSL.
0099603083696 GH0MgOME  353096¢9dd0 HSV-2 sbigzg ofj393l dogaro@l. HSV-2
690m™0bggdgool gmbg 3530963900l o bsfowls s65869HBdo gaboGoswm®mo 39MH3glo
56 509608bgdsm. HSV-2 963953so@o «a3mm bdoMs sbsgdmdomgddo a3b3090o,
MROM 03300005  03M6M©IR0E0GOL  FJmbg  3530963)9dd0.  Aoblbgsgzgdom HSV-1
06939d300LmM30L  ITsbolosIMYPDIIO  BMISMGO  ID0sDYdJOOLYSD,  HSV-2
953985030 OB DM (35). I3MObIEMdS 030395, M3 HSV-1 0b6g39300L cotrmbs.

VZV  0ofj303b  Bm@Y3930sl  (396M0339¢05), ol 8909303 306990 wo@gbGHv®
damdsmgmdsdo  MBgds  3Osbosrme  BgM3z9ddo,  MODIME  ggbggdls

533™bmdom©o bgmzmwo LobEgdol dobawogddo. sofiargmwgdols 390w, dsb3obdwols
59390009090 VZV-13930809600 03mbo@g@o ofi393Lb 306090l 69od@035300L, Mo
396039L-DmbGgeol  doBgbo  bgds  (d99mBLocEY3wgwo  odgbo),  MMIgElss
5b3L0SMYOL (33030000 O 25FMbBoysM0 1-3 gMT>E™MIoL DMbsTo s MHMIGELsE bdoMs®
9myg390s 3mbB39MH3gLmeo bggdowyos (36, 37, 38).

M MmEOOHM0bgwds 3310939005 583965, GMT VZV-I 695JE03530000 359mfi3gmero 3bL-
ol 290 gd900 MRO® bJoM0s, 30Mg 94599 gambosm (39). 96¢IOM306MHLOLS S
HSV-2-ob 8999y, VZV  g306wlwwo 996063030l yzgwsbg bdodo doHgbos. dobo
LobdoMg 5-sb 29%-0gs (40-42). VZV-0 Jgodengds 51939 29dmfzoml 9b3gnswodo.
©0x9IM96306090s VZV s HSV 06539430908 méob, 009 0bxgdgost §ob o6 wmlfiergdl

G300  98mboyst0, doosh MmMos dbmmwmo  3woboz®mo  godm3zwobldgdols
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Log3mdzgardg (43). 993 IHO  EOsRBMLE030L Fgm©gdol Jgdmmgdol 999
39500505 VZV-0m 259mf)3909c0 9960b630@0Ls 5 9639835w0@ol bobdomy (44).

EBV 0bggdzos b3oco s dbwdmds d0d@obsty 3060lvmmo s3509dss 053039000 -
06939930960 3mbMmb3e0gmBolL Lobom. Bmyogmo d90mbgzg35do 00 36L-0L Lbgsolibgs
3D056gd00 459M30bads, MHMAMGOOEss 396069Mm9b3gBIoE0, (3909000E0, 3sbog0
30900, bgoOHmabodos@®orwo Lobpmmdo, 30gb-0569L Lob®mMdo s 3MsBosw GO
6963900l 33 (45). 3960bg0E0 s JB(39BILOEGEHO 53 QoMM GIYOL TGOl Yzgesby
bdoGmos  (46). 9b3gBowo@Bol OML  Lod3GHMIgdos  Fggzwowmo  3bmdogMHYd,
d9606g95mmMHo 608bgd0, ddEO, Boobgdol Lod3EHMIgdo s 3MsBoswMEmo ByMzgdol
530 (47).

6.3. 4d5g4esls 3oMMLo s 3bL 0bggdisos

3565804LM306lgdoL MK sbol HomBmIowyqbawro, Ydsgmmsl 306HMbo I9bobaodol o
9639890 @0b 9OHM-90Hm0 Y39wsHg oo bbol dsbdow by (36mdowo doBgbos (48).

359(3065300L 93mds80, Ydsgmsl 0630wYbEH™ds 860d3bgum3zbs sGol dgdEoMgd o
@5 100,000 303030580 1 899mbgggzss 3o, 5d8-3o.

80bgo350 5doby, 953900d909d0 bgds 35J30b0MgdM 3Mm3MsE0sd0E, oo FmMob
©OEO 9309305 JmMbEs FogH 05693 Lsdgnmdo, HMIgudsg 303 doswfos 2005
Do, 0599600 95539mggds 0ym 93960030l 396GHMIMEM-slsgargm bsfoerdo 2006
Dol (49, 50). 505056539, YdoymMs  xgd 3093 oMol dgbobyodol o
3960696398500l 30BgBo d90mbzg3zsms 10-20%-80 obgm ggmaMez30E sGgsedo,

L5053 3993065 930 bgwdolsfigmdo o6 SGHOU.
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16-21 ol sbs30l 8585353900 06539d300L 29630056930l »MRGM Jsswro MHobzol J39d
56056. 5658350©Mds 35853530/doels Fmeol 3:1-Bgp.

99900b393500 3aslBHgM9d0 50060dbgds 13 gdLs s 3MWYKJdT0 BTN M3990d0.

0563begd0 356OMEGH0GH0 30b03MH0 ©0sABMBOL OLAsT0 239bToMgds, Fo™sd 3bL-obL
069399300l dg8mbgg3z5ms BoHg350MTo gl LOA3BHMAo 56 3b3YdS.

12 000 56535J30606090m@0 3533308 3Mm3mOEH™MEds 3319398 POOo™mgm gobgmdo
390053065, M gdoymesl d960bamgbigBswodo yzgws 300lvmeo 36 0bggdiool
40.9%-0b 30BgBo 0gm. 51939 06Ol s 053Mb0T0 YdoyrM S193EH 0o d9bobao@ol
3600936903560 dobgbos (51).

2003 §geob, sLgd@GoMo d960byo@ol 930gdosd Fomgws-HomMs-gdogmes (MMR)
3993065300L 909y AMREoml M35  J3994sbsdo  (Bsmm TmOOL, dMSDOES
399600056900 Lsdgxnm), LIxrMIzgwo  Bsmgsds 35306990l  MLsgMmMbmgdol
MBI MOHO  LO3MBLMEBs3oMm  3MBoGgBHob d9gddbsl s ol FogH 3593069000
2°9mf39mwo  gdogm®s  99bobyo@gdol  dglfogarsls (52). 93539 ©@OML, 3JMIoBEgE0s
29653365005, H®™MA Yd5gmOL 35J3000L BMY0gMmO FEsdgd0 (Msdg, 9bobyMo-bogMgdo
@5 9boby®m0-3 9359930) 3mb335d306M0 SLgdGomEmo F9bobaodol MBOM Tomoww
06300096@Md5Lmsb 043696 353806 9dMo.

2006 Hgob, 3080@H9@0s 913365, MM LogHDITMGOLM oEIMsGIMHOL dodmboergsd
396 90965 LabMH39ew0 F9ga0 s LyFoMmM 0gm F9damdo 33¢93900L [o@dmgds (53).
@5 85063, 39J306580 gdoymMsls 3m33mbgb@GHgdo d90335ws s Jmger dbmzwromdo dmbs
3543069000 gobobengds.

30b603Mo@ 4o9gmalidog®o 36l 0bxggdiool 49Mbg3s bbgs 30Mmwlmwo 0bggdioolgsb
M0, LodosMmzgermdo  sMslmEal  dglhogwrows 53 0bggdzool  0b3ogbEmds,
Bsfformd®mog 0dol 4edm, MM 56 ogm bgedobszmdo Imeg39wOHo E0sEbmLE030L
39000, OHM3ge0oa 50930l Fgmm©Oos 8 99dmbggz5do.
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6.4. 56md3060mMYdo s (6L 0bggdzos

53300900 9905 Bb35slb3s My sbol 500-bg 390 3060LOLYYE. Bsmo LogMmm
Lobgefim@gds ,00-dm" sbvy arthropod-borne 65036sgL ggbLEBLEOOSEIO0 oA IIL.
396dm gl 5GOL Lolbold)mzgwro AgM9gdo - 3mEMgdo 96 F3039d0.

5056 39J@HMOMb gJudmE0B0s $MEOEGOY0s 3060HLOL FoOE)FoLM30L, 0bggdiEool
Lobdo6My doglodoeM0s Boxbwdo s MM JgdmEYMIsDY.

y439wsdg bdomo 3wobolzmMo 99m3wobgdss 9960bamgbigBswodo @s My LyBms
dgbobgo@o.

30YMHGO0  5MOdMZ0MMBMEo 39606303H0L @OML MRG® bdoMos, 3069 bgdoldogMHo

Lbgs %3530l 3060gdom godmfzgreo d960bg0@ 0l OHMU.

DMP0gMHM0  3OOMZOMMLO  SMBJZOMOIE  99350JOL  JoM3ZTME0  SBSZMOMOZ0 X AMIBOL
5Q05305690L.

5033009006  AbmBwomTo  2obloMmMEMIOME YOOIl 0dLIbYMHYOL
L3  bowmbol goOmlo (WNV) - gwsgzogzo®bo, 6mIgeog  95sdosbl
d0M05©I© 300ML B5309b00 250593905. gU 30O 539603580 1999 gl 49dmBbs
5 LBHOsxs© gobos g3ogdool dobgbo 2002 fawl, 4000-Bg dgBo 99Egmdobgdrmo
d9dombggzom. 2008 (gl 1356 9dmbzgzs ©sxodboM©s (54). ©iLL3W o Bowrmbiols
3067bom  godmf3gmwo 0bxggdios BdoMms SB0B3GHMIMMOs b 3e0bEgds HMYMO;3
Abddo 5350090 5MBB3YEOBOIO0  3BIWGOIOM, TOIWPO00M, O WIVLPOLIMIOM.
09939, 150 d9000b3930056 9OHMF0 30005603 3d0dg 935S bgM3mwo LGl
Bomgom. 535bmab, 9b3gBswoBo MBdM bdoGms a3b3wgds, 30O d9bobyo@o.
690600635D0MH0 53500905 MROM HBA0MOE 500603Bgds SL53M356 353096¢)gddo0.

Logomnggermdo WNV ©o1304Lo6Mqdmeo 56 sG0ol. odss, 3odboMgds Gmligodo (55),
md0bgdo s 93030l Bbgs §399690do (56). sberobsb Grmlimegbmgsb o@gMo@®msdo
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3990d399690  LAsG0sdo WNV 800000930, OHmameE 9ehm-9OHmo  dglsdwrm
SbEs© 50dM396909o 06x39J30s sx3bsbgmdo (57). mdEs, gb FmLsBOYds Mdgbo

LobM 3309390 9539dbgds, »3bmdos.

B30bL  agmaMogzome  sMgoewdo  9hm-ghmo  LoobFGHgMgbm s 9GO MO
533009006 HMOL 300093 JOMO BE630300LO - FH30308309M0 9b3IBIWOEFEHOL
3060b0.  3060L0L oS3 FOMOMOPI®  BH3030L 65309606  bgds, mIEs
d9L5dgdgE0s 49(39dd 3M535EIMO0BJOMo GAOL FoMIdOL F9IRSWOE. 30Ol
39059960 Ixodes ricinus ©s Ixodes persulcatus (61). Ls0bEHIMHILMS, MMA LodsGrNggEmdo
ixodes ricinus 67 Lbgzo@sLBZs 5EYOEISL 5MOL sdmPgboro (62). dmerm ®5d9Ybody
S gMeol 256853 ™dsd0 9350900l 0630009BEGH™BdS 0BMPYdS 93MM30Bs WS SHBOOL
0936  J39956580. 93MM3sLs s ¥Bosdo  [garofocdo 10 000-15 000 Tgdmbggzol
399md0bgds bgds (58). 93500905 96)FMM0S (30dd00MT0, FMMHgM sEIMbOZ3EgmJo,
9360™30L 27 439996580, 3500 Gm0ob, s3LEHM05d0, Lermzgbosdo, JuBmbymLs s o@305d0
(63). Jgdombgggzoms w9dMO3glmds  H303900L  SBHOMMM™MdOL  39M0m©do  500bodbgds,
390G 930m3sdo gl 9oL 836MH0E0ED  bmgddMmsdg 3dgMomeo  (59-61).
A3030L30gm0 9639BIWOEO MBOM bdoMos BOHEILOWWYddo, MBOHM Lodwgowm SBo3L
3930 Ydgddo, 30069 053939030. ©99350JO0L 3wobozmemo 13gdEmo ImoEs3L
9 MB56MHgM0dgdlL Abmdvydo d9bobaodosb 3dodg 39bobamabi9x9wo@sd®y, WFdWom
56 3ol 4969dg. 039939, MIMO3gl F9dmbzgzsdo 0bxzgdi0s MLod3GHMIM© Bsogols (70-
98%-30). 06399953000 3gMom©o 7-14 ©Egs 3030l 6530960l 89dmbgzgzsdo o
5996039 Mg - 5¢0d9g6GHIOMWo gHom 0bxoE0MdOL F9dmbggzsdo (64). 0830500
306030 350m3w0b6909305  9539®JOIOL  dMOGHMIO  FmMTS s JOHmbozmwo
dm3MMmaMLoMOg  3mGmds.  3mbAGH-9639BswoBH Mo LoboMOmdo, MmIgwoa  off393L
bobaMdwog  935MOL s 99390093l LogmEberol  bsGolbl, 30msMgds (3539
A3030L809M0 9B39B5WOEHOL gosdebol 9999y 353096GHs 50%-80. 53500JdL 5gJ3L
MOB>H0sbo  J0d0bsMgmds:  Lofigolo  FsBs  gdmbggzs  30MHNMYLgdool  JgMomU,
5M513930830)M0 LOI3GHMIGOom (3bgeEgds, O30l BHI030M0, SOMMIEIY0S, T0SER0Y)
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bob0sMYdS S 2-7 MY 3MIJGds. STl FM3Y39ds omdxmdglgds s 899Iy PIOS
d9mMg g35bs: dmBOHoo  3530963H00L 50%-3o gl 5ol dgbobgyo@o, 40%-0o -
d960bam9b3gBso®o, ©s 10%-8o0 d9bobamgbiggnoscmdogwodo (59).  3wobozm®o
0000b56M9Mmds @5  godmbogowo  ©sdMm30YdME0s  33030b30gM0  9b3gBOIWOEFEOL
30600L J39G03DY (930M3ME0 939303000 350M{I3gME0 993500900 MBO™ AbwgdJo
80900b5MmgMd0m  bolosmgds, 30009 935S  PodM3gMwo  (30830MHWO o
MO0 503mbogEgool §39303900m), 35309bGHOL sLs3BY (MG MBROM Sb53M35600
3530960, B0 5G9l 3OMABMDBO) s FoL30bIEOL 29bgE03 MG BodEBHMMYODY. Mo
3wobozmeo 60dbgdo s LolbEol s POHBEHL-0L  WIBMOSGMOOMEo  GglbGgdo
5653930B0IM0s, ©0sRBMDBO MBS OIILEAIOPIL F0IMOMBOMEMYOMOO 33XJ30M.
EGHobMws©, 3303030900 96(39BIOEHOL IdMESGHMOOMWO 3MmbB0MAs305 bgds
96%03mM0 03MBbMLMOdIBEGHMWO sbseobom IgM s IgG s6EHoLbgMwgdol s0dmBgboom
905330 s ODBGBHL-0o. ODHBEL-00 PCR 33em93000 3060960 56 500mBbgds, Moysb
d960ba0Bolb @s  9b3gBIWOBHOL  2odm3gbolisl, b 99350 gdOL  TgmEg FsBsTo,
30670 Lobbedo s POBGHL-00 s0sM ML  (65). G3030Ld0gmo  9bxzgBITOGOL
13930809600  9BGH03060MLME0  F3MOBIEIMBS 56 HOLYOIMBL. 35J30bsEosL  Fgderos
©553500900L  9n9dBGMO0 369396305  ©>  BoBg9bgdos 5580569080,  HMIEdO3
3bm3mMmdgb 6  LEHMIOMdIE  B3o30Ldogmo  gb3gBIoGHOL  9bgdnmE  3969dL.
Lodomnggarmdo $3030bdogho 9639BsoGOL 3060MLom 498Mf3gME0  ©H5350)dgdOL
5ML9dMds Lo b0, Boasd 93599 B0JLOMYGOMEIO SO SGOU.

5MLgdMAL bbgs 5MdM300Lgd0E, dom FmeMob, LYbd wobol gbkgBswodol g30MwLo,
0536160 9b39BIOGHOL 3060 s 5.8., OMIWGdoE Tguodsdol  QgMYMISGOVIE
5M95¢d0  BYOHOMBMYW  3OMIWYISL  FoMTMoqbab,  Boa®ed  LogdoMmgzgwrmdo

39363909390 56 SGOb.

SbEs© 503Mm39690 MHBMZ306MHLgOL FmMoL Mbs Asbzobowmm GHMLZsbol 30mwLo,
OMmdgwog 399605300091 Mmxsbol  FomBmToygbgos S 3MOMMO  2599(3905.
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doRbgmeos, MM gl 3060 2000 Herosb BoGMHME 2530 EIXEs 93030l Jagybgddo,
39bbo3MMOgdom, bBAGEMFYs  BO30L  J399690do, T  FmMob, LsdgMIbgmdo o
060 J90do. Mmdo 399030 GHmL3sbol 3o0Mmmlo d960bao@ol ghm-gMom 3603369wm356
doBgBL  FoMmdMoA9bL 5300 3536039 gdoL  SMgoerdo, 9BbGHIMHMZ0OmMLOL
3963930609900L F99IY. Bo0bEHIOJuMS 58 306MLOL Bods@mzgEmdo 2o36MEIEXJOOL
L530mbo s dobo HMEo byoMmobygdiosdo.

6.5. d53BHgMmoemo 3gbobaodo

303939 d59BHgMomwo dgbobao@o 8dodg s 3m@gbgomMow Logmabwolsmgol bsdodo
Q05935009055, OHMIJO3 ISHBWMGOOM SMKIO MBOM bJoM0s 26300560935 J39969030
@5 937MBsMdOL 256M98) 0oL YM39wmM30L BoEIEMS© JMegMIds (67, 68).
36OmabmbBo  ©IM30EIOIos 005D, )  M0Ibs  LHOOxRI©  s0fygds
9363H0d0MmGH03MYM5305 (69). 535370000 3MMYBMBO BoGMEMYO0s FoebmEHGmOE0o,
5630d0MmEH03MMGHBoLEHIBEGHM™dS,  s03  0bxgdgos.  359J30bsgool  90mmgdsdy,
05dBH9Moero 396063030L yzgwsbg bdodo dobgbo ogm Lsdo dog@geos: Haemophilus
influenzae ¢o3o B (HiB), neisseria meningitidis Q5 streptococcus pneumoniae. §B9J&IOO

039960B5300L 99093599, g Bsdo dod@EHgMos dgbobao@ ol dgdmbgggzoms 80%-bg dgBL

0fi393s 0bLE®ONE J399b9ddo (70).

y39wsbg 9600369cmz560  33MMbsemdsdo  s60L  9bEGH0803MMdIMWo  339ObsmdoL
OMME0 ©)Ygds, M50 I3MMbIXMdOL 63doLdogMHo ©oa305690s ©353d06MGdME0s
239BOEO 5350MBLY S 1OIZLO0IBMBLMB. dodBIMoo dgbobaodol dJmbg 6
330659 0 ©5 6 §9bg 6530900 Sb530L FJMbg 35309639080 I3MMbsEMds Mbs
©500gml  398mGsJuodom b 398GO0sJumbom.  TsGJOdoMO  bE0-bMgdomO
93996065 Mmd0L FgLobgd 5M9gMHMAZ5MM3560 SHEOO SOLYOIMBL.

28



Haemophilus influenzae $oso B (HiB)-00 3sdmfggeycmo bl 0bggdpos: 0d J39946900o,
ool  Hib-ob  Lsfobssmdgym  03Mbobs3os  989dGMMs©  bmMogagds, Hib
99606g0@0L 06300gbEH™dS (sgzg Hib-msb sbmgo®mgdero Loxbolo s 36930mbos) 87-
90%-00m 560bL 99930609000 (70).

Haemophilus-ols bobgmdgdo 83069 Dmdol, 3ergmdm®O B0, 3653-5MHYMBOMO
596010 56 B3 ESGHIMO 5559MMBMWO 3M3MOSFOEO0S. 550560 GO0
ds1306dg0s. SOUGOMdL Haemophilus-ol 0b3583LwwoMgdwo @
56506358L06Mg0)o 93sdg00. 063583LvE0Mgdge 3ES39dL dcmMol, Hib y39wsby
3060 gbGM0s. Haemophilus 063930900l ©dcegeglicmds 063s8Lwwotqdmemo
9359900m, 306309EHs Hib-0m 560l g0dmfigguaro. s650b3s83Lw9aromgdogemo
9359900 o056 09300050 0§393L dogd3HgM09gd0sls, o8 F9)de0s0 LobEgdMHo
069394300L godmf393s (396090OMB30bsMEMo Lombolb MbEOL sGLYdMdOL,
39053™9b3E9BIW M0 BsM0YMHOL 39300 IB0sBYdOL, 39bGMsMEmO
69630 LolEgdol 0d3¢sbEHYOOL sMLYdMdOL dgdmbggzsdo (71).

918393B9O0 08960300l 990mEgdsdyg, Hib dlmgwomdo §gwofisdo ofjzggzs 2.2
dowomb Jgdmbggzol  dom  dmMolL  300,000-400,000 ULozgwool  dgdmbggazel.

565039960DgdM  3m3msiosdo, Hib 5 (emsdg 003839000 d960b6g0@0L y39esby
bdo®o dobgbos (73). 5 Farsdg sbogol 0s3d390d0 Hib dgbobgao@ol  farom®o
0630096@Mds 53bGHM0sdo SMOL 9 Fgdmbggzs 100 000 dmbobargbg, gudsbgmdo - 6
d9dombggzs 100,000 dmbosbergbyg (74), H9dobgomdo - 8 dgdmbggzs 100 000 dmbsbengbyg
(75), bmem bsdg@dbgmdo - 8 dgdmbgggzs 100 000 dmbobergbg. 065630, 0m®mEbosts s
9390030 3543065305909 WIBOJLOMGOIMO 0b30IEEHMDdS 0ym 15 Fgdmbggzs 100 000
dmbobergbg  (76).  39d30bs300 9GO  9BIJHMOO0  90dmBbs. By, 35330580
39J3065(3098009 06309bEHMBds 0gm 60 G9dmbgzgzs 100 000 dmbobergbg s Bsdmgzgos 0-
%9 (77).
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dbmxwomdo Hib d960630¢0b d90mbggzsms 95% 1 Harsdg 853939000 500bodbgds (72).
Hib 99606303 sbslosmgdls 00dm@s)®o LgBmbmOH™ds - 30639wo 3030 500b0dbgds
03boldo, bmemn  dgmeg - 19dE9odge-cmgdBHmddg@mTo. b LybmbmEo  35BgMbo
3obUb353wgds  bsMBgbo MM  JOMOMOEO  BodBHYMOMEO  ZomMmygbolasb - V.
meningitidis 5 S. pneumoniae, G0IWYO03 JOOOMIPIE, HBIFNOOL ™M3990do 0fj39396
d9bobao@L (77).

Hib 9960630300 999mf399eo 1033wowmds 15-20%-0gs ©o 98O Jomsgros 2
3999  dLogol 053939080  (72). 96083690 mz5605  MIBOLEHIBGHMO  FBEHodgdol
3M0d9ds, M3 9B MYd0m 3-X g6 BeMOL 06300096¢MdOL J5B3969dgwL (77).

Hib 89606g0@0L oMml 996Bg30L 3609356030 853039030, HMIgwms sBs30 6 3306059
39¢0 s 6 H9gabg 65309000, 56MH0L dgbsdg MomdOL (39BIXML3MM069d0 (398MEGHJbodo
56 398GHH05JLMbo), 0bEHM396bmMo (78).

Lo0bGHYMYLMS TMZ0EIOMGdS 3T JO0D 3MOEH0IMLBHIOMOI MYMS305LSb.
993960396 Meds s 3535b5EHMB0MEBs 330939005 583965, M Fsldobderol 0dwbm&o
3sbbo BsdBH9gMool oBolol 3m3mbab@Hadbg s Lblgs 930@M™39dbg 9603369 m356
GOl 0005dmd8  dogdBHoMomwo  39bobao@ol  3ommagbgbBg.  gots 3ol
99b3960896GH s 330939035 9B396s, OMI  3mOHFH03MBGIOMOEId0  Fgodgds
36008369wmgbs  59:3060980b96 d960b63030L 8Jmbg 0bogzowgddo bgzdmemyom®o
Bo6Bgbo dmzwmgbgdol 301935 gbEHMdSL (77).

30b603m6M0 330939000 M3 qLMd5d0, dg@)s BswoBol Bsmgzeom, Bohgzqbgdos, HmA
©9Jb539EHDBMbOL  sMIMEo A5TMYgbads 3930060 M0S 939 AOTMUBOZOCMIb,
396L53MPMGd0m BIGHOL O39MAZOL MO3000 530 gdOL MZIELIBOOLOM. dMEM MMO
33939, ®MIgd03 535LMb 9353806090000 BOEBHIM®Y, JOHMTBIJNMD 3MOYWS30580 56

0Ym. 9OHMO 0Ym MEGMML3gJGHME0 33939, ®MIgedog LHIOMoIdom 6593MbsEgdo
05303900 MBGM 3dody 3530963900 0943bgb s bgwrmzbm®mo 396@0wsE0s WILFoMHIm
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939960bsemdol 3OmEgudo. dgmeg 330935 0g4m 3MML3gJGHIo 330935 Fos300b o
05393908 Mol LFsODdMOPDBID 503-063030090gd0. MO39 33¢g350 boByslldom

5Bg3gbs ™Mo  36033bgcrmzsbo  @gBHowo: (1) LEHIOMOEYdOL  SEMIMEro  d9gYy39bs
(563000m3H03900L  30639¢0  MDsdE 96 bbb gMmO©) 9gBgIBHM0s ©s (2)
LGHYOMO0YOOL godmygbgdsls ddodg 633MMEMA0MMHO IBOEOEHOL 49630MsGMdOL T9d©9R
3600936903560 LoMygdgeo 56 5J3b. ©93M396YdIo ™D 5M0L 0.15 3p/39, ym39ge 6
1550030 30639000 MO EOOL 256353¢Md5d0 (79).

Hib 8960bg0@0l  bmyoghomo bs®hBgbo dmzgargbs  49608535¢000; Lbggdo 0fj39396
JOMbozm 56 396H3569bE M 36rMd9dgdl. J0bgs35® 5®J35¢ M0 3IMbsEMBdOLY,
20-40%-80o 3539316 d9godergds dmdogo bsMBgbo dmzwgbs 50960dbML. Bmogdmo
33935 330P39690L, O3 ©aRoEod0 MBYdS  AdsMBgbowms 50%-do.  dMdozo
©IBRO0EOG0 MROM bHoMmos 8390BswMdOL 30569000 OHYJOOLOL @S B3 gdI®
918399AO0  9B6GH0doMEH039000  I3NOBsMdOLLL.  bsMhgbo  dmgzwgbgdo  d9gdgy0os:
3MYMH9O0 S 930 gRLOs, 1BIJHOL OJ390009ds, 3MbosEIMMO ByM39d0lL IROEOEGO,
539gdL0s, 399035690, 30260EH0OO s J(3930000 IMW393900.

Neisseria meningitides-00 3s0mf399¢cm0 366 06R99305: 353096GHJO0L  1IMOZgbmds,
OMIgdLsg  9d300  d9b0bymzmammo  d9bobyodo,  OHMIgwog  A6MsT-SMHYMR0MO
©O3em3m3om,  Neisseria — meningitidis-o®»  56M0L  250mf{iggmwo,  LEOYEWOsE
390mx9B6IOMI©gds, vy Tgbodsdobo  sbEGH0dOME03MMYMs30s  LiMegs  0d69ds
©509gdo. 530l F0vbgo39©, 935S SLM30MJIM0os  I60d3bgem396
103300056MBLMB s JgOLOLEIPGHM  BI3OMEMPOME  IBOEFOED,
396B53MPMYd0m sboEdMmdowgddo s 053939000 (80).

99606gm3m39dl M350 LgOMXAMBO  JooBbosm.  g3MM3sLy s 5903580
996062331600 ©53500900L 25dmd[3930 JoMHOMOEO 396G ML Lgdmxamao B,
Gdgbsg LobdoMom dm3gzgds LyOHmxamxo C. oLEHMMOESE, LYOMXYMIBO A 0ym
0300093060 9960baM3M3MMO  ©9350Jd0L  JoM0MHEO F0DBYHBo S SFMHOIELY o
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D080 33003 MBS 3960bym 330 39606030l doHoms doBgbow (81). s3003530,
»09606g030L  Lod@Gggerdo®  (bogsbol  Gggombo  GMIgoE 39O FOTME0S
503mb3eg0m J0M300©s6 ILLgwgmom Bgbgaowsdy), gl 9350 ds bdoGs©
5006086935 93000930900l Lsbom 3bgwro s Moo LyHBmbol OHML (©9399dM0H

Bo69®53c09) (82).

d96063m3m3mMo  d5gdBHgMomwo  dgbobyo@ol  sEMgMwo oMM gdgdo  IMo3o3L
YL, IMBoBHgdme Joerslidos (iB935L, 396996 OHMTdMDBL, LsgodswMo Lobmlol
0OMIBODBL s 300OMEIRI0sL. IF3539 96063030l O™ 396Hbosizool MHobzo
Qb Mgdom 6-8%-05 (80) (LyGsmo 1).

Transtentorial
herniation

b0 1. dogdGHgMoreo dgbobao@ ol 373539 06EM3MB0sOHO QoM MMEgdgdo
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(Van den Beek et al. N Engl ] Med 2006; 354:44-53)

R dobob@Gmemo  99bobym3zmzagdool  MmL,  Fgodegds  3sbgzometmgl  8dody
©0lgdoboMmgdo LolbEds®mmzdos 990gIds, Mog 0§3938 390MM0ME OSMHDL
LobbeBRsd(39390000 RO E39080, Bodomg aHgddo ©o  3NF-bofierogol  GMmod@do.
00300000 oMM gd9d0s  LBYBLOLOO  semMo@o, BoGmJmzsbo  3g9M035M©OE 0,
9bMBmIdo@o s 36930mbos.  Imy3096900m0  ROOMMEG0Gd0s  30OM(39BIC0S
(890d@gds  259m3eobgl, MMaMOE LosOWWOL 5dbgEgds, d9bEHIWMGOO LESEHMLOL
33093, 899135390 Mds) s bLIGboL 3503 (83).

30bmB0 ©5953859MmBOGdGI0s, 0¥ 35309DEL 56 5938 BMIsw Mo BygMmemmyom®o
©IBO3OAH0 ©5 LAHMBMOMBMOo 56 3MToGHMBMOHO IEYMBoMgmds. dgbobymzmzm®o
©553500900L 3MHMAbMBO (37905, 0399 oL 0SB SbEPsgl LgdEo39doIMO 3mA3Mmbgb@o.

90906569 Hgwl, FDA-0ol 3096 593303900 0dbs 3060390 3543065 LgOmx T30
B-ols 3960bgm3m30L (obsswdgy. 94999 9MLYdMYmo 35306980 BIM300bg6 bmomo
30050 LYOMXRR0E Fbmerm@ mmbl (A, C, W, Y) (84, 85).

d960bam3m3MMo d9bobyoBo bslosmgds dwogMo mogzol G3o30wom, 3bgwgdom,
3M0oLMY30m,  ©09d0b6d0m,  BMEGHMBMIOOm,  J0LOOL  JMBMJOOL  MOYOMIOm.
W9MMR05 56 do0sbmds bdoMo 9000b08bgds, LEG3MmMo s 3mds Bogergds bIoGMos.
99b0bam3m3mMo  0bxggdsool  MBGMm  8dodg, ogMed  bBogwgds  bdoMo  FmEOTss
996063 3Mm37MH0 99350905, TGl SboLOSMIOL (3060329 OEGHMONIO 3MOSRBLO O
39906530990 35dmboygso (80).

3oty  sbs3zoL 853339000 dgbobymzmimMo  d9bobyodHo  Tgodwrgds  asdmgzeobogl
99900965060 9390(3939 0689d30s, OMIgwog 3OHMaMgloMgdl Msdwgbody ool
3968530™d500; o0B0sbxd9MBS, Tg3m35M0 Mgd0bgds, AMWwycmado, B39MWgdMO3
NMIOWMOHO0  ELYoLom, 3003900 ®59©Yb0dg oL 9BTogEMdST0; 3MEHYMH3sMl-
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16M0M936960L LObOMAo - sbollosMYOL OO 39EH9JomO LolbPRY(393900 396D o
w356 2oMLgdBy,  gbgwrgds,  LadBHomEo  Imzo @O  olgdoboMgdero
LobbedsMP3d0@S F9JWOIYS; 9B6EMIBMI0MO ELSFYoLO - sbsedmdowgddo 30LMOb
36900l Hoy0E™ds G90dgds 56 oymb (80).

053039930, 8530653 30, OMES 3Mb3MELoMo 930w IRLOMEMO LAHSEGHMLO ©s Fbgwgds
Lobgbgs, 803939 dodBHgMoo 3960bg0@ 0l LMoo Bg0dEgds, 56 BSBEIUL.

ODBBL-0L  VBMOIGHMOOMWO 33935  B3JMgIM0g  sILEGHMMIOL  dgbobaodol
5MLgdMAL. 3H030M0 25dm3w0bgdqdos FoBMEOWo (16939, 300IMmOHBMWdIOMMN30560
©w903m30H00L  dwgmao@dmbo  (10-10 000  w9go3mE0GH0/03w,  MB30MsGEYLS©
ByoGHOHMBowgd0), AW3MHBolL  ©sd390mgdImo  3MbiEgbBHMEos (<45  Tp/ow),
39BOOWoO (30es (>45 dp/w) (86).

5935390000 900905 53990V NHBEHL-0L S BOLLEOL BodEHYMHOMEMPOMEMO 330935
N. meningitidis-ols 00096&0x8030M00LIMZ0U, 31939 dogdBHgcoob
56¢000MEH03m3OHIBMBYMBOL goblsBrg®s; PCR - ©00536mbol 0osli¢)mgdolsmgzob.

B906M30Do0BoE0s: 0¥ 3bMd0gMHGds 89330005, 9©00bodbgds  IbgzgemdOl
69630l oligol 898993935, BM3oMHO BIZOMEWMYPONOHO EIROGOGHO /96 FMIsE MO
96 3969650DYOME0 MY gdo, boFoMMS BoBIMEIL 3nT30)BHIOMWO BHMIMYMSRB0S.
353603 EO-MH5DBMBIBLM  FHMIMYOR0SL  JMBBHOILEHO® M30MSBHILMOS 9d3L CT-msob
99050900m, Moyob MRI 939mglo 58396908l g0l 33060l 99dm390sL s 0dgdosls
(86).

999dGHOMIbEIRIMYM5x305  bobobsb 9x39d@MG0s 03  gEgd@emwo  35@9Mbgdol
d9LHogolomzol, G853 90dwgds 3530963930 39bsHYmL gmwryMgdobsdo (80).

ddodg 693MMEMYoMMO 993509008 s B03Z3OWOL  ™930b  SLOEOWGOI,
(300093905 5BGH0B0MEGH03MMIMH300L LGSR0 ©sfiygds, GMmamO3 30 05JGgM0w
d960ba0B By 9330L do@obs Fmbgds. 96EGH003MMdIMWO F3MMbsEMds Mog F9g0dergds
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L6055 Mbs s0fyml wddsemo 3mbJzool 8909y, 9830600 MYMHS305 1B

dm0(393009L

©9Jb53gBHOBMBL,  Tgusdg  MoMOOL  (39BIWMB3MEOBL  (39BGHO0sJLMbO,

39IB™G9JL080), 3563mB0306L, 5303w m306ML (Lozombo Wb Aosfywgl Lsfigolo MBEHL

999359008 F909p),
99d0bg935d0).

©mdLoE03w0bL

(96g3)®

56990do

A3030L  Lybmbols

©05360mL3H0308890aMT0  FoMmB53MYM305  Mbs  FMOES3IL  39BGHG0SJLMbL -

5MB9g30L 3019356530 960bgMm3m3mMm0 89606030l s LgdEoEgdool gdmbggasdo. s1939

©9Jb539gBHoBMbL -

d9b0baoEol oM™l (80) (sbMogro 1).

dobo  9x9dGHMO™Mds  933d390%0  FMHBOEOEGddo  d5JGHIOOYWO

gbMomo 1. 99306Gommo  6E0d0ME03MmNYMs300l  MH93m396o30gd0  FMBOPOE M

d5gdBHgMomeo 396063030l Ml

bye3gdfhgmdo BogBm®o | bdoMo dsgdEgHowyeo 36¢3000360mdMo
3smmygbo 9370b5¢gMmds

16-50 9o Neisseria meningitidis, 3963m3o30b60  ©s  dgLodg
Streptococcus pneumoniae 05000 (3985mB3MmGOobo

>50 {go S. pneumoniae, N. meningitidis, | 3563m3030bo, dgLodg

Listeria Monocytogenes,

050M00L  (39B5wML3MMHobo

5960 4653-0)5MYMRBOMO | QS 5330300bo
Bbo®mqd0
(oL3-535dBHMMOL S. pneumoniae, L. 3963md030b0, dgLodg

SOLYOMDS

Monocytogenes, Haemophilus

influenzae

050M00L (3985w ML3MMHobo
Q> 533030obo

(Dgo®e: Van den Beek et al. N Engl ] Med 2006; 354:44-53)
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d960bgym3m3796M0 d9b0bgoEob 053050 530905 d9LodEgdgE0s
03996Mm3MMzBosG030m, 96 Jgamdtmgzowsd@Bozom. M0xsd30bo, Jobmembgdo s
3BIBGHM05Jumbo SMHOL 63H0T0IMOMBMEO 15T YdYd0, HMIGdOE 39dM0Yghgds (3b306-
bsbosb 396063033900l 9M5©035300L5m30L.

5055950 bgardobsfzmdos 35J30bsgos A, C, W s Y Godol 39606gm3m3900L d0ds600.

LgOMxamxzo  B-ob  Lofobsswdgam 39d30bs  ©9BH30E0Mo  odbs 2014 fevol
mg@mddgmdo.

Streptococcus pneumonia-00 3s0mfz9:amo 6L 0bxgdpos: Streptococcus pneumoniae
dog dbmgzeomdo 05g@gmowo 39606030l gMm-9Mm yz9wsbg bdod godmdfzgzs©
0m3wgds. 39606030 43b3w0gds yzgws s1s3d0, 0630IbEHMdOL 3030 Logmabarol
3060390 Mo {jgwos, 5bLsgmm®gdom, 2-12 mgg (87). 36930m3m3mMo d9bobyo@ol
©OML  B033owmds 10-sd 60%-05 ©s MRO™ bJoGmos ImBOEOWgddo, 300607
0530399d0. 35y,  29M3sb0sdo, L033OWMdS  7.5%-0s5. F0obgI39  5©IIIGIOO
363H0d0MmEGH03MM0 93905 MdoLY,  A9MBYIBoW ™My osbEMmgdom  Bobglzeo®ml 593l
bsbaMdwogo bsmBgbo dmgwgbqdo, MHMaM®mOEss 3mabo@Wemo IMM393900, 3MIWYO9DdO,
13gboll O3563> s b3y Mbs®TYHBOMIs. sEMGMO 3¢00603MM0 YoM gd9d0,
MOMYMO03s  FPBO©OO  0bFH®Ms3Msbosemmo (16935 o gos®Bgbowgddo
93096900000  F9OMME09d0, OHMAMOO0ES  bgoMMIBLOJMEMA0MmO  IMM3939d0,
30mm0madL  56539000Ls0dgEM oMbz By.  bgodmEHmJuLoMOMmdol  BMLEGO
999o60Bagd0  3bmdoo 96 9M0L. (3boos, GmI S. pneumoniae-ol  3smmyqbgHIo
86093690™3560 G 5d3L 398LIME 3MErolods®oEL s 36930m3m30L GHMJLobgdl;
51939 95369 BogBH™MG0s FsL30bdWOL oo FoMDYOMEo 08bMGmO Jslmbo, MMIgeros
350M9bgHdo dmbsfowgmdl. oGN3, dMmEmEMmobgwds 330939005 5639bs, GMI
3MmOG03MBEIOMO0©Id0L  250myqbgds  DBLMOZL  FosFoMdIOI  0FMBMEMAONE
69593090 36L-8o (87).
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©OILEOIMd0m  9OLYIMIL  36930m3m3ol  Lohobsswdgam  9B9JAHMIMO  3ogiEobs.
Logo®mggermdo 10-35¢0gbGeo 3sdi0bom (PCV10) 08mb60Bs3os sofjym 2014 ool

MdGH™BdH0b. 03006 LT JMO, 2,3, s 12 M30L 353939d0 (88).
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7.0 95L3emS S 390MmEYdO

7.1. 1553302930 3M3UYS309
33930l 0Bsobo  FgoMbBs  0dol  gomzswolfjobgdom, ®MI 235063 gMgLgd©s

©OLEEIMd0m 3539 9960630308 s  9b3gBIOGHOL  F9gdmnbzg3900 s FomO
39003f3030 350096900l  13gdBHMo. Tglsdsdobo, dgo®Bs  obogo  339000L, 964
X3969006-Lgd30mE0 (cross-sectional) 33¢930L OBsobo. 33eg3s BoGo®ms 2010 Farol
Md@™adMH0sb 2012 Farol ds0Lsdg MdOwOoLol Mmmb MgxgMsw® Jarobogzsdo: 1)
063943000  3500mwMyo0l, FoELOL ©s 3wobozM®o 0dMbmemyool Lsdgsbogho
3393000  396¢O0  (990amddo  dmbligbogdmmo  0dbgds, MHmymes  0bxygdzomco
1553500YmBM); 2) 3. LoGox0d30¢0l  bobgermdol 3wobozm®mo 6g3memyool @
Bgodmdomdaool  obbGoGMEGHo  (090amddo  dImblgbogdmwo  0dbgds,  Grmyme
69360 mmao0l  0bLEGHOGMGHO0); 3) 058300l d53d3ms  (396GMIIMHO 15935 IYMRM
(0900mddo  Imbligbogdmeo  0dbgds, Mmymes 058300l 3¢0bogzs; s 4) L.
b9P0b5330¢0 LEbgWMdOL LobogzgMLOEIEBM 30bozol bg3zmMmemmyool Y350 E>a9bEo
(8990gmddo dmbligbogdyeo 0dbgds, Mmams bghobsdgzowol 3¢0bogs).

WdMMSGHMOOMO 330093900  BHIMOIOMPS Q939 JOIMS  3MBGHGMEOL o
LoBMPOMIIN030  K6IMMYMdOL  gPmgbmer  396GH®To  (©393) ©s 0bxgdzon®
155350aYmxBMdo. 33193500 MbsHowgmdbb MEbmgwo  3MEEsdMGSGHMOYd0: 53T
Lobdgergom doergdols 06399430 935 GdsMs 1YTYJOEOBM 339300 0BLEHOEGH™MEO
(US Army Medical Research Institute of Infectious Diseases — USAMRIID), dd
5535009055 3mbGMMol 396G®0 (Centers for Desease Control — CDC), 3me@g6
(ool Lsbdgwgom dsergdols 33egzomo 0bbEGoGMGHo (Walter Reed Army Institute of
Research — WRAIR), 583 LyBmzs0m g3eom@olb bsdgoogobm 33e0930m0 gobgmgoemgds #3
(Naval Medical Research Unit-3 — NAMRU-3). 330935 ©930656L90me0 oym sbews

50dm3969390 0663943090Dg Dgsdbg39eMdOL QerMdIMO Bmboob (GEIS) doge.
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0693993096 15535000gmxzMTo, 396dmE, bgoMHM0bTBgJ30930L gobymazowgdsdo bgwogdms

g39ws d1530L 35:309630. M m©obo 33Jmbs, MM 3 30060306 Y39y dg@o
35309630 BogMm390Mm©s. 3B0JOMdIOm, OMI, 390dmE, d5g@gMomwo 89bobaodol
0900bg939090L 1AMz glimds,  obly3MmMMYd0m, BOEILOWIddo, 53 Jwobozsdo
dmb3q0M».

058300l 30006035, 39Mmdm© dolo bgz3mMEMyoMo  gobymazowmgds d37)MHbsEMdL
dbmemE 85393906 s dogro 4399b6ol AslidGHod0m MYRIMSMMO 3e00b03sd. FIMIOS
530bY, gl 3e00b035 Ps®o ogm HiB-ob bLobdoMolb dqLsgsligdger 3Gmgd@do, Gmdgeos
X 96360009 Md0L AbMGBom MOABODIEF00L JogH bMM(309PIIMS.

6936 mmao0l 0blGoGHMGH0 s bghobsdzowol 3w0bozs 08 FmboBOdom hosgMmnm

3393500, MH@I ImbowmEbgro oym, 53 3w0bozgddo dmbzg®owoym 306wlwmEo
953985 0E0l 890mbggzgdo.

596 gl 0gm 9.§. 500mdBgbo 33c093s (exploratory study), bodmJol BmAob (sample size)
399mM3s 96 4300503MYd0s. 3000603900056 F00MgdME0 0bBMMTs300L LoKdz39w By

39009000 200- 3y 353095EH0L BsOmM35L 33093580

33093500  3mbsfogmdsls  LogsBMdbIb  353096@JOL,  OMIWwgdo3g  v0bodbm

3106039030 3mb3wgdm©bgb (36U 069393059 LogF3M 99350 GdO.

3530963900l 33e9g35d0 Bs®m3s bm®E09w©gdm©s 390090 BIOM35-g50mGm0oEb3oL
3603H9M0m39d0L dom3z5¢olfobgdom:

3530963900 33093580 Bslommog5 Tgbsdsdolo 0yzbgb, v dsm 3Jmbsm:
1) 565969B80o 96 Ggambgarolsls 3bgargds 238 C-by;

2) 2 39%9 390 sBs30;
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3) 89606030l /56 96398500l gMmo 56 g0 3eobozm®o bodsbo (msgol dewogho
A30300, RGHMBRMO0., 3100l6M935/09006900, 99b0bygomMo 60dbgd0,
3939J0900/3790H379H0 458Mmboyseo, 93300 d96@IOOo bGsGMLO, 3IEYHgdo
QS WINIMY05);

4) 3wo0bozm®mo Bg9bgds WddsErmE 3mBJ30sBY. 33eg30L JoBbom W MTdSEIMEO
3169305 96 39009dMs. AbMmerm@ 08 99mbgz93580, ) 35309DEGHOL IYMTMGMO06
39030669, gdodo LoFoMmmE BsM3E0Es 3MBJ300L 5390095, SLJm 3530963
L635HMdBIE 33093580 TmbsfogrgmdsL.

39860 3b30L 3M0EGHIM0MIgd0 IMO(353Ws 390gRL:

1) ™6 039bg 6530900 sb530L 35309063700 (0MHOMSI® J0032IMH0 FLEBOGIOL QodMm -
dsdo LoLbEIOL 5©gds bLdgE3bogMH™M 3309308 JoBbom 56 ogz0Rbogm F0BsEIgfmbooco,
doo 999¢3)qL, O™ 53 sL53MOIM030 X3ROl IMbsFogmds 330930l JoBbol Jobowfgzsw

S2)3OLIOILO 56 0gm);

2) 3mb@-6906HmJoHMMHA00, GHMo38vwo, 08w96m3m33MHMAg6E0MYdIMO 3530963900.
50 @odol  Jgdmbgzg3gool  godmeMoabgzs dmbs  3mbdodswMo  0bxgd30gdol s
00996Mm©9B030GHMO0 IAMIsMgMdgdol sbIbEgdo 36l 0653930930l godmbsmoisbo.
sdom Bggb 8935930609 BogsMomom  asdma()393900L L39O, ©osb  33eng30L

009x9H0 IBMWME 3500MmP96900L 256339 DBOIOME MoMmEIbMdsBY GHguBHOMYdOL
1595905l 0dgMQS.

2) 89000b393900, OMEs 353096@0 96 ol gRsMMHO [odmdoygbgero 56 0ym Msbsbds

3393530 dmbsfioggmdsby.
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9Jodgdo  mommgM  3eobozsdo  808mobowsgbgb  dgdmliemo 3530963900
obEGMM0gdL s  9bYbbgb 3939 bgomMmobxrgdsool  8Jmbg  35309bEH9d0L

0095GH0530353050.

353096900l 8390bsMds F9MIOMOS MEH0bmwo 3awobolzmMo 3Moddolol
dobg30m @ FobDY g93wgbsls 56 sbgbos 33¢0g3s.

7.2 330930l gono3oMo dbstyg

65096 59 330935L 3dMmbs 593 BYIMI MO MHYgdol oR0bIBLYdS s 33eg35d0
8mbsfioergmdbgb 599600390 3:msdMEMsEHMMGd0, 33¢g30L 3MIMEHMIMWO gobobows
Q9 Q5333030 OMAMO 3 oMo, 0lig GgLsdsdolo 598 sfglgdmEgdgdol domgmozol
LodFgdds: BogdoMmM39WML 59350 YJOIMS 3MBEOMOL s LEBMYSOMYIOH030

X 969OMMdoL 9OHM3699w0 396¢H0 (©393), 990 Lobdgergmm dosergdol LsdgoEobm
339300 0blEoGMEGHo (USAMRIID), 3me @96 Gogob bybdgugomm dsenrgdols

33w930m0 0blEoGMGH0 (WRAIR), Lsbmgsm gam@ob bsdgoogobm 33e0g30mo
396yma0gds-3 (NAMRU-3).

35309630 96 Jobo WgasmEo Fo6dmBoygbguro 0dwrgms FgMowwmdom
0653m®»I0Mgde MsbbIMdIL 33093590 Rorn3z0l §ob. gaserm®o Homdmadswagbgwro

056bIMdsL 0dEgMmEs 08 G90mb393580, 09 3530963 0L (36Mmd0YMIdOL MBY 56 0ym
50099353 M0. 332930l 3OMEHMIMeols dobgzom, 3o 999, M3 3530950 ymbby

dMm300M, J01IH7535 0doby, ®MI 339 33JMbS WgYsWMEO FoMdmToygberols
056bIMds, B396 353096396 Bo0b(3 35¢3)9MJOPOM FolowdMNdIL s 3bM3Om,

b9 dm{9gmH000 EgOIBEGHWMIO0bS 33093580 FMbBfoErgMdIBY BBAMBS.
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36™d09M905Hg M0 35309630 YoMl 25b53bI©IO®S 33935y, B39b
39909905 23JMbY, MM 5MHBS0MO 33 g35Lmsb 35390690 ME0 FBIM(3IOVIOS
5056 B5239396900b5 58 35:30963)56.

653 9995905 8530393, 5 Hersdg Sbs30L 3533390030l EFMOI0MGIME PEHIMOL

3009000 FBMEME RO MO0 oMo gbeoligsb. 5-sb 17 Hersdg sbszol
0530390030l 33JMbs B53030L MIBLAMDOL BMMDs, Lo B53330LMZ0L Joloygd

965%g 0gm 50figM0e0, 580 EYMT>MIMIOS 331935. IR M0 [omdmdsygbgerols
056bMBLMB gOHo, 5 Herob s dg@EHo sbs30L 353d30LM30L LsFoMm™ 0gm 353930l
056b3Md5. SbgMO 0gm 539MH03ME0 d0MJNO030L LHdFMIOOL BMMBM3bS (sbsO™o 1).

7.3 33¢g30b 363907980

330930l 36OHM39MMYd0 03930 360060 37)M-930009d0MWMY0MEO 30mblsGOL
3939050 O WHBMOSEMM0ME0 603Tgdol 5gdL.

©99MM55309wo Imbs39d9d0L, oLz BogdEMMmgdolL, 3600bo3meMmo dmbs3999dol s
930009800 MY0MM0 BodBMEMGOOL Tgbobgd 0b653MEMBs30s F9aMM39dwwo 0gbs
LEO6IO GO 300b35MOL LEFSEgdom 33eg35do Jmbsfiorg gdodgdol Jogh.
8mbs399900 LogOEEBM OLEBHMMOOL, 35309060l HYEHObMwO LsdgoEobm
9maLobmd0L B gddo BodoMgdvIero 459m33¢93900L s 33MbsEMdOL Jgliobgd
51939 98 30mMb356M0L LTS GOOM gMM3s.

Lodormgganmdo mddsw)mHo 3496300 bEebsMEMEo 3GMad@0lss 3bL 0bxgdzosty
bo933™ 99000b39390d0. 33093000 JoBbgdOLMZ0L, Mbsfoggdls gmbmgwom, G®md 0dols
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3905 o3 LyFoMMS HMEbMWO 33¢093900LM30L (3-5 M), sMbbIGdMoy3696
53539000 1-3 I OBEL-0L 50g05Bg. MBEHL LOLWYMZIO 0YM, SPVIIIPO YMNBOLOYM
563080m 3039000 83MbseMdOL Y9x5, 35309DEGHOL ByMBsMmgmdol s gjodols
9096 60860 9379MbsEMBOL o035¢oL0bgd0m. 3530963 gd0l 3bMdOgMNdS

1391 gdMES 2esBAML 30dob b3oom (89). MO30L BH306d0 39000l 56 BMIsEGOo
©5H05690900L dJmbg 35309639080 Tgl5IGIMIOLSTGOIM ESMOIIMOS
30033093 9MH )0 GHMIMYM55305 56 Bogbo@E-M9Dmbsblirwo 33¢0g3s, Fsmo
GH0bYo B5d9g0E0bm dmALsbMgdol GoMygddo.

51939, 330930l FoBbBIBdOLIMZ0L bgdms LOLbEOL 5¢gds. AoBLLIZs3gd0M 31bd300LYb,

(3903 33¢0930L 259M 56 BOMIIMES, LOLBEOL 509gds 396056 1393080 IMS©
3393030l 498mboYgbgdws® 3900©JdMs. LoLboL d(3539 60FmTol s©gds
bgd™M@s d90mbgerolsl - 5 der-09 dmE3MEMd0m (353339000 56549393 9L 3 dw),
93b35¢09b396& M0 60dMol S©gds bgdmes (3539 0dm8osb L M@, 3 oL
3990099. B399 gd603, d9mMg bodMaL 353090EGH0L gofigMolsls 300gdOm, M3

59D M9d00 999Mmb3w0EIL 2 33060580 brgdms. Lobberol dglisdg 60dmol s©gdLY3
3(300¢Md0m J9dmzer0sb 4-6 33060l J999Y, 0¥) 353096G0 dMMBELIOMS
6503m3ob sLs©gds. J399m0 IMEqdME LMD Bggdo@E Mo sGOL Ho®dmoagbowo

330935b05b 53533060900 3M(3900YMHYdO:
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b6s0o 2: 33¢rg30L 3MME9IYMgdo:

BoGongo

396399000 995351905
390960LL (630056 3

QOO0H 4 33060599
3960M©0)

39639mEM9000m0 99535190
390960096 4-6 33060l
990

* 0630HI0M 90 MobbIMdS
* 39BN GO 30mb3z5M0

* Lolbero - 5 der-dqy

* DAL - 535300 1-3 A

* 300b3560L LMW GdS
* Lolbero - 5 der-dqy

* Lolbero - 5 de-0

7.4. ®BBHL @5dMOEHMM0ME0 GHLEGH0MIDS

ODBL WsdMMSEGHMOHOIO BHLE0MOOL 35690 FMOE3S WYX OJIOOL BoMm©YbMdIMOZ
5 ORBIMGH3050ME Fgx3oL9OL S 0Ol MBOL FoBLEBOZML. LydgEoEobm
obGHMM05HY IYHBMIOM, 300060360 godmM3w0b9ds s NBEL 356539BHEYd0, slig3Yg
300603760 ©053bmBo ©o0lidgdm©s 839Mbso 9dodgdols JogH s G9dmbggzs
30RO EOMEIOMPS, OMAMOG 35JEgM0Mwo d9bobyodo, 30OHLmwo d9bobyodo,

G0IMHI3MEHYOHO I9gbobaoB0, 56 oMo 9bi39n9woGo (90).

B3960 330930l 3HMEgLA0, BHIMPIOMPS JOMNOPH0YO3] WSOMMSEHMMOWO Fgli3godo
Y39 353096¢ B9, 30v9bg350 360603 MM0 sRBMBOLS: 3907©YdMPS HDBEHL
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3909035 260530 alom; 9B 5¢0d3MmEH0 0MIBYOMOS TMIMEOEOL S35MHDY
0639905305 bgdmes 37C-bg CO2-056 30639080 72 L5530l gobdsgermdsdo.

5653m39M30wo PCR @gbGo Gotgdmes HiB, V. meningitides, os S. pneumoniae-ols
50dmBgboL FoBbom. g GHglGo 38539090 s JMfimgdmwo ogm NAMRU-3-ol
dog6.

39 Godwgdb PCR @qb@o (Fast-Track Diagnostics (FID) go®wlivyaro dgbobyo@obomgol,
ABI7500 s Rotor-Gene 6000) 59mygqbgdgcno odbs HSV-1, HSV-2, gdogmersls,
95396O™306LoL, s VZV 306v900L 50dmbgbols dobbom. 359mygbgdreo odbs MagNA
LB 93EMI9EGHIO0 9JuBHOOIGHMM0, HMIJOE MO IBYOXWO LoLEHYTS, MM
399306090 ogm 30m6@580bs300l Jsblio. mommgmwo GHqbGo dmogsgws 30 bodmal + 1
3mb6@®mero (HSC) + 1 (NTC) (gowo). HSC «4b6H963900gmxs, ®md gdu@coedsos
LomBOM MO MEogm RNP 2960l &gl@o®mgdolsl, baenm fysero
MBOHWB39YMR, H®MI 56 ymzowrogm 306358065305 9Ju@G®magdool M.

0543 9Movemo dgologmo PCR ogm 9O »3md3mbgb@osbo, oo mmommgoaro odobby
0Y™ 3539090990 3539 PCR 1306x%56%g 36508960900L 3006@&580bs300L 96 9961930l
3°609389. PCR &9qLEo6gd0obmzol 603993900 3mm3000Mm©s; 890093900 932960bsex 9Jodqdl
9090905 39MHOMPYIESQ, JoM58 3056900l Asdm PCR glidgdol 9wgagd0
393096l 96 sbgbs 353096@0L 939MHbsMdBY.

EBV, TBE 0o WNV 306915900030l 3530g9b9d+9cm0o ogm bgOmemaommo @gldo®gds
59 3500m@969d0L 13930B030L FomM35¢0oLHobgd0m - PCR-0L Ro@oMgdsl sDMO o6 5J3U.
bodogg 59 306L%bg IgM ELISA 3900090Mm@s Lolberdo, baenm TBE s WNV-bg
53539000 3900©9dMm©s IgM ELISA 00B@L-do. EBV-m30L go8mygbgd«nero odbs
Diagnostic Automation-ols IgM ELISA ©o0sgbmU@o3odo, TBE-oo30lL - Euroimmun-ob IgM
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ELISA ©053bm&03:9d0, bagom WNV-mg0l - Focus Diagnostics-ol IgM ELISA

©0536mbGH03md0.

PCR ¢9b3900b 3006306853090 GHgb¢o0gds Bs@os 589600349 @sdMmGMsGMM0530 -
NAMRU-3-80. bomgoem bgHmemaomo Ggbdgdol - WRAIR-ob b3ggoserob@gdol dog.

W5dMMSEGHMMH0YI0 33e093900L BoHowo B9M©gdms 063399306 Losgzsaymazmdo,
Bsfforo 30 5350090505 3MBEBHMMEOL S LEBMYEPMIOM030 X S6IOMYMdOL
96™36mw 396@G®80. 069393096 Ls535IYMBMA0 2539 dOJGIJOOMEMYos s PCR
A9bG900, bemermo ©393-90 - LIBMEMyoMOo EglGgdo.

A09M390MmDMOH0 9960b0E0L ©35IBEIMIOI0 BgLEG0MYDS 56 Ymzows 33930l
99950039690 bsfoeo. ¢mdge3mmBme d9bobaod g LogFzm yzgas 9gdmbggas

3900503D5365 309329 MBOL s o FH3Z0L s9350Jd00L 9MOHM3bmE 39bGH®T0.

94399mm 8399 3bMHodo 9gxs990v)o 5M0L Ho®dm®aqbogo, ;v M5 33193900
G9MHYOIMOS O BO:
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3b®oo 2: 331930l BoygdT0 BodsMgdmemo osabmliozn®o GabGgdo

3smmygbo 0053603 036M0 Lo  3900©90M©s Lo 300°0090Ms
A9bBgdo A9bdHo 3Mb6x80MTs30s

N. meningitidis d5gdBgMomemyos/PCR  0bxggdzory®o NAMRU-3
Lo535000gMmRM
(05dBH9MOMWMY0s)

S. pneumoniae 05dBH9Mm0mma05/PCR  0bxyqdsom®o NAMRU-3
L55350AYmMa3M
(mM039)

H. influenzae doJBH9PomEmy0s/PCR  06539J304960 NAMRU-3
bo535000gMRM
(09dBH9MOMEMY0s)

HSV-1 PCR 06%39930960 NAMRU-3
Lo535000gMRM

HSV-2 PCR 0bggdzom®do NAMRU-3
155350AYMe3M

vzv PCR 0bg3gdzom®o NAMRU-3
155350AYMe3M

TBE 0bBAL ELISA ©393 WRAIR

WNV »DAL ELISA ©393 WRAIR

EBV dM5@0b ELISA ©393 WRAIR

WNV 36OsBHOL ELISA ©393 WRAIR

TBE dO5@0L ELISA ©39G WRAIR
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7.5. 8b5390005 35BS 3 LGHSGOLGH0IMMO sbsewobo

3006036-93000900MMR0MH0 3000b35000 FgaMmgz0o Imbs3gdgdo dggzs60wo odbs
Epi Info 7 36my6585d0 99J0bogn 8mbsigdoms 05Bsdo.

dmbs399m5 965¢0B0 H0HYM SOFIMHOWMI0MO LEHIEHOLEH030L J5dMYgbgdom. 39HIM,
99835b0 (3302500980 (396G MMM 3H9bab00lL 3sb39690gd0 (Lodmsenm, 390sbs,
9m@>) 5 39bsfiogds (0535DMbO, BEHIBPIMEMEO FoIBES). A5TMYgbgdmEo 0465
MB0356(10530491E0 O BOZIMI0530¥)C0 565EODO .

069396963090 LGHSEOLEHO30L boffoerdo godmzoygbgom bo-3350MsEHOL Ggl@o
363961900 FgLoMYOWS, brrgrem 3sb-10@bol U Gql@o, Lodrmswwmgdols
39L50M905q. TobLYdOL MsbsFIOEMBS (OR) 95% L50dgEMMdOm Jgg3sligs
SbME0s300L AoBLYBOZMOL JoBbom FgMBgME 3M350056¢3)gdLS s 3Kobozm®
©05360mBL IO, s 9999y dmbs Tgufimmgds sliszol, bgbol s 33eg30l SOl
dobg300m wMmoLE03MMHO MHJAMILOOL 5b5¢P0BOL LodMsEgdom. 439 p-05639690geo
0y MIbOH030 s 36033690 m36900L ™Mby 0gm ©oygbgdmero 0.05-bg (91). dmgero
56500 Bo@otmes Epi-Info 396L0s 7 s SPSS 3606530l godmygbgdoo.
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8.0. 39c099%0

8.1. gdmaMsx30vo Imbs(399900

3393530 b BosgMmm 140 35309630, 5§99 LOVEO 36060379M0 0BZMOTS30s
9009390 0465 134 (96%) 3530963H0@b. 35309639008 OO MIMOZELMdS BogBIOM
069399309600 L55350IYMABMPIB s 0583000l 3e0b030b. Lodmsem Sbs30 ogm 23.9
Do s 353096¢3)9d0l 58% 093696 18 HgwBg bs3egd0 sLs3zol B53339d0. 3530963 JdOL
51%-%9 89@0 0943696 35853533900, 67% 093696 MEOBEME BMbsdo o3bMm3zGM9dE9gd0, o
dmE0ob 40% - 00e0oloL (FbGMowo 3).

3bMoo 3. 3530963900L ©gIMYMBOEO S §30YIFoMEMROYHO sbslosmYdEYdO:

(350 500096mds (%)
31530 (fergdo), Lsdwmogom 23.9 (22.8)
85853530 71 (53)
0d0eolol ds3bmgMgdgero 53 (40)
339w gdmsb 3mbEsJBHo 44 (33)
Lobmgenm-bsdgm@bgm 14 (10)
L59§B056MdS

A3030l 6s3dgbo 1(0.7)
300l 653dg6o 25 (19)

3 B5OHMdS LogoMMN3gmL 1(0.7)
24569,
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3393530 dmbsfoggdls dm®ol, 33%-b 509b0dbgdms 3mbEsd@o bMm3gwgdmsb,
BoO359009 MO0 3306000 5EOY. 306309G WS, b 3BM39egd0 0gm: dogdo (28%),
RM0639w900 (25%), 353900 (16%), Asbgoggbs MJmbsbo 3o6m@Eygo (12%), wmmo (6%),
3b3560/mbs (4%), s IOEBYWYdo (4%). LolmGBem-LsTgM@BIM 5gdEH03MdYOMb
©5393006900m, 10% 353096GH900Ls 50b0dbs3s, MM BMbsfowgmds doowm dofols
0539185390580, FMbO3E0L 5090530, dosbOl dmFMsd0, s 5.9. BodsMM39wML AoMgm
3 BoMOMBIL, 99350gO0L I)HYxd59Y 1 ™30l 2563530MdST0, 50boTdbsgzs
353096900l dgotg boffoero (<1%).

8.2. 300603760 s WsdMMsG MMM 8mbs3gdgdo

3530963900 31% 8565909 3mL30EHSW0DYdMEo 0gm Bb3s 3eobo3zsdo, 58539
553500900 459Mm. 353096@&gd0L 33%-bg I9BHL LoogsIYmaMdo IMligwrsdwy Jowgdmo
3Jmbos 5b6EH0domEH 03900, 30% F90mbgwrsdyg 659gmxzo 0gm 9dodmsb, bmwwm 15%-b
3Jmbs 3s6abgd0 ©55350090s. 535Lmsb539, 16% 35309639030 500060dbgdM©s b3S
06039J300L Lod3EHMAgdO (36L s535009OOL Fob30mMYd58Y JMHPO N300 s (43%-1s
50 3530963 900L5 3Jmbs Fmo gL sbmgds). Loo35IYMBMTo FgamLgErolsls, Lodwyowrm
39939M5@MS 0gm 38C (0535Dmbo = 37.5-40C). 353096390L LoA3EBHMIGo0 3Jmbsm
L553500YmxBmdo dgdmbgersdyg Bodwgswm 4.4 EMOL 256053 Md530 (BEBIOE™MEO
393b6Ms 6.3). Y39 By bdocmo 60dbgdo s LOA3GHMIYOO 0gm (3bgMYds, M530L 30300,
30bM935/09306905, 099390009890 bds-256Fymds, s 653w gds 2odmbodmwo
0y 090 Lod3GHMIJO0, HMYMOOES JoAMBIYGs®O, JrIY©Hgd0o, 33eolL 330300,
05695, BLEbLEYOOL 30300 s 3960l B0BYOdGdO (FbGOWO 4 ).
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3gb®oo 4. 3erobozm®o Lod3Emdgdols Lobdoy

6036980/50333H 8900 05020096d3(%)
Gbowgds 138 (98)
0530l 3$H3030¢n0 128 (91)
23olMg35/0980bgds 125 (90)
05J3900090memo mbgds-3956{(ymds 114 (81)
30Ol 3MbmgdOl HOY0EMDS 110 (79)
330300 135¢gd0l 356 96 (69)
3993036905 82 (59)
B0EHMBMO0S 75 (54)
050000 M%E056Mmds 60 (43)
dogols EsMM393S 63 (45)
bggs 28 (20)
30636900 (33¢0gngds 21 (15)
490l $3030¢0 20 (14)
3°9mbogso 10 (8)
WY®d 10 (7)
83wol B3030wo 8 (6)
39960gd0l 330300 7(5)
LsbbMgdol ¢3030¢0 7(5)
Q05MYS 5 (4)
3900330390 bobbegbs 0(0)
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00 3530953900L 3OHMEI6EGHME0 MroMEIbMds, HMIWIOBSE BoEIMGOMwo 3Jmbosm BCG,
Doomges/foomm™s/gdogmes (MMR), s hEygzo30esl 309306900, 8gbodsdobo ogm 73%,
53% @5 0%, 99L503580b5. FbME MO JOHD 353096GL SBLM3E, MMA BoEMYGOMO
3Jmbos HiB 3593065309, 05 9Hmb 8009gdemo 3dmbs S. pneumonia-ols bLo{obsswdgam

35J30bo.

3sDyML 3mdolb bzserol dobggzom, bydo 353096G0 0ym MTs 3mdsdo (<5)
399mb3obsL s 930 353096@L 3Jmbs A sBYML Lgsom 6-sb 10 Jmesdy.
396600l s dM¥dobligol 60dbgdo 500bodbgdms 3530953900l 50% s 40%-do
d9L50530b50. 993300 FGB6EHIMMO BEIGHMBO (F50699ds) S©00b0dbgdM©
353096&900L 22%-80. 3056050 6303980l 3509HB0 500b0TbgdM®S 353096 S 7%-
3o, 3500 IOl 439esBg bdoMo ogm Lsbols 6ymzol 3gMHoxgMomwo bLolmldg (70%).
L9gbLMOHO PIROEOEHO 08305M5© 500b0BIOMS (2%) S BMIFIWOHO TMEHMOWWO
980300 BogdLOMPYOIMES 35306300l 8%-30. J399mo Ho®mdmygbow0s, mvy Mo
LobdoMmom y3b3wJIMS Jus M) ol Lod3dEGHmdo (LEsmo 3):
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bGomo 3: 33¢rg3530 BsGomvyem 35309639080 3000603 ®mo Lod3EMAgdOL dobsffoangds

140

120

100

80

60

40

20
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0DBL Lgms ogm 81 (58%) 353096& 30 s 89003090 - 45 (32%)-80. DGV
608893056 3OS (7%) 60dmdo Bsomzses 930990 3mbd00L dggyo©
300905, oYL FgM9gME0 0Ym OO MMEYbmdom Lolbo. MBEHL 396 0gbs
509090 b 353096@30. HBEHL 3560589GMYOOL Bodsem 3583969090 dodEgMHorEo
99606203 0b OH™L 0gm: go3m303gdo 1.530 Mx6H90/dd? (os3sBmbo: 53-100.000
MX6900/93%), bgoBMmaowgdo 78% (20-95%), wodxzmEo@gdo 22% (0s35Bmbo: 5-
80%), 305 66 3/ (©0535BMbo: 0.17-660 /), S ey 3mbs 44 T/
(©00535BMmbo: 0-167 dp/en). gb s Lb3s sbsMBgbo MBEL 356539EHMYO0 Fm3gdwE0s
d9-5 gbGodo.
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300 5. 353-BMyE3060l Lombols d5B39b9demgdo 3erobozw®so
©0536mLEGH0MgdIMEo 396GMsmmo bgMzmero Loliggdol 06x9d0gd0l djmby
35309639080

ODAL 356599BHM0 05dB9gMovero d96obgo@o %32%%?)%? 6'363?63(%;1;%0236)0 9639800
n=75 n=39 n=8 n=12
9030303900 (Mx6M90/dd3) 1,530 (53 -100,000) 71 (12 - 450) 465 (65 - 3500) 29 (7-133)
Bgo@Omgzowgdo (%) 78 (20 - 95) 57 (0-71) 62 (0 - 68) 46 (30-58)
w0odxm3o@gdo (%) 22 (5-80) 42 (12 - 100) 39.5 (32 - 100) 54 (42-70)
3o (3p/er) 66 (0.17- 660 ) 11.6 (0 - 66) 66 (33 - 660) 33 (0.03-330)
293005 (/) 44 (0 - 167) 69 (31 - 158) 39 (22 - 145.8) 71 (37 — 147)
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303309939O0 GHMIMYM55300L 890092900 350MMA0MH0 0gm 35 353096306 11
(31%)-380, berenm 35360¢MO-09BMbIBLYIE0 330930l F999d0 3500MEMPOMO 0OYM
@5 31-005b 14 (45%) 3530953HT0. 3500 MY0MHO 9003900 3033w LObMLOE,
9030056 MUE ML, JoLEHMOOEL, Mo30L FH3060l M3 Mdom S8LE39LL,

135M5gbMO©ME FOLESL.

353096900l 62%-bg IgAHL Lo5350AYMRMT0 JBRBOLLL BsMEIMES BEH0BdOMEH039000
939960boMds, Y39wsBHg bdoMs 398GM05JLmMbom s 3963mdoEoboom.

8.3. 3¢0b60396M0 E05abmbo

30060316 0sgbmbBBg oyHbmdom, 353096¢9d0b 75 (56%) d3m@Mbscro gjodgdols
3096 3sLORO(306MJOMEO 0Ym, OHMYMEOF 05JBIMHOIo d9bobao@E0, 39 (29%), Gmame;
30600 d960ba0E0, 8 (6%), OHMYMOF GYd96M3MmDMMo d9bobyodo s 12 (9%),
OMMO3 9639B50E0 (GbO0wOo 5). Mmmb 35:3096Ed0 ©slidyeo oym 3s6IgmMmgdomo
0543900 3960630@0L osabmBo.

0543900 9960600, 3060 896obaoEol s EHMdYOHIMPMBYOO
3960620 0L ©05abMBYIL FmMHoL 56 0gm goblibgzszgds glol, sbszolb, Mdoolido
d53bM3M90MdOL, MOHBIBME BMbsdo 3bmzMgdol, 3bM39wgdmsb 3mbEoddob,
69360mMma06MH0 Lod3EH™IGOOL Q563005609058 JHO M30L Fobdsgrmdsdo bgs
Q593500900 5GBGdMOOL FbMOZ. dodEHgMomwo d9bobaod ol 99dmbgnzgddo Lodwyswom
51530 (28.8 H9e0) s 5350 JOOL bobyMmdE0z3Mds (4.8 ) MBOM OO 0gm, Lbgs
©05360mBg0msb F9sMgd0m, MMI35 963IBIwoEOL 89dmbgg39ddo MRcM™m bdoMow
500603690M@5 Bs®emds bmgerol dgm@bgmdol sgd@ogmdsdo (33%).
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0543900 3960620 0L 96 396 3wmBMEMo dgbobaodol ddmbg 35309bGHI0L
39309000 MBOM HA0MO® 50960369dMm©sm 39MBoyol bodsbo, 993036905 s dogrol

©5M©393900, 3000 396064030l s 963IBIWOEOL OsEBMBGOME Tgscmgdom
(3bOowoO 6).
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3gbMoo 6. 33930l LrydogdGHPdOL BobslinsmgdEgdO, 36?0603 MMO OsabmBOl

9583969890 dsjdgtogwo  godgbgwo  OUBINIIwNbYto  9BEIBIwode P-
d96obgo®o 8960bg0¢0 8960bg0@0 (n=8) (n=12) 9sB396989¢»0
(n=75) (n=39)
31530, bsdwysenem ( SD) 28.8 (24.8) 13.5 (16.8) 40.4 (19.6) 21.5(15.7) 0.004
05853530 39 (52) 19 (50) 5(62) 8 (67) 0.717
»d0oldo d53bmg®gdgeo 29 (39) 17 (44) 4 (50) 3(25) 0.633
MGHdBMEo dogbmzMgdgmmo 52 (69) 28 (72) 4 (50) 4 (33) 0.057
30’)5055@)0 3b™39e900mb 21 (28) 14 (36) 3 (37) 6 (50) 0.450
Lsbmggerm-Lsdgm@bym 6 (8) 2 (5) 2 (25) 4 (33) 0.017
5JBHogmdd
©5535009B0L bsba@dmogmds 4.8(7.8) 2.4 (2.2) 3.6 (2.1) 8.2 (4.8) <0.001
(©2)7%0), b5y (SD)
deemer m39do bgs 06ggdzos 16 (21) 2(5) 0(0) 3 (25) 0.067
3030030 dmem 27 (36) 6 (15) 4 (50) 5(42) 0.064
30l 356053 ™d590
3mb3o@smobsgool emggdo,  14.5(6.2) 9.3 (4.1) 11.7 (8.5) 17.3 (12.3) <0.001
Lsd«gseme (SD)
39606030l 603560 45 (60) 14 (37) 6 (75) 2 (17) 0.005
dGmdoblizol 60dsbo 31 (41) 17 (46) 4 (50) 2 (17) 0.310
893300 3gbEsey®o 21 (28) 3(8) 2 (25) 4 (33) 0.090
bEs@alo
8900 56 Ladwome EMbOL 10 (14) 1(3) 1(12) 2 (17) 0.289
3O0IobMbsmMdS
3mE™OMEo ©IBOEOG0 3 (4) 3(8) 0 (0) 5 (45) <0.001
B8993036905 50 (70) 23 (60) 4 (50) 2 (18) 0.009
3060236990 33er0Egds 17 (24) 1(3) 1(12) 2 (18) 0.040
dogrols sM3935 42 (59) 10 (26) 4 (50) 3(27) 0.006
363B05eeB0 ByHagdol 2 (3) 2 (5) 2 (25) 4 (36) <0.001
530S
dobggzom
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3030390 BOE00L boby®mdeogmds 360d3bgwmgbs dg@Ho ogm dsd@gMowmwo
3960620 0L s 963985 oE Ol F9dmnb3z939080, 300G 3OO0 S
A09M3MmbMMo d960baoE 0l 3900b39393d0 (309 3IrmBymo d960by0E 0L
©05360mB0ol LTOLOL 3530963)0L 495Y3965 bELYdMW FH¥d9M3I3MWMDOL S BowrE30L
Q593500905m5 9036w 396@GH®T0 s 04 AMIYIOIMOS I3MMBIEIMDS). 3060HM3bMEo
33X0E909O0 45(30¢09d0m 3™ bJoMo 0gm d5g@gM oo d960byo@ol d9dmbggzgddo,
L5 LOBAOMOm IMY390MS 9B(39BIXOEOL S HH¥Yd9M3IMWMDMEMO Bgbobodol
39000b3939%0. ™DBEGHL 99903090 0Ym dogdHgMomeo d9bobo@ol ddmbg 3530963900l
58%-do (n = 43) 5 3060 39606303 0L 990mbzqz900L 3%-do (n = 1), bygms ogm
9539850E0L S G096 3YMHMMo d960by0E 0L yzgws 99dmbggzsdo. 3oOMlvmwo
@5 05439MovIero 896060@E0L 3900b393505 MBEMSZEGLMdST0 155350TYMRM©IO
390960LsL 500b0367gdMS LOYIENO oMK SBIMMYEYdS, brrgnm 9b39BsWOEHOL o
G09MH3MNBMOHO 99b0ba0E ol osrbmbgdol 60%-do 353096(3gdds 3arobogs
©5GH™M39L 25X MdI9dY IEAMISMGMDST0, 3503390 Bo®Bgbo dmgzgargbgdoo.
0543900 9960603 0L OHML 3mb30Ew0BoEo0L LsdMsEm bsbaMdmogzmds oym 22
©Y (©0535Bmbo: 3-152 ©MY); 306lEo IgbobaoEHolmZoL - 9.5 MY (0s3sBmbo: 2-

43 ©Y), bowm 963985 oEObm30L - 10 MY (E0s35BMmbo: 3-22 ).
G09MH3MMHBol 990b3z93900L 3OHMUL3YJGMEo Gg8oL9gds 396 ImbgMbs.

05d3H9gMovero d960bg0@E0l 3dmbg b 35309BGHL 5©0960dbgdms 39EHgdomco
390Mbsgo60. VZV-55m306090meo 9639835wo@ob 3dmbyg gmo 353096@d0 500bodbs
3939990 259MboysM0. ghHom 12 ferob 353096300, LysE 9639IBIOEHOL WOsRbMDO
5039, 565969BTo 500b0dbgdM© }H3030L b53d960. S. pneumoniae<bgy sEYOOMO 25
399d00b3930056 (PCR-0m), 19 353096@&3d0 50060365 LOHWIO 458MRSBIOMYEgds (76%),
mbo 459096 29633990 bsMbgbo Imzwgbgdom (16%); 9H0 35309630, 74 {ieols
05053530, OMIgLs3 90960369dMm©s sbdbgd0 JHMbB03MW0 5350090900, FM33S.

9B 0Ym 9OHMSIOMNO YEHIMO JgdNb3935 33¢003500. 35TMBEZI0 3bMdO oym S.
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pneumoniae-ob 96 d90mbggzsdo. N. meningitidis-ob gd3bo PCR-s@gd0mo
39900b39300096, 5 (83%)-b 50960869dMm©s OO A5TMYS6IOMYGds s gBo (17%)
3990965 2560339790 MH9DosMo dmgwgbgdom. HiB-ob ghmo PCR-©s@gd00m0
99900b3935 2599965 H9D0SEMHo LOA3EHMTJd0.

054390 3960620@ 90 SbMEOMYOMO HOLI-RBoJG™MMYd0, 30O d9bobaoE b
9900560900 0gm: 51530 (OR mommgm fgawbg = 1.04, 95% CI=1.01 - 1.07), 0553500900l
bsba®dogmds (OR =1.21, 95% CI=1.02-1.44), 3:m30&5¢0Ds30s gobryen mz9gdo bbgs
Q0593500905LMb 39380609000 (OR=4.10, 95% CI = 1.28-13.19), doerols 6393930
(OR=4.04, 95% CI = 1.58-10.30), s 390600l 60dsbo (OR = 4.04, 95% CI = 1.20-13.61).
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8.4. PCR @5 bg®hmemgyom®mo 33¢093900L 99009900

3b®0owo 7 3430639690l @sdMmEsEMM0ME0 d90093930L 2565(0wgdsl mommgmen
3@0bo3g® Xar@do.

3bMoo 7. 3sgBHgMomeo dgbobgyod oL, 3ommlmeo dgbobyodol, TB 39bobaodol s

96398°5o@0l ©0sabmBols Igmbg 3530963HBOL EHdMMSEGHMMOMEro 890)39d0.

@BAOGMO0Io FIRJYO dsddghogwo  godgbawoe  HIBIOIIwad  96ggBswodo
dgbobgodo dgbobgodo -60
99606030
n=75 n=39 n=8 n=12
S. pneumoniae* 5 0 0 0
S. pneumoniae** 20 1 3 0
N. meningitidis 5 0 1 0
H. influenzae 1 0 0 0
95&9Hmz306Hmlo 10 16 0 0
350395 BLEHIOHOL 0 3 0 i
30601150
356030 3gH39Lbol goGHvlo 1 0 0 1
&odo 1
356030 3gH3gLbol goGHvlo 0 0 0 0
&odo 2
EBV 0 0 0 2
* 0BGV d594BHgMOMEMMY000

** 5053mdgMommo PCR @gbGoom
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0543900 56 30O 9GEHOMEMYOMO BodBHMEOO 2odmMm30bos 35:30963gd0L
51%-80. ®BGHL-sb godmoym S. pneumoniae-ob 5 3Mw@GH«Gs. HiB o N. meningitidis-ols

3OEIODO 3MEGHIOS 56 odMYMTBOS.

565339603099 PCR 565¢00HBg 0oymbmdom, 25 353096310 0Yym 5090000 S.
pneumoniae-09, 9J3bo - N. meningitidis-6g s gemo - HiB-%g. HiB-ol d90mbgg3s 51939
©OEYO0MO 0Ym S. pneumoniae-by).

3060900 M EGH03wgdl PCR 565¢00B8s 563965, MMA 26 35309630 5065303060900
0y 96@9mm300om, mmbo - VZV-000 s m6o - HSV-1-0m. 560390000 353096¢0 o6
0Y™ ©IQIO0MO Yd59meobg ob HSV-2-%B9. 9000 99900b393530, 0090900 0ym Grergm®3
95@90™3060mb0, 0bgs S.pneumoniae. S. pneumonia s> 96GHJOMZ0MHMLJOO d59E9gM0MOo
5 3060 39606303930l 8980b393900L yz9wsbg bdomo dobgbgdo oym.

8.4.1. bymemeagos)ho 330193980

EBV Lg®memyom®o Ggb@o®mgds Bo@s®s dMs@do IgM ELISA dgmm@om. Lafigolo
A9LEHM9d0LL YOm0 50IMBBS 6 BodmTo. Jso Mol ogm
3960696398500l gMm0 gmbgggs, MMIgEoE 1sMYmn0mo ogm B39bL dog
39933 g 439es bbgs 300Bg s 359 9gM05DY. 585LMb, YO0 0gm MMM
33939, 0Ly M93Mb35¢gL396EWMO FMsEOL b0d)do. EBV-050900m0 50dmBbos
9539850 E0L dgmeg 89000b39353, Lo IgM dbmem 353539 9653HTo Ix0JLOMS.
momb 89dmbgq35d0, EBV-0009d0m0 99900b393900 51939 090900000 0ogm PCR-0m
953960™3060m5%Bg. PCR Ggbdob vm306s@gbmdol s 96¢gmhmzo06mlols vdsem@
0930630 50dmbBgbols godm, gl 99dmbgz939d0 9bEIHM306MH Lol 89dmbgg39d5©
Boomzoms. 56w, LodMmEW MM IIIOMI® RsomM3oes EBV-0l mMo 99dmbgags.
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Y395 6odmdo ELISA 33093000 votygmzomo oym WNV-bg, Hmam®s 96s@do, obg
0bGL-Jo.

653 9995905 33030130960 9b3gBRsOGEOL 306LL (TBE), osgdomo IgM ELISA
©5830JL0MEs LY Jgdmnbz935d0 FMSET0. 03039 353096EJOOL MDEBL-To S6EHOLbgMEgdo
56 508MmBbY. 58 B5T0EIL LvdMEMME FbMEME gMo d90mbzgz9do godwrgds, GHd

303560579M® 303030960 9639BWOEO0m Fodm397wo 06839d30s. IbsI30Mgdom
©05360mBol LTSL HTEJO0MO BHIBEBJO0 LF0MYds, Mg h3960 33€g30L BoMAWGdTO

56 35390090 s.

gb®ogo 8. LgPmemaoMGo FglBgdol gwgagdo:

ELISA &gb@o Lsfigolio sgdomo  Lsdmermm
9900020 QY1000 FIgpO
EBV ELISA 6 2
WNV ELISA 0 0
TBE ELISA 3 1
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9.0 g96bogngs

B39bL 3096 Bo@o6mqdIero 3mbido@semMo 33e935 335930l 0bxm®mTs300l
Logo®mggermdo d()3539 36U 06939930900L 459ma[3930 J0MHOMIO JsnMPBgdOL Tqliobgd

13906006 3mL30Ew0DYdIMW 3530963 90d0.

do05b 86093690 m™3560 0ym 15330930 3o00Mygb9gd0l BsdMbsmzaeols LMo
3obLBM3Ms: (3539 996062030 W 96(39BIOEHOL 3:MEI6E0O 98393005 Lo
do05b AM3AGE05 5 Y39 53 35mMgbol Tglffoges MmO 33930l Botywgddo 396
9mbgdm@y. 580@ ™3, 19603369 m356qL0 0ym, LHMMs A56339L5BM3M, gMmol bGOg,
15330930 35(3096¢3900L 335305 S FgMMgl IbM03, Ls33eg30 3o00MYgbgdOolL
Bo9Mb5335¢00. 85950050, 630MMEH 539018900 96 3MBEBgoMMJoMmGHOMwo
069394300L godmafzg3ms B39JGHMO SBLMEMEHMEMSE BLB33Yds 503 06339]300L 56
bbgs 08bMgR0E0GOL dJmby 35309639330 gob30m50MgdMwo bgoOHmobaggdisools
39003f393m5 1B399BHMOLYYD, MMIgEoE Msgz0l IbGOZ, oblbgsgYds

089960 3m339396@6 353096330 3963056900 byoMmobargdzool godmadfzgzms
1399dGH®0LYsb. B3960 330930l Logsbo 0gm BMYsO 3M3MWsE0s, 08MBMIMIZgBHIBEGHWGO
3530963900, MMIwgddog 6goH™mobngdios 0gm L3MbEL6MMI© 25630056900 s 56
BgoemEH©53d0L 56 bgodmdo®Maomwo m3gmsigool d90ymdo 39MH0mEol 3mbby
3963005693 mo.

B3960 8mbs399930 J0MO0MGIL, MHMA Lods®rmnzgwrmdo 396064030l godmdfz930 yzgwsby
bdo60o d5dBHYMH0IEo 3smmaqbo 5O S. pneumoniae S I 439wy bdoMo
30601910 35MP)B9gd0 5M05b 9b3HYMHMZ0MMIGd0. Ol, MMA dodGHYMHOYIEO 3 GO
Q5000 0g4m Fbmerm brom d98mbggzsdo (3.6%), 890degds 35dmfi3gmero oymls
563H0d0M3H03930L 3000000 3b30EO0DBO3050Y.
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9 8mbs399990 F0)M0MgOL 3bL 063539930900l ML B3O OSABMLEHOI0L
3990g9gbgdol 13065GHGLMBsDY. FMg3MEMMO OSRBMLEH030L Fgomgdols
3990my9gb9059 3603369 m3bs 205X MBdgLS 3smM9bgdol 9EH9J30s 99 33¢g35d0,
35650 258033930 53963 gd0 AbMEMmE 353096GMs Bobgzs®do (51%) oa0bs. g
Q5050 3MM396¢0 b3 33¢093900L 998900l bgoglos (12,92) s Lygs®srI™mE
50blBYds 96¢30d0MEH03930L 25dmyqbgdom, 30MHLol gerodobszoom s Gglsdsdobs,
©93993H06090500 699309060l 355308 5MMLYdMIOM, 56 08 35mM9bgdom Fodmfzgmwo

0653943000, OMIgeDg3 603Tgd0 56 45dM3IZgMEs.

33w930L 9OHM-9MM0 53M 3565 0Yym 3er0b03 MO 0s6MDOL Tgocmgds
W5dMMSEGHMOH0IOE 350003960l 0009bEH0TB035305Lmsb. B39b ©sgz5530JLOMgM
3600936903560 goblibgs3905 300060396 OFbMBLS S EsdMOSGHMOOE
0©096¢053035305L GmM0b. goblsgmmMgdom gl gbgds 3oMmlmeno d9bobaodol
0990bg39390L. 3960dm, 9639HM3060LIeo dgbobao@ol s0o 89dmbggzs dggmdom
0Y™ 3L0GB0(30MJOMW0, OHMYMEM3 dodBJMHorIcmo 3960ba0E0, 5353 56E0d0MEH039000
3M5B5 30O M 839MBI MBS godmofj30s. gl 360d369wM3560 Tgga0 bobBL Mligsdls
9m9300MH0 05A6MmLEH030L 36003690 MmdsL 53 B30l 35309639330, MY
3060900 d960620E 0L O0RBMBOL BB LTS 93006 533530 9OL
563080MEH03900L 5M0LsFOMM 25dmMYgqbgdsl s Bss350AYMBML MlMLYdOL LHimE
dobsforgdal »bOYB39wygmRL. 009339, 5339 IBWs 039, G MM 33939w
399000b3939930, HMEs 96 SMHOL QOTMOOEHYIO doJGIOOMwo F9bobyodo,

56300593 9M0wo 3379Mb5¢0MmdOL MM IFYgdol LoMygdgero LOHYIOS©
395fiMmbob 5L FOMM 56EH0BOMEH03MMNYMH30000 J0gynbgdmen Bosbl.

MmO 3 50360869m, 33009308 BoGRREGOITO WSdIMMIEHMOH0IO FJLEJOO BHOMOIOMPOS
9300690000 s 980965, 293w gbsls 396 sHIbS 339MBIMBdOL BodEH03oDg. I3,
WHOMESBHMMOMISQ IPIBEGMJdYo 36930Mm3m3E0 F9bobaoB ol yzgws
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39900b393590, 25605 gOHMOLY, 337IMBIMdS )Y 0ym dglsdg MomdOL
3BIBOWML3MO0Bom - 398GHO05JBMbom, HMAMO sOOL 61930096 gdwo. F9dmbggzsms
w3653 gbmdsdo (81%) 398EM0sJumbmsb ghms sbodbmwo ogm 3563mdoiobo -
31939 9OLBYOdMOo ©93md9bo3E0gdoL Fgbodsdobs, 08 gdmbzg39d0L
39035¢0{obgdom, HM3s 36930M3M30 9B ML3MEOHO0BIdOL Jodstron
69BoLEIBEGHMWO0s. 9O F9gdNb3935 0gMm 45dMbs3eoLOo - 35309630 3ewobozm®o
052bMB0o 0ym 306090 d9bobyodo, bmerm Bggbl dog® Bo@otgdmwo PCR 33wg30m

506 36939m3m396M0 06839J30s.

3¥MMSEGHMOHOIEOO IPILEGWMGOo F960b3M3Mm3MM0 06939300l yzgws
39000b3935d0 60360 0gm dglsdg 05MmdOL (3985 MB3MGOOL6O - 5699 83MbIEIMdS

LMo ogm dg@Bgmeo.

9GHOMEMYOMEOO ©0536mbols 5396 36033690 mg569L00 LHmeo
93996065 Mmd0Lm30L @S 0o F9gdmNb393530 M33H0ToMmO I3MBIEIMdS LMy
9GHOMEMPONE  BodBHMODBY Mbs 0yml dMGYGIMo. 03, LodeGmzgwmdo o
ALbMREoMmb M35 939996530 580l Fglodergdermds 9D MEos. 9o 300Md9dT0
330093L  Lgd-m3@GHodogome  33Mbomdsby  96MBg3560L  4939mgds,  GO3  0dsb
3obbIMBL, M 331MbswMds by IMo(353gL Loz MM AsdMIF393000 B39JBHOL.
SLgmo BMO-M3EGH0To MO 9a30M0WO MGMI305 Y6 33939¢00 JEHOMEMYool 373539
Bgoemobxrgjgool ©@OML  Mbs  BMmoEs3IL  dgLvdy  ®OMdOL  (39BIWML3MEMOBL
(39BGHO0sJLMmbo,  398MmESJB0d0),  3563mToi0bl,  9303WwMm3z0MmL  (bLogombo  bs
3900509 glL Lohgolo MBEHL TgxzsLgdol F999y) WS MILOE03w0bLYE 9bIdmE s6Hggddo
A3030L LyBmbols Igdmbgzggzsdo.

B396 993939009m, 3530965 B396L JogM 98m33wgMe 303G EST0, 39MdM,
0543900 3960600l 990mb39390d0, 339005, 04m M) 565 SLMEF0SE0S

553500900L {49006 OsFbMBOL oLl 39HOMPBS S 53500l
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80900b5MgMmd0L Loddodgl Imeol. B3960 IMEM©Obo, MO30LM35¢, 0ym, GMJ
5330569090 ©0sabMLE035 53500900L 3™ dd0dg d08O0bMYIMOSLS s bsMhgbo
396900l domon 3sB396909msb 04690Mm©s ©s393806M9dw0. 1933s, SBYMO
SbME0s30s B396L 98:mb3935d0 56 goBM30bEs, M) 56 Bsgmzwom

396U 37PMGIMW S Q305693 F90mb3z939dL. 9 Fgdmnbgzgzsdo d9bobyodol
10d33H™AGO0L 3963056M9006 3e00b03MMO WOsRBMBOL ILTSTEY 0ym 21 MY s 53
35309630 ©o0lgs Mobdbegdo 503-06g3994300L OsRbMBO. Fgmeg dgdmbgzgzsdo,
10333 MAOOL 496301569006 3600603 MMO0 OSRBMBOL OLTSAY 0Ym 25 Y.

b E0560 8390bswmdoL 8999y o9dx mdgLgds 56 S©00bodbs, GOl 90993
35309630 390594395600 0465 bbgs 3600bo3sdo. Lbgs FbE0g, 4sdmbogeols 56

1553500894 BMTo sY™M369d0L MZsLsBMHOLOM, 2o6lb393905 OORBMBOL LAY 1
@O s 10 EEIGL FMOHOL 56O OGROJLOMS. doJBJOOIwo dgbobyo@ol dgdmbgzgzsdo,
©553500900L (99306 0sAbMBOL LTS 39MH0MPO FMOEI3s BodYSEM, 5
©O9L, 30690 gbobyo@ol d9dmbgggzsdo - 2.5 L, GHwmd9MH3MEmHBMGO
396060 0bL 9dmbgg3sdo - 3.5 gL, bnwm 8 ML - 9639Bsw oGOl 9dmbaggzsdo.

B3960 330935 boBL MUzsdl dogdGHgM0mEo s 30MLeo 396060 0Ly s

953985 0E0LIsMZ30L BEBHIBPIOEH™MEO 3obozmMo T9dmbzq30L goblobrzmadol
099998539000 Lo FoMmgdsls, H™Igero3 04690 3(33039090Hg o8dbgdwo s
309530500 046905 3500MEMA0EO OROMBMD. sligmo Fgdmbgzg3zolL 4obLyBMZMS
d9L5d 5Bl gobol Bb3sIlB3S §39496580 Bo@o®mgdmEo 33193900L 9MMs6g0m6

99005609058 s bgarl 99figmdl Mad™ DM@ Jarobo3m®
06&9M36935305L/05bMmE 035, glodsdols - 939009l 830G I3OBEMBdLL.

B39b60 33930l 300093 GO0 H3MEI6S oym HiB 3593065300L gogwgbols dglfogems

Logo®mgzggermdo 3bL 06g399430900L 9EH0MEMY0sBY. 3309308 WSYgd99©Y SO0 M30m
5Q6M9, Logdo®mzgmdo HiB 35J30bs30ol 30935600 @oofigm. Bggbo 35:30963)9d0L
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dbMEMm© do05b 30609 bofowo oym 3530606093 mwo HiB-om. 33arg3s8do
©sx30dboM©s HiB d96069030L dbmerm gMomo d90mbgggs. 9qbs, 396 993d9om

50993535 8933985090005 gl Bogombo.

S. pneumoniae Q>80JLOMES, OMYME3 §odyzs60 dod@HgMomwo 3smmygbo - 25
5000 d90mb3z935 dodBHYM0Iemo 3960620 0L 3600603 MMO®© OsRBMLE0MYdMEO
70 99000b3930056 (36%); LodoMnz9wmdo Lwyar Mm@ bbol §ob, gsd@om®s 59 33930l
580536090056 Im3wg OMT0, s0ym S. pneumoniae -1 Ls{obssdIY™ 3543065300l
39935605, G0l 95399GHIOMdOL Fglogsligdas Jgbadwrgdgewros B3gbl doge

396bMM 30993 Mo 33¢0930L, HMAMOE 35d30653059Y sOLYdME0 BEYMTIMGMOOL
53L5H39w0 0bBMMT5300L 498mYygbgds. HiB o . pneumoniae -0l Lsfjobssdgym

354306900l 690 9909900L TgboxzslgdWSE TGHJO0O0 33¢939000 LoFoMMm.

39903%3930L o965 ImbgMbs 963989 oGOl dbMmEM© Mmmb d9dmbgzgzsdo (9hmo
oym VZV 990mbgg3zs, dgmdg - HSV-1 oo m®o EBV 89dmbggzs). gb 890930
d9L50580LMdT0Ss 0633943010 4969D0OL 9B(39BIOEHOL b3S gEOMEMYOME
3319390056, Lo I35 35mMA96Dg BHYLEHOMYdOL Fobgs350, J9dma(3930
5296@0L 0009bGH0R035305 dmbs 9dmbggzs0m 30-sb 50%-do (93). 96398 oGOl
05360303580 IME939OHO FgOMPYOOL godmygbgds 9539dEHwM0s, Bogasd
39000b3935000 3653w glMd5d0 O0sABMBOL LTS B50b3 396 bgds. o9 BsbL M39mglo
©05360LGH039M0 LE3HYR0gO0L SOLYGOIMIOL 930EgdMBY; S1939 963ITBI OGO
5650633993060 30B7Hgd0L Fgg35L900L 390090 39dsb0BTGOOL 30 GI MY,
OMM0355 08MBMEO0 9b(39B5w0GHJO0, sg3g Sbowo, 5§98y MEBMdO Ssmmy9bgdo,
MmO 3 96395350 E0L JobgHgdo.

6900M™m30B5w0Bs305 BoGo®gdeo 0gm 353096@gd0L ssbermgdom babgzs@do. gho
d99dmbg935d0 63063049150 0BE0000 IRO0BS, HMT Logs®smom Igbobyo@o oym
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1356 5gbMmo Mo LolbwbBsgEg30L gdmb3g3s. HMPMOE 36MmdoWwO0s, bgommodoxobyo
30b56d9fimboos 0dol slisgbs, ©9dYbs MLOBOMbMS WddsOO 39964300l
Bo@otmgds s 95939, 0dob 2obM339350, 308E0bscY 0bg39dE0s FbMmEm@® AoMligdols
3D056gds5, M 96339850 E0E B3l M5b. 3603309 M3560s, gogomzswoliiobmm
O3 590L o6, 630MHMZ30DW0DOE0S Lo gdsl 0deg3s, Imzsbobmm
©0xIM63060905, 9639B90EG0® 459mf 39w 390M356 IB0DYILS o
©OLEOMZMWS3000 25039 3900356 sB0sBYOIL TGO, 5649
690630150 BoE0s 3395356093, 350A0bM™, gl sGOL Igbobyod)o,
d960b2M9b39850G0, v 039305 3960b20E 6 gOM. b ORIMIBE0SE0S
36083690 m3569L05 d98ymdo 3399MHbsMdOL MZselsHOHOLOM.

3560505, B39bL 33093580 56 BYdIMS BmdYM3MEMBDY 99033935, Foacsd
3990306 GHd9M3mmbmMo dgbobao@ol 8 89dmbgggzs. ol Bod@o, Gma qb
99900b393990 1530005639 56 ©0sabMBEH0MS, HMAMOG GMOIO3MMBYOOo d9bobyodo,
80900m9dL 085%Y, O™ SMLOMEYNROWO0S OIRBMBMEMO 8gbgxdgbEo, Mol
390925053 3305600905 139308309M0 I3MbIEMBOL I[Ygds s 1939 LB OIRBMBO
506905, 0436905 bbgs 3530963H900L 0bx30306M9d0L LsdoIOMYDs. BogMIMEM,
53305690990 ©0sabmBol JoHYH0s 0L, HMA oS FoMIGO0M BILOJIMOS
30063956900l bo®xbg 30GHMBOL sOLYdMBS. s1939 0, O™ 303MYE03MEMIBJ0s, B3
&09M39MmHMO0 396060@E0LM30L 3o0MYbmaMMo dooBbgzs, s1939
©535boLOsMYGOY0s d5gdBHIM0MEo 8960ba0EHOLMZ0L. 58 OsRBMBMGO LoMmeggdo
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Introduction

Central nervous system (CNS) infections continue to afflict populations
worldwide, especially due to their associations with mortality and long-term disability. In
spite of the harm caused by these infections, they remain poorly described in many
regions of the world. Most bacterial meningitis (BM) cases are attributable to
Haemophilus influenzae type B (HiB), Streptococcus pneumoniae or Neisseria
meningitidis. The etiologic distribution of these infections varies with geographic
location and age group. HiB tends to have a higher prevalence in infants and children
less than five years of age. In contrast, S. pneumoniae and N. meningitidis are
responsible for most bacterial cases in adults. The introduction of vaccines for these
pathogens has influenced the epidemiology of BM in high-income countries, particularly
the incidence of HiB-related meningitis. Currently, S. pneumoniae and N. meningitidis
are the two leading causes of BM in North America and Western Europe. Developing
countries and countries with economies in transition have historically been reluctant to
introduce HiB or other BM vaccines, primarily due to the high cost of vaccines and
insufficient information regarding the burden of CNS infection associated with different

bacterial pathogens .

Viral CNS infections are important causes of neurologic illness, and may result in
meningitis, encephalitis, and myelitis with varying degrees of severity. The most
commonly identified viruses leading to CNS infections are enteroviruses, herpesviruses,
and arboviruses. The determination of a definitive etiology in suspected viral CNS
infections is challenging. In most cases, the etiology is unknown, even after extensive
diagnostic testing, however, this situation is improving due to availability of newer

molecular diagnostics techniques.

In the country of Georgia, limited research data suggest that three bacterial
pathogens (HiB, S. pneumoniae, and N. meningitidis) are the main causes of BM. Old

data from other former Soviet Republics indicate that before the introduction of the HiB
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vaccine, 50% of childhood BM in Russia was due to HiB. Due to the unavailability of
reliable, affordable laboratory diagnostic tests in Georgia, there are few confirmed
diagnoses of viral CNS infections. Consequently, the true incidence and etiology of
bacterial and viral meningitis are not well described. Physicians routinely rely upon
clinical assessment and their own medical judgment and experience to differentiate
between BM and viral meningitis (VM), and patients are treated empirically; these
clinical assessments may frequently lead to misdiagnosis. Empiric therapy may lead to
inappropriate and excessive use of antibiotics and promote antibiotic resistance.

The aim of this study was to characterize the spectrum of CNS infection
pathogens in febrile hospitalized patients, utilizing both traditional culture techniques
and molecular diagnostics to improve the laboratory diagnostic assessment of these
patients. This study describes laboratory findings associated with S. pneumoniae, N.
meningitidis, HiB, enterovirus, varicella zoster virus (VZV), herpes simplex virus type 1
(HSV-1), herpes simplex virus type 2 (HSV-2), and mumps infections, provides detailed
clinical information about these cases, and analyzes the relationships between clinical

findings and laboratory results.

Methods
Study Design

This hospital-based study was conducted between October 2010 and May 2012
at four reference clinics in Thbilisi, the capital of Georgia: 1) Scientific Research Center of
Infectious Pathology, AIDS, and Clinical Immunology; 2) P. Sarajishvili Clinical
Neurology and Neurosurgery Institute; 3) lashvili Children’s Central Hospital; and 4) the
Neurology Department of S. Khechinashvili University Clinic. Patients were eligible for
the study if they had: 1) a current or history of self-reported or documented fever of =
38C° during the course of the illness; 2) one or more signs of meningitis and/or
encephalitis (severe headache, photophobia, nausea/vomiting, meningeal signs,
petechial/purpural rash, altered mental status, seizures, and lethargy); and 3) clinical
indication for lumbar puncture (LP), as determined by the attending physician.

Exclusion criteria for enrollment included: 1) patient with a documented non-infectious
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cause for neurologic illness; 2) patient less than two months of age; or 3) a post-
neurosurgical, trauma, or immune-compromised patient. Trained study site physicians
at each study site reviewed hospital admission logs on a daily basis to identify patients
with a diagnosis of acute meningitis or encephalitis. Patients or their legal guardians
provided written informed consent prior to enrollment. The study was approved by the
institutional review boards of the National Center for Disease Control and Public Health
in Georgia, the U.S. Army Medical Research Institute of Infectious Diseases, the Walter
Reed Army Institute of Research, and Naval Medical Research Unit-3 in Cairo, Egypt.
The medical care of patients was conducted according to routine local clinical practice

and was not influenced by the study.

Information on demographics, risk factors, clinical features, and epidemiologic
factors were collected on a standardized report form by the study site physicians. Data
on medical history, laboratory tests performed during the care of the patient and
treatment rendered was also collected on this form. In Georgia, LP is standard practice
for patients with a suspected CNS infection. For study purposes, participants were
asked to consent to the collection of an additional 1-3 ml of cerebrospinal fluid (CSF)
beyond the volume normally drawn for examination and diagnosis (3-5 ml). CSF was
preferentially collected prior to antibiotic treatment, consistent with the patient’s
condition and physician treatment. The level of consciousness was assessed using the
Glasgow Coma Scale (15). In patients with suspected brain hemorrhage or a focal brain
lesion, computed tomography (CT) or magnetic resonance imaging (MRI) scan was

conducted as part of their routine medical assessment.

CSF Laboratory Testing

The CSF laboratory testing panel included cell counts and differential, glucose
and protein levels. Based on medical history, clinical presentation, and CSF
parameters, clinical suspected diagnoses were made by treating clinicians, and patients
were classified into cases with BM, VM, tuberculosis (TB) meningitis, or viral
encephalitis (VE) (16). As part of the research study, several laboratory tests were

performed for all patients, regardless of clinical diagnoses. A CSF gram stain was
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performed; an aliquot was plated on chocolate agar and incubated at 37°C in CO; for 72
hours. In-house singleplex PCR was performed to detectHiB, N. meningitidis, and S.
pneumoniae. A multiplex PCR test (Fast-Track Diagnostics (FTD) Viral Meningitis for
ABI 7500 and Rotor-Gene 6000) was used to detect HSV-1, HSV-2, mumps,
enterovirus, and VZV. MagNA pure automatic extractor, which is a closed system, was
used to minimize contamination. Every run contained 30 samples + 1 human sample
control (HSC) + 1 NTC (water). The HSC ensured that the extraction was done properly
by doing the RNP gene and the water to ensure there was no contamination during
extraction. The bacterial real time PCR was singleplex, where each target was done in a
separate PCR plate with no primers contamination or mix up. The specimens were
batched for PCR testing; results were reported back to the treating physicians on a
periodic basis, but were not intended to guide clinical management. Confirmatory
testing for TB meningitis was not part of this study. All suspected TB meningitis cases

were referred to the National Center for Tuberculosis and Lung Diseases for care.

Statistical Analysis

Chi-square test was used to compare percentages and the Mann-Whitney U test
to compare means. Odds ratios (OR) with 95% confidence intervals were estimated to
measure the association between selected covariates and clinical diagnosis, and were
then adjusted (AOR) for age in years, gender, and study site using logistic regression
analysis. All p-values were two sided and the significance level was set at 0.05. All

analyses were performed using Epi-Info version 7 and SPSS software.

Results

Demographics

A total of 140 patients were enrolled, and of these, complete clinical information
was available in 134 (96%). The mean age was 23.9 years and 58% of patients were
children less than 18 years of age. Over 51% of participants were male, 67% were
urban residents, including 40% who were residents of the capital city of Thilisi (Table 1).

Among study participants, 33% reported having had contact with animals within two
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weeks prior to enroliment. Specific animals reported were: dogs (28%), poultry (25%),
cats (16%), cattle (12%), swine (6%), sheep/goats (4%), and rodents (4%). Regarding
agricultural activities, 10% of patients reported participating in soil cultivation,
harvesting, cutting grass, etc. Travel outside Georgia during the month prior to illness

was uncommon (<1%).

3.2 Clinical and Laboratory Data

Thirty-one percent of patients had been hospitalized elsewhere for illnesses
related to their CNS iliness during the month before presenting to one of the study sites.
Over 33% of participants received antibiotics before hospital admission, 30% were
referred from other health centers, and 15% had a pre-existing medical condition. In
addition, 16% of patients reported having had symptoms suggestive of another infection
in the month before they developed CNS illness (43% of these patients had a middle
ear infection). At hospital admission, the median temperature was 38°C (range = 37.5-
40°C). Patients were symptomatic for a mean duration of 4.4 days (standard deviation
= 6.3) before presenting to the hospital. The most common signs and symptoms
reported were fever, headache, nausea/vomiting, and depressed mood, and to a lesser
extent, rash, seizures, abdominal pain, diarrhea, pain in joints, and skin lesions (Table
2).

The percentage of patients who reported having received Bacillus Calmette-
Guerin (BCG), measles/mumps/rubella (MMR), and varicella vaccines were 73%, 53%,
and 0%, respectively. Only one patient remembered receiving HiB vaccine and one

patient had received the S. pneumoniae vaccine.

Based on the Glasgow Coma Scale (GCS), three patients were in deep coma
(<5) at time of admission, and seven patients had a GCS score between 6 and 10.
Kernig’s and Brudzinski’s signs were seen in 50% and 40% of patients, respectively.
An altered mental status (confusion) was observed in 22% of patients. Cranial nerve
palsy was detected in 7% of patients, with the most common finding being peripheral
facial nerve weakness (70%). Sensory deficit was uncommon (2%) and focal motor

deficit was detected in 8% of patients.
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CSF was clear in 81 (58%) patients and turbid in 45 (32%) patients. Nine (7%)
CSF specimens were considered traumatic taps and had gross blood contamination.
CSF was unavailable on five patients. The median values of CSF parameters for
patients with BM were: white blood cells (WBC) count 1,530 cellss/mm?® (range:53-
100,000 cells/mm?®), neutrophils 78% (range: 20-95%), lymphocytes 22% (range: 5-
80%), protein 66 mg/dl (range: 0.17-660 mg/dl), and glucose 44 mg/dl (range: 0 — 167

mg/dl). These and additional CSF parameters are presented in Table 3.

CT and MRI results were abnormal in 11 of 35 (31%) and 14 of 31 (45%) of
patients, respectfully.  Abnormal findings included sinusitis, ethmoidal osteoma,
mastoiditis, multiple brain abscesses, and subarachnoid cyst. Over 62% of patients
received antibiotics during their hospital stay, most commonly ceftriaxone and

vancomycin.

1.3. Clinical Diagnosis

Based on clinical diagnosis, 75 (56%) patients were classified by treating
clinicians as BM, 39 (29%) as VM, 8 (6%) as TB meningitis and 12 (9%) as encephalitis

(Table 3). In four patients, this was the second diagnosis of BM during their lifetime.

There were no differences between clinically diagnosed BM, VM, TB meningitis,
and encephalitis by gender, Thilisi residence, urban residence, animal contact, another
illness in the month before patient developed neurologic signs, or hospitalization in the
month prior to study enroliment. BM cases had a significantly higher mean age (28.8
years) and duration of illness (4.8 days) compared to their counterparts, while

encephalitis cases reported significantly more involvement in agricultural activity (33%).

Patients clinically diagnosed with BM or TB meningitis had a significantly higher
percentage of Kernig's sign and signs/symptoms of chills and sleep disturbances
compared to VM and encephalitis cases (Table 4). The hospitalization duration was
significantly longer among BM and encephalitis cases than among patients diagnosed
with VM or TB meningitis. Changes in personality were more likely to occur among BM
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cases, followed by encephalitis and TB meningitis cases. CSF was turbid in 58%
(n=43) of the BM cases, 3% (n=1) of VM cases, but clear among all encephalitis and TB
meningitis cases. Most VM and BM cases had a complete recovery by the time of
hospital discharge and 60% of encephalitis and TB meningitis cases left the hospital
with improved condition but still with some sequelae. Median duration of hospitalization
for BM was 22 days (range: 3-152 days); for VM 9.5 days (range: 2-43 days); , and for
encephalitis 10 days (range:3-22 days) TB meningitis cases were unable to be followed

up prospectively.

Five patients with BM presented with petechial rash. In one patient with VZV-
associated encephalitis, a papular rash was detected. One 12-year old female
diagnosed with encephalitis reported a prior tick bite. Of 25 cases positive for S.
pneumoniaeby PCR, 19 patients had a full recovery (76%), four were discharged with
some residual symptoms (16%); one patient, a 74 — year old male with pre-existing
medical conditions died, the only fatal case in the study. The outcome was unknown in
one case of S. pneumoniae. Of six cases positive for N. meningitidis by PCR, 5 (83%)
had a full recovery and one (17%) was discharged with some residual symptoms. One

PCR-positive case of HiB was discharged with residual symptoms.

Significant risk factors associated with BM when compared with VM were: age
(OR for each year of age = 1.04, 95% CI = 1.01-1.07), duration of iliness per day (OR =
1.21, 95% CI = 1.02-1.44), hospitalization in the past month for another illness (OR =
4.10, 95% CI = 1.28-13.19), sleep disturbances (OR = 4.04, 95% CI = 1.58-10.30), and
presence of Kernig’s sign (OR =4.04, 95% CIl = 1.20-13.61).
3.4 CSF and PCR Laboratory Analysis

Table 5 shows the distribution of laboratory results within each clinical group.
Bacterial or viral etiology diagnosis was made in 51% of patients. Five S.pneumoniae
cultures were positive from CSF. Based on in-house PCR analysis, 25 patients were

positive for S. pneumoniae, six for N. meningitidis, and one for HiB. The H. influenzae
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case was also positive for S. pneumoniae and one patient was positive for both S.
pneumoniae and N. meningitis. The viral multiplex PCR analysis indicated that 26
patients were infected with enterovirus, four patients with VZV, and two patients with
HSV-1. No patient was positive for mumps or HSV-2. In one case, both enterovirus and
S. pneumoniae PCR tests were positive. S. pneumoniae and enterovirus were the most

commonly detected etiologies of BM and VM cases.

Discussion

This hospital-based study provides information about the main pathogens
causing CNS infections in febrile hospitalized patients in Georgia. Our data suggest
that the most common bacterial pathogen causing meningitis in Georgia is S.
pneumoniae and that the most common viral pathogens are enteroviruses. The
observation that bacterial culture was positive in only five cases (3.6%) may be
attributed to antibiotic use prior to hospital admission. These findings highlight the utility
of molecular diagnostics for improving pathogen identification for CNS infections. While
the use of molecular diagnostic methods substantially enhanced pathogen detection in
this study, causative agents were still only detected in half of patients. This low
percentage was similar to that reported in other studies, and is likely a consequence of
previous antibiotic use, clearance of virus resulting in absence of detectable nucleic

acid, or infection withpathogens not included in the diagnostic panel for our study.

One of the aims of the study was to compare clinical diagnosis with laboratory-
based pathogen identification. We noted clear discrepancies between clinical diagnosis
and laboratory identification in our study, most notably for VM. Specifically, ten cases of
enterovirus meningitis were erroneously classified as BM which led to unnecessary use
of antibiotics. This important finding supports the use of molecular diagnostics in this
group of cases, when feasible and affordable, as accurate identification of VM could
assist in the targeted use of antibiotics and appropriate allocation of hospital resources.
In addition, our study highlights the need for developing a standardized clinical case

definition for BM, viral VM, and encephalitis that are evidence-based and correlate to
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pathologic diagnosis. Such case definitions would allow for comparability of findings
across studies, and lead to a more accurate clinical interpretation / diagnosis at the

bedside, allowing for better empiric management.

Another aim of our study was to assess the impact of HiB vaccination on the
etiology of CNS infections in Georgia. Ten months before the study was initiated, a HiB
vaccination campaign was initiated in Georgia. However, since very few of our patients
reported being vaccinated with HiB vaccine, and we identified only one case of HiB
meningitis, we were unable to adequately assess this. S. pneumoniae was the
predominant bacterial pathogen (25 positive cases); given the fact that Georgia is
anticipating the introduction of S. pneumoniae vaccine in the near future, our study may
provide valuable baseline data to assess the efficacy of this vaccine. Further studies
are warranted to discern the long-term impact of HiB and S. pneumoniae vaccines in

the Georgian population.

A defined causative agent was identified in only two cases of encephalitis (one
case of VZV and one case of HSV-1). This is consistent with prior etiologic studies of
encephalitis of presumed infectious origin in which, despite extensive testing, a causal
agent was identified in only 30 to 50% of cases. The employment of molecular
diagnostics for encephalitis is helpful, but still results in a lack of definitive diagnosis in
the majority of cases. This investigation highlights the need for better diagnostic
strategies for this syndrome as well as enhanced understanding of non-infectious
causes of encephalitis, such as immune-mediated encephalitides, as well as the

potential for new, currently unrecognized pathogens as causes of encephalitis.

There were several cases of apparent co-infection detected among the study patients.
To date, there has not been any reported association between HiB and S. pneumoniae
meningitis, however, a case of severe pneumonia caused by the co-infection of these
two pathogens was recently described by Akuzawa et al.. Increase in the use of

molecular diagnostics may lead to more frequent detection of co-infection in CNS
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cases, although it should be noted that a false positive result on one or both of the
pathogens detected in our cases based upon our in-house assay cannot be entirely
excluded. Co-infection in CSN patients will be an important topic to assess with further
study in larger cohorts and with subsequent validation of results.

It is well known that S.pneumoniae meningitis may be associated with severe
sequelae. Even in developed countries, the percentage of sequelae is up to 31%. In
this study, all but three of 25 patients (78%) were discharged with complete recovery.
Potential explanations of this observation include early and widespread utilization of
antibiotics (especially antibiotics with good CNS penetration) and molecular diagnosis of
cases with lower concentrations of bacteria in the CNS. To test these hypotheses, a
comparison of the severity of infection between culture-positive and PCR-positive cases

of BM in larger cohort studies is needed.

Our study had some limitations. First, the generalizability of our research
findings is limited. Since our study sites represent all of the reference clinics in Georgia
(except for the National Center for Tuberculosis and Lung Diseases, to which TB
meningitis patients are referred), we can make some general assumptions regarding
CNS infection in the country; however, extrapolation to other geographic areas outside
of the South Caucasus region are probably not possible, given the geographic diversity
of pathogens causing CNS infections, worldwide. Second, the number of specific
pathogens for laboratory testing was limited and there are other possible etiologies of
CNS infection in Georgia (e.g., tick-borne encephalitis virus and measles virus), but
were not assessed in our study. Lastly, the biological samples associated with the
study were limited to CSF, which may be problematic for diagnosis since pathogens
may be present in the CNS transiently. For many agents of CNS infections (e.g.,
arboviruses), serologic studies to detect the presence of virus-specific IgM antibodies in
serum or a rise in antibody titer can be useful; this study did not include serologic

assays.

109



In conclusion, this study provides valuable baseline data regarding the frequency
and etiology of CNS infections in Georgia, and can serve as a foundation for future
assessment of the impact of the introduction of new diagnostic platforms, therapies, and
vaccines in Georgia. Many of our findings substantiate the results of prior investigations
regarding pathogens causing CNS infections, and the challenges of arriving at a
laboratory-confirmed diagnosis. However, our study was the first of its kind in the South
Caucasus, and further characterized the nature of pathogens causing CNS infections in
the region, facilitated by the employment of molecular diagnostics. Observations such
as the clinical misclassification of many enteroviral meningitis cases as bacterial
infections demonstrate the utility of these assays. Enhanced understanding of the key
characteristics of CNS infections in Georgia will assist in public health and health care
planning, as interventions strategies are considered and eventually may translate into

improved health outcomes in Georgia.
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Abstract

Objectives: There is a large spectrum of viral, bacterial, fungal, and prion pathogens that cause central nervous system
(CNS) infections. As such, identification of the etiological agent requires multiple laboratory tests and accurate diagnosis
requires clinical and epidemiological information. This hospital-based study aimed to determine the main causes of acute
meningitis and encephalitis and enhance laboratory capacity for CNS infection diagnosis.

Methods: Children and adults patients clinically diagnosed with meningitis or encephalitis were enrolled at four reference
health centers. Cerebrospinal fluid (CSF) was collected for bacterial culture, and in-house and multiplex RT-PCR testing was
conducted for herpes simplex virus (HSV) types 1 and 2, mumps virus, enterovirus, varicella zoster virus (VZV), Streptococcus
pneumoniae, HiB and Neisseria meningitidis.

Results: Out of 140 enrolled patients, the mean age was 23.9 years, and 58% were children. Bacterial or viral etiologies were
determined in 51% of patients. Five Streptococcus pneumoniae cultures were isolated from CSF. Based on in-house PCR
analysis, 25 patients were positive for S. pneumoniae, 6 for N. meningitidis, and 1 for H. influenzae. Viral multiplex PCR
identified infections with enterovirus (n =26), VZV (n=4), and HSV-1 (n=2). No patient was positive for mumps or HSV-2.

Conclusions: Study findings indicate that S. pneumoniae and enteroviruses are the main etiologies in this patient cohort.
The utility of molecular diagnostics for pathogen identification combined with the knowledge provided by the investigation
may improve health outcomes of CNS infection cases in Georgia.
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Introduction or Neisseria meningitidis. The etiologic distribution of these
o ) ) infections varies with geographic location and age group. HiB
Central nervous system (CNS) infections continue to afflict tends to have a higher prevalence in infants and children less than
populations worldwide, especially due to their associations with five years of age [2]. In contrast, S. prewmoniae and N.
mortality and long-term disability [1]. In spite of the harm caused .

meningitidis are responsible for most bacterial cases in adults
by these infections, they remain poorly described in many regions

[3.4]. The introduction of vaccines for these pathogens has

of the world. Most bacterial meningitis (BM) cases are attributable influenced the epidemiology of BM in high-income countries,

to Haemophilus influenzae type B (HiB), Streptococcus pneumoniae
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particularly the incidence of HiB-related meningitis [5]. Currently,
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S. pneumoniae and N. meningitidis are the two leading causes of

BM in North America and Western Europe [6]. Developing
countries and countries with economies in transition have
historically been reluctant to introduce HiB or other BM vaccines,
primarily due to the high cost of vaccines and insufficient
mnformation regarding the burden of CNS infection associated
with different bacterial pathogens [7,8].

Viral CNS infections are important causes of neurologic illness,
and may result in meningitis, encephalitis, and myelitis with
varying degrees of severity [9]. The most commonly identified
viruses leading to CNS infections are enteroviruses, herpesviruses,
and arboviruses. The determiation of a definitive etiology in
suspected viral CNS infections is challenging. In most cases, the
etiology is unknown, even after extensive diagnostic testing,
however, this situation is improving due to availability of newer
molecular diagnostics techniques [10-12].

In the country of Georgia, limited research data suggest that
three bacterial pathogens (HiB, S. pnewmoniae, and N. meningi-
tidis) are the main causes of BM [13]. Old data from other former
Soviet Republics indicate that before the introduction of the HiB
vaccine, 50% of childhood BM in Russia was due to HiB [14].
Due to the unavailability of reliable, aftordable laboratory

diagnostic tests in Georgla, there are few confirmed diagnoses of

viral CNS infections. Consequently, the true incidence and
etiology of bacterial and viral meningitis are not well described.
Physicians routinely rely upon clinical as
medical judgment and experience to differentiate between BM
and viral meningitis (VM), and patients are treated empirically:;
these clinical assessments may frequently lead to misdiagnosis.

essment and their own

Empiric therapy may lead to mnappropriate and excessive use of

antibiotics and promote antibiotic resistance.

The aim of this study was to characterize the spectrum of CNS
mtection pathogens in febrile hospitalized patients, utilizing both
traditional culture techniques and molecular diagnostics to
mprove the laboratory diagnostic assessment of these patients.
This study describes laboratory findings associated with S,
pneumoniae, N. meningitidis, HiB, enterovirus, varicella zoster
virus (VZV), herpes simplex virus type 1 (HSV-1), herpes simplex
virus type 2 (HSV-2), and mumps infections, provides detailed
clinical information about these cases, and analyzes the relation-
ships between clinical findings and laboratory results.

Methods
Study Design

This hospital-based study was conducted between October 2010

and May 2012 at four reference clinics in Thilisi, the capital of

Georgia: 1) Scientific Research Center of Infectious Pathology,
AIDS, and Clinical Immunology; 2) P. Sarajishvili Clinical
Neurology and Neurosurgery Institute; 3) lashvili Children’s
Central Hospital; and 4) the Neurology Department of S.
Khechinashvili University Clinic. Patients were eligible for the
study if they had: 1) a current or history of self-reported or
documented fever of =Z38C" during the course of the illness; 2) one
or more signs of meningitis and/or encephalitis (severe headache,
photophobia, nausea/vomiting, meningeal signs, petechial/pur-
pural rash, altered mental status, seizures, and lethargy); and 3)
clinical indication for lumbar puncture (LP), as determined by the
attending physician. Exclusion criteria for enrollment included: 1)
patient with a documented non-infectious cause for neurologic
illness; 2) patient less than two months of age; or 3) a post-
neurosurgical, trauma, or immune-compromised patient. Trained
study site physicians at each study site reviewed hospital admission
logs on a daily basis to identify patients with a diagnosis of acute
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meningitis or encephalitis. Patients or their legal guardians
provided written informed consent prior to enrollment. The study
was approved by the institutional review boards of the National
Center for Disease Control and Public Health in Georgia, the U.S.
Army Medical Research Institute of Infectious Discases, the
Walter Reed Army Institute of Research, and Naval Medical
Research Unit-3 in Cairo, Egypt. The medical care of patients was
conducted according to routine local clinical practice and was not
mfluenced by the study.

Information on demographics, risk factors, clinical features, and
epidemiologic factors were collected on a standardized report form
by the study site physicians. Data on medical history, laboratory
tests performed during the care of the patient and treatment
rendered was also collected on this form. In Georgia, LP is
standard practice for patients with a suspected CNS infection. For
study purposes, participants were asked to consent to the collection
of an additional 1-3 ml of cerebrospinal fluid (CSF) beyond the
volume normally drawn for examination and diagnosis (3-5 ml).
CSF was preferentially collected prior to antibiotic treatment,
consistent with the patient’s condition and physician treatment.
The level of consciousness was assessed using the Glasgow Coma
Scale [15]. In patients with suspected brain hemorrhage or a focal
brain lesion, computed tomography (C'T) or magnetic resonance
maging (MRI) scan was conducted as part of their routine medical
assessIment.

CSF Laboratory Testing

The CSF laboratory testing panel included cell counts and
differential, glucose and protein levels. Based on medical history,
clinical presentation, and CSF parameters, clinical suspected
diagnoses were made by treating clinicians, and patients were
classified into cases with BM, VM, tuberculosis (TB) meningitis, or
viral encephalitis (VE) [16]. As part of the research study, several
laboratory tests were performed for all patients, regardless of
clinical diagnoses. A CSF gram stain was performed; an aliquot
was plated on chocolate agar and incubated at 37°C in CO for
72 hours. In-house singleplex PCR was performed to detect HiB,
N. meningitidis, and S. prewmoniae. A multiplex PCR test (Fast-
Track Diagnostics (FTD) Viral Meningitis for ABI 7500 and
Rotor-Gene 6000) was used to detect HSV-1, HSV-2, mumps,
enterovirus, and VZV. MagNA pure automatic extractor, which is
a closed system, was used to minimize contamination. Every run
contained 30 samples +1 human sample control (HSC) +1 NTC
(water). The HSC ensured that the extraction was done properly
by doing the RNP gene and the water to ensure there was no
contamination during extraction. The bacterial real time PCR was
singleplex, where each target was done in a separate PCR plate
with no primers contamination or mix up. The specimens were
batched for PCR testing; results were reported back to the treating
physicians on a periodic basis, but were not intended to guide
clinical management. Confirmatory testing for TB meningitis was
not part of this study. All suspected TB meningitis cases were
referred to the National Center for Tuberculosis and Lung
Diseases for care.

Statistical Analysis

Chi-square test was used to compare percentages and the
Mann-Whitney U test to compare means. Odds ratios (OR) with
95% confidence intervals were estimated to measure the
association between selected covariates and clinical diagnosis,
and were then adjusted (AOR) for age in years, gender, and study
site using logistic regression analysis. All p-values were two sided
and the significance level was set at 0.05. All analyses were
performed using Epi-Info version 7 and SPSS software.
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Results

Demographics
A total of 140 patients were enrolled, and of these, complete
clinical information was available in 134 (96%). The mean age was

23.9 years and 53% of patients were children less than 18 years of

age. Over 51% of participants were male, 67% were urban

residents, including 40% who were residents of the capital city of

Thilisi (Table 1). Among study participants, 33% reported having

\ / = 7 el =
had contact with animals within two weeks prior to enrollment.
Specific animals reported were: dogs (28%), poultry (25%), cats

b /s 7\ /1

(16%), cattle (12%), swine (6%), sheep/goats (4%), and rodents
(4%). Regarding agricultural activities, 10% of patients reported
participating in soil cultivation, harvesting, cutting grass, etc.
Travel outside Georgia during the month prior to illness was
uncommon (<<1%).

Clinical and Laboratory Data

Thirty-one percent of patients had been hospitalized elsewhere
for illnesses related to their CNS illness during the month before
presenting to one of the study sites. Over 33% of participants
received antibiotics before hospital admission, 30% were referred
from other health centers, and 15% had a pre-existing medical
condition. In addition, 16% of patients reported having had
symptoms suggestive of another infection in the month before they
developed CNS illness (43% of these patients had a middle ear
infection). At hospital admission, the median temperature was
38°C (range = 37.5 40°C). Patients were symptomatic for a mean
duration of 4.4 days (standard deviation = 6.3) before presenting
to the hospital. The most common signs and symptoms reported
were fever, headache, nausea/vomiting, and depressed mood, and
to a lesser extent, rash, seizures, abdominal pain, diarrhea, pain in
joints, and skin lesions (Table 2).

The percentage of patients who reported having received
Bacillus (BCG),  measles/mumps/rubella
(MMR), and varicella vaeccines were 73%, 53%, and 0%,
respectively. Only one patient remembered receiving HiB vaccine
and one patient had received the S. pneumoniae vaccine.

Calmette-Guerin

Based on the Glasgow Coma Scale (GCS), three patients were
in deep coma (<I5) at time of admission, and seven patients had a

GCS score between 6 and 10. Kernig’s and Brudzinski’s signs were
seen in 50% and 40% of patients, respectively. An altered mental
status (confusion) was observed in 22% of patients. Cranial nerve
palsy was detected in 7% of patients, with the most common

Central Nervous System Infections in Georgia

finding being peripheral facial nerve weakness (70%). Sensory
deficit was uncommon (2%) and focal motor deficit was detected
in 8% of patients.

CSF was clear in 81 (58%) patients and turbid in 45 (32%)
patients. Nine (7%) CSE specimens were considered traumatic
taps and had gross blood contamination. CSF was unavailable on
five patients. The median values of CST parameters for patients
with BM were: white blood cells (WBC) count 1,530 cells/mm®
(range: 53-100,000 cells/ mm?), neutrophils 78% (range: 20-95%),
lymphocytes 22% (range: 5-80%), protein 66 mg/dl (range: 0.17
660 mg/dl), and glucose 44+ mg/dl (range: 0167 mg/dl). These
and additional CSF parameters are presented in Table 3.

CT and MRI results were abnormal in 11 of 35 (31%) and 14 of
31 (45%) of patients, respectfully. Abnormal findings included
sinusitis, ethmoidal osteoma, mastoiditis, multiple brain abscesses,
and subarachnoid cyst. Over 62% of patients received antibiotics
during their hospital stay, most commonly ceftriaxone and
vancomycin.

Clinical Diagnosis

Based on clinical diagnosis, 75 (56%) patients were classified by
treating clinicians as BM, 39 (29%) as VM, 8 (6%) as TB
meningitis and 12 (9%) as encephalitis (Table 3). In four patients,
this was the second diagnosis of BM during their lifetime.

There were no differences between clinically diagnosed BM,
VM, TB meningitis, and encephalitis by gender, Thilisi residence,
urban residence, animal contact, another illness in the month
before patient developed neurologie signs, or hospitalization in the
month prior to study enrollment. BM cases had a significantly
higher mean age (28.8 years) and duration of illness (4.8 days)
compared to their counterparts, while encephaliti s reported
significantly more involvement in agricultural activity (33%).

Patients clinically diagnosed with BM or TB meningitis had a
significantly higher percentage of Kernig's sign and signs/
symptoms of chills and sleep disturbances compared to VM and
encephalitis cases (Table 4). The hospitalization duration was
significantly longer among BM and encephalitis s than among
patients diagnosed with VM or TB meningitis. Changes in
personality were more likely to occur among BM cases, followed
by encephalitis and TB meningitis cases. CSE was turbid i 58%
(n=43) of the BM cases, 3% (n=1) of VM cases, but clear among
all encephalitis and TB meningitis cases. Most VM and BM cases
had a complete recovery by the time of hospital discharge and
60% of encephalitis and TB meningitis cases left the hospital with

s

Table 1. Baseline characteristics of 140 patients presenting with febrile acute central neurologic system infections, country of

Georgia.

Feature no (%)
Age (years), mean (SD) 239 (22.8)
Male 71 (53)
Thilisi residence 53 (40)
lashvili Chidren’s Hospital 47 (35)
Animal contact 44 (33)
Agriculture activity 14 (10)
Tick bite 1(07)
Mosquito bite 25 (19)
Travel outside Georgia 1(0.7)

Note: SD, standard deviation.
doi:10.1371/journal.pone.0111393.t001
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country of Georgia.
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Table 2. Frequency of signs and symptoms among 140 patients presening with acute febrile central nervous system syndrome,

Signs/symptoms no (%)
Fever 138 (98)
Headache 128 (91)
Nausea/vomiting 125 (90)
Depressed mood 114 (81)
Stiff neck 110 (79)
Pain behind the eyes 96 (69)
Chills 82 (59)
Photophobia 75 (54)
Night sweats 60 (43)
Sleep disturbance 63 (45)
Cough 28 (20)
Shaking/rigors 24(17)
Personality change 21 (15)
Sore throat 20 (14)
Rash 10 (8)
Seizure 10 (7)
Abdominal pain 8 (6)
Muscle soreness 7(5)
Pain in joints 7(5)
Diarrhea 54)
Skin lesions 20)
Unusual bleeding 0 (0)

doi:10.1371/journal. pone.0111393.t002

improved condition but stll with some sequelae. Median duration
of hospitalization for BM was 22 days (range: 3152 days); for VM
9.5 days (range: 243 days);, and for encephalitis 10 days (range:
3-22 days) TB meningitis cases were unable to be followed up
prospectively.

Five patients with BM presented with petechial rash. In one
patient with VZV-associated encephalitis, a papular rash was
detected. One 12-year old female diagnosed with encephalitis
reported a prior tick bite. Of 25 cases positive for S. prewmoniae
by PCR, 19 patents had a full recovery (76%). four were
discharged with some residual symptoms (16%); one patient, a 74
year old male with pre-existing medical conditions died, the only
fatal case in the study. The outcome was unknown in one case of

nervous system infections, country of Georgia.

S. pneumoniae. Of six cases positive for N. meningitidis by PCR, 5
(83%) had a tull recovery and one (17%) was discharged with some
residual symptoms. One PCR-positive case of HiB was discharged
with residual symptoms.

Significant risk factors associated with BM when compared with
VM were: age (OR for cach year of age =1.04, 95% CI=1.01
1.07), duration of illness per day (OR=1.21, 95% CI=1.02
1.44), hospitalization in the past month for another illness
(OR=4.10, 95% CI=1.28-13.19), sleep disturbances
(OR=4.04, 95% CI=1.58 10.30), and presence of Kernig’s sign
(OR =4.04, 95% CI=1.20-13.61).

Table 3. Median Values and Ranges of Cereprospinal Fluid (CSF) Parameters among patients with clinically diagnosed central

Tuberculosis
CSF Parameter Bacterial Meningitis Viral Meningitis Meningitis Encephalitis
n=75 n=39 n=8 n=12

White Blood Cells (WBC) (cells/mm3) 1,530 (53-100,000) 71 (12-450) 465 (65-3500) 29 (7-133)
Neutrophils (%) 78 (20-95) 57 (0-71) 62 (0-68) 46 (30-58)
Lymphocytes (%) 22 (5-80) 42 (12-100) 39.5 (32-100) 54 (42-70)
Protein (mg/dl) 66 (0.17-660) 11.6 (0-66) 66 (33-660) 33 (0.03-330)
Glucose (mg/dl) 44 (0-167) 69 (31-158) 39 (22-145.8) 71 (37-147)

doi:10.1371/journal.pone.0111393.t003
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CSF and PCR Laboratory Analysis

Table 5 shows the distribution of laboratory results within each
clinical group. Bacterial or viral etiology diagnosis was made in
51% of patents. Five S.pnewmoniae cultures were positive from
CSF. Based on in-house PCR analysis, 25 patients were positive
for S. pmeumoniae, six for N. meningitidis, and one for HiB. The
H. influenzae case was also positive for S. pneumoniae and one
patient was positive for both S. prewmoniae and N. meningitis.
The viral multiplex PCR analysis indicated that 26 patients were
infected with enterovirus, four patients with VZV, and two
patients with HSV-1. No patient was positive for mumps or HSV-
2. In one case, both enterovirus and S. pneumoniae PCR tests
were positive. S. pneumoniae and enterovirus were the most
commonly detected etiologies of BM and VM cases.

Discussion

This hospital-based study provides information about the main
pathogens causing CNS infections in febrile hospitalized patients
i Georgia. Our data suggest that the most common bacterial
pathogen causing meningitis in Georgia is S. preumoniae and that
the most common viral pathogens are enteroviruses. The
observation that bacterial culture was positive in only five cases
(3.6%) may be attributed to antibiotic use prior to hospital
admission. These findings highlight the utility of molecular
diagnostics for improving pathogen identification for CNS
mfections. While the use of molecular diagnostic methods

substantially enhanced pathogen detection in this study, causative
agents were stll only detected in half of patients. This low

PLOS ONE | www.plosone.org

Table 4. Selected characteristics of the study patients with acute central nervous system infections classified by clinical diagnosis,
country of Georgia.

Bacterial Viral Meningitis Tuberculosis Encephalitis
Feature Meningitis (n=75) (n=39) Meningitis (n=8) (n=12) P-value
Age (years), mean (SD) 28.8 (24.8) 13.5 (16.8) 404 (19.6) 21.5 (15.7) 0.004
Male 39 (52) 19 (50) 5 (62) 8 (67) 0717
Thilisi residence 29 (39) 17 (44) 4 (50) 3 (25) 0.633
Urban residence 52 (69) 28 (72) 4 (50) 4(33) 0.057
Animal contact 21(28) 14 (36) 3(37) 6 (50) 0.450
Agriculture activity 6 (8) 2 (5) 2 (25) 4(33) 0.017
Duration of illness (days), mean (SD) 4.8 (7.8) 24 (2.2) 36 (2.1) 8.2 (4.8) <0.001
Another infection in the prior month 16 (21) 2 (5) 0 (0) 3(25) 0.067
Hospitalized in the prior month 27 (36) 6 (15) 4 (50) 5 (42) 0.064
Days of hospitalization, mean (SD) 14.5 (6.2) 93 (4.1) 11.7 (8.5) 17.3 (12.3) <0.001
Kernig's sign 45 (60) 14 (37) 6 (75) 2(017) 0.005
Brudzinski's sign 31 (41) 17 (46) 4 (50) 2(17) 0310
Altered state of consciousness 21 (28) 3(8) 2 (25) 4 (33) 0.090
Severe or moderate disability 10 (14) 1(3) 1(12) 2(17) 0.289
Motor deficit 3 (4) 3(8) 0 (0) 5 (45) <0.001
Chillls 50 (70) 23 (60) 4 (50) 2(18) 0.009
Change of personality 17 (24) 1(3) 1(12) 2(18) 0.040
Sleep disturbance 42 (59) 10 (26) 4 (50) 3(27) 0.006
Cranial nerve palsy 203 2 (5) 2 (25) 4 (36) <0.001
Turbid CSF 43 (58) 1(3) 1012) 0(0 <0.001
lliness resolved at hospital discharge 62 (87) 37 (95) 2 (25) 3(25) <0.001
Note: SD, standard deviation; CSF, cerebrospinal fluid.
doi:10.1371/journal.pone.0111393.t004

percentage was similar to that reported m other studies [12,17],
and 1s likely a consequence of previous antibiotic use, clearance of
virus resulting in absence of detectable nucleic acid, or infection
with pathogens not included in the diagnostic panel for our study.

One of the aims of the study was to compare clinical diagnosis
with laboratory-based pathogen identification. We noted clear
discrepancies between clinical diagnosis and laboratory identifica-
tion in our study, most notably for VM. Specifically, ten cases of
enterovirus meningitis were erroneously classified as BM which led
to unnecessary use of antibiotics. This important finding supports
the use of molecular diagnostics in this group of cases, when
feasible and affordable, as accurate identification of VM could
st in the targeted use of antibiotics and appropriate allocation
of hospital resources. In addition, our study highlights the need for
developing a standardized chnical case definition for BM, viral

VM, and encephalitis that are evidence-based and correlate to
pathologic diagnosis. Such case defimitions would allow for
comparability of findings across studies, and lead to a more
accurate clinical interpretation/diagnosis at the bedside, allowing
for better empiric management.

Another aim of our study was to assess the impact of HiB
vaccination on the etiology of CNS infections in Georgia. Ten
months before the study was Initiated, a HiB wvaccination
campaign was initiated in Georgia. However, since very few of
our patients reported being vaccinated with HiB vaccine, and we
identified only one case of HiB meningitis, we were unable to
adequately assess this. S. pnrewmoniae was the predominant
bacterial pathogen (25 positive cases); given the fact that Georgia
is anticipating the introduction of S. pnewmoniae vaccine in the
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country of Georgia.
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Table 5. Laboratory results for patients diagnosed with bacterial meningitis, viral meningitis, TB meningitis, and encephalitis,

Laboratory result Bacterial Meningitis Viral Meningitis Tuberculosis Meningi Encephalitis
n=75 n=39 n=8 n=12
S. pneumoniae® 5 0 0 0
S. pneumoniae** 20 1 3 0
N. meningitidis 5 0 1 0
H. influenzae 1 0 0 0
Enterovirus 10 16 0 0
Varicella zoster virus 0 3 0 1
Herpes simplex virus type 1 1 0 0 1
Herpes simplex virus type 2 0 0 0 0
Mumps 0 0 0 0

*By cerebrospinal fluid culture.
**By in-house singleplex PCR analysis.
doi:10.1371/journal.pone.0111393.t005

near future, our study may provide valuable baseline data to assess
the efficacy of this vaccine. Further studies are warranted to
discern the long-term impact of HiB and S. pmeumoniae vaccines
in the Georgian population.

A defined causative agent was identified in only two cases of

encephalitis (one case of VZV and one case of HSV-1). This is

consistent with prior etiologic studies of encephalitis of presumed
infectious origin in which, despite extensive testing, a causal agent

was identified in only 30 to 50% of cases [18]. The employment of

molecular diagnostics for encephalitis is helptul, but still results in a
lack of definitive diagnosis in the majority of cases. This
investigation highlights the need for better diagnostic strategies
for this syndrome as well as enhanced understanding of non-
mfectious causes of encephalitis, such as immune-mediated
encephalitides, as well as the potential for new, currently
unrecognized pathogens as causes of encephalitis.

There were several cases of apparent co-infection detected
among the study patients. To date, there has not been any
sciation between HiB and S. pneumoniae meningitis,

rep()rrr(l dSss

however, a case of severe pneumonia caused by the co-infection of

these two pathogens was recently described by Akuzawa et al.
[19]. Increase in the use of molecular diagnostics may lead to more
frequent detection of co-mfection m CNS cases, although it should
be noted that a false positive result on one or both of the pathogens
detected In our cases based upon our in-house assay cannot he
entirely excluded. Co-infection in CSN patients will be an
mmportant topic to assess with further study in larger cohorts and
with subsecuent validation of results.

It is well known that S.pmewmoniae meningitis may be
associated with severe sequelae. Even in developed countries, the
percentage of sequelae is up to 31% [20]. In this study, all but
of 25 patients (78%) were discharged with complete
recovery. Potential explanations of this observation include early
and widespread utilization of antibiotics (especially antibiotics with
good CNS penetration) and molecular diagnosis of cases with
lower concentrations in the CNS. To test these
hypotheses, a comparison of the severity of infection between
culture-positive and PCR-positive cases of BM in larger cohort
studies is needed.

three

of bacteria

Our study had some limitations. First, the generalizability of our

research findings is imited. Since our study sites represent all of

the reference clinics in Georgia (except for the National Center for

PLOS ONE | www.plosone.org

Tuberculosis and Lung Diseases, to which TB meningitis patients
are referred), we can make some general assumptions regarding
CNS infection i the country; however, extrapolation to other
geographic areas outside of the South Caucasus region are
probably not possible, given the geographic diversity of pathogens
causing CNS infections, worldwide [21]. Second, the number of
specific pathogens for laboratory testing was limited and there are
other possible etiologies of CNS infection in Georgia (e.g., tick-
borne encephalitis virus and measles virus), but were not assessed
in our study. Lastly, the biological samples associated with the
study were limited to CSF, which may be problematic for
diagnosis since pathogens may be present in the CNS transiently.
For many agents of CNS infections (e.g., arboviruses), serologic
studies to detect the presence of virus-specific IgM antibodies
serum or a rise in antibody titer can be useful; this study did not

S

inchude serologic a:

study provides valuable baseline data
regarding the frequency and etiology of CNS infections in
Georgia, and can serve as a foundation for future a

In conclusion, this

essment of

the mpact of the introduction of new diagnostic platforms,
therapies, and vaccines in Georgia. Many of our findings
substantiate the results of prior investigations regarding pathogens
causing CNS infections, and the challenges of arriving at a
laboratory-confirmed diagnosis. However, our study was the first
of its kind in the South Caucasus, and further characterized the
nature of pathogens causing CNS infections m the region,
facilitated by the employment of molecular diagnostics. Observa-
tions such as the clinical misclassification of many enteroviral

meningitis cases as bacterial infections demonstrate the utility of
these assays. Enhanced understanding of the key characteristics of
CNS infections in Georgia will assist in public health and health
care planning, as Interventions strategies are considered and
eventually may translate into improved health outcomes in

G 1
seorgia.
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