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Usgombol  Iglfagerols  sgdwmoemds.  Lobberol  xam@méo  9B6Gogqbgdo
3608369cmgsbos Homo sapiens-ob  9@s3@06Mgdobomgol, (Xu et al., 2021). ISBT 3096

3005M9dMYos 45 xama3® LobGHgds o 360 s6F0d9b0 9BBH0YIbgdOL  »TgEgumds
30obydoM0gd0s,  mwdzs  a3b3wgds  (30egdo3.  obobo  BmbsHowgmdgb
9O0DOME0HIOOL  HOMGPOINL ©d OIPFIWIOMOY GbJogddo, bywwl figmdgb
3m63mbgdol, 30@930bgd0l, BgMTI6EHJOOL  BHMIBLEMMEGH0MGOIL @S LEHOIEHMOIEo
9999639005 xMgMwo d9ddMsbgdol s3gbosdo (Yamamoto et al, 2014). ABO
LoLbEIOL X0 ZobolsbPZMYds JOHOMOM30EHDY A ©S B 5630396900l s IMsEHdo s6E0-
A @5 36@0-B 5b63H0lbgmegdol  sMIgdmds/s0bgdmdood (Daniels, 2023). ABO IgM
36 obbgmgdo, Mmam®E Hgbo, sbodmdowgddo sMos s BBEYds LogmEbaol 3039w
fogwb (Branch, 2015). ABO xa39539960 Lol@gds 0sbsdgo®mgg 296md03496 dgogobsdo
960393690356 B0l 05859MdL. JOHODMOMEFOGHJO0L 9b63H0ggbgdoL sdsEo gdudMglos,
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X M9900L 0y bbgs Lodlogbggdo s JoOMMYOIO OLBEBHMOS, g ol BodGHMGYdO.,
MOmIWadoE 293wgbsl  9bgbgb ABO  5630396900L 9dudeglosty s 0f39396
03009005 9ML5050mdYOL (Fathima & Killeen, 2023).

SboEdmdool  geHomOmMmiEoGHIdL A s B 9630396900l go3owgdom  LmbGo
9gu3MgLos  5d3m, Mooz bogmuo  F9M339MEHoo®  WIEMIEos ©IEOL  0dMbmEmo
LoLEBYAol  M9odBHOWWMdOLYSE (Daniels, 2023). sbserdmdogrols Lolberol  dMs@do
390dgds 96 0ygmb  Fgbsdsdolo  sbGHoLbgmwgdo, o3 03938 XdMBOL  SOILHMM
39BLOBEOZMLL. 93 YBHMUEHMBIA sboIMdOEGdTo Fgodegds 25dmofizoml BHEMbLEm ool
090pamdo  4oMMMWgdgdo. Ju  RBoJBHO  3O0GOIMNWo©  I60d3bgEM3z5605, Mo
39005109090 BHMBLRWBoOL LoEws30sdo dgloggmolo Embm®ol 3mgbs Jgodwgds
3900wl 8dodg  96s8bgBol  Jmbg  sbsEImdogdolm3zol.  3erobolz®ds
239930 gdsd 563965, MHMI OHMMEro 965367 BoL dJmbg  sbodmdogddo bdoMs

30O  LobbEool  X3Mxzol  0wI6EHOBOE0MIds.  Lbbgoslbgs  Lolberol  xamao
096@G08030M©Y0s  oblbgsggdmwo s GHIMbsGHomwo  gdbozol  godmyggbgdoom.



3boEdmd0Wgdly O BOHILOgdL Rh LobGgdol s6EH0ggbgdols dbgogbo gdudMglios
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9939395. 50L60b6530, O™ A1 s A2d39X293900L TgLobgd 0bxMEMTs30s T9)HBLMOMEOos.
439esdg 3609369 m3z96 09390l dmMobss ABO-Us @s bbgo@olbgs 935009090l
dmMob  3930060L  9OBYOMdS  (Fathima & Killeen,2023).  99bmdolb 1193396069050
5653bmm@ JgLodEgdgeo Aobos 98 39380600l  5©IMBYDY, 90589 o3I 0gMs B3z9bo
3™mbs ABO-bs oo 35L09b 053938069000 496900l g3men«y300l dgbobgd. bogmagols o
boedmdowol  390m@obmMo  ©o3509ds  (HDFN)  {o60moagbl  3sommemmaost,
MOMdgog 3odmf39os 9HoMM™M30GHJO0L Idwom. dolo dJoMomMsEo FoByHBYd0s
95/ Boygmxnol 9OHoOHME0GH™Wo 6EH0y9b-56E0LbyMmgdol Ggmmoglgdermds (Usmani
et al, 2024). ABO s Rh LobEgdol 5603969005080 d0dsmmmeo sbEolbgmemgdo
g439wsdg  bdoMo  SLmEoMmgds HDFN-ol  996300060905b0006 s  50bodbmero
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28 ©M0sb 6 ™399 s B30wdOL 3539aMEM0s 6-sb 12 mM399Y9. Fgbfogerowo 0dbs
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1939 %9630 ge sboedmdowmsb. 34 HDFN 8gdmbg sboendmdowdo  dglfjsgerowo ogbs
SNP rs8176719 958mygbgd00 G gwg3ool 39360390 900L mo30L90v)Mgds. 398meobols
bs6oLbol Fgz3oL9ds 9BbMM 309 S Lolbeols IMsEdo LogMomm dowroMMdobol mbols
Lo3Md3zgeDY.  LEAOIGOLEHOIMMO BB  gobbmeiogurs SPSS  3MMaMmsdols s
https://www.socscistatistics.com 3¢oGBmMdol d9dg9mdom. 33arg3s 99glodsdgds §mo3Mo
663930 LBHobIMEL s TFHI0EIOL0S BOMYMO30L 3MBoEYGHOL dogh (d¢d. N BIH-
24-0215-01).
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141 23960©L @5 99905  Tgbogeobogsb, @o@gMo@m®mol  dodmborgologsb o
996396008960 bsfoolisgsh, Hmdgwos dmoEagl 33e0g30L doloerols s 8go™MEYdOL
5bsL0sMYOSL s 339308 F9YEJOOL  bsEOBL.  oEBHIMOGHIOOL  Bsdmbsmzswo
Domdmeggboros 182 gstrmmo. sb3369d0 Ho@mdmpagbowos 10 31bJEHom. GgduBdo
Boommos 41 EbGowo, 11 LmGomo. mbsdmmos bsddmddo  gs9mygbgdmwo
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653630 go965¢00BgdME0s 182 o@gMsGHMOIo (gotrm, Loog 4obbowmos
LoEOLYOEIE0M  0gdsLMIb 353800900 LEObFMMTsz0Mm  [ys®mgdols  sbserobo,

3090 3m©bol 8EyMTsMgMds, doMOMOIEO F9JJ00 s 3Mb3EIRBE0Jd0 33930l
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0530 II. 33930 990093900 s 36sewoBo
I1.1. ABO Lolbemol xama53gdol gsbsfoemgds dglfogemoen sbserdmdomgddo

1533093 208 sHOETMBOMS  BOMEMA0E  bodxmdgddo ABO  LolLEgdol

BIBmGHO3PHo  X3IBJoOo
36930 glmdsL (43.75+3.4%) 593b O(I)

3M5Mbs0MO©  9M0OL  oboflogdmeo.  dglfegerowms
X380 (n=91). JgbHogeroo sHITMOOL M
41.35+3.4%-1 543l A(II) xamx30L BbMEGH03MGMO Tsbslosmgdargdo (n=86). B(III) xama0
59430 21 9gLfogeroe sboendmdoels (10.10 +2.0%) s 4.8 +1.4% odgb AB(IV) xamao.
OmamO3 36m00os ABO bobEgdsdo sGlgdmdl mmbo 19bm@Eo3mo g3smosizos: O (I), A
(I1), B (I1T) cos AB (IV) (3b6.1).

3560 35060960l 356mbbg  ©ogHbmdom r sengero e8mgzwobs Yyz9wsdy
ds0oeo Lobdomom. dolo 3609369 ™ds MOl 0.6-L, p sEgEols 36M935¢gbBHMds SGOL
0.3, q 590l LobdoMg Y39wWsHY B0s s 0.1-0l 9Jz035¢gbEMM0s (3b6.2). B3z9bL
d9LPHogwow 3m3mOESJo 1, P, q Segerol LobdoMob X sdo Mol 1-b.

3b®owo 1. ABO bobbeol xa53900L
2965f0gds Ggbffaguoq sbogrdmdowgddo

3bowo 2. ABO bolb@gdolb gqbgdob gobsfoegdols
LobdoMy dqbfogeroe sbogrdmdowgddo

Lbobber | Gsmgbm | 3Gmggh | df | CV | x2 b595¢gemeyMo 393039900l
ol ds &o 3069603760 85Bg9bgdg0
X380 | (n) (%) Lolsgds
O (1) 91 43.75 3 7.8 | 89.6 r=vO 0.6

+3.4 15 5
A (IT) 86 41.35

+3.4
B(I) |21 10.10 p=1-VA+O 03

+2.0
AB(IV) | 10 48+1.4 4= 1-VB+O 01
Lgem 208 100




I1.2. ABO s Rh lolberol xa182900 s6G0olbgmergdol bLobomgbols 0sg0ligdmmgdgdo
Sboedmdorgddo

B3960 063H9gMgLlols LRgHM 0ym SboEdMdOEgdol dbgdMogo Ho@MdmImdol sb@Ho-A
5 36@H0-B 956@0Lbgmegdol LobmgHBol Mog30lgdMgdgdoL glfogwrs. JmBM©Owqddo,
o) xamx30L dJmby 30690, MHmymeE Falo, 5J300 OMamOE sb6F0-A, slg3g BGH0-B
bEoLbgMwgdo.  0dzs  sLsbodbsgz0s,  MHMI  SbEHOLbYMdOl  4edm3zergbs
3bodMd0gddo goblbgszgds BMEILMMEO 505d0569g30LsYYb.

O() xamxnol dJmbg dglfogerowo sbsErdmdogrms 38.46+5.0%-b 3Jmbos s6FH0-A
5 963H0-B 96EHolbgMgdo (n=35), bonwm 5639600 56EH0LbYMOo 56 0ym 3sdmzwgboeo
30.77+4.8% 090mbgg3zsdo (n=28). JgLfogeroe sbodmdowwms 20.88+4.2%  5@&9M9dL
dbmwmE 6GH0-A 56E0LbYMgdL (n=19), bergwem 9.89+3.1% 53o69dL dbmrm s630-B
3bGHolbYMEqdL (n=9) (gbe. 3).

3b®owo 3. 6E0-A s 96E0-B sbEolbgmmmadols gbGowo 4. B6F0-B sb6EHolbgmmgdol Lobmgbo
Lobogbo O (I) x50l sboewdmdowwgddo A(IT) xamx0b sboerdmdowgddo

ABO-ob M | 3Gmggbdo | df | CV | ¢ sb@o-B MomE) | 36Gmagb | df | CV | X2

3bBolbgm | ©gbm BBHoLby | brmds &0

wgdo 35 (n) (%) “@wo (n) (%)

®Gogy/ | 35 3846£50 |3 | 781 | 16.

BFo-A, 3 6 Nolell 35 40.7 1 3.84 | 444

363 0-B +3.4% 1

3b6Golbgm

o

dbeowmeno | 19 20.88+4.2 56 5600 51 593

BHo-A +5.2%

3b6EoLbg

o

dbmeoem 9 9.8943.1

5 @S—)B ® beyew 86 100

3b6EoLbg

o

sbgdomo | 28 30.77+4.8

Lmem 91 100

d9bPogowo 86 sbsEdMdOOoLbmM30L sdobolioomgdgwros A(Il) xawmao. bggbl
doge sdmbgbocro 0dbs, ®md dgbfiogeroer  40.7+3.4%  sbHsEdMdOEgdl BOHILOYYIE
553056900l Abas3gLyE  9g3L bEH0-B 96GH0LbgMgdo (n=35), 353650 1IMSZglrdS
59.3+5.2% (n=51) 6 B39690> s MEHObsgool  Ggodiosl  B(III) X3IB0L
96000OM3039d0L JodsMrm (3b6r.4).



31939 39399650 Bgm  3bgdM030 9BFGH0-A  9b6GHOLLYMgdOL  A5dm3zegbol
053019090 90900 b dMmdOgddo. Ggbfiogerowo 0dbs B(III) xamaiol 21 sbosendmdoro.
HMamO3 3bmdowos B(III) xamxol ddmby BO@olomer 5©sdosbgdl 3ersbdsdo sdzom
016996030 56@H0-A 96EH0LbgMgd0. Jglfogzeroo sHETMdOEGd0Eb 61.9+3.4% (n=13)
593L 9b6GH0-A 56EH0LbMEgd0 3sBdsdo, 0lgzg OMyMOE BOHILEOMEL. 38.1 +3.3%-0s
(n=8) 56 5B3965 M5039 53 YEH0bsE00L Mgod3os A(IL) xama0L gOHomGOM30EHJd0L J0dscron
O0amO3 3bmdowos AB(IV)  xam53900L ddmbg 50000056908 56 assBbosm o3 ghmo
X3IBL39E0BR03MO0  bEHOLbgMEo 3esBTsTo. sOEgMm B39bL 3393580 dmbsfowng
sboedmdool Lolberols 60dxdl AB xawmaom (n=10) 56 359m9309605 s53yE0bszools
954305 903 9O LEHIBIOEMWO GHONOMFOEHOL J0TsMm (3HG.5).

300 5. 56¢0-A s6EH0Lbbgyagdo B(III) 3b®owo 6. ABO-0b 56¢0lbgmewgdol Llobomgbol
X39I30L sbogdmdowgddo LobdoMy dqbfogeroe sbogr8mdowgddo
BBHo-A Mo | 36mggbBo | df | CV | ¢ ABO B6em®dsew | Bofogmd® | Lobogbo | byew
3bEolbg g6 | (%) Lolbgool | ¢eo 030 s 296939
9d0 UL XRAIBO bobogbo | Lobomgbo
()
560b 13 61.9+3.4 1|38 |11 oM 35 28 28 91
41
A(ID) 35 - 51 86
36 360k 8 38133 B(III) 13 - 8 21
Total 83 28 87 198
bg@ 21 100
% 41.92+3.5 | 14.14+£2.47 | 43.94+£3.5 | 100

d9x59900L  Lobooy godergds  5©0360dbmm, M3 Bggbo  33e0g30L  MAMSZEL
d90mbgg35do (43.94+3.5%) 0693030 FoMIMIMOOL 630-A s 96E0-B 96F0lbgmegdo
56 0ym 459m3w9boo (n=87). O(I) x50l 06030079030 56EH0LbgMgdo bofowmd®mog
0ym Lobmgbo®madmwo (n=28). bemwm, 41.92+3.5% -do 36900030 6EHOLbYMEgdo 0lg
0Y® 359mbsG¥o, OHMyme3 dmbdMHowgddo (3b6.6).

399065¢0Bgdmo  0dbs Rh  s6E096900L  49303ggds  sbsewdmdogddo.
93560690 D 960990l gobloBzts sbogndmdoms 148 6odwmddo. bggbo 60dmdgdols
353w qglmdsl (87.84+2.6%) o593l Rh* ggbm@odo  (n=130). @sbs6Bgbo 12.16+2.6%
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93793606 Rh™ xamal (n=18). 33w930Lsl 5009 LoMmwwyg sbogdmdowgddo Rh

LoLEGYIOL AoBLEBEOZMOLSL 56 IBOJBOMOMWS (3H6.7).

gb®owo 7. Rh* s Rh™ 3gbm@Godgdo dqlfoganow sbogdmdowmgddo

Rh 500096Mds 30130630

g9bm@030 (n) (%) i | cv 2
Rh 130 87.84£2.6 1 3.841 | 84.6
Rh- 18 12.16+2.6

boggo 148 100

I1.3. Ai/A1B @5 A2/A2B §39% 2953900 5b5¢rdmdogngddo
000MJ)0 9Hsedmdool bodmdo 993900050 sdoEHIO0m A5TM 33935l

Qo A9bB9d0L
15931939 BY 33JMbS FGLodErgdEMds Tga39LHogs sbodmdowgddo A1/AiB s A2/A2B

3b@E0-Al bGo-H  9gd@obgdols  godmyqgbgdom.  LgMmemyom®o

3900MEMEMyooL  dgLlsdsdobs  sboedmdowms  608mIgddo  mmbo

J30Xd0B900-
3956053001 00096EH080E0MYOSS Tgbodwgdgro (3b6. 8).

300 8. sboedmdoms bodmdgddo A
2b3H0g960L J39x 3530l sOLYDIMBdOL Mmmbo
39605305 (A2, A1, A2B, A1B)

300 9. A(II) s AB(IV) xawgol djmbg
aboEdmdowqddo A, Az, A1B, A2B d3gxamaol
296500 gd0lL dobobosmgdergdo

3560 | bBHo | BGo | BGHo | 6Ho | G99 ABO J39xaMB | GomEgb | 3GmEgb | x2
3305 | -A -B -Al -H dol }9bm@ | gdo ™S Ao
@gdd | wad | 0bHIo 030
obo &obo | 3693 (m) (%)
303
1 = = Ar 12.5+3.3
2 = + Ay Ai 12
(Ll A D) 140.
OO A 74 77.08+4. | 76
Y 2
1@ob A1B 2 2.09+1.4
5(309)
3 = A2B
4 + AiB AB(IV) | A2B 8 8.33+2.8
(Ll
&o
X
9Hob
5309) Legam 4 96 100

J39%315390Dg Lryen guHogaroo 0gbs 96 sbsgrdmdoeol Lolberol bodxdo A(II)
5 AB (IV) xamg00m. 86 sboewdmdowls 3dmbos A(Il) xamx30, ©sbs®bgbl 30 AB(IV)
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X330 (n=10). A(II) xamx30L ddmbg 55805690800 IBOJLOMGIMWOS 2 39X 3RO (Al
@5 Az), bmewm  AB(IV) xavndo 30 33b3090s 51939 ™G0 35@gamMos: AiB, AxB.
dglhogeroe  sbogrdmdowddog 4sdm3zwobs sbodbmwo  35M0530MEE0 X AMTJOO
39bLb30390Mw0 2530300l ™MO30L93IMOJOOm.  SBOTMBO™s  MIMIZEGLMDL
(77.08+4.2%) 543b A2 J39xaR0 (n=74). 5F560L MH90Mbol EMbMEM9dTo 53 J39x29RgoOL
39650 gds o056 dzoGmgs. AB(IV) xamz30L «9d6og3wqlimds (8.33+2.8%) 51939 33b300900
A2B 439xam80, Mmdgwog bsgargds s®ol fomdmygbomo Mgaomboli @mbm®mgddo
(3H6.9). 33¢0930L5L oMz 0bs, HMI BOHPILOIEGIOLYSE Asblbgsg3gd0m, BmMmA0gho
d9LHogwo sHsEdmdodo, ABO xamx30l LobBgdol A s B 96@0g9gbgdo byl s6ob
3o0mbs@mmo.  990mbggzoms  MIMO3eglmdsdo,  godmygbgdmwo  ogdbs  m3GHozmMo
dozmmligm3o (10X4, 10X10 56 10X100). dqufogerowo sboserdmdowgdols 43.94+3.5%-80
0bgdM030 FoMIMIMdOL s6BH0-A s 9b6GH0-B 96EH0Lbbgmgdo o6 s©0dmBbs (n=87),
BMa0900 30630 gG e dgdmbgggzedo (14.14+2.4%) O(I) xamxzol ddmbg 3069ddo gL
Bofowmd®mog  Lobmgbods (n=28). Bz9bL dog® Tgbfogrowo  sbsgrdmdogdols
41.92+3.5%-d0 BOHEILEOME  sbs3do  dbgdMH030  SBGHOLbgMWgdo  LOVIWSE  oy™
390mbs@nao (3bG. 9).

Dma09mmo  33¢g3>  9B396gdl, MHmd A xamxolb  dbpoglo  bogmogMgdom
5006090 Eds  36930m3m3MMTs  3oLodsM0EEds 3530659 LG0T OMGdS
3o9hos A 5630olbgmegdol boby®mdeog godmdmdsggosl O sb B xamxzol 9dmbg
0bogogddo (Ogata et al., 2007). B396 396 303m39m B3960 33e0g30L AbgagLo, Goms
3933905609006 3960 3080bs6g 33¢0930L 06RMET5305 sOLYIME OEIMSGVIMLMSE.
439w 3393580 506036 0s, HMD sHEITMBOMOL 5d30m B3g30R039M0 ABO 60960
5 3BGHOLbLYMgdol LObmMYHO, BsaMsd IBHIMMS 96O OOl sefigMowo O, A, B
X3IB0L 9bsdmdoqddo s6E0LbgmEgdol 393639 9d0L ™M30L939MdJd0 s FsO
090560905  BOEILOMEGOMb. v bFHOLbMWgdol  LobmgHBol gl 3GM3gLo
0539300609305 1533900056 @s  oMgdml  96(3039690mb, 3R0JOMdM, MHmI U
d000botg 330935  2oblbgogzgdmo  0dbgds  Lbgs  M9a0mbgdol  sboerdmdowms
3300930L256. yz9es MH90MbL 543l Moz30L0 B3gxE0R0ZMYOO OYES s J9MYIM 30MHMBHdO.
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I1.4. sbsgrdmdoms s Lolbeol MBEMO™ms Lolbol XaBMOO TsbalinsmgdErgdol
5bsgrobo
X3MIBOL 20bsfowgdols Bdqgds Fglfogerow sbordmdowgddo séol: O>A>B>AB,
MOmdgwog  dbgoglos  M9gaombol  LolbEol  E®bm®gddo oo gobsfoergdols
doboboomgdengdols (Nagervadze et al., 2021). Gmam®i Igufogerowo sbsgdmdorgdol,
31939 LolbOL EMbMEMYOOL »IMSZGLMBL 3Jmbs O Lolbeol Xm0 (Agbsdsdols,
43.75+3.4% 05 50.2+1.83%; n=91/208 o> n=373/743) (3b6.10).

3b®owo 10. ABO Lolbeool xamaqdol 3bOowo 11. A1, A2 J39xamBg00L 3obsfowmagds
2965f0gds gbfageroe sbogrdmdowgddo A(IT) s AB(IV) xama30L sboendmdogddo
LolbOol EMbMMYdMsD TgsMgd0 ©MbME 3:3s53058mb FgsMgdom
ABO | sbogwd | sbogwd | Lobb | Lolb | X2 ABO J39X2MB | Lolbgrols | sbogdmdo | x?
bolb | mdogr | mdogr | ol | ol x96m@ | gdo ©mbnMyd | wgdo
ol | 0 0o ©omb ©mb 030 0 (n=368) | (n=96)
X3 | O30 | 30mEgh | MO0 | ;s
a0 9bmds | Go Mm@ | 30mg
(n) (%) 96mds | 96&Ho A(ID) A 91.3+0.4 1458+35 | 241.82
(m) (%) (n=336) (n=14) 03
(0] 91 43.75 373 50.2+ | 4.02 o
+3.4 1.83 19
A 86 4135 | 281 | 378 ABIV) | A2 8.7:14 | 85.42:35
+3.4 1.77 (n=32) (n=82)
B 21 10.10 68 9.15+
+2.0 1.04 been 2 100 100
AB 10 4.8 21 2.82+
+1.4 0.6
Lboer | 208 100 743 100

b dmdoms 41.35+3.4%-U s LolbOl MbmMms 37.8+1.77%-1 5d3l A xamx30
(n=86/208 o> n=281/743). B %3530 593L dgLfjogerow sboendmdowrgddo 21/208 s 68/743
Lolbeol mbm®mgddo (10.10 +2.0% s 9.15+1.04%). bmerm, 10/208 dgufogwrowo
3b5EdMdool Lolberol 603mdgdo s 21/743 Lolberols MBMGOL Bodmdgdo sEHoMgdl A
5 B 56302969000 (AB) xa393L39:3053035L (4.8 + 1.4% s 2.82+0.6%) (3b6.10).

33939080 5939 dgbfagerowos Ar o Az J3gxaIBIBOL Bdbafoergds Ggaombol
Lobbeob EMbM®YdT0 (3b6.11). GMmAMOE bsb3969005 LOlbEOL MbMOHMs 3M3Es3E0sdo
A2 J39%x 353990l LobdoGg doosb 306095 s MMOL 8.7+1.4%-, sHsEIMdOEgddo 30
85.42+3.5%-U. mbs 500b0dbml, MH™A Lobberol xamzoL sbE0a96900L LylBo Lobomgbo
0539300609305 9bodmdoErgddo  LgMHMEMAOoMGMs©  sdmBgbowo A2 s A:B
5396039008 MI0boEMGOILMB. 30650056 ABO  LobiEgdol 563096900l  LEwmwo
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994L3MgLOOLMZ0L LyFOMMS AB30MIMGOOL FMBEBHBIGIXMMO 39MHOMPO, MMPMOF 339
503603bgm  wo@gMo@Mmmo dodmbogrgol bsfordo sbowrdmdomms Al Xm0l
9M00OM(303900 396 539696 LgOMmEmaomE 3sLbl s63H0-Al 9d@obBg sGLOIEO
LOBbMYBOL 2odm. F9gas©, A2 J39xXaMNBO LYOMWMAOMOMS© 953cgbls J0dozMm0osL Al

939X 3RB30, O3 9MOL (335¢0gd50 M30L905 MbEMYgbgBoL 999 9BHI3BY.

IL.5. Lolbob xamBMOo 3630996900Ls s BEHOLbMEgdOL 3mliEbo@swrmemo
396300000905 LogmEbaols 30039 gl

ABO 56¢3)0396930L LobmgBo 31535 939305605 s LMo 9JudMHglos bsFoMHMgdL

MbGH™969B0lL 3903399 93e3gdl. sbowdmdowmgddo 333903y sB39bs oo LmliGo

9gu369gLos.  XAMBL3YEOBRO3MMO  BGHOLbgMmgdo  Tgufogo  SHITMBOEOMS
29653 gbmdsdo 56 93bzgds (Gabaidze et al., 2023). ©s306@gMglom dga39LFogws

oo 9dudeglools ms30LgdMHYOd0  3MUBEBsGHIWMH 39M0mEdo. d0dobsdyg o380
gmc500ads  godsbzowgdmos X aRL3gEo803MNO  9B6GH09b-9630lbgMwgdols
3993w 067900L, HMAMOE M30LMdM03, 0Ly MoMmPYbMdMOZ BsbslinsmgdegdbHy.

991593000 0465 ghom Fersdg sLs3zol F30¢gdOL doMEIMYOMO dolsens (n=202).
ABO LobGgdol 89bm@GH03gdo  Fomdmpaqbowos Lbgsolbgs Lobdo®om. Bgzowgdols
36530 gLMdL 43.08+3.4%-U, 543L O(I) Lolberol xamxo (n=87). GgLFsgerowo B3zowgdol
41.57+3.4%-1 543b A X530 (n=84). 990>b393900L 11.39+4.9%-15 593L B(III) 39bmEH0o3mmo
X350 (n=23). AB(IV) 896m®&0396 xamxl 593l y39ws®g @sdsero  gobsfoengdols
dobobosmgdgero. dglfogeroms dbmerme 3.96+1.8%- 5d3b gb B9bmGH030 (n=8) (3b6.12).

39399bseobgm  ABO  xaw5gdol 9965 oemgdol  dsbsliosmgdergdo  Ldqlols
dobggzom. gMom ersdg sbs30L mambgdol 38.30+5.0%-U 5d3b O(I) xamxo (n=36).
42.55+5.0%-b odgl A(II) xamxo (n=40) s 14.89+3.6%-L 53 B(II) xamxzo (n=14).
5396m@GH03Mm0 35B396999o AB(IV)  xamxgolomgol (n=4) 4.26+2.0%-0s. dgbfogeroo
353MMd0m0 bJgbol B30 qdoL 47.22+4.8%-b 5Jgb O(I) xamxo (n=51), 909y dmob
A(Il)  xamxnolb 40.74+4.7% (n=44), d9dgaos B(III)  xamxnob 8.33+2.6% (n=9).
9009MMd0m0 bdgbol B30qdoL Abyoglo® Y39wsBg B FobslosmMgdgwo 593l
3.71+1.8% AB(IV) xanxl (n=4) (3b®.12).
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gbMoo 12. ABO Lolbeool xaagdo dgifogwo Bgowmaddo

ABO 8gLfogerogmo X2 Ccv P Ldgbo X2
Lolbgrol B3oemgdo df3 dgcOmdono § 8506mdomo @ P
X3BR0 | (n) (%) (m) | (%) (@) | (%) X
147. | 7.81 | <0.00 2.907
03 5 | 001 3
o) 87 | 43.08+3.4 36 38.30+5.0 51 | 47.22+4.8 p-
A(II) 84 | 41.57+3.4 40 42.55+5.0 44 | 40.74+4.7 0.820
B(I1I) 23 | 11.39+4.9 14 14.89+3.6 9 8.33+2.6 388
AB(IV) 8 3.96+1.8 4 4.26+2.0 4 3.71+1.8
Lo 202 100 94 100 108 100

39965¢0Bgd Mo 0dbs ABO Loli@gdol x396m@H0dmeMo  gobsfogds sbszmdemog

X3539000 Ugglol Jobgz00. SBs3MOMOZ0 XYMIBO Y3000 MO 353J3mM0s@: 1.

B300900 28 ©®0sb 6 ™399 s 2. B30egdol 353JMM0s 6-sb 12 m39dy. 28
©OOEDb 6 ™399 SLs3MOM03  39(})JaMM0580, dEIPOMdOMO  bJgbol Bzogddo

1396MGH039O0 A9bsforgdol Msbdodgztmdom mdobo®mgdl A(IL) xamzo 46.67+7.4%
(n=21), 998009y dmob 28.89+6.75% O(I) xamxo (n=13), 8909y dmob 22.22+6.1% B(III)
X350 (n=10) s IbMmErm© 9601 060030 593 AB(IV) a0 (2.22+4.8%). 28 000©sb
6 3909 sbs30L  FsdOMOdomO  Ldgbol Bz0wgddo ABO ULobidgdol 59bm@GHodqdo
Do60my9gboos 899ga0 0568080930MMd00: B30¢gd0lL »BEMS3wglMdsL, 52.27+7.5%-,
5936 O(I) xamxn0 (n=23), gsb6sfogdols dsbslinsmgdegdol dobggzom, 99dwgy dmoob
31.82+7.0% A(II) xawa0 (n=14), 9999 dmeol 11.36+4.7% B(III) x3mx0 (n=5). y3gwsby
Q9050 45650 gdol Fobsliosmgdargdo 593 AB(IV) xamaxl s ol ¢odol 4.55+3.1%-b
(n=2). 6-sb 12 m39dy 530l dEIOHMdoMO bglol 0bogzoEqdol ABO Lobberols
X3IBOL  BIPBMGH03MMH0  FobobosmMGIWdOL  dobsfogds  Fgdgyos:  46.94+7.1%
$o60mo96L O(I) xamxnL (n=23), (5 3egOMdoMo Lggbol 0bEo3z0IdOL MoMm©Ibmds
0930399 653 28 0 6 ™3909 s 6-12 ™399 39¢)JaMM05d0), 38.78+6.9% A(II)
X350 (n=19), 8.16+3.9% B(III) xamx05 (n=4) ©s 6.12+3.4% AB(IV) xamx30s (n=3). G5
d99b905 ABO Lol gdol 53960mGH036 3565§0wgool doboliosmgdwgdl gmo fersdg sbszol
359MMd0mo  gglbol 053839080, 6-6 12 3909 393 JaMM05d0 MIoboMmgdl A(II)
X3RO0 46.87+6.2%-000 (n=30). O(I) xaxoL dJmbg 3oMms IsbEMgdom 43.75+6.2%-b

(n=28) odal, B(II) xgmx0L dJmbg 3ocmms 6.25+3.0%-b (n=4), ds00 GOl 08539
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393493060530 8009OMd0mO Bdqgliols 30M9dlL. 4y39esBg sdso dskz9b9g0gero, 3.13+2.1%
AB(IV) x29980L 3Jmby 3o6Oms xamx3l (n=2) 5J3b, 50 dmMob 28 ®osd 6 ™39dwg
3bd30L F5IOMBom LJgLL ((3bE.13). BMbs3999d0 5639690L, GMI X AROL Fobsfoegds G
560b ©59M30I0IE0 Sb53BS s bglby.

3b®owo 13. ABO Lobbob xaw953900 Lbgssbbgs slogmdmogo 35¢gammool Bgowgddo

ABO 28 ©eoqsh 6 mgzgdg sLo3MdMo30 6-12 »30L s53MBMOZ0 oG0S X3
bobbgrol 39393MM05 P
XRAIBIO0 3gHMdo00 @ | 8586mdomo EF 39EOMd000 ® | 8586mBoco F

@ | (%) n | (%) @ | (%) @ | (%)
o) 13 | 28.89:6.7 23 | 52.27+7.5 23 | 46.94+7.1 28 | 43.75+6.2 x?- 4.7658.
A(ID) 21 46.67+7 .4 14 | 31.82+7.0 19 38.78+6.9 30 | 46.87+6.2 p-
B(III) 10 22.22+6.1 5 11.36+4.7 8.16+3.9 4 6.25+3.0 0.189775
AB(IV) 1 222448 2 4.55+3.1 3 6.12+3.4 2 3.13+2.1
Lo 45 100 44 | 100 49 100 64 | 100

36303960 A 2530390900 50dmBbs dglfogerowo hzowmgdols 74.80+3.9%-00
(n=92), G533 ROHM 25303909005, 3000609 B 56¢0960. B s6&0g960 Ho®dmoaqboo
oym dgbfogerowwo Bgowolb 25.20+3.9%-8o (n=31). gog35sb5¢0bgm A ©s B xamx30L
3630296900L 5MLGOIMILS s BJgLL FmMOL 3530060. g 498M3W0bEs, MM A s6E0d9b0L
39363390905 900 o8 L5308 IYOOMOdOMO Ldglol B30 gddo bs3ergdos 70.97+5.5%
(n=44) 5 A 56@0g960L 3530390905 9OH® {3y sLs30L FodBMdomo Ldqgliols B3owgddo
@O Joo0s 78.69+5.2% (n=48), bogwem B 565@02960L 39303900909, 3060dom, Mzem
350505 3gMMI0MO bglol Fg0egddo 29.03+5.7% (n=18), 3o0MY FsdIOMBOO bgbols
Bgogddo 21.31+5.2% (n=13) (3b6.14).

3b®oo 14. A ©s B 96¢0296900 gLfhogerow Bgzowmqddo

ABO | dglfisgeroo X2 Cv | P bgglo X2 P
Lobbeo | Bgowgdo df1 8g®mdomo @ | 3586Gmdomo 67
b @ | (%) 302 | 3.84 | <0.00 | () | (%) @) | %) 097 | 0.324
X303J 4 1 001 23 108
60
sb®oggb
g9%0
A 92 74.80+ 44 70.97+55 | 48 78.69+5.2
3.9
B 31 25.20 18 29.03+5.7 13 21.31+5.2
+3.9
Lgen 123 | 100 62 100 61 100
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d9bPogoe B30wgddo 99359650 0Bgm 9BFBH0-A ©d b6G0-B 96E0Lbgmmmgdol
3965f0gd0lL dobsbosmgdgdo. s©0bodbwo s6EOLbYMgdoL s5dmMBIbs dglsdergdgero
39 195 b0dxmdols 99dmbggzsdo. Fbmmwm sbFHo-A 56Eolbgmwo s0dmBbos 16.92
+2.6%-80 (n=33), dbmEm© BGH0-B BGHoLbgMwo s0dmBbs 27.69+3.2%-30 (n=54),
B300q00l 24.11+3.0%-b 3Jmbos OHMamOE s6@0-A, 51939 5630-B s6E0Lbgmmgdo (n=47).
36&0LbgMEgd0 56 508MBbs 9dmbggzsms 31.28+3.3%-do (n=61) (3b©.15).

3bOoo 15. xax5L3930803296M0 s6ELbMEgdo JgLfsgerow Bgzowgddo

ABO bobbemols 5096md> 30mzobdo | X2 cv P
XoIBOL () (%) df 3
3bEolbgmmgdo
630 - A 33 16.92 +2.6 8.77 7.815 | P-0.03251
bBo - B 54 27.69 +3.2
®6039 / 560 A, 47 24.11+3.0
630 - B
3ME39ODO 61 31.28+3.3

195 100
by

d9LHogeroo 202 B30¢0sb 74.80+£3.9% 53o69dL A 56GH0g9bL, 5J9sb 41.57+3.4%
90939036905 A(II) xamx3L (n=84) s 3.96+1.8% AB(IV) xa«xL (n=8). dglfsgerowo odbs
A 56303960L J3oxamxgdo. A(Il) xamxol ddmbg B30wqdol asbermgdoom 52.17+5.2%
5G9l A1 J39x3MBL (1=48), bmwm ssbarmgdom 39.13+5.0% 5@s69gdl A2 J39xaRL
(n=36). AB(IV) xa530L 396m&H030L ddmbg 3069300, Gmym®da Ai1B J39x 31530, 939 A2B
939X 3IB0 09653560 LobJoMmOm, ssBWMgdom 4.35+2.1%, 243630 90s. 235Bs0BYdMwO
0d6s A 56&09960L 939%3MBIO0L 29650 gds SLs3MOMmOZ30 35BHFMMO0lL Jobgz00m.
1503, 28 OB 6 M399Y SBOZMOMOZ 35BIaMEO05d0, Al J39XAMIBOL 3930 IO
Bozengdos 4.35+2.1% (n=17) ©s 6-12 39979 sL53MdM03 353JMM0580, A1 5630960l
39360390905 MBOM Foo0s 56.36+6.6% (n=31). A2 5630960l 493039090 28 O
6 39909 5L53M0M03 3539050 909, 48.65+8.2% (n=18), bmewm 6-©s6 12 »399©9
Sb53MIM0Z  393HYAMM0sd0  Bogargdos, 32.73+6.3% (n=18). 28 ©@EoEb 6 03999
39493060500, Ai1B d39xama0 99dmbggzoms 5.40+3.7%-0o0 @3b300905, bemerm  AxB

J30X2080 99bagerow x3Bdo 56 3wobEgds (n=0). 6-sb 12 »3xdY 35¢HYaH0sdo,
A1B 939x%3m0 990mbggzoms 3.64+2.5%-30 a3bgzgds (n=2), bmwm AB dJ3gxamso

0900bg93509 7.27+3.5%-30 (n=4) (3b©.16).
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3bHowo 16. A 56&09960L J39x 2953900 dgLfsgarowr Bzowgddo

ABO A dgLfogemomo x2 | CV |P 28 ©Mosb 6 6-12 »30L
ggbm@o | sbEoy B3oggdo df3 3999 sbsgMdG0Og0
3gd0 9bol abs3MBdGOZ0 354030005

J3oxd 359980605

0890 | (n) (%) 65. |78 | <0.0 | (n) | (%) m | (%)

0 71 15 0001

Al 48 52.17+5.2 17 45.95+8.1 31 56.36+6.6

A2 36 39.13+5.0 18 48.65+8.2 18 32.73+6.3
A(ID)

A1B 4 4.35+2.1 2 5.40+3.7 2 3.64+2.5
AB(IV) A2B 4 4.35+2.1 0 0 4 7.27+3.5
Lo 4 92 100 37 100 55 100

99LH 93000 0465 Rh 56&0296900L 4930(3900900L 053019349 9d9d%bg (n=202). Rh*
5396MEGH0396M0 356005305 MI0bBEHMOO oym (n=166), Goi dgLHogwrowo 0boz0wgdols
82.18+2.6%-1 {omdmoygbos. Rh™ Loli@gdob i39bm@03m@mo godmzwobgds sgodlotMs
d90mbggzoms  17.82+2.6%-00. mv) 9930056090 28 ©EoEsb 6 ™399y sbszol
060030009008 Rh g3gbm@Hodmé 459mgwobgdsl, 6-12 m39dg sbszol 0bogzogdol
L5000 3603369crm3zbo 96 goblibgsggds gMmMTsbgmolgsh. mGmogg dgdmbgggzsdo, 28
QEO6 6 139909 SL53MOM03 353J3MM05d0, Rh* 39bmEH03MH0 259m3c0bgds FoOrdmdL
82.02+4.0%-0m, begwem Rh™ 39bm@odo 17.98+4.0%-0s. dbgoglio bvy@omo d90bodbgds 6-12
030L 5b53MdM03 395G JAMM0530, oo 82.30+3.5% Rh* 39bm@GH030L Joo69d9w0s, brrgrm

17.70+3.5% Rh" 396m @030l 3o@s69dgwo (3b6.17).

gbMoeo 17. Rh* s Rh ggbm@odgdo dgbfsgwrow Bgowmgddo

Rh dgLfsgmogo X2 cv P- 28 o00sb 6 6-12 30l X2
396 B30e9gd0 df1 | 960936 39909 3ls53mdGOZ0 P
3039 QMBS 3bs3MdMOz0 354030605
%0 3539302605

(m) | (%) 83.6 | 3.84 | <0.0000 | (m) | (%) (m) | %) X?-

6 1 1 0.0026
Rh+ 166 | 82.18+2.6 73 820240 |93 82.30+3.5 p-
0.95906
Rh- 36 | 17.82+2.6 16 20 17.70+3.5
17.98 +4.0

b | 202 | 100 89 100 113 | 100

3odmygmazowo odbs 8 xgbmGHodwmo 3sBdgymeos: O(I),Rh*; O(),Rh; A(I),Rh;
A(II),Rh; B(II),Rh* ; B(III),Rh; AB(IV),Rh*; AB(IV),Rh. 9gLfsgeromo 539bm@EGo3dm®o
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X3IBIO0EID 3653500 LobdoMom 3wobogds O(I),Rh* s A(II),Rh* 19bm@E03m6o
3560530900 34.65+3.3%-00 (n=70). ABO s Rh bolb@gdols 3:mddobszogdl dm®ol 999gy0
R96MGH03MO0 3539amOm0ss 8.42+1.9% (n=17) O(I),Rh- xamxz0l djmbyg. B(III) xamx3ob
d90mbgg35do, Rh* 5396m@Eo3o dglfogeroe B30egddo 10.40+2.1%-05 (n=21), beaewrm 08539
X330 Rh™ g3gbm@odo 0.99+0.6%-0s (n=2). AB(IV),Rh* 3m800bs30s 2.48+1.0% (n=5)

d90mbgg35d00 boeom  AB(IV),Rh- 3m800bs530500,

3odmgwgbowo, 3obsfoergdols
35639690900 dbmerm 1.49+0.8%-05 (n=3) (3b®.18).

3b®owo 18. ABO s Rh bol@gdgdol 308006530900 dgbfageoe Bgowgddo

ABO > Rh Aglfogeromo Bgomgdo X2 P
LbobEgdoL 6509bmds | 3BmEgbdo | 247.61 <0.00001
1396m@03M60 (n) %

3560530900

O (D) Rht 70 34.65+3.3

O () Rh 17 8.42+1.9

A (IT) Rh+ 70 34.65+3.3

A (II) Rh- 14 6.93+1.7

B (III) Rh* 21 10.40+2.1

B (IIT) Rh- 2 0.99+0.6

AB (IV) Rh* 5 2.48+1.0

AB (IV) Rh- 3 1.49:0.8

Lmem 202 100

39965¢0BEs 0690030 6BH0-A @O 9b6GH0-B 565EH0lbgMgdol Momgbmdmozo
dsboliosmgdwgdo. 0d F9gdmbgn3zgdodo, MmEgbsz 9B6EGHOLLYMWgdo 0dbs smdmbgbowo,
3993065 S1gm0 F99gA0: 28 P06 6 M39dYg L300l B30 gdOL MIMIZglmdSTO
AOGH®0 Jo05b 0O 0gm, Mgl d90mbzg3z58d0 ol 1:2-0L o 1:4-0b GHMeEos. 6-b
sbo 3ol

B30qdol  Lolberdo 50 9bMdM030

3bEoLbbgmgdol
9sboliosmgdEgdo FoMdmagboos Bbgsalibgs GHoG®Mmgdom. 53 353 9amcm0sdo B30wgddo

12 o3999

439e05D9 5350 GoGMo 0gm 1:2, beaewm y39wsBHg dowowo - 1:32. ©s30639gMgbomn A
5 B 96¢0296900L Hom©gbmd®mogz0 0bgduol dqlHogwroom 28 osb 6 m39dwg slszol
B300q030 5 6 M30056 12 1399 sL530L B30 gddo. BHOGMIE0S B3¢ IMgm F9dga0
56000g3dmdom: 1:2, 1:4, 1:8, 1:16; 1:32; 1:64; 1:128; 1:256. m6039 35393MM00L
d90mbg935do, A s B 963096990 35G350 9Ju3MgLloMs 6-sb 12 3999 sbszol
B30 q0d0. d90mb3z935ms IMS3eglmdIL FoLsE0 BOGHMO 3Jmbs 1:256.
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Usgoombols  g9565gr0Bgds. O(I) xamxzol ddmbg Bgowol 3wsBHdsdo (n=87)
39905 0BEs 9B6FH0-A ©s BFGH0-B 56GHOUbYMEqdol s®lgdmds. O(I)  xama3ol dJmby
B300qdd0, MMAMO3 sbG0-A, 51939 s6@0-B 56EH0lbgMgd0 5¢0BmBRbEs 28 oL 12
3999 dbs3ol  d53d3900L  49.43+5.3%-do0 (n=43), Go3 dbyogLos FMHBOOEIGOOL.
6098900L 24.14+4.5%-00 (n=21) 50dmPbs dbMmErm© s6F0-A s6E0LbgmEgdo, bowm
B30wqdol 2.30+1.6%-80 (n=2) 500mBbs dbMEm© s6¢0-B s6@0Lbgmmgdo. Bgowols
3sHdol 24.13+4.5%-00 (n=21) 56GHOLbYMEdO 6 50MPbEs. Bgdmo dImEgdmero
9mb5(399900 5b53M3M030 X YMBJOOL J0bYOZOM A535565¢0BYm. MHMLSE Logddg sbEHo-A
5 56@0-B s6@0lbgmegdol Lobomgbl gbgds, B39b 993608690 456Lb3s3905 28 0L 6
0399009 5U53MOM03 XAYIRLS S 6-12 M30L S153MOMO3 XAIBL FMMOL. WOFHIOSGHWOOL
0565535 X3MIRBL3YE0B03MOO bEOLbYMEgdOL Fomdmgdols 360dzbgemgbs 0BMH©9ds
5bo3ol oBgdabmsb gMma (Gabaidze et al., 2023). 33¢930L Lsg3w)dzge By s0dM3z5B0bgm,
™3 28 ©M0b 6 1393079 L5308 O(I) XyMHBoL dJmbg B30 gdoL Lobberdo sbEHo-A
3b6E0-B 96GH0olbgergdo Lobmgbomgdmwos 25+7.2% (n=9) 9gdmbggzsdo, bomeom 6-12
30L sb530L B30 gddo 53 sBEHOLbyMWgdol Lobmgbo s0fg3l 74.51+6.1% (n=38). 28
QEOOD 6 1390009 SB53MOM03 39¢)JMMH05d0 FbMEM® 5BE0-A 563 0Lbgmwols lobomgbo
19.44+6.5%-05 (n=7), bmm 6-sb 12 39009 35¢)Jameosdo 21.57+5.7% (n=11). 28
06 6 1399007 sL530L B30l 3EsBTsTo 9BEH0-B 56E0LbgMwo s0dmBgbowo odbs
3900bg93500 dbmenm 5.56+3.8%-80 (n=2), bmm 6-12 m30L sLozol hz0wqddo s6EH0-B
3bGHOLbYMEgdol Lobmgbo sOE ghmo Fgdmbggzs 9O ©sxgoJloMgdws (n=0). od
d9000b393993d0, MMEgLsE 9BGHOLBYMWgdo 56 50IMRbEY, F909900 d9dga0s: 50+8.3%
(n=18) 28 @06 6 39009 SLs3MOM0Z 35(3)JaMM0530, o3 T9JIMIO0m ToPVIWO
05639690905 6-12 3oL sLs3do FgUfogwrow B30wgdmMsb Fgo®mgdom. s0bodbwyem
39393060590 56&0lbgmegdol 56 s0dmBgbol 35839690900 doe05b Id0S s YIEMOL
3.92+2.7%-b (n=2) (5b®.19).

3b6G0-A @5 96@H0-B 96 0bbgmegdol Lobmgbo 9350sMgm sboedmdowms sbEo0-
A @5 56@0-B 96 0lbgregdol Lobmgbol Imbsigdgdmsb (Gabaidze et al., 2023). 30650056
O() xamx30L 3Jmbg 505805693l 3¢ sBdsdo sg3m A s B s6@olbgmemgdo, 9930LFs3ergom
9l dobsbosmgdgwo O(I) xamnol dJmbg 91 sboedmdogddo. LosE SHIWTMdOEMS
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38.46+5.0%-b 3Jmbs 963H0-A @5 bGH0-B 96GH0oLbgmwgdo (n=35). Hmymég BRsbL, qu
9563969090 28 0 6 M39dY sb530L B30egddo 1.28-%96 450BsM©s, bmwm 6-12
30U sb530L B30q0d0 1.93-%96.

300 19. 56@0-A ©s 56&0-B 56@0Lbgmadol Lobomgbol dsbobiosmgdergdo O(I) xamaol
B300gdd0 sbsEdmdoEgdmsb 89stgdoom

ABO d9Lfogemomo 28 mosb 6 6-12 mgob 205EIMBOEGdO X2

Lobbegrols Bgogdo 03999 2Ls3MdMOz0 (Gabaidze et al,, P

XdMBMO0 sbo3mdM030 353930600 2023)

3b@obbgme 35393MM05

900 @ | (%) @ | (%) (@) | (%) @ | (%) X
37.3224

06039/56¢0- | 43 49.43+5.3 9 25+7.2 38 | 74.51+6.1 35 38.46+5.0

A, 56¢0-B P-

dbmwmo 21 24.14+4.5 7 19.44+6.5 11 | 21.57+5.7 19 20.88+4.2 0.000023

ob@GHo-A

dbmwmo 2 2.30+1.6 2 5.56+3.8 0 0 9 9.89+3.1

9b@o-B

9OEIONO 21 24.13 +45 18 | 50+8.3 2 3.92+2.7 28 30.77+4.8

Loy 87 100 36 | 100 51 100 91 100

Lo0bEIMYLBMS FgdNb3935, OMEILSE Sbowdmdowms 30.77+4.8%-b 56 3Jmbgo
3b6EoLbbgmEgd0. 85806 MM3 28 OB 6 1M3999 sL30L B3z0wgddo gl dsbgz9b9dgeo
1.27-00 830600905 ©5 24.13+4.5%-1 «60l, b 6-12 0300 sbs30L Fbmerm 2 3bs3L0
d90mbgg3ss. gl B0mmomgdlL, Mmd dbyogbo sB39bgdgdo 58 SLO3MOIMOZ30 XYMBOL
B30 qdmsb  Jgo®mgdom  7.8-x96m oMol d9930M9dMYo. gl gmErolbdmdl,  Mmd
3b6GHOLbYMEdol godmddsgzgds 3MbEBsGHIWMO 39M0MmET0 MsbEmb 0bMEIds s
5bEM3g0s BOELEOWL.

Omamez 3000, AL xamzol djmby dmbOowgddo 3wsHdsdo sbE0-B
3bGHOLbYME0s. 9930LHo3wgm, 0¥ OHMYMO 5©0IMBbs gl sbEHoLbgmwo A(IL) xamx30L
dJmbg P30egddo. 50dmgsBobgm, G A(II) xamn0l dJmbg 84 B3owosb 61.90+5.2%-b
(n=52) 3sBdsdo BFGH0-B 9b6GHolbgmwo 3Jmbs, bmerm 38.10+5.2%-U (n=32) 9L
3bGoLbbgmo s 3Jmbs. 28 oI 6 ™399 sLO3MIMOZ J5GJaMG0sdo SBGHO-B
3bGoLbbgmEols  s©0dmBgbs  45.71£2.9%-b (n=16) T9oagbl. 6-12 ™m30L sbH3MIMOZ
3949360500 30 73.47+6.3%-b (n=36) 99500396L. d9dmbgggzoms 54.29+2.9%-do (n=19) 28
QEOE6 6 ™399 36F0-B 56@0Lbgmeo 96 500mBBS, beerm 6-12 mM30L sbs3MmdMO]
39493060500 gl 3539690900 26.53+6.3%-1 (n=13) d9op9bL.
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900900 99093900 9935005690 dglfogerowo sbsendmdowmgdols dmbso3gdgdl,
Loog dgbfogerowo oym A(Il) xamxzol 86 sboerdmdowo. s0dmBbs, MM ds0psb
40.7+3.4%-1 (n=35) Lobbgools 60dm8dgddo 3Jmbs s6EH0-B s6&0LbgMargdol Lobomgbo.
dgmOgl  IbM0g, b dMdOW™ms  MIMIZglMdSL (n=51) x9O 6 3Jmbos 6GH0-B
3b6EoLbbgmEgdol Lobmgbo, 3GMm39bGo 8sB396909w0 59.3+5.2% oym. T9g9agdol
dobg30m, 28 ©®0sb 12 ™399y B30gdL sHsEIMdOEGdMb gsMgdom s6EH0-B
36 0obbgmEgdolL LobmgHBo osbEIMgdom 1.5-%9M Ag@9ss HoMTmygbowo. 28 MO
6 3999 5L53MOM03 353H9yMM0530 BMs Fbmwm 0.89-%x 96 906036905, beaerm 6-12
030U 5Bs3MdMH03 X3Bdo - 1.8-x96M. gl F0POMGIL, O™ 6EOLLYMEGOOL 45dMm3w9bols

13930B03OMDds 3MBEDIEIWMMOE 5153056 gHms 0BOEYds (3b6.20).
3b®owo 20. A(II) xaxz0b dJmbg A30¢gddo s6¢)0-B s6@0olbgmegdols blobmgbo

ABO Bglfogeroo 28 ©mo@sb 6 6-12 m30L 5bsdMmdoErgdo X2

Lobbgrols B30¢9gd0 39909 sLs3mdGOZ0 (Gabaidze et al., P

XJMBMO0 35 3MdIGOZ0 3593060 2023)

sb@olbyy 3593005

wgdo (@) | (%) @ | (%) @ | %) (n) (%) X*-
16.67
28

>6G0b 52 | 61.905.2 16 45.71+2.9 36 73.47+6.3 35 40.7 £3.4 p-

36 560l 32 | 38.10+5.2 19 54.29+2.9 13 26.53+6.3 51 59.3 +5.2 0.000

Lwgqo 84 | 100 35 100 49 100 86 100 825

3990303309 56@0-A 56E0bbgmagdol 4o3039wgds B(III) xawmaol bgowgddo
(n = 23). B30¢900L 60.87+3.1%-U (n=14) 3¢rsHdsdo 543l 56GH0-A sbEHOLbYMEgd0, beagnm
39.13+3.1%-b 56 o3l A 56GHOLbgMgdo (n=9). 28 ©OOI6 6 ™330 SL53MOMO]
39093060530, A 5bGHoLbgMwgdo s0dmbBgbowo o0dbs 53.33+3.5%-d0 (n=8) 5 O
sdmbgbos  46.67+3.5%-d0 (n=7). 6-12 30l SbS3MIMOZ 35BHIFMM0sd0, 9BFGH0-A
3b6G0LbgMEgdoL sOBYOMDdS o0bots 87.5+3.4%-0g (n=7), bem 6 sdmBgbowo
d900mbg93990 9993060 12.5+3.4%-0¢09 (n=1) (366.22). 993505690 B(III) xamz30L geomo
ol Bgoegddo 3996906030 96FH0-A bEOLbgMEgdol Lobmgbol dmbsiggdgdo B(III)
X3MIBOL  obosedmdowms Imbs3gdgdl. sHsEdmdoErgdol AMOg3Eglmdsl, 61.9+3.4%-U
(n=13), 3¢5D85d0 3dmbs s6@H0-A sbE0lbgmmgdo, beaenm 38.1+3.3%-b (n=8) s6 3Jmbo
(356.21). 3565 5dobs, 990dgds 500b0TbML, MHMA 6-12 M30L SL3MIM0Z 35¢3))AMMH05d0,
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3b6E0-A 56@0bbgmEgdol 459m3wgbs sbodmdowgdmsb d9sc9d0m momddols 1.41-x 96

390D

3bOowo 21. 56@0-A 56EH0obbgmmgdol bobmgbo B(III) xama3ol sboewdmdowwgddo
ABO Aglfogeroemo 28 ©moqsb 6 6-12 mgob sboendmdomgdo X2
Lobbaols Bgogmgdo 3999 sbo3MBdGBGOZ0 (Gabaidze et al., P
X3IBIO0 3b53mdIGOZ0 39303605 2023)
abEolbg 35393005
wgdo @ | (%) @ | (%) @ | (%) () | (%) X*-

2.6183

o6ob 14 60.87+3.1 | 8 53.33£35 |7 875+3.4 | 13 61.9+3.4 P-
6 560l 9 39.13+3.1 46.67+35 |1 125+3.4 | 8 38.1+3.3 0.454297
bygem 23 100 15 100 8 100 21 100

sboedmdowgddo Ar J3gxamxgdol LobdoMg odswo s0dmBbs 14.58+3.5%
(n=14), bmwm A2 439%3153900L LObJoMg 453009000 Fowsro - 85.42+3.5% (n=82).
B30qdmsb Tgotgoololl s0dmBbs, GMMI A1 J3gxamxgdol LobdoMg sswo oym
56.52+5.1% (n=52), bmwm A2 J3gxamxngdol LobdoMg osdseo 43.48+5.1% (n=40).
390dwgds 3035M9MM®m, MHMI A2 439X%3MB0 LYIOMEMYOMMIE 53egbl J0d3MH0sL Al

939X 3B, M3 MbBHMPIBYHBMM® (33509050 M30Lgdss ((3b6.22).
3bOowo 22. A1/A2 439x353900L 890560505 A s AB xa19530l sbogrdmdogrgdls s h3oegddo

ABO J39x289%0 Aglfogeroo sbsem8mdogdo X2 P
396mBH03g B30ead0 (Gabaidze et al., 2023)

oy @ | %) (m) (%) X* p-<
A(II) A 52 56.52+5.1 14 14.58+3.5 36.2691 | 0.00001
> Ax 40 43.48+5.1 82 85.42+3.5

AB(IV)

Loy 2 92 100 96 100

B300q00L Lb3solbgs slo3MdMO3 X3BJOL ImEOL Rh 5630996900l goblibgsggdqdo o6
5x30JLOMGOMWS, M3 JoPomgdl, Mmd Rh s6EH0ygbgdo O 9Jud3MHgloGms
36M9boGon® 39Mom@do. Rh Lolgds 350oe3meodm®myweos, D sbEogqbo yzgusby
039960996160 o 3er0bo3MMow 360d3zbgmzsbo g3o@Em3os (Contreras & Daniels, 2013).

I1.6. ©gsb0do3omer sHse8mdoErgddo 6ogmxzols s sbagdmdools 350mmoby@o
553500900l (HDFN) 893mbgggagd0l sbsgrobo

3bsE MBS OO bfoero 536MrMdomo Bdqglolss(n=787), G 55.23+1.3%-1 99op9bUL,

boem 3gOmdomo bdgbobs 30(n=638), Moz Loghomm MoMmEIbmdol 44.77+1.3%-0o.
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3boEdmd0wgdol oo bsfforo mMm03g xamndo 353MMB0mO Bglolsvs. G5 3sLIbmdl
LogOMOTMMHOLM 3300939030 393039 dME  303mMYHYOL  BsdOMdomO  Lglol
30MIMBser M0 s 03bMEMA0HO 1530L9dMYBIOOL dqlobgd (Baines et al., 2023).

d9LPogoe  ©gsbodozome b dmdowms  3smMmEmyogdl  dmMol  ogm
bmbndz0m0  EoLEBHMIL Lob®Mdo, FIMYdIOWMwo 089305, dogBHIMOo  LyzLolo,
3960bs@smMo  39MHom©olm3ol 535bslosMYdYO 0bggdisogodo, d03939
913065300 06639930900, 390MEODBMMHO 5350090900 (ABO/Rh Lgblodoobs30s),
3 BMBE 9090 Boyzomerg, ©Lgbs3EMeEmdol bbgs d98mbggzgdo, msboogmeomo
396M39Lo 063399309, 3bolberds®zms LobEGYAoL 3500MEWMY09d0, MsbOYME OO
300OM39IBRIW0s s bb3s 09boymeowo sbmdswogdo, GMmIgwdog 0y)eobbdgds
L5330l ImIbggdgEo  Fool  5EHMGDos, SBMLOL  IOMMWOxLo, MIbEIYmEowo
05805230l 0054560, bogmxzols bggtmbmo 9b@gmmzmmwodo s lbgs.

ABO s Rh bobgdol 9999003590cnmdom godmfzgmero HDFN, smBmliEgdgwo
10g430m0oLs s B3 390MEODMMO 935000930l TJMbg SHIETMBOEMS MroMEIBMDS
39399650bgm Lgglols FgLsdsdobos. ABO LobEgdol 89mmsgligdemdood 4sdmf{3gmen
390m0bB6 9gdmnbgz9390do 3gOMdomo Bdglbol sboerdmdogdo 46.34+7.7% (n=19)
B0GH00 F5M3MBL, 3000609 sdOMdomo UBggbols  44.44+7.4% (n=20). "D 1LEHId90
bogzomols s  Ubgs  390m@oBNMmHo 99350090900l  ddmbg  sboedmdorgddo
909MHMd0mo  bdgbol  sbosrdmdoms  MomEgbmds 31.71+7.2% (n=13), 05658560105
3596MHMd0m0 Bgglol sbordmdowgdol 31.11+6.9% (n=14) dsB39690cols. Rh LobEGgdoom
300mf39mwo  HDFN-ob  999:mbgg3q00  98godmdomo  bdgbol  sboedmdowgdols
21.95+6.4%-05 (n=9), Mg 9306MIOOM B0 F5IMMd0MO bdgbol sbodmdogdols
50 bMBLMOD Fgocgd0o 24.45+6.4% (n=11) (3b6. 23).

33930l dobsbo oym FgagzgLlHogwrs M95b0dogome  sbsEdmdowgddo HDFN
39000b393990. 9HsEdMdogddo  399mEoBMmo 569dool bgsslibzs 30BgBo HMLGdMBL.
OMamO0Ess:  dgwol  G30bol  M3856MH0Lbmds, 9YBHMOIMBMEo  3GMdwgdgdo,
0903300069Md000 LOLLEIOL 9935090900, DMPOgMmMO ool 339MoMo ImJdggds,
bbgo@albgs G030l 06939930900, LoLbEIOL F5EslbIOL oM gdqdo, Rh LobEgdoom s
ABO bo@gdom go8mf39:9o 089916M 306530009 ¢HmMo m®dlwmemds s bbgs.
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3bcowo 23. 3gdmobm@mo (ABO,Rh-om LbmGomo 1. 3g9meobmeo (ABO, Rh-om

399039790 HDFN) @5 arbabhgdgero 32803990 HDFN) @5 srdabhgdgero
boygzomerg Lggbol dobgwgoom (2020-2024 §F) boggomerol dgdmbggzgdo (2020-2024 §F)
2
Sbogriodogros vdabo X abse08mdoms 39dmeobmo 39dmbggzgdo
3g0meobato S| 3000 | JodGMI000 P 50 H
(ABO, Rh) o5 QI ’ 4535 (HDFN)
xgbagbogRowe | @ & g .
Lboggoools 2
'c'igambgggbo @) | () @ | (%) X* g 35 31,4
ABO 46.34 44.44 | 0.0768 § 30
§ . 23,26
19 | 7.7 20 | £7.4 p- €
R 20
Rh 2195 2445 | 0962329 B
9 +6.4 11 | +6.4 ﬁ 10
7 bbGIBIO ¥
398mobyymo 31.71 31.11 »0 o A s
©5535098900 ©> ABO- R Qo YLBIdIwO
boggooy 13 | 7.2 14 | 269 39306HmBIOo 3ob630Gmdgdrwo  3gdmmoto/
by 41 | 100 45 | 100 Logzooemy

Bggbo  0b@HgMgLoL  LEBIOML  FoMdMmoaabs  gOHOPMOMEFOGWOO  XAMBMOO
3630969000 godmfzgmewo HDFN  9qLfogms. 0dmbmémo  390memobmémo 56980900l
39630560905 MIgBHgLbo  ©39300MGOMos 08  9MOMOMEOGHME  3bE0dbME
LoLEBHYIYPIMD, OMIWIdOE 299M0MBI3056 Foseo 03MbMYgbMOMdom. domasb ABO
LobBgds 390moBMMO  GHGMBLRMDBoMwo 095309008 Y39wsDg  Fo3MEITYdIMWO
dobgbos. Rh LoliBgdol s6FGH0gqbgdo 3608369crmgsb MMl sLGmwgdgb HDFN-ob s
0996mM0 399mEoBol 49b630m06m9dsd0. Kell LoliEgdol s6@H0g9gbgdols Lofiobsswdwogam
Do6dmgdbowo  sb6BHo-K  9bGHolbgmwgdo, bdod 89dmbggzsdo, ddodg 3gdmeroboom
bobosmMYds. Kidd s6@0g96m6Mo Loli@gds (Jka, Jkb) boGo sbim306MH©gds 330569390
3900m@0bBMM0  BHOBLRMBomwo  Mgod30900L 496300000905 bsb. Duffy s MNS
360296900 Lodmsem 3arobozm®o 3603369wmdol 8Jmbg X 39d0s, MBS FIMIITME
d900b39399d0 gLodergdgeos HDFN-ob 56 G6Moblgmbowm®mo 390meo®Bol 35630m06900.
ABO Lob@gdom gob3ommdgdmwo 39dmeobdm@Mo ©s53509d0L  ©0sabmliGogs ®Bgds
39b6bo3ol s YdsBHJIOL  Logbs. Tbmemeo ABO  8999mo3Lgdemdols  sMLGIMdS
Sbodmdols s @9l JmOol 96 FoMdmopabl  390moBol  sGLYOdMBOL
9330390 905L. vy LgMmE™mao©mo I3H303EI0WYdI00 - OHMYMOOBS 306M30MO
3bEoLbbgmEgdool  GHguBo (DAT) o6 Ubgs @odmMs@mmommo  95B39690wqd0 96
5Q3BEGHWMOIOL 0dbmmo 399mEobBol 3Gm3gll, ABO dgmmagligdemdols Logwmdzganby



303960006 9d0693008 ©0sabMmBoL slids Fgodergds SMILHMOO 0gmb. Tgbsdsdolo,
ABO bob@gdol 8999053590 mdom 259m{)3909o 398moBIH0 ©s935©JOOL OFbMDBO
Mbs 983dbgdmEaL 396dm 99dmbz930L 3000603 O WsdMEMSEMMOI dmbo(39390L
Q5 5M53BMEME X3RO0 JJ03L9IWMOOL BoJEU.

1533093 X3RBA0 390Mm0Dol OsBbMBom 86 M9sb0Ts30MWO SHHETMDOEOS
(LmE.1). 990mbgzg350m9 oo boffowo (n=59) godmfzgmwos ABO s Rh Loli@gdol
3991053190 MBOM, FogMoa 45633919 J90mbz9390d0 (n=27) 33b3090s IBMLEHIOIEO
390mo0BMMH0 s Loyzomol dEAMIsMgmdgdoi. ABO Loli@gdol 8gmmogligdarmdoom
3993990 HDFN 560l d9L{ogeroe 69560053099 sboerdmdowms 45.35+5.3% (n=39).
Rh LobEgdob 99gmomoglgdemdoom sdmfiggmeo HDFN 30 89500996  dgufiogerogn
d90mbgggzoms  23.26+4.5%-1 (n=20). Ubgs sbs®Rgbo Tgdombggggdo 3o g3mogbol
3 BMLE909w  390mobMEm  dyMIsMgMdIdLs @ IBMLEGHYdIwo  Bslosmol
10Y430mWL, M3 BodMEMM K590 89500968 F9dmbggzsms 31.40+5.0%-b (n=27) (LmE.1).

I1.7. ABO g5 Rh Lolsggdols 89190053U9dcnmdoo 45dmfj3gmeo bsgmgols s
sbendmdoeol 3gdmemobMo 56990900

ABO bobEgdol 99m390emd00 49dmfizgmero HDFN 9Jmbg sbserdmdowrgddo
d930LHogwgom Lolberoll ABO/Rh xama3m®o 3mddobszogdo. dsmoero 9583969000
Domdmeggbocros A(II),Rh* xamao 74.36+6.9% (n=29), 99009y dmeol B(III),Rh* xqmz30
15.38+5.7% (n=6), 9990099 39303909005 A(II),Rh- ¥awma0 5.13+3.5% (n=2). AB(IV),Rh~
x50 s B(ID),Rh" xamx30L sboserdmdowgdo 9o, 89dmbgggzsdos Fo®dmepqboero
(n=1). O(),Rh*, O(),Rh s AB(IV),Rh-  xam53900 56 a3b3090s 50bodbyen
sboedmdowgddo (3b6.24).

aob30bowgem  Rh LobEgdols HDFN-ol  9dmbg osboendmdowgddo  ABO/Rh
5396mEGH039M0  3m3d0bs30900, Mo by bofowgds: A(II),Rh* xawmaolmzols sGob Mg
3939 ©3obslosmMgdgero Rh LobiEgdol 999megLgdemdol d9dmbggzqdo, s©0bodbmeo
3033065300l dJmbg sboedmdowgdo a3b3wgds 50.00+11.1% dgdmbggzsdo (n=10), dsb
dmbgal  O(I),Rh* xamx0, MmIgwog 45.00£11.1%- MEHmewgds (n=9). B(II),Rh*

X3IBMYOO  3m3d0bs30000  g3b3000s  sbowdmdowms 5.00+4.8% (n=1). AB(IV),Rh+
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X3IBMYOO  303d0bs3zos Rh LobGgdob Jgmomogbgdwmdom  asdmfzgmwo  s69do®
5boEdMdowgddo 56 89a3b390M0s. OMYMOE Inbswmobywo ogm O(I)Rh-, A(II)Rh-,

B(III)Rh-, oo AB(IV)Rh- 303306530900 563 ©05530d506gdwgems (3b6.25).

3bowo 24. ABO Lob@gdol d999meg3Lgdemdom

ao0mfiggyero HDFN (2020-2024 §if)

3b®owo 25. Rh LobEgdol dgwmegligdermdom

a99mfizgyero HDFN (2020-2024 §if)

obogndmdogms ABO, ABO Lobigdol sbogndmdogms ABO, Rh bob@gdol
Rh Lob®gdol 991900539dEMBO Rh Lob®gdol 99m053L9deMd00
196m@G03Mmc0 399mf39memo HDFN }96mE03mMo 3°0mf39memo HDFN
3M3dobo3ogdo (n) (%) 3M3dobo30gdo (n) (%)

O(I),Rh* 0 0.00 O(I),Rh* 9 45.00+11.1
O(I),Rh- 0 0.00 O(I),Rh- 0 0.00

A(II),Rh* 29 74.36+6.9 A(II),Rh* 10 50.00+11.1
A(ID),Rh- 2 5.13+3.5 A(II),Rh- 0 0.00

B(III),Rh* 6 15.38+5.7 B(III),Rh* 1 5.00+4.8
B(III),Rh- 1 2.56+2.5 B(III),Rh- 0 0.00
AB(IV),Rh* 1 2.56+2.5 AB(IV),Rh+ 0 0.00
AB(IV),Rh- 0 0.00 AB(IV),Rh- 0 0.00

Lrgem 39 100 Lvgen 20 100

I1.8. 399cgrob@o HDFN-ob (ABO, Rh @5 bbgs) 3Jmbg sbsgmdmdogoms s 0gosms
bolbeol ¥amaol 3mddobs30gd0

B39bL doge Fglfogeroeo 86 390meoBMo s6gdool dJmbg sboerdmdowosb, 77
sbodmdowol 999mmb3g935d0 9359438 IBMLEBHYIMWo 0bxMEDs305 ©IEOL Lobberols
X3B30L dgLobgd. b0 26-00 gosbocroBgdeos HDFN-ol (ABO, Rh oo bgs) 9dmbyg
b dMIOWMS 5 IS BOLLEOL XyMBOL 3MTB0BS30900. MJMOHONISE Y39wsDY
Jo@oo 399mobmmo 569dool LobdoMg 43b3gds, MmEs gs sGol O(I),Rh- (Reid,
1990). g90m3ysg0m 99090 3mId0bs30gdo: 1. gs O(I),Rh* /sbscwdmdocro O(I),Rh+
(n=1); 2. gs O(I),Rh* /sbedmdoo OI),Rh" (n=0); 3. gws O(I),Rh+/ sbsewdmdoero
A(II),Rh+ (n=31); 4. ogs O(I),Rh* / sbsewdmdowo A(II),Rh- (n=3); 5. ©gws O(),Rh* /
sboerdmdoeo B(III),Rh* (n=8); 6. ogos O(I),Rh* / sbsgwdmdogro B(III),Rh (n=2); 7. ogs
O(I),Rh* / sbosewdmdowo AB(IV),Rh* (n=1); 8.cogos O(I),Rh* / sbsgwdmdocro AB(IV),Rh-
(n=0). 5060860  ©YI-sbsdMdowo M35  3mFd0bsE30MHO  FGLodEgdMOdOIH
439Dy d9B0 MomEabmdMogzo 8s839690wom Ho@dmpygboeros  A(II),Rh*  xawmaol

3boedmdowgdo, OHMIGEm X3RB0Lss (n=31). 999ga0 ImOols

s O(I).Rh
O(I),Rh* xamx0lL 9ol B(III),Rh* xama0l 5698060 sboerdmdowgdo (n=8), A(II),Rh-

X3530L (n=3), 99909y B(III),Rh" xama0l sboerdmdowms bobdoMgs (n=2). O(I),Rh* o
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AB(IV),Rh* xam330L 5bsgdmdowms 05650500 gobsforgdss (n=1) s OI), Rh™ xamaz30l
dJmbg sbHsEdMdoErgddo Auysgbo F9dmbggzs o6 23543L (n=0). gu gobsffowrgds, BMEOL
L0Y30mEOLs S 399MEOBMMO 59350JOJOOL MOLZL. domomgdl, ABO LoliEgdoo
390mf399  Jgmm3L9d MDY, MOmEgbyg  ©IEoL  039bmmo  [o®mmdmdol
3b6E0LbgMEgdl 99dw0sm goH3390Mb 3eo3abde o ™3l oglbsb  Boymazols
9O0OOME0GHIOL, M3 0§i393L 390MmE0BNM 935090l (Hall et al., 2025).

0d LG, IIL 5g3L O(I),Rh™ XymB0 2935965 0Bgm b dMmdowrms Lolberols
X29530L 8 3mdd0bsgos: 1. gos O(I),Rh/sbserdmdocro O(I),Rh* (n=10); 2. ogs OI),Rh-
/96edmdogro O(I), Rh (n=0); 3. gws OI), Rh/sbsgndmdoo A(II),Rh* (n=4); 4. ©g©>
O(I),Rh" /obse8mdogro A(II),Rh™ (n=1); 5. ogs O(I), Rh/sbsewdmdoero B(III),Rh* (n=0);
6. gs O(), Rh/sbogwdmdoero B(III),Rh-  (n=0); 7. gws O(I),Rh/sbsgrdmdoero
AB(IV),Rh* (n=0); 8. wgs O(I),Rh/sbogwdmdowo AB(IV),Rh" (n=0). 399merobol
d90mbgg3s mAg@GHalhoms osgodioms O(I),Rh*  xaqmz0l sboerdmdowwgddo (n=10);
390905 A(II),Rh* (n=4) s 399m0Bol ghmo d9dmbggzs séob A(II),Rh-  xamz30b
sbodmdowdo. YOI,  MMIglsg  5gd3L A(II),Rh* X3RO,  MIOOLISQ
d9LsdegdgEos 3ys3gl 8 Lbgsolibgs 3mddobsgools ddmbg sboewdmdowo: 1. 9o
A(II),Rh*/sbsgrdmdogro O(I),Rh* (n=3); 2. ©gs A(II),Rh*/sbedmdogro O(I), Rh- (n=1); 3.
95 A(II),Rh*/ sbosewdmdoo A(II),Rh* (n=1); 4. ©gs A(II),Rh* / sbsgrdmdoero A(II),Rh-
(n=0); 5. gs A(II),Rh*/ sbosewdmdogro B(III),Rh* (n=0); 6. ogs A(II),Rh*/sbsewdmdogro
B(II),Rh- (n=0); 7. gs A(Il),Rh* /sbsewdmdowo AB(IV),Rh* (n=0); 8.c0gcs
A(II),Rh*/sbsgndmdoo AB(IV),Rh- (n=0); boosbsi BsbL, ™I 39dmerobols d9dmbggas
3359J3L dbmerme  O(I),Rh* (n=3) s dbBMEm© momm d9dmbggzs a35J3b OI),Rh- s
A(II),Rh* %3m0l 9dmbg sbsgndmdowgddo (n=1). gb 990dgds gob30MmMIGOME0 0ymb
ABO ULob@gdol 39v9mo3b9demdol asdm. A(II), Rh- xamaol 9dmbg ©goolb 35380600
3bsEdmd0wol 8 313306530006 BsbL, HMA  398mwobo 3e00bgds, FbMmE™M© 0d Lo
sboedmdol 593l A(II),Rh+ xamxo (n=9). 1. gs A(II),Rh- /sbsendmdoeo O(I),Rhr
(n=0); 2. ©gs A(II),Rh- /sberdmdogro O(I),Rh- (n=0); 3. gs A(II),Rh / sbsgwdmdogro
A(IT),Rh* (n=9); 4. 9> A(IL),Rh" / sbogwBmdoo A(II),Rh- (n=0); 5. ©gs A(II),Rh-/
sboerdmdoo B(III),Rh* (n=0); 6. 0gs A(II),Rh" / sbsewdmdoero B(III),Rh (n=0); 7. cogos
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A(II),Rh" / sbsgwdmdogro AB(IV),Rh* (n=0); 8.cogos A(II),Rh- / sbsewdmdoeo AB(IV),Rh
(n=0) ; bowm OHMEYLsE Il 5g3b B(III),Rh*  xamg0, 99J0bowo 8 3m3d0bs3000sb,
Gammoass: 1. gos B(II),Rht  /sbosegwdmdowwo O(I),Rh* (n=0); 2. oges B(III),Rh*
/56edmdogro O(I),Rh (n=0); 3. gs B(III),Rh* / sboewdmdogro A(II),Rh+ (n=0); 4. ©g©s
B(III),Rh*/ sbsgwdmdogro A(II),Rh- (n=0); 5. g B(III),Rh* / sbsgrdmdoero B(III),Rhr
(n=0); 6. s B(II),Rh* / sbogdmdocro B(III),Rh- (n=0); 7. gws B(III),Rh*/
sbogndmdowo AB(IV),Rh* (n=1); 8.cogs B(III),Rh* / sbosewdmdowo AB(IV),Rh- (n=0); of
335436 399mobBol  FbMmEwm© gbmo  dgdombggzs AB(IV),Rh* xamzol  9dJmbg
sboedmdowdo (n=1). s3Mgm3g 390mobol ghmo Fgdmbgzgzs  aodmgzeobos 8
3003065300056, LosE gL 3Jmbeos B(III),Rh™ ¥qmz30 o sbosgwdmdoels 3o B(III),Rh*
xamno(n=1); 1. ©gws B(II),Rh- /sbsewdmdowwo O(I),Rh* (n=0); 2. ges B(II),Rh-
/5B6edmdoero O(I),Rh™ (n=0); 3. gs B(III),Rh" / sbsewdmdoero A(II),Rh* (n=0); 4. g©s
B(III),Rh/ sbsewdmdoeo A(II),Rh- (n=0); 5. gs B(II),Rh / sbsgwdmdogro B(III),Rhr
(n=1); 6. g B(III),Rh-/sbserdmdoero B(III),Rh- (n=0); 7. coggos B(III),Rh-/ sbosewdmdogro
AB(IV),Rh* (n=0); 8.cogos B(III),Rh- / sboewdmdowo AB(IV), Rh™ (n=0); ©9gdl,
OIgemsg 9d300 AB(IV),Rh* s AB(IV),Rh %3530 3500056 398menobolb 99dmbggzs o6
5304B0MYBS, M3 080Mds J9630MHMOYIMwo, Mmd AB(IV) xamx3l o6 5J3b s6FGHo-A o

3bG0-B 96GH0olbgMgdo ©@s 9O 0f393L8 X3RO0 LgbLodoEOBsEFoom  Fodmfz9we
3900e0BL (3b6.26).

3bOowo 26. ©9/5boEdmMdOOL X QMBIOO 3600 27. ©9s/sbogrdmdowol X aMBIOOo
303006530900 ABO/Rh @5 @Bl gdgeo 300006530900 sBNYLEGHJOMwo HDFN-ob commls
HDFN-ob 6®mb (2020-2024 §F) (2020-2024 §%)

S Sbsdndogra | O, [ O, | A, [ A, | Bam, | B | aqyy, [ ABIV), |

im\\\ Rhe RN |Rhe |Rh- |Rb |Rb |y | Rh

e J989M0wo MxMs 3000mPOL Fglisdsdolo 3mdd0bsgogdol 56 sMLYdIMINL ©YEs/sbagdmdogndo.
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30650006, 399moBo bdoMos 35d0b HM@gLsg sOLYdMdL ABO s Rh Lol@gdol

3979353890 Mds, 9d9gob 9dMAObIMY, 939390 9339399790065  SHsETMdOOL
X3MIBoL 39300600  ©IEOL  XaRMIb  IBMLEBHIIMwo (ABO s Rh  LobEgdol
3999353890 Mdom 459m)39E0 569805) 399ME0BMEO 5698008 Fgdmbgzg3zgddo (n=59).
dm39dmwo gbMowo (3b6.27) a30h39690L, 390Mm@0DBMMHO 535009008 A9bsHowgdsL
3boEdmd0wgddo gEOLs s sboedmdowols ABO s Rh gsgd@mMol dobgwogom.

M3 09 6oL O(I),Rh* x50l dJmbg sbserobol Ml 45dmgyszom 89dwgao
303d0bs3ogdo: 1. gs O(I),Rh* /sbsgwdmdoo O(I),Rh* (n=0); 2. gs O(I),Rhr
/56edmdoro O(I),Rh (n=0); 3. gs OI),Rh*/ sbserdmdoeo A(II),Rh* (n=28); 4. ©g©s
O(I),Rh*/ sboewdmdoo A(II),Rh- (n=1); 5. ©gs O(I),Rh*/ sbsgrdmdogro B(III),Rh* (n=6);
6. ©gs O(I),Rh* / sbosewdmdoero B(III),Rh- (n=1); 7. gws O(I),Rh* / sbsgrdmdowo
AB(IV),Rh* (n=1); 8. c0gos O(I),Rh* / sbsewdmdogro AB(IV), Rh™ (n=0); byosbsg Bobl, Gmd
QYL OMdgerbsg g3l O(D).Rh* xa80 ©sgogdbomEs y3gwwsby dgBho 8gdmbgzggs,
MOmEgbsg 9oL 3gogl  A(II),Rh*  xawaol 9dmbg sboewdmdowo (n=28) s LHmGg qu
95050 M5MmEYbMds 00 gdl ABO LobEgdom godmfzgmer 399meoBe 569805%y.
390m0Bob dgdmbgagzs 339d3L d1939, OMEYLIE SboEdMdoW 5d3b B(III),Rh* xaymx0
(n=6) 5 33543V 399m0BOL Momm Jgdmbgzgzs HMmEILsE sbodmdowls odgl A(II),Rh-,
B(III),Rh- s AB(IV),Rh* xamg0 (n=1).

0d LosE, YL 593l O(I),Rh XymBo 4935965¢0BgM sboeTMmdoE™ms X aBRoL
399090 8 3m3dobssos: 1. gws O(I),Rh /sbserdmdoeo O(I),Rh* (n=9); 2. gws O(I),Rh-
/5b6edmdoero O(I),Rh™ (n=0); 3. gws OI),Rh/sboendmdoo A(II),Rh* (n=4); 4. ©g©>
O(I),Rh" /sbse8mdogro A(II),Rh- (n=1); 5. oges O(I),Rh- /sbsewdmdoero B(III),Rh* (n=0);
6. gy O(I),Rh7/sbowdmdogro B(III),Rh- (n=0); 7. gs O(),Rh/sbsegndmdoero
AB(IV),Rh* (n=0); 8.c0g0s O(I),Rh/sbosewdmdowo AB(IV),Rh- (n=0); s0bodbmwo
303006530900056 BBL, ®MI ) gL 5g3b O(I),Rh- xamao 3gd8memobols 99dmbgags
sgoduoms O(),Rh* (n=9), A(II),Rh* (n=4), s A(II),Rh- (n=1) xgamx0L 3dJmby
sboerdmdodo.

390m@0obol d9dmnbggzs 33993L dbmerm@ 35d0b, GmiEs A(II),Rh™ xamaol djmby
©9©90L  3ysgm  A(II),Rh* xamxol 9dmby sbowrdmdowo (n=7), bbgs 30mdd0bs30gdd0
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390m@obol Jgdmbggzs 9O ogxodloMgdms. B(III),Rh- xamxol 9dmby ©gosliosb
©55304L0MES HMI SOBYOMIPS 398MmE0BoL ghmo dgdmbggzs B(III),Rh* xaymxol dJmby
b5 dMdOwmsb (n=1). 9oL, HMIgEmsg 5§30 A(II),Rh*, B(III),Rh*, AB(IV),Rh*, o
AB(IV),Rh" %3950 3500056 399me0Bol d90mbzg3s o6 130dloMgds, g d0m009d9L
00 B5dBHMODY, O™ 5©0bodbMEo XMzl dJmbg ggddo 39dmEoBol gobgzomsMmgdols
oL sMoL sdso (Moise, 2008) (3b6.27).

MEQLE,  o3s9bswobgm  dbmermn  ABO  LobGgdolb  Fgmo3L9dMmdOm
3o0mf39mwo  HDFN-ob  89d0bgg3gdol  ©gool  Lobbeool  xamxol 3933060
3boedmdowol Lobbeolb XMBMB, of Bsdmmzwowo 8 3mddobsgoosb: 1. gs
O(I),Rh*/sbsgw8mdogro O(I),Rh* (n=0); 2. 0gs O(I),Rh* /sbenrdmdocro O(I),Rh- (n=0); 3.
9> O(I),Rh*/ sbserdmdowo A(II),Rh* (n=28); 4. ©gs O(I),Rh* / sbsgwdmdoero A(II),Rh
(n=1); 5. ges O(I),Rh* / sbogndmdogro B(III),Rh* (n=6); 6. c0gos O(I),Rh* / sbsewdmdogro
B(III),Rh- (n=1); 7. ogos OI),Rh* / sbosewdmdoero AB(IV),Rh* (n=1); 8.cogeos O(I),Rh* /
sboedmdowo AB(IV),Rh- (n=0); 999m03390ms, ©@9gs M™Igembsg 9g3b O(I),Rh* xamax0
1304LOMYdS Y39wWsBy I9EH0o F90mb3939, HMEILSE sbodmMdowdls 5d3l  A(II),Rh* xamx0
(n=28), 5bsEdMdol MMIgebsg od3b B(III),Rh* xamxzo (n=6), ©s 235J36 oo™
d900bg935 OMmEILsE  sboedmdowl sdal A(II),Rh- , BII),Rh- s AB(IV),Rh* xaqmx0
(n=1). od ULds3, ©9gsL od3b OI),Rh xamxz0 3gdmeobol  momm dgdmbggzs
sgogbotms A(II),Rh* s A(II),Rh™ xam530L dJmbg sbsedmdowgddo (n=1). bomwm, of
LoOE YIOL, 5300 A(IT),Rh*, A(II),Rh-, B (III),Rh*, B(III),Rh-, AB(IV),Rh* o5 AB(IV),Rh-
X3RO0 3500Mb 390meoBol G9dmnbgzgzs 96 godloMgds (n=0) (5b®.28).

Rh Lol gdoo 459mfi39mero HDFN d90mbgg3900L (n=20) 35565¢00bgd0lsl cogeools
X3IBOL 3930060 9HSETMOOOL X YMNBMD, odm0339ms 3MId0b30900 LOE 3393L
HDFN 8900bgg39%0. 50b03bemo 3:m830bs309000: 1. @gs OI),Rh™ /sbendmdowo
O(),Rh* (n=9); 2. ©gs> O(),Rh™ /sbwdmdowo A(II),Rh* (n=3); 3.c0g0> A(I),Rh
/56edmdoro A(II),Rh* (n=7); 4. ©gs B(III),Rh-/sbgndmdoero B(III),Rh™ (n=1) (3b.29). 59
30300b6530900056 Bobl, MHmI Bg9bL  330g3580 A9dM3E0obs  390meobol  IgEHo
d900b393990, H~MEgLLE YL 5d3L O(I),Rh- xamz30 s 3gogb OI),Rh* xamaz30l ddmby
sboedmdowgdo (n=9); 51939 390mobol 99dmbgzg39d0 235438 MMES ©IIOL SJ300
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A(II),Rh" xama30, OG™MIgemsg 34ogo sbogdmdowgdo A(II),Rh* xama00 (n=7) s 335J3L
HDFN g@oo 990mbggzs 00 308006530580, bosg st og3b B(III),Rh- xymao s 39zl
B(III),Rh* xamax30b 8Jmbg sbsgrdmdowo (n=1). x31x3296H0 d99063L9dMmd0m 869dMH030
390m@obo 53 89d0bg0935d0 56 bgds, MY gL @S Bogmul ghmo s 03039
X3530L Lobbero 5930 s gblogMgdOL XY MH9IOL MRYdSD O™ MHJHBMLOL SBEHYIBOL
59mUo3bMds©, 99009390 bgds  03MbMmYwMdMmob G-ol LobmgbBo, HMIGEoE A9OL
35396¢)9b s 0393l sboedMdOEOl gHomMOHME0EHIdOL 390meoBl (Eamiu, et al., 2022).
003 3m3d0bs3090d0, Losg ©YIdL 3Jmbosom A(II),Rh+, B(III),Rh*, AB(IV),Rh* o
AB(IV),Rh xamz30 3900meoBols 89000b393900 96 ©sx30JboMgdwms  (3b6.29). gbGowo
29 8oMmomgdl, MM  ©YEId0 OGMIWIdoE  bsLOsMGd0sh Rh-  gg9bm@Go3dmMo
3000065309000 @5 Fom0 sboedmdowgdo Rh+  g9bm@odom, dbmermo 0 3e00bgds
HDFN 899:b393900, 9b 30 603653L, H™3 399me0B6m0 055350900l 8053500 dobgbos
3bodmdowgddo s d0momgdL s3Mm9m39, Rh LobEgdol 8609369wm356 453c0gbsl
390@0DMMH0 593500930l 256300056090500.

3b6owo 28. ©gs/sboedmdowol X aMBIOHO gbGowo 29. ©gEs/sboerdmdowol XaMBwIOHo
303006530900 ABO-00 g08mf39wyew HDFN-ob 303006530900 Rh-om  50mf3gmer HDFN-ob
Mmb (2020-2024 §F) oM™l (2020-2024 §%)

e 99839M00 MRGS B0MMomIdL Tglisdsdolo 3mdBOBsE0L 56 SOLGdMBL I/ SbseBmdoeado

I1.9. 3g3cgoBrMo s69300b sHsdmdoErgddo 398meEobols bamolbols s
30093060l MomErbmdM0Z0 Tsbalinsmgdgmols sbsgrobo

ABO s Rh LobBgdoom  T9MMogLgdge  SHHETMOOEGITO  59(30QGOIL0S
0003060 45BLSBOZMS. 30650096, B0 OMMBOBbOL MBOL Mo TgzzoLgds bawls
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2PgmdlL 390moBol 0sABMLEHMGIL. dOE0MMBd0bo FoMTmMoqbl 390mawmdobols
393500 BIol d9gao Ho0dmgdbon Bogmml, MHMIgEoa bm®mBswrGmssg 0d5@H9dlL
sbodmdowgddo (3bmgzmdol 300390 ©E®YJddo. mv) oo Mby BMIsEOME0S,
390dwgds 2963000508 3039M000MHd0bgd0s,  Mog  ™ogol  dbMog  bBOHOL
BgommGH™JlozMOmMmdoL oLl s Jglsdwms asdmofjzoml oligoo 3dodyg QoMME9dgdO,
MOMaMO039 39606033 96MLo, 00oMd0bols  dogH  godmfzgmwo  Gmdubozwmeo
9639Bo™m3smos s bbgs. SBR  (8Gs@ol  d0owo®dobo) bmMdol  ©os3sbmbo
sbodmdowgddo  olgss  goblbgeggdmeos. mMPsboBddo  Fg@odmmIMHo s
3905¢)mma096H0 LolEgdgdol BbJ30MH0 MIFoROMds bgwlb MHymdl dowomwydobols
L0 FoMOIL s Fobo 2odmeg3bol FgrgMbgdsl (Maisels & Watchko, 2020). Gmgym®g fglo,
3bodMd0Wgdo d0WoMmWBOBL 958033539090  LSbWMgdom 6-sb 8 Jdp/w-by
(102.6-136.8 3030MMIM/)  ©E9do. oG, MmORIO 509953905  IMBOOWgdTdo
000Mmd0bol  godmdmdsggdsl.  30M39wgl  ymgzwols gl gob3oMHMdYdME0s
sboedmdowgddo Lolbol fomgwo MxMggdol LoFsMdoL godm. msbsdgMmagy
390o0bgd0  (AAP, NICE) 6930096053008 00¢093056 dGo@ol  doo®dobol
U3obsMEH0DYIM T9gRsLgdsDY yzges sHIETMBOEOLMZ0L, Foblszmmemgdom 30 Mol
X3BJO0LM30L  39dmE0Bol BMbBY. d0WomdObOL godmdNdsggds, Gmamms (qlo,
3300 050JO06 10-14 EOL gobdogermdsdo (Okwundu et al., 2023).
9560053099 HDFN-00 05535009899 sboedmdowgddo (n=86), 99Lfjsgerowo
0465 SBR-ob ©5m©gbmd®030 dsbsliosmgdgewro, Lossg goblsbwgdmwo  3dmbosm
00063060l MbY. MomMmgMEo 3g0mmobM@o sbodmdowwols dMs@do SBR @mby
Ubgoolibgs 35B3969domss godmgagbocro. B39bL dogd dglfogerown sbodmdogddo
SBR ombg 996ygmdes 86.0 30360HmAmen/e0-q0b 441.0 d030mImMe/@-3]. 50Lsbodbsgoo,
M3 30006039600 250M3300935 s 30D OO Tg3oLgds BMLEHIE 396 F9BLEBOZIMOZL
bogyzomeools Boddodgl.  ™MIES, LBIMObobyoLmMzol bgds 3560l Bgsdommwo
00@0oMd0bols  Fgg3eligds. vy 39B3969d9o  sMoL  >200 Tdoz®mAmen/en, d5d0b
5300093905 SBR 99BLoBmgMs.  9bsgwdmdogddo SBR  ©mbg 9™ 30090990
39UAHOE0E sbO3LS S IdEJIOL [mbsby, 1939 293w gbsls SbgbL MmILMdMOZ0
399m3bogqgds (Moise, 2008). s3EHmOms XyMe390900 530M0E039090 599600308 3900sGMO0L
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535009900l 30396M000MH9d069300L 3¢00603M0 3M5JEH030L 250E0bL, HMIgeros 396
blbol Mslsby ©sxdbgdme 36ogd@GHo3zol s 808obscg MILOBAL sbsEIMdO M
Loyz00m00m 99x35L9d0LL (AAP, 2004).

b dMdowms 3039000306905 0m3wqds IMs@Gdo SBR -0l mbg (5
dy/ow) 86 930mo/w-Bg  Bbgdmom. slgo  Fgdmbgzgzsdo  bloMo  a3bzwgds
X 963090l LoOMWggdo. JobgszsE 0dols, MM sbowdmdowms 60% o
BosM9g3 obsedmdoms 80%-U  50gb0dbgds 3wobozm®o Logyzomerg LomaEberol
30639 33065L, FbMmE Foo I30609 bsfowlb 5d3b 360d3bgermgzsbo  doHomswo
0553500905. 09939, 9b5EIMdOWGdTo 3039MDO0MHd069d0s Fgodwgds SbMEOMmYdIEO
04mb 9dodg 935009093090, Gmam®oiss HDFN, 89@sdmemydo s 9bm3zmoboemo
©5MM393900, 3000l SBoGHMB0MEMO  IMM393900 s  0bx89J30900. Loyzomeng
39903905  9MHO0OM30GHIO0L ©sdwol Fggas Lolbbendo SBR-ob dmds@gdoo.
00063060l EMboL A5HMIZ0L BEBHIBIOEHO 3OOl Lolberol 6odwdols smgds s dolo
WodMMSGHMOOMo  ©IMTo3900  IBsGHTo  LoghHom d0@06MMdobol  Mmbol
d9L5x35L9dWOsE 303960 OMHBOBYTOOL  JOMHOMPO MOL3-GBogBMMYGO0s: bogmxzols ©s
9oL X330l F9Mm3L9dEMds, Hobs MOLMEMBOL OLEHMMO0S, IBIPJOOL FHES30900,
993mb0mdol 430560 @godmymas s 5.9. 80oz356MH0 F0BsBo  3039MHd0OMHMBOObgIool
9563500 5M0L 350MEMQ0)M0 3OHM39LJOOL RodmEMOEb3s WS 83MHBsTMdOL POHMEo
514909, MM 0930056 53030CM®M dOEOMHMBOBOL bgoMo@EmdLogmemmds (Moise, 2008).

30600096, SBR-ol  @mbg  qobLsgmomGgdom  do@mwmdl ABO s RH
0b™038MmboBs300L, 399MmE0BMMHO S WIHBMBEBHIOJO Loyz0mMEEOL JEYMTSMGMdJdOL
OML, 350371930390 99239UHo3ws 99 XRdo (n=86) FMsEHOL dowom+ydobols (SBR)
056396009e0.  09659900M39  JsloxozsEool  dobgzom  HMLYIMIL  39dmMEr0Bol
bbgoolbgs damdstmgmds (Moise, 2008). bsgmgolbs s sbsgrdmdool 39dmeobwy®o
10Y30mEOL OML 51939 9M63MBOMYOMGIMWO (56v) 5M53063060) dowoMMdObOL
396LB3MLL 593l 49s8HY39E0 0sRBMLEBH03MMO s 3OMABMLE03Mwo 3603369 mds.
36536000900 (o649 565300 3060) dooMdobo Po6mBmoddbgds
3900mMmd0bol  35@90ME0BIOL  9gRe©, M3 Poblogmmemgdom  0bEgblorGms
9090bs6(gMdL  398moB Mo 3MM3gLgdoL ML, MmamGmogss ABO/Rh Lob@gdoom
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396306HMdgdMo JgumogLgdIWMBY. JOMOHOM(30EHJOOL ITWOLOL A5Ms30LwIREGOVICO
3900mmd0bo  456M©o04dbgds doEr039MObs, bmwm Fgdymad dowoMmdobso. 9b
00 0Md0b0 56 M0l 3mboMYoM IO s FGLodsdols 56 oblbgds {goerdo, Mol
39903 396 59Mm0gma3s 65039 do. sHHEIMdOEgddo ¥30dwol 9oBodMMo LobEgds X6
300093 9mIfoxgdgwos, Moz 996Mglgdl  dOEP0MB0bOL  3MmboAs30sL.  FggYo,
365360200900 B0 oMMdobol  Jooeo  ©mby  890dwgds 993009
3905¢MgbEano6  doMm0gMHDg.  Mog,  sboedmdogrdo  0fi3g3l B0 oMH¥d0byew
9539B9M3500051 (390b0dGHgtrmLo), 53 Byoermbmwo ©5H0sbgdom,
06¢999@¥99H0 ©s InGHMOo d9i39Mbgdom bLHvyegds (Maisels & Watchko,2020).

B39bL L3393 X 2RTo BMY0GH® 39dMEP0HE sbodmdoedo SBR 353969090
0ym 95000 (342-441.0 3036HMAME/) @5 0m3egds, OMYMOE 390meobols ddody
bsobbo, bmyoghom 399meoBmE sboerdmdogdo SBR 6Hom@gbmds 50060369dms
BodmoemE Imds@gdeo (206-3083030:0mIM/e0), 569 0mM3wgds GMyMEE Lodwowm
bs6HoLboL 399MmE0H0 s BMY0gOH 390 0DME SHsedmdodo dobo dsB3969d9w0 ogm
5050 (86-205 303MMIN/) ©S 0M3EJdMEs bMOT>©, HMYMO 3 FoDOMEMAO0MMHO
3900@w0Bo. B0BoMWwMmaoM©®o 39dmeobo 60dbsgl SBR  ©mbgl g3oBomemyome
0535Bmbdo, LsdmMserm  bsmobbol  390mwobo  s0bodbogl SBR  @mboll  Bmdog
dmd5BHqosl, bmerem ddodg bsGoLbol  390meobBo  s©0bodbogl SBR  mbols  dsmogn
358396909 s LGS BOoMmdsl (Maisels & Watchko,2020).

390m@obol bstolbols dobgzom, 9930Lfo3ego sbodMdOW ™S Mom©Ybmdy,
MOmamOma  dbmddo  bosobbol  sb  goBomemgom@mo  399mwobo s 335943l
sboedmdowms  25.58+4.7%-30 (n=22), dgbogeroe sHsErdmdoms dgEgbmdobmgol
535b5L0sMYPIJ0s  Bodwoem  boGolbol  3gdmeobo, o3  52.33+5.3%-0b  (n=45)
d90mbg935d0s ©@s 3dodg boGolbol 390mmobo ©sdsbslosmgdgwros  sHIETMdOEMS
22.09+4.4%-m30L (n=19) (bv96.2). 8930L{ o390 SHSETMBO DS MoMmEYbMdS 390meobols
bs®obbol  dobggom, ABO/ Rh  ULol@gdol 99mmogligdeomdoo  godmfzgmero
390m@obMo  96gdol dJmbg  sbodmdorgddo. Lsoobsi BBL, ABO  Loligdol
3999053890 Mdom  2odmf39Mwo 390m@obmmo sbgdool dgmbg sbsErdmdowgddo
L5FOM baGolbol 399meobol Lobdotg Fgoagbs 61.54+7.7%-1 (n=24), bmgom Rh
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LobGgdol  F9gMmegligdermdom  godmfzgmero 390m@obmmo  sbgdools  dJmbg
b5 dMd0gddo 399meobol Jomswro 353969090 55.00+11.1% (n=11) 359mgegboos
30BoMEMoM@o  bs®olbol  398mwobol  808obsmgmdolsl.  ABO  Lob@gdol
399905390 Mdom 25dmMf3gMmo  399mE0HBmo 5693008 FJmbg SbodMdoEgddo
30HOoMEMYoMGo  boGolbol 390meobBo  Jgopqbl 23.08+6.7%-1 (n=9) s 8dody
bsolbbol  390mwobo 30 96oL 15.38+5.7% (n=6). Gog Tdggbgds, Rh ULobLEgdol
3905390 Md0m godmf)zgeo  390mEoBMEMmOo 569dols Imbg sbodmdoEgdl, 5 ddodg
bseolbol 399mobo 25.00+9.6%-0s (n=5), M3 999000  Bowswos ABO Loli@gdol
3999053890 MdOm  godmf3gmo  390meobMmo 569300l dJmbg  sbodMdOW M6
09056M9d0LsL;  LYFMSM  boGolbol  39gdmwobo 3o 3wobgds  Fgufogeror
sboedmdowms 20.00+8.9%-do (n=4) (5b®.30).

ABO-om Rh--om
60 £33 399meobols 390mfiggne | gs8mfggmmo 2z
3 . batolbo o HDFN HDFN
5" O ] ) ] (6 |94
g/ a0 30DoMEMY0Yy 66
& 20 25,58 60 baGolbo 9 23.08 1 55.00
2 22,09 (86-205 +6.7 +11.1
g% pmol/L)
:é 10 Lodwgseom
Qo bsGolbo o4 61.54 4 20.00
& o (206-308 +7.7 +8.9
2 B0DOMEMEoMMmo  bsdyeeem 9ddodg bsMolbo pmol/L)
batolbo badolbo (>309 800Bg batolbo | | 1538 |, | 2500
(8036Bmen/em)  (803BMBmE/@) 803GMBc/en) (>309 umol/L) +5.7 +0.6
86-205 206-308
bmem 39 100 20 | 100
399meobol bsbobbgdo

bGsm0 2. 398meEobol bscolbo Bglfsgemo 3b®owo 30. 398mEobol bsGolbo ABO s Rh

SbseBmdoeqddo (2020-2024 §§ dobgzoo) bob$dob Jgmsgligdermdoo godmiiggrw
HDFN sbosewdmdogddo (2020-2024 )

HDFN-ol 439wy 393039w90mwo  do0bgbo  Rh(D) 960960l  30dstron
Se0dMboBs300 0gm. ™3, 9BGH0-D  0099bmymdmoboll BoGmm  ©sbgMa3s3
360083690mgbso 895930605 Mgl Modygmazomo Lobberoom sdmfiggmeo HDFN-ob
393039 gds. 50955950, HDFN-0ol yggqmsbg bdod g@omemaomed  god@mdl ABO
LoLGgdado FgmmogLYdEPMBS Fo®dmoagbl (Qureshi et al., 2019).

063 Hobo, ABO 99053L90emds, Ho63modmds O xawaol goqdls s A sb

B %2990l b5gmx3q0L dmemol. dombgags 0dols, ®md ©gsls s Bogmal dmeols ABO
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399900390 Mds 8906086905  osbrmgdom 15-25% F90mbgzg3gddo, 3wobozwmee
3603836903560 399meoBo 5¢09bodbgds bMErMm© sbrmgdoom 1% sbogrdmdoggdl. gl
Q5050 Lobdomg M389Yb0dg 08bMWMY0IMHO S BOMLWMYOVIMO BodBMEMO 50blbgds.
396Jdmq, ABO bob@gdol sb@Holbgmmgdom, G®mdwgdog 0bm3gdspqwm@obobgdos s IgM
3slolss o 396 2950506  3WHi3gbGHMO  BMOGOL.  5ToLmMIbs39,  Boymazol
96000OM303H900bg ABH 5630996900l 9Judcglos dsgosh bLobGos, Mog 39dmeobols
6Hob3L 30093 WBOM 5330MgdL (Pruss et al., 2003).

d0mbgo35 530by, 3dodg HDFN-ol 256300000900L 5e0dsmmds 0bMmgds 0d
d900b3935d0, 009 ©gEOL MMP60BIdo [o®Bmoddbgds dowswo GHo@®mol IgG 3asbol
36GolbYME9d0, HMIMGOOE 07530LBESP R0 3eo39bET0 s 039396 Boymayols
960000M303900L sdsls. HDFN-0ol 3a006039960 9580m300690s doMmomo@o dmoiegl
Abmod 303960000 d0b69d0sL, 003000 967005 s  FbMEME M0
990mb39390d0, 8dodg 390m0BL. 93Mbsermdol 306390 bobo, Gmymeda fobo,
BOGHMMNIM3055, HMIJL0E 000MH¥d0bOL MBIL 5830MYOL s 39dmEoBolL Jg9AgdL
5390 Jgdl. 25300 gd00) 0830505 BsFoMM b ds Bsbs33wgd0mO BHEMBLERMDOS.

50L5603b5300, d ABO 99mm53b90emds Gglsdwrms 4960339Mefoms 03s3wgL
bogmall Rh(D) ©59m30009099c0 bgbliodowoBsoolysh. gb 9i3vdbgds 0d d9dsbobal, Gma
ABO 99053199390 9mHomOH™3E0EJ00 9ol mGmsboHddo LMexgsw bgds 0dmbmmo
LoLBgdol FogH 0wIbEHOROEOMYOMEO s J9BJOGMIEGOMED, M3 5930M9dL Rh(D)
36¢0960lL dodor 9R9JGHMOO 03MBMMHO 35Ol 256300050900l TG MBSL.
99090, Rh(D) U39308060  5¢m0dbobsgool sfygds 96 3Mmymglo®gds
3600369crmgbs ggmbgds (Pruss et al., 2003).

2020-2024 §egd0b B396L 8mbs3999330 sboedmdomms 393meob)MHo ©os350900L
39000b393990L 25965000H9gd53 563965, M3 ABO Loli@gdoom 99mfi3gmeo 398memobo ogm
g439wsdg bdodmo s s6ob 45.35+5.3% (n=39), G553 08600369wm3bs 5M9ToBHJdS
WOFIOIGHMOM©  50hgMo  LEHBIOEHM  FsB39b90gdl.  dbmgwomdo, ABO
3999003B90cMdom 25dmf)39cwo HDFN ¢gdem b3do®mos, 0dizs 9gd¢gbo dbwgdmdo
9090bsMgMd0m. BMYo, 15-25% mOLYEMOoLLIL 500b0dbgds gLy @s Bagmal
dm6ob  ABO  Jgmomogbgdermds, doa®oed  dbmwmo  3-4% 53l 3erobozmeo
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d600369crmg60 3gdmerobo (Fathima & Killeen 2025).

o3 999b90s, Rh Loli@gdoom 4s9mfizgmero 3gdmerobo asgojlotms 23.26+4.5%-00
(n=20), ®og U939 Too0s. 30650/, gobgzoMsMgd M  J3994bgddo, Rh(D)
36OMR0sdBH030L (56¢0-D 0396mawmdmmobo) godmygbgdsd 99593065 d9dmnbz93900
<1%-009. Rh 9909390 Mmds MBOM 083050000, 3563 390meobo bdocMsw ddodg
d0dobstgmdl (Fung et al., 2021).

390m@oBMM0 535005 ©O I BMBEIdI0  boyzomeg  ©sx0dLOM©S
31.40+5.0%-30 (n=27). sbsendmdowms 3039MHd0wo®d0bgdools 360d3bgwmgsbo bafoero
B0 IMBMUEJOWS©, M3 BsFoMHMIdL sdsGHIO0m 33¢g390L: MHMYMMOEsS,  Lbgs
9M0OME0GHME0 96303969008 30300 9BEGHOLbYMgdo (030500 FoByHgdos: Kell,
Dufty, MNS bob@999%0), 06539430900 s bbgs (Kemper et al., 2022).

I1.10. 3980¢0BM0 569805 5 JoLo 930965 sbsEIMBOEMs BMYOgHM
5600MHM3MBgBHOHMer  Asbolinsmgdgmmsb

5B MIOWms R 963MMIMmd0L Fgi35Lgd0LIL SBOMI3MIYEHOIWO 35615393 9d0
96038369c0™m396  30w0bozme  sB39690gdl  [omBrmogbl. gl 356539 BHEMYd0  SbobsgL
O3 373000 YngBbol 496300000900l botolbl, oby 39MH0bs@swwe 306>MmdgdL
31939 3mF9630MM0  3omMEWMA0gdol MHOLIL. 2BEIEOVIO0 Ss30, WIBSIOOL mbo,
bbgmeols bogMdg s 3530L 4960398 9gM0wMmds  goblozmMgdom 860d3bgwmzs60s
39053 MMQ0MH0 MM393900L, 3500 IOl 399mE0BMGmO 569do0l MZ0LMOdMOZ0 S
oM bMdM030 JoboL0sMYOGdOL 3er0bo3MMo Tgz3sLgdoLsL (Pegoraro et al., 2020).

396GHO30OH0  Sb530 (GA) 493egbsl sbEgbl 035%Bg, Mg GMmEOL s OHMYME
3000560935 bsgmndo Lolberol Ho@dmddbols 3em3glo. 58 9BHO3Bg M) M09 IMWZG3s 96
9M00OM303HJO0L  IRJIMIOMEo TS bgds, 9356  Fgodgds  odmofz0ml
390m@0bmMo sb6gdos (Christensen, 2018).

dombgogs 0doby, GMI Bmyogho 33g3sdo GA  ©IYMGBOWos  MBOM
©IAYWMOO© (35y. 9JuBHOGIsEM0, BMI0gMo, 330560 ©EIbs3MEmds s bbg.),
3wobogme  36MsdBHozedo  bBdoMo  odmoygbgds  dmbsigdms  89dm3egdvIeno
3oll0gg03530s. B39bL  oge  sboedmdoms  3€ol0B03O(300  RoBbMOE0gw©s  Bod
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3939306050: 1. doeosh ©Egbszewmeo, MHMIgoi dmoEsgl 32 3306059 bs3egol
(<32330615 ); 2. 09bs3wmwo, MMmIgeoa dmoEogl 32-sb 36 33060L (32-36 33069 ); 3.

©OMMEO 5boedMdOwo, MMIGEoE ImoEsgl 37 33060l s dg@L ( =37 33065). AbysgLo
393936MH0D30d Do60mo0bL,  OMmamOE Bogmmedmmobm  LGobsmEgd by
553999690, 0lsg 3300930 B393R0 3L BMMYGONIE 3615dGH03w9 BoyMAsl. B396L JogM
d9LPogoe  sbosemdmdoms GA- dobodserMo D300 sGOL 29 33065, bmeom
35gL0do MO D350 30 41 33060.

360HM3MT9EHOMWO 356589EHMO0 293w gbsl 9HIBL 659MY35® VYOI, 35S
39009(300JIM O POMNMIQ OB JOIN B TMOO DS MOQBMMS IMI[ozzgdsby
o db93g Fom  3905@HMEmyo® RMbJ3090Dg o 399mobol  J0dObIMYMdIBY.
3bmdoos, MMI  b50@MI39®0  ©OdSEIIN  5bsETMdOEgddo  MREOM o0
39053 MMQ0OH0 IMN393900L 236300560900l Moligo s 3s00 oMo 509bodbgdsm
B0BOMWMY0OHo 3MbJ30900L  IMLGMMWgdgwo dmdfoggds (Zipursky et al., 2007).
5d9096 398 30bsMy, sbodMdowol BMOMIMIgGHMmwo dsB39690wgdol sbsgrobo
3(30e09O90s  9GOTbMWME  BOEOLS o gob30m5M9gdoL  Jgg3oligdol,  9659g©
390@oBMMo 969300L Goligol 09bEH0R0EEMGdOL 3MbomsE. 3369308 §OH-9MHO
8053560 80Bsbo 0gm 399mEobmEo 969800l IJmbyg sbsEdMdowms SbGM3MBgGHOYIEO
9mbs(399990L  FgoG9ds X906IOMgo  sbodmdowgdol  sbOHM3MIgEH M
356599390056,  F9s6M9d0Lm30L  498Mm30Ygbgo  xsbIOMgEo  sbodmdowgdo, gu
X5IBO 300392 JBH3bYg FgOhgero 0gbs FomEMmE EOMYWIE (35©5DY) BSPIIYO
X 96IO®M0 sbowdmdowqdo (GA 237 s <41 33065), OMIgEms3 56 509b0dbgdM©Om
30b0ogmeo  5Mm3bsomo  36033bgarmzsbo  dsomwmaogdo.  ®Ibszwywo b
390099300 JIY0 5boIMBOEGOOL Bo®ZS 53 ¥ 39RT0 56 T930Y35690 MO0 0g0
bowl  dgudwos  dmbsgdms  06BHYM3MYEIE00L  LOBMLEAEHIL,  30bs0EIE  Slgm
39000b39390d0  SbPOM3MIGAHOMIo 35659 BHMIO0L  396M0509WOMS  BA0MOE
1353906000905  3qUASEOMMO  Sbo30LYD  FMM30IOIE  BOMEPMYONO  (33COPIOL
(Barfield, 2018).

003s  39M33999W0 356539 G™MJOoL  9bseoBolsl  bbgs  39M0s30gdog  odbo

39035¢0LfobgdmEo. s1g3g 9O MOl RsOMMEo, 0 sbogrdmdogms dmbsigdndo,
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OMAWIdoE 9O 50056 9b03MMs© JoOM3ggdo s HoMBmoygbbab LHmysizool
30 ©¥5©GOME b IMDOGOL, d0MPMIBOo TMbs39d9d0L dom(z™mAEMdOL
399 5 O3 3mbx30YbE0IWMOHMIOL ©O330L JNO3MEmO 3M0B(303900 SO 0IWgML
50b0dbmeo 8900b3z9g3900L 9B MG Tgufogesl b 3gOLMbomo dmbs3gdgdols
©53353900L Lodmoengdsl (WHO, 2012), (CIOMS, 2016).

Lo 999mygbgdmewo ogm 2022-2024 §ergddo 350900 2634 sbserdmdool
9mbs3999%0. Lbgmeols Hmbols 35¢)9amMool dobgzom dmzsbobgm dgs®mgds ©o
3935965¢0bgm  390m@oBMmo  s6gdool  Jmbg  sbodmdogdo s  XsbIMMGro
3bodmdowgdo.  99sM9gdobmzobsg  godmygbgdmwo  odbs  yzgms  xsbIGmgo
3boedmdowol dmbsggdo, 30vbgo35® AgBAIEOMEMO Sb530LS. 50bodbmer F9dmbggzsdo
X 968600790 5bsedMd0gdol Xgmi3do By G906mBs 1939 sbogdmdowo. B3gbo 33¢0g30L
369030 9HHETMDOEGdO 3WSLOGBOEF0MYOME0 0db9gb Lbgmeol fmbols dobgwogzom
Mmob 395G gamm0s: 1. 4000 g6-bg dg@o (>4000); 2. 2500 gM-sb 4000 g-ob Psmmgzgwom
(2500-400096); 3. 1500 946-sb6 2500 94M-ob Bsmgwom (1500-250096); 4. 1500 aM-bg
63900 (<1500) fmbols sbserdmdogdo.

300 31. 399m@oBMMOo s ¥ 63O o 3bowo 32. 399m@oBM@o s X6 o
3bodmdoEgdol Xan3q00L gsMgds fmbol 3bodmdoEgdol Xama3gool 9gsmgds GA-U
dobgzom dobgzom
obodmd | 3gdmmobyy | xBdGmgw | X* | P sbogwdmdo | 3g0meobyy | xsbdGogwo | ¥ | P
0! 60 o ol 6o sbsendmdogn
fmbos (36) | sbsewdmdo | sbogwdmdo (33060) sbsgndmdo | gdo
©gd0 wgdo g%0
(N | (%) | (n) | (%) (N [ () | |(%) |94 <0
>4000 8.14 583 | 17. | 0.0 ©OHMNYWO 87.21 | 192 9923 |1 |00
7 +2.9 113 | #0.5 | 91 | 004 (37-41) 75 +3.6 4 +0.1 39 | 001
923 |03 | 59 65 4
84.89 | 179 | 2 ﬁ?o o 11.63 0.72
2500-4000 | 73 | 38 |0 ’1—'08'2 (32-36) 10 |34 |14 |101
5.81 + 95¢p03b
1500-2500 |5 | #25 |36 |0.3 eobe 0.0
1.16 Mo 1.16 5+0.0
<1500 1 |11 |0 0 (<82) 1 [#11 |1 5
193 193
g 86 | 100 |9 100 by 86 | 100 9 100

y39ws  x9BIOMYo  9bHsEdMdOEols s 39dME0BMMO  ©9935©gd0L  IJmbg
3boedmdools Imbs3gdgd0l 96seoBobol hsBL, HMI MO39 XaRdo yz9wsbg 9@
oym  PomImppgboeo  2500-4000 6 Hmbol ©@o0s3sbmbo.  mmdgzs  xbIGMgE

40



sbodmdowgddo gl fmbomo 0s35BMbo JgsMgdom MRO™ bloMmsw Isxz0JLOMS
92.32+0.5% (n=1790), 35806 GHmEs 3900mE0HBMMH0 55350930l dJmby sbsedmdorgddo
090 9950029600 84.89+3.8%-1 (n=73) (3b. 31). 50b560T65309, T 3gdME0bBMEO sbgdools
9Jmbg  9bsEdMdoEgddo  sdswo  1500-2500-dpg fimbols ddmbg  sbordmdowgdo
96003690m3bs0 LFsODOMOL 5.81+2.5% (n=5), K6IODYE SboEIMdOEIGOL 1.86+0.3%
(n=36). 5939, 1500 gM-bg 653egd0 (<1500) HMboL 35¢3)JAMMH00L SHOETMdOMGdO, Lo3
3900@oBMMH0  X3MB0ID ©osxgoJloms ghmo Jdgdmbggzs 1.16+1.1% (n=1), bmgom
X963OMg %3R800 53539 393JAMOO00L X 9bIOMGE0 sHSETMBOEGIO 56 SVOOELD
(n=0). G55 dggbgds 4000 a-bg IgEHo (>4000) Fmbolb dJmbg sbosedmdow™ms 353gMM0sL,
domo fowoi MBO® oo ogm 390mwob® xamado 8.14+2.9% (n=7), 30069
X 96O 0 5bsEdMdoEdol 35GgamM0sdo 5.83+0.5% (n=113) (3b®.31).

B396L 3096 89LHo3w00s 393 0HHYMHO SHEIMdOWYd0 (n=86) GA- 1 Jobgz0m
5 9900569005 KIBIOMIE0 9HsEIMdOEgdol (N=1939) Fglodsdol dmbs3999005b.
™m6039 X3IBoL GA  ©gmxBoos LD  395@9aMmO0s: ©OMmMwo (37-41  3306),
0965300 (32-36 33065) @S d5¢056 YDy (<32 33065) sboEdMmdoEgdO.

OO E0SPIOME  SBoIMBdoms  Momgbmdmogo  dsB396909w0
X 9639 9HsEIMdOEgddo 8950096l yzgwsbg dg@L 99.23+0.1%-b (n=1924), G

360036903650 509353905 (12%-0m) 399mE0HBMOHO  5HIETMBOEGOOL  sbsEPMYOME
35h396909al, Loog 87.21+3.6%-05 (n=75). 5dob Ls30OHOLIOOM, EIHSIWLIECOMDS
WROM JoEowos 390mwobe xamxdo 11.63+3.4% (n=10), 85306 MmEs Kxs6IGY
5bOEIMBOWms 353JyMEM05d0 gl Foh3z9bgdgaro dbmenm 0.72+0.1%-b (n=14) dg50039bL.
do0sb  ®Ibs3Mwms Jgdmbgzgzgdo mM039 X3MBIo 033000005, MIES O™
d9000b3935 MmM039 39390530 450Mm3w0bs. 390MmoBNH sbodmdoErgddo dsmo
fowo 1.16+1.1%-05 (n=1), bowm xs6dMINYE sbseEdmdowms 03039 393)JMMH0530
0.05+0.05% (n=1) (gb®.32). Bsbl, O™ 390m@0DMH sboerdmdowgddo MG HdoGmos
96530 s d5E0sb YD 3o F9dmbg93900, 53 Fg0dEgds 0PIV
3900m@0bBMMHo  3OHMmEglol  Fglodwm  393w9bsl  galEBOE0WME  sb53sb  BodsMmgdsdo.

B39bo 330930l  RoMygddo Jgz3plis  sbodmdowms  Lbgmemol  Log®mdols
9sboliosmgdEgdol  49sbsfogds  390m@oBMEH  sbsEdMmBdogdls s K IBIGMgo
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3boEdmd0wgdols dmMob. Lbgmol Log®mdol dobgz000 3565393 JO0 EOIYMBOOs 1o
39493MM00q: 5210-Bg IgBHo (<52 13); 46L3-sb 5213-0b bsmzErom (46-52 1d) s 32L0-
b 46L0-0b Bsmgwoom (32-46 10).

300 33. 399meoBMMHO s KI6IGMGEO
0boEdMmdoEgdol Xaw39d0L 99sMgds
Lbgmeol LogMdol dobgwogzom

3bOowo 34. 3900mE0HBMMHO s K IBIGMIEo
obsEdMmdoEdol GgoMgds 0sg0lL
24903dq8mfgMowmdol dobggzom

sbseodmdo | 3gdmobyy | xsbdGogwo | x2 | P sbsemde 399emeobyy | Rxs6dGMmY X2 P
@ob 6o 3bsedmdomy dogwols 60 o
bogMadg sbsewdmdo | 8o s30l sbse0dmdo | sbogmdmdo
L3) R0 2503g0m o wgd0
@ | %) [@ | (%) o®ogomds
>52 (L3) @ [ (%) | @ |%)
6.98 2.94
>36 5.81 0.15 | 8. | <0.00
6 2.7 57 +0.3 20. | 0.0 518 | 001
5 +2.5 3 +0.08
86.0 95.67 | 87 | 000
: : ) 29 43.02 23.98
46-52 74 5+3.7 1855 +0.4 34-36 37 +53 465 +0.9
6.98 1.39 51.16 75.86
32-46 6 27 |97 +0.2 26-34 44 | £53 | 1471 | 209
byge 86 | 100 1939 | 100
Lsemem 86 100 1939 | 100

50bodbe  mM03g xaMxndo  MIgBHgbo  bsfoewo  dmeol 46-sb 52 Ld-ol

©0535HMmbdo.  3:6309E Mo, K6FMIMYM SbsEITMdOWgdTdo 50b0dBME 353)gyME0530

5ol 95.67+0.4% (n=1855), bmerm 3900@oHME  SHoETMBO®S  39BRMOH0530

090560900 653wqd0, 86.05+3.7%-05 (n=74). Lbgmeool LoaMdoom sbowdmdowgdo,
G0dmgdoi dg@os >52 1I-Bg 399mEwoBMEmO  Sbowdmdowgdol 6.98+2.7%-l (n=6)
39500396L, Go3 M0mMJdol MOXIO 509G Jds XIBIOMY  sboEdmdOw™ms Fglodsdol
9563969090 b 5 560 2.94+0.3% (n=57). 51939, M6MH039 X3RO 335J3L IBSEO (32-46 1J)

Loa®doL  sbodmdowms  3sB39b90gdo, X963Ogwo  9HsEIIMdOEGdO

boQS3
090560900  dgBHos  390MmE0BNE  sbodMd0Mgdmsb, Lossg dsmo  3Mm39bG o

5oL 6.98+2.7% (n=6), bmwm 00539 35M039EHM0  XBIOMYE

dsB396909¢0
3bodmdowgddo godmgergbowos 1.39+0.2% (n=27) (3b©.33).

OMamO3 5036006gm, sbsedmdowgddo ™30l gomdgdmfigMHowmds (HC) gbho-
96mo 96083690 m3560  BmOMIMIGGHOMEo  35B396909w05,  9M6TIOGHM  DBMYASWI©,

MOmdgog  dbobsgb  mogol  B30bol  49B30maMgdsls, 305390  390m0bBNH

boEdmdowgddog o  bgmboGmemagdl  gbdogds  Lbgoalbgs  3500MEMy0gdol
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096@G08030M90580. ®50, 390MmEODMMO  I9350Yds 0()393L  9HOPOMEFOEJOOL
3oL, 8080bsGmgmol  ddodg  969dos s 3039MdOOMHd0b6gd0s, M3 0393V
Bgo®Om@EHmdbogmemdsl (Osterman et al., 2015). 390m@oBMH0 ©93500gd0L FJOIR®
39630056090 569F0sl  203e9bs 543l Mogzol  BH30boL  Lolberols bs35by. ol
30653000 SBM305305 XIO 3093 96 SMHOL 1535MOLI IILEIOYOMEO. 19d3o,
50b0dbmeds  3MM3gLgdds  BogsMIM©ME  dGLodErMmd  2o3wgbs  dMIBEObML  ™Moz30l
390399m(gmH0wMdsBY.  3039Md0womdobgdoom  2odmf)zgMmo  9bEgBITM3sm0s 30
3930965l 5BgbL 6goMHMbME 2563000569357, 03930 96 Bmbs oo OHMYO >OIMIS.
0530L 256399900 Mmdol bmn®mdosb dosbes  bgoMmysbzoms®mgdomo 3MMmdmgdol
60305605, obLO3MPOGdom 30  F03OMEIBRIWOOL  OML. b dMdOEGddo  Mez0l
390399m(gMH0W ML gosb5e0BYdoLLL FoMgdMwo J9gagd0 0oL, Mmd Ms30L
390399dmfgOHowmdol 35B396989wo  399mEoBME  sbsEdmdomgddo goblibgszgdmws
3oL 2509b5f0wgd Mo, 3000605 XbIMMIE sHIETMdOgddo, o3 5003690 Mm356
ab399dAL PoMmTMOPIBL 535 JdOL  A5TMZ0bgdoL Tgz3sLgdoLsl (European Journal of

Haematology, 2023).
0949056 258m30bscy, MHMI o308 FoMTGIM[gHowmdol Bmds FoMdmowy9bl

960036900356  356599BHOL  390m@0BMMO  ©99350gd0L  FJmbg  sbodmdowgdols
3995L900Lm30L, 25053094303 gu  BMOM3MAGGHOWMWOo  356599BHM0E  F939LHogws
b5 dMd0gddo S 58 35659EMOL Tguobffozo MmM039 39390530 sbodmdogdo
0053453000 15T X335: 1. 5HSEIMBOEGd0, MHMIGMS 35306 J5MTJIMFIOOW MBS sGO
36-L0-Bg 9o (>36); 2. sboedMdOEgdO, MMIgEms 30l 45MTGIM{FgMOMds SGOL
3410-ob  36L0-L  Pomzgeroom  (34-36); 3. sbOEIIMBOWGdO,  HMIg DS 530l
390390 9gMH0Mds 5MHOL 2610-sb 343-U bosmzgarom (26-34) (3b6M.34).

399moBmMo 969300 IJmbg o K9BIOMgE sHsETMBOEgdL TGOl F9ga900
3993065 99009ab506M5: 3030l 456MT9MFIO0MdOL Bm®mIscr®o Bmdol (34-36
L) 9Jmbg  399MEEOBMMO b IMdOEgdoL 43.02+5.3% B0939036905 (n=37), d580b
MOMEgLE X9BIOMY sbodmd0owgddo 53 BmIol M30L oMTgdmgHowmdol  djmby
sboerdmdowms 3583969090 360336900m3bs Idseos s sl 23.98+0.9% (n=465).

5053006MOM5©, 930l 2oMmTGIMFIOOXMBOL 439D 493039 IOME0  35BIFMEO0S
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X 963G g 5HsEIMd0gddo (26-3413) sGol  75.86+0.9% (n=1471), G55 LogMHIbMdEs©
509953905 3990ME0HDE sHSETMdO ™ IMbo39dL o 90l 51.16+5.3% (n=44). 0g LOSS,
05306 290TgIMHIMHOMds 5093 Jds 36 LA-Bg IgAHL (>36), 99 3953JMM05d0 SMOL
3900@oBMMHo  sbsEdmdowgdol  5.81+2.5% (n=5), 85906 GmEgLsg xIBIOGMgEo
3boEdmd0wgdols dbmerme 0.15+0.08% (n=3) 9939009050905 53539 X3IRL.

50b0dbmeo 8563969090 dommomgdl 035BYg, MM 390MEO0BMOHO 9350JOOL
99Jmbg obosErdmdogddo 30l A5MTGIMHIOOMdOL go0EIds MBOM bdoMos, o3
d9Lsdms SlME30MH9dMEo 0gml o300l HH3060l 9dm3985Lmab 56 3gdmemoboll 3mbby
39630006090 bbgs 30006036 O gdqdmsb (Bhutani, 2018) (5b®.34).

I1.11. ¢.261delG (0 sgmgero) dgbfiogems SNP rs8176719 g59mygbgdoo 3g0memobyy®o
5b6gdo0L dmbg sbsemdmdomgddo

390m@obmmo  s6gdool  djmby 34 sbogrdmdool  Lolberol  60dv)dgddo
d930LFs3wgo ABO LobGgdol 24969303700 5356M5@0L ghmo @m3mlbo (c.261delG),
MM3ol 00096EH083030M0s Imgsbobgo SNP rs8176719 a50myqbgdom (gbé. 35). Bz96
56 93Jmbs BsdwoEgds 9bsdMdOEGdoL oGO0 0b635P00l s 3094gbgdOoM
WsdMM5GHMM05d0 99dmlero Lolbol bs6Bgbl s dslBg BodoMgdmo 3653500
099bmbigOmmmyom®o dgmmol 890y 96 2360BRgdMmEs B5385MOLO  MHOMEYbMdOm
Lbobbeo @63  600/dgdol  Jobomgds. SNP  rs8176719  o0deng3s  Bodwmoengdsl
399m3033womo ABO ¥ 539960 56@0g96930L 950093H90M30b06M9d9w0 9360l gMm-9MHmo
©wM399b0 OGMIGELE, bdoMo c.261delG 96, /g6 08300050, €.260_262insG gfimgds o
ol O LolbErol Xa530L LESEHWMLOL blsBEOZMmOL dmsgsto SNP-os (Https://Www.Snpedia).
50b0dbmeo SNP rs8176719-0l 98mygbgdom 89093900 06@GH9M36M93H0M©gds bgds
396L5BOzOMEo figboom (gb. 35).

Segenl, Gmdgeog A 96 B Lolberol 396mGHo3mm  xamal  goblo®BmgMagl,
d9LPogwo MBsBBY 99690 (G), 96 slgmo sengemo 0dbgds SNP 158176719 (G). 0vy 0
5QQ0WSL  dmbs 9hHmo  b3egmEGool  §odws, b Bmzwgm@Eool  d;merosbs
I 30gd0m, dqLsdsdoLO Segeo 158176719(-;-)o© 0MZEGdS O 93MPOMIOL Y39wsbY
3936039 gd O X350l S¢gel. 099939, 0600300, Hmam®E falo, dbmem dsdob
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096905 O xamx30L, v 3oL 98 Y300l MO o 5943L (3mBMDoYMEHE0I), s6w9 0
dobo a9bm@030s SNP 158176719 dobggom (-5-). 0¥) obobo gMm sLEl 5@s69d9b,
d9Lsderms, oo 3Jmbgom A 6 B xamzo. SNP rs8176719 (G;G)-b 9Jmbg 5053096,
153569 M, 996905 A, B 56 AB xaw530.

OMamO3 3bO0Eo 35- b BsbL, 330935 396 0deg3s LYTSGdL og35MROM™M
960356900Logob A, B s AB xamx0. 95360, dsLBg ©oymbmdoo dgodwmgds
299m353c0obmo  ¢.261delG, Gog sbslosmadl 0 Sergerl, GMIgEos 3mdmboymEGe
9 Md569Md530 236300905 0 X530l 898mnb3935d0. 393 gOMBOYMEWE 3YMT>MGMdSTO
3399436 9O IY3060939Wo 9dbo Jglsdsdolo A s B xamx39d0 Ho®dmoaqbowo
<bs 0943bgd AO s BO ggbm@GHodom, HmEs s0bodbmwo @gmwgisos 56 g3bgds
Lo9ONME F90degds dM305HBOM® 3 9bmEH03IM0 IEPMIsMgmds AA, BB s AB.

900900 39093900 HomBm®aqbowos Lb3oslbgs 2Mon03Mw  3wm@)dby.
153393 X3MNBI0  250Mm3wobEs 2 ggbmBHo3vemo  356M0sbGH0. 306M39wo  dgdmbggazs
Domdmygboos bOsNDBY (Lwe. 3), Losg hsBL Tbmem ghHmo Logbsero s
50b0dbo  J0momgdl 3mAmBogm@GH«e Mo gmdsl (-5 -) Lbosg G bLEYo
QIWYE05S S JgLsdsdolo 93993l O segero. dgmeg 999mbggzs 30 8093936905 mGO
Logbocrol  sMLYIMBSL, Mo3g FoPOMIOL  39BHIOMBOYMGHMO (-G) FYMIIMYMOIBY
(bw6©.4).

Multicomponent Plot

%000 ) Multicomponent Piot
g baD)a o
Wi Bve wn
bgO00 3. P GH03m3mbadH Mo SwmGo LOsm0 4. 37 E03033mB96EWMOo 3emEo
3m3mBoymEHGHOL (-;-) Gg8mbgzgzedo 39390mbogm@GIOoL (-G) 9990bgggzs80
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d9LHogoo 60ddgdoEsb bMEME 300 5EHIMYOL LMW WYL s6v) 261
0MBomgmdsdo G Bm3wgm@GHo©o Y3060 9dwos. dbgoglo @IWwY30s 33b3IdS
seger 1-0b o senger 2-ol 898mbgg3zs80. MoE 0deg3s BFSEdIL 3533650, IMA
5060360 MBbol Jobgz0m MHOL 3MIMBoYMEHMO FyMTsMgMdSTo S TJgbodsdgds
00 2956mE03L s TgLsdsFOLOE M0 O B9bMEHO3MMO X AaMTBOL To@SMYdgWO.

3bowo 35. ABO Lob@gdol gqbm@odgdols s Lm0 5. SNP 158176719 ¢.261delG ogerggool
LoLbOL X MRoL BgbMEHO03YMHO TGLodsFOLMDS 361935¢96@™ds 399mEoHH sbogrdmdowgddo
395m3030 36ogobo 2 79,41%
2
&
(-7 899L0053905 O xMRL é
8§ &
&< 20,59%
-;6) F9qLodsdgds A s B bolberol xaaL =§
: I
(G;G) 99qLsdsdgds A, B s AB Lolberol sl = (-;G) (-5-)

OMamO3 d00gdMwo 8909390056 BBL Benmgzsbo  xamz3ol 4930 (3gwgdols
LobJoMg BI0S M6 M3560 KaMa30L IJmbg 60889396 Fgomgdom 398mEoBH

sbodmdowgddo. sbg3g @o39965wobgm G IWEoolL  J93MEggds  JgLfogzerogn
6099999030. 508mBbs, MM Jobo 361935 gbEHMds 5GoL 100%, beagwm 0g039 wm3wmlido G
bm3gm@GHool  s®lgdMds  sxgodloMEs 27  Jgdmbgzggzsdo, Moz dgbfegwroms
79.41+6.9%-1 §o63moy9bl (bvm@.5).

33w930L 60339008 0d0@s300 BodsEgdOl 56 235deg3l LOYIEBILMZs60
513365 25353900, 393050 53 30609 3M3MOESDY BoBoMgdends 33¢0350 5B39bs, ™I
3900@0BMMH0 095J305 BLFIOHBMAL 5MH5B6MEM356 X0l IJmbg sboendmdogddo. s1939
(- G) 396mEH030L sMLYdIMBS 5B Mzsb60 XMzl dJmby sboedmdogddo sd30MgAL
X3IBL3930R0MM0 56EH0y96930L 9JldMgLoOL BoMmPYbmdMmOg FobsLosMYdgwls, Moz ABO
LoLEBHYIoL TgMegLYOEMBOM 2odmf)399e 390ME0BNG sB69dool LobdotMgl S3306MHGOL 56
3965306Md790L dob bo3agd 53090 mdsls.



@sli3369080:
ABO  5630996/56¢0lbgmmmgdol  gudtgbools 3GmiEgbo  0fjygds 3Mgbs@owmEa o
339005 3MBEDSGHIWMEMSE, FobLs3MMMGdom Logmisbeol doM3zgwo gd3bo ™30l
3963530 Md5d0. BMP0gHm Jgdmnbz935d0 9HsETMBOEIGOL 39O 59300 49dMboG o
016996030 96GH0-A s 36E0-B 56GH0LbgMgd0o, BogMsd 99dmbggzsms IM3eglmdsdo
obobo 56 BodLoMYds LMW MYO0HO FJNMOJOIOL godmygbgdom.
sbodmdowgddo  LBYOHMEMAOMGMs©  sdmBgbowos Az @ AB  g9bm@Hodgdols
230653 JuMds. SHOETMOOMdOL 39MH0MmETo A2 439X 3RO LBYOMWMAOMOMS© 53¢9bL
9008360050 A1d39X3NBMB, M3 MmbEBHMgbgbol 890amd 9@s3Bg (339905000 M30L9dss.
Rh g9bm@0o3meo  godmgzeobgds dbaogbos sboedmdowgdols s 6-12 mzol sbszol
05393900030l s G9qLsdsdgds BMEILGMEGdTo 3507 dglisdsdol 9dudMglos.
3900@0DBMMH0 95350900  49B30m0Mgds 96 M0l Lgiby  OTIMIOWIOMO S
0565905 30390705 YOO s 596 0boz3009dd0.
Bogmazols s 9bHsEdmdoErol 39dmeoBemo 569300l d98mbgg39d0 g439esbg owswro
Lobdo®om omdmaygboos A(II),Rh* xgqmzol sbosgdmdowgddo (58.14+5.3%), Gog
d9Lodems  sboboggl 296 339MWfows® AvBMEOE FMdbmdgEMdsL 399mEoBYGO
Q553500990 35630056900l J0dsO™, MMM 9o 30 3530b, OHmEs gs O,Rh Lobberols
X3B0L F5E9MJOIW00.
ABO bob@gdol  99mma3Lgdemdoom  256300m390mwo  390m@odMMHo 99350900
bsbosmYds MBM@ Ab9dw9do 30dEObsMgmdom, bmerm Rh LobEgdom 30 J0dEobstgmdls
doBo  spMgbomwmdom. ABO s Rh LobEgdom 2563060md90w xawnqdl dmemol
390@0oBol bodolbols  sb5groBds  5B396s LEBHIGHOLEHOIWMM® LoMHIMbm goblibgoggds
(x?=9.4366; p=0.00893). Losz, ABO 8999003L90eMdOLLL  ©@MI0boMgd@s Lodwgoem
bsGobbob 398mwobo.
S6OHM3MIgBHOMWOo 356589@MO0L:  29LEOEOVIO0 L5330, BIYOOL ffmbs, Lbgmeol
Loa®dg o 530l  2oMIGIMHIMOMBds  MZOLMIMOZ0  (33CSIO0 MM BIVBGISWSS
HoMImy9gboro 390mmobMM o K IBIOMYE sboedmdowrgddo.
3900@0DMMH0  ©53500900L5MZ30L  HTIBIBOSMYOG0S WYL MWMBS (X SBIO MG

X35Bdo gl 39B3969000900 3936109 B0 (MBS 3WMWgd0-0.72+0.1%; dog0sb
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9653w Mgd0-0.05+0.05%; x?=94.13; p = <0.00001).

390m@oBMMHo  095d300 BFoOdMdL  9M9bmerm3zsb  Lobberol  xawmool  dJmbg
sbodmdowgddo, Mo3 ILEMOM©IdS 0dom, Mmd SNP rs8176719 309myqbgdom
c.261delG  LONMEO  IWYE0S (3m3mBogmGHMOHo  3gdsMgMdy)  399ME0HG
3boEdMmd0wgddo 9909000 0d3050M00.

(-G) 3960mGH030L 5OLYIMBS SMBMEM3560 XaMABoL dJmbg sbodmdogddo 5330M9dL
36&0296900L  94u3MYLOOL  MOMEIBMdMOZ  Boboliosmgdgwl, ®s3 ABO  Lobgdol
3905390 Mdom  A5dmMfz9me  390mEoBMEm  sbgdool  LobdoGmgl  SF30MYIL b
39653063790l dob 653190 53MmgLOIEOMBSL.
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INTRODUCTION

Relevance of the Research Topic. Blood group antigens are important for the adaptation
of Homo sapiens (Xu et al., 2021). The ISBT recognizes 45 blood group systems and 360 antigens
Most antigens are polysaccharides, although proteins are also found. They participate in the trophic
and regulatory functions of erythrocytes, support the transport of hormones, vitamins, and
enzymes, and are structural elements in cell membrane adhesion (Yamamoto et al., 2014). The
ABO blood group is determined by the presence or absence of A and B antigens on erythrocytes
and anti-A and anti-B antibodies in serum (Daniels, 2023). ABO IgM antibodies are generally
absent in newborns and appear during the first year of life (Branch, 2015). The ABO blood group
system plays an important role in modern genomic medicine. Low expression of erythrocyte
antigens, a frequent history of blood transfusion, hematological disorders, malignancies of blood
cells or other tissues, and surgical history are among the factors that influence the expression of
ABO antigens and cause discrepancies during typing (Fathima & Killeen,2023).

Newborn erythrocytes have much weaker expression of A and B antigens, which provides
a certain degree of protection for the fetus from the reactivity of the maternal immune system
(Daniels, 2023). Newborn serum may lack the corresponding antibodies, which can lead to
incorrect blood group determination. Such inaccuracy in newborns may cause post-transfusion
complications. This fact is critically important, because in emergency transfusion situations,
finding a suitable donor may be difficult for newborns with a complex medical history. Clinical
experience has shown that blood group identification is often challenging in newborns with
complicated histories. Different blood groups are identified using various alternative techniques.
Newborns and adults show similar expression of Rh system antigens.

The study of erythrocyte antigens in newborns receives considerable attention. It is
noteworthy that information on Al and A2 subgroups is limited. Among the most important
achievements is the identification of associations between ABO and various diseases (Fathima &
Killeen,2023). Genome sequencing has not only made it possible to discover these associations
but has also enhanced our understanding of the evolution of ABO and related genes. Hemolytic
disease of the fetus and newborn (HDFN) is a pathology caused by the destruction of erythrocytes.
Its primary cause is incompatibility between maternal and fetal erythrocyte antigens and antibodies
(Usmani et al., 2024). Antibodies directed against ABO and Rh system antigens are most
commonly associated with the development of HDFN, and this condition frequently requires
intensive clinical intervention. HDFN remains an important cause of perinatal morbidity and

mortality worldwide, especially in regions where preventive diagnostic measures are not
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performed in a timely manner. However, anti-D immunoglobulin prophylaxis has significantly
reduced Rh(D)-dependent HDFN in developed countries. Nevertheless, cases of sensitization are
still encountered. The relevance of the topic is driven by both the pathophysiological complexity
of this condition and the ongoing need to update and refine clinical management strategies aimed
at improving fetal and neonatal health and preserving life (Urbaniak & Greiss,2000). Modern
perinatal research relies on analyses that include both clinical and laboratory parameters to
determine the degree of hemolysis. Bilirubin levels, antiglobulin tests, and anthropometric
indicators are important tools for determining the prognosis and management of the disease
(Geifman-Holtzman et al., 2006).

Research Aim and Objectives. The main aim of our study is the comprehensive
investigation of various aspects of blood group characteristics in newborns. It includes a complex
analysis involving the identification of Al, A2, B, H, and D antigens on erythrocytes, the detection
of anti-A and anti-B antibodies in newborn plasma, and the study of their expression in infants up
to one year of age. The presented study also aims to evaluate the clinical and laboratory
characteristics of newborns with HDFN and to compare them with healthy newborns.

Based on the aim of the study, we established the following objectives: 1. To perform
screening of ABO and Rh system antigens in neonatal blood using various immunoserological
methods; 2. To conduct screening for A1l and A2 antigens in neonatal blood; 3. To perform
screening for naturally occurring anti-A and anti-B antibodies in neonatal blood and to evaluate
their quantitative characteristics; 4. To obtain DNA samples from the blood of newborns diagnosed
with hemolytic anemia; 5. To perform genotyping of the ABO system using the extracted DNA
samples; 6. To collect clinical data from patient medical records; 7. To identify the causes of
hemolysis; 8. To determine the severity of hemolysis based on bilirubin levels; 9. To assess
anthropometric parameters in neonates with hemolysis and compare them with those of healthy
newborns; 10. To perform statistical analysis and processing of the obtained data.

Research Methods and Material-Technical Base. The study employed
immunoserological methods in different combinations, including reverse grouping procedures for
blood typing. The analysis was conducted using monoclonal anti-A, anti-B, and anti-D antibodies,
as well as anti-A. lectin and anti-H antibodies. Standard A and B group erythrocytes and neonatal
plasma were used to detect the naturally occurring anti-A and anti-B antibodies of the ABO
system. Inthe “weak” agglutination cases EUROMEX digital microscope was used for detailed
studies. Upon detection of specific antigens and antibodies, their quantitative characteristics were

also evaluated. To assess the distribution characteristics of the corresponding genotypes, the
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Hardy—Weinberg equilibrium law was applied. In addition, questionnaire-based data analysis was
conducted. The questionnaire included demographic parameters, clinical indicators, as well as
biological parameters. The study involved 3,774 newborns and infants under 1 year of age,
conducted between 2020 and 2024 at two clinical centers in Batumi. Initially, blood samples from
208 newborns younger than one month, collected from the Iris Borchashvili Health Center
“Medina” laboratory, were studied. At the next stage, blood samples from 202 infants aged 28
days to 12 months were analyzed. For the study, these were categorized into two groups: infants
aged 28 days to 6 months and infants aged 6 to 12 months. The biological materials were provided
by the M. lashvili Batumi Maternity and Child Central Hospital, and analyses were conducted at
the Biosafety Laboratory and the A. Diasamidze Immunogenetics Laboratory of Shota Rustaveli
State University of Batumi. Additionally, questionnaire data from 3,364 newborns were reviewed,
including 1,425 who were admitted to the intensive care unit of the Iris Borchashvili Health Center
“Medina” with various diagnoses. Among these, 86 cases of hemolytic anemia were identified,
and their data were compared with those of 1,939 healthy newborns. Furthermore, genetic testing
was performed on 34 newborns with hemolytic anemia to investigate the prevalence of the G
deletion in SNP rs8176719, located at position 261 within the ABO gene locus, which encodes the
ABO system antigens. The severity of hemolysis was evaluated based on the concentration of total
bilirubin in serum (data obtained from physician-documented diagnoses recorded in the medical
questionnaires). Statistical analysis was performed using the SPSS software and the
https://www.socscistatistics.com platform. The study adhered to ethical standards and was
approved by the Bioethics Committee (Decree No. BIH-24-0215-01).

Scientific Novelty and Originality of the Study. The originality of this research lies in its
comprehensive analysis of blood group antigens and antibodies in newborns, as well as its
investigation of postnatal antigen expression in infants up to one year of age. Comparing clinical
and laboratory characteristics between infants with hemolytic anemia and the healthy control
group enables an in-depth evaluation of the results. This approach represents a novelty in both its
study of the local population and its broader scientific context. The dissemination of the study’s
findings will be valuable to the international scientific community, as it will expand theoretical
knowledge while fostering the development of new, practically significant perspectives to improve
early diagnostic and clinical management strategies. Notably, this problem has been studied for
the first time in our region. Of particular importance is the introduction of ABO genotyping in

newborns and its integration into transfusion medicine and neonatology. Through molecular
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genetic analysis, it is possible to identify rare or subtype alleles whose phenotypic expression is
often undetectable by conventional serological methods.

Publications Related to the Dissertation. 3 scientific papers have been published on the
research material, which have been published in international refereed journals and all three are
indexed in the Scopus database.

Dissertation Structure. The dissertation consists of 141 printed pages and consists of an
introduction, a literature review and an experimental part, which includes a description of the
research material and methods and an analysis of the research results. The list of literature is
presented with 182 sources. The conclusions are presented in 10 paragraphs. The text includes 41
tables and 11 figures. The abbreviations used in the work are attached.

Publication of Research Findings

The results of the study have been published in scientific articles and presented at an
international conference:

1. Sh. Gabaidze, M. Nagervadze, L. Akhvlediani, T. Bakhtadze, N.Mikadze, G. Ungiadze
(2025). Postnatal Development of Blood Group Antigens and Antibodies in the First Year
of Life. WSEAS Transactions on Biology and Biomedicine,22, pp. 82 - 93,
DOI:10.37394/23208.2025.22.10
https://www.scopus.com/pages/publications/85212942299?origin=resultslist

2. Sh. Gabaidze, M. Nagervadze, L. Akhvlediani, N. Nakashidze, A. Alfilo, I. Tsintsadze, N.
Gorgadze, R. KhuKhunaishvili, M. Koridze, T. Koiava, K. Dolidze, T. Bakhtadze (2023).
ABO and Rh Blood Group Antigens and Natural Anti-A and Anti-B Antibodies in the
Neonates. WSEAS Transactions on Biology and Biomedicine , 20, 186-196. DOI:
10.37394/23208.2023.20.19
https://www.scopus.com/authid/detail.uri?authorld=34977202400

3. Sh. Gabaidze, M. Nagervadze, L. Akhvlediani, N. Nakashidze, A. Alfilo, I. Tsintsadze, N.
Gorgadze, R. KhuKhunaishvili, M. Koridze, T. Koiava, K. Dolidze, G. Ungiadze, T.
Bakhtadze (2023). Blood Group Antigens and Antibodies in Newborns. Proceedings of
SPIE - The International Society for Optical Engineering, 12924, 129242N. DOI:
10.1117/12.3012861 https://www.scopus.com/authid/detail.uri?authorld=34977202400
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Dissertation Content
Chapter 1. Literature Review

The paper analyzes 182 literary sources, which review the state of existing knowledge, main
results, and concepts related to the dissertation topic's research problem.

Chapter I1. Analysis of Research Results
I1. 1. Distribution of ABO Blood Groups in the Studied Newborns

Our study included blood samples from 208 newborns. The ABO system's phenotypic
groups are unevenly distributed among the newborns. The majority of the studied newborns
(43.75£3.4%) have blood group O (I) (n=91). A little law distribution characteristic has the A (I1)
blood group. 41.35+3.4% of the studied newborns have A (Il) blood group phenotypic
characteristics (n=86). B (Ill) blood groups have 21 studied newborns (10.10£2.0%), and only
10 studied newborns’ blood samples show both A and B antigens specifications, and 4.8+1.4%
of the studied newborns have AB (1V) blood group. There are four categories: O (1), A (11), B
(1), and AB (V) (Table 1).

Based on the Hardy-Weinberg law, the r allele was detected with the highest frequency. Its
value is equal to 0.6, the prevalence of the p allele is 0.3, the frequency of the g allele is the lowest
and is equivalent to 0.1 (Table 2). In our studied cohort, the sum of the frequencies of the r, p, q

alleles is equal to 1.

Table 1. ABO blood group distribution in the studied Table 2. Frequency of distribution of the genes of the
newborns ABO system in the studied newborns

Blood | Number | Percent df CvV e Three-allelic genetic Distribution

group | (m) (%) system

oM |91 4375434 |3 7.815 | 89.65

A | 86 413523 4 r="O 0.6

BdIN | 21 10.10£2.0

p = 1- VA+O 0.3

AB 10 4.8+1.4

uv) =1-VB+O 0.1

Total | 208 100 4= :

I1. 2. Characteristics of ABO and Rh Blood Group Antibody Synthesis in Newborns

In addition to screening newborns for group antigens, we were also interested in the
characteristics of this target group to identify naturally occurring group-specific anti-A and anti-B
antibodies. In adults, individuals with blood group O (1) typically have both group-specific anti-
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A and anti-B antibodies in their plasma. However, it is essential to note that antibody expression
in newborns differs from that in adults.

38.46+5.0% of the studied newborns with the O (1) blood group carried both anti-A and
anti-B antibodies (n=35). In contrast, none of the antibodies were detected in 30.77+4.8% (n=28)
of cases, and 20.88+4.2% (n=19) of newborns carried only anti-A antibody, while 9.89+3.1%
(n=9) carried only anti-B antibody (Table 3).

Table 3. Anti-A and anti-B antibody expression Table 4. Anti—B antibodies expression in the A(II)
characteristics in the O (I) blood group newborns blood group newborns

ABO blood | Numb Percent df Cv e Anti-B Number | Percent df Cv e

group er (n) (%) antibodies (n) (%)

antibodies

Both an.ti-A 35 38.46£5.0 | 3 7.815 | 16.6 Present 35 207 1 3841 | 444

and' ant{-B +3.4%

antibodies

Only anti- 19 20.88+4.2

A Don’t 51 59.3

antibodies present +5.2%

Only anti- 9 9.89+3.1

B

antibodies Total 86 100

None of 28 30.77+4.8

them

Total 91 100

We have 86 newborns with blood group A(Il). Adult individuals with A(Il) blood group in
plasma have naturally occurring anti-B antibodies. We find that 40.7£3.4% (n = 35) of the
newborns studied have anti-B antibodies in their plasma as adults. Still, the majority of them
(59.3+5.2%; n=51) did not show any agglutination reaction with the standard erythrocyte mass of
the B blood group, indicating that anti-B antibodies had not yet developed (Table 4).

We also analyze the frequency of natural anti-A antibodies in the studied newborns. We
have 21 newborns with blood group B (Il1). Adults with blood group B (Ill) have naturally
occurring anti-A antibodies in their plasma. 61.9+3.4% (n=13) of our studied newborns had anti-
A antibodies in the plasma, similar to adults; 38.1+3.3% (n=8) did not show agglutination with
standard erythrocyte mass in A(Il) blood group, indicating that no anti-A antibodies were present
yet. AB(IV) blood groups lack plasma antibodies. None of our 10 AB blood group samples
showed agglutination with standard erythrocytes (Table 5).

In our study, we suggest that, in the majority of cases (43.94+3.5%) of newborns, naturally
occurring anti-A and anti-B antibodies were not detected (n=87); in the same instances
(14.14+2.4%) of O (I) blood group individuals, they were partially synthesized (n=28).
41.92+3.5% of our studied newborns expressed natural antibodies as adults (Table 6).
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Table 5. Anti-A antibodies expression in the B(III)

blood group newborns

the studied newborns

Table 6. ABO system antibody synthesis frequency in

Anti-A Number | Percent | df Cv e ABO | Normal Partially without Total
antibodies (n) (%) blood | expression | expression | expression
Present 13 61.9 1 3841 | 11 type
134 ol |35 28 28 91
Don’t 3 381 Adl) | 35 - 51 86
present +3.3 B{I) | 13 - 8 21
% 41.92+3.5 | 14.14+2.47 | 43.94+£3.5 | 100

We also study the distribution of the Rhesus system in the newborns studied. It was typing the D
antigens in the 148 samples. The majority of our samples (87.84+2.6%) exhibit Rh* phenotypic
We didn’t
encounter any difficulties typing the Rh blood group in the newborns, because in all Rh* samples

expression ( n=130). The remaining 12.16+2.6 belong to the Rh™ group (n=18).

the D antigen was well agglutinated (Table 7).
Table 7. Rh* and Rh™ phenotypes in the studied newborns

Rh Phenotypes | Number Persent
) (%) df Ccv e
87.84 +2.6 1 84.6
Rh* 130 3.841
Rh- 18 12.16+2.6
Total 148 100

11. 3. Ai/A1B and A2/A2B Subgroups in Newborns

We used a serological plate test to identify neonatal blood groups. Each newborn's sample
was subjected to an extra investigation using anti-Al and anti-H lectins. Based on serological tests,
we studied subgroups Ai/AiB and A>/A:B. The four variations found in the newborn study
samples are shown in the table 8 (Table 8).

Table 8. Four variations of A antigen subgroup
presence in the newborn samples (A2, A1, A2B, A1B)

Table 9. A, A2, AiB, and A;B subgroups distribution
in the studied A (IT) and AB (IV) group newborns

Varia | Anti- | Anti- | Anti- | Anti-H | Interpret ABO Subgroups | Number | Persent )

tion A B Al lectin ation of Phenotypes (n) (%) X
lectin results

1 + = - + Ao Al 12

2 ¥ _ + = AL A(ID N ) 12.5£3.3
(weak 77.08+4.2
aggluti
nation) AB ) 2.09+1.4

3 + + - + AzB

4 + + + + A1B A2B 8 140.76
(weak AB (1V) 8.33+2.8
aggluti Total 4 96 100
nation)




There are a total of 96 blood samples with A(II) and AB (IV) specifications. Among them,
86 newborns have A(II) blood group, and the rest of them (n=10) AB (IV) blood group. We have
two subgroups (A1 and A») with blood groups A(II) and AB(IV), also found in two categories: A1B
and A;B. It is an interesting case for our studied newborns. The majority of newborns
(77.08+4.2%) have A, subgroups (n=74). In the donor population, this subgroup is very rare. The
majority (8.33+£2.8%) of AB (IV) blood group is also found in the A>B subgroup, which is highly
underrepresented in the donor population (Table 9). In our current study, we observed that, unlike
in adults, the expression of A and B antigens of the ABO blood group system was weak on the
surface of red blood cells in some of the newborns we studied. In most cases, we used an optical
microscope with low- and/or high-magnification lenses (10x4, 10x10, or 10x100) to detect so-
called “weakly” agglutinated erythrocytes. As mentioned above, in 43.94+3.5% (n = 87) of the
studied newborns, naturally occurring anti-A and anti-B antibodies were not detected. In certain
specific cases (14.14+2.4%), these antibodies were partially synthesized in individuals with blood
group O(l) (n = 28). In 41.92+3.5% of the newborns studied, the natural antibodies were fully
expressed, similar to the adult pattern (Table 9).

Some studies have shown that pneumococcal polysaccharide vaccines contaminated with
A-like substances can stimulate the prolonged production of anti-A antibodies in individuals with
blood groups O or B (Ogata et al., 2007). We did not find research directly comparable to our
study to align our current findings with the existing literature. Although all studies agree that
newborns possess specific ABO antigens and initiate antibody synthesis, the detailed distribution
of antibodies among newborns with blood groups O, A, and B, and their comparison with those in
adults, has not been extensively described. Suppose antibody synthesis is indeed influenced by
diet and environmental antigens. In that case, we believe our current findings may differ from
those observed in newborns from other regions, since each region has its own specific diet and

environmental conditions.

I1. 4. Analysis of Blood Group Characteristics in Newborns and Blood Donors

Our study included blood samples from 208 newborns. The blood group distribution among
the studied newborns was O > A > B > AB, similar to that of blood donors in the Adjara region
(Nagervadze et al., 2021). The majority of both the studied newborns and blood donors had blood
group O (43.75£3.4% and 50.2+1.83%, respectively; n=91/208 and n=373/743) (Table 10).



Table 10. Distribution of ABO Blood Groups in Table 11. Aj, Az subgroup distribution in A (II) and

Studied Newborns Compared to Blood Donors AB (IV) group newborns compared with donors
ABO | Newb | Newborn | Bloo | Blood e ABO subgroups | Blood Newborns | ¥
blood | orns S d donors Phenotypes donors | (n=96)
group | (n) (%) don | (%) (n=368)

ors A(ID) Al 14.58+3.5 | 241.8
(n) 91.3+0.4
o o1 4375434 | 373 | 50.2+183 | 4.02 and w336y | WY |20
A 86 41.35+3.4 | 281 | 37.8+1.77 | 19 AB (IV)
Az 8.7£1.4 85.42+3.5
B 21 10.10£2.0 | 68 9.15+1.04 (n=32) (n=82)
AB 10 48+14 |21 | 2.82+06 Total 2 100 100
Total | 208 100 743 | 100

Blood group A was found in 41.35+£3.4% of newborns and 37.8+1.77% of blood donors
(n=86/208 and n=281/743, respectively). Blood group B was present in 21/208 newborns and
68/743 blood donors (10.10+2.0% and 9.15+1.04%, respectively). Meanwhile, 10/208 newborn
samples and 21/743 blood donor samples carried both A and B antigens (AB) (4.8+1.4% and
2.82+0.6%, respectively) (Table 10).

In our previous work, we studied the distribution of the A; and Az blood group subtypes
among blood donors in our region (Table 11). As shown, the frequency of A subgroups is very
low in the blood donor population (8.7+1.4%), whereas in newborns it is 85.42+3.5%. It must be
highlighted that a deficient synthesis of blood group antigens is linked to the predominance of the
A and A:B phenotypes found by serology in the newborns. Since the postnatal period of
development is required for the full expression of ABO system antigens, as we have already
indicated in the literature section, neonates' group A: erythrocytes fail to exhibit a serological
response to anti-A; lectin due to incomplete synthesis. As a result, the A, subgroup exhibits

serological mimicry of the A1 subgroup, a trait that shifts in the following stage of ontogenesis.

I1. 5. Postnatal development of blood group antigens and antibodies in the first year of life

It is exciting to study the expression characteristics of ABO system antigens from an
ontogenetic perspective. As is well known, these antigens are oligosaccharides and do not
represent a direct gene product. The expression of these antigens is a multistage process; therefore,
their complete expression requires the passage through specific stages of ontogenesis. The
characteristics of antigen expression in newborns have been investigated, and studies have shown
that their expression is weak. Regarding the synthesis of group-specific antibodies, the majority of
the studied newborns do not produce them (Gabaidze et al., 2023). Our study aimed to investigate

the expression characteristics of the ABO system during the postnatal period. This chapter focuses



on both the qualitative and quantitative features of the manifestation of group-specific antigens
and antibodies.

In infants aged 28 days to 12 months, the distribution of antigens and antibodies of the
ABO system was studied and compared with that in newborns from the same region (Adjara,
Georgia Republic), which were investigated in our previous work (Nagervadze et al., 2021). As
mentioned above, we studied biological material from infants under 1 year old (n=202). The ABO
system'’s phenotypic groups are represented at varying frequencies in the study group. The majority
of the studied infants (43.08+3.4%) have the O (1) blood group (n=87), which is slightly lower
than the prevalence of the A (I1) blood group; in particular, 41.57+3.4% of the studied infants have
this group (n=84). 11.39+4.9% of the studied cases of infants belong to the B (lIll) blood
phenotypic group (n=23).The AB (V) phenotypic group has the lowest distribution. In particular,
only 3.96+1.8% of the studied infants have the mentioned phenotype (n=8) (Table 12).

We also analyzed the distribution of phenotypic groups of the ABO system by gender.
38.30£5.0% of female infants under one year old have blood group O (1) (n=36). 42.55+5.0% have
A (1) blood group (n=40), and 14.89+3.6% have B (I11) blood group (n=14). The lower phenotypic
rate is 4.26x2.0% for AB (IV) blood group (n=4). As for the characteristics of the phenotypic
distribution of the ABO system in male infants under one year of age, its distribution is as follows:
47.22+4.8% of the studied male infants have O (I) blood group (n=51), followed by 40.74+4.7%
of A (11)) blood group (n=44), followed by 8.33+2.6% B(lIl) blood group (n=9). As in the case of
female infants, we also observe the lowest value in the phenotypic group, 3.71+1.8% for AB (1V)

blood group (n=4) (Table 12).
Table 12. ABO blood groups in the studied Infant

ABO Total studied v | CV P Gender N

blood materials for FemaleQ Maled P
groups df 3

(n) (%) (n) (%) (n) (%) x*-2.9073
14 | 7.815 | <0.00001.

o 87 | 43.08+3.4 7. 36 38.304£5.0 51 | 47.22+4.8 | P-0.820388
A () 84 | 41.57+£3.4 03 40 42.55+5.0 44 | 40.744.7

B (I) 23 | 11.3944.9 14 14.89+3.6 9 8.33+£2.6
AB(IV) | 8 | 3.96+18 4 | 426+20 | 4 [371+18

Total 202 100 94 100 108 100

In addition to the above, the phenotypic distribution of the ABO system across age groups
and genders was also analyzed. We divided the age group into two categories: 1. infants from 28
days to 6 months, and 2. the infant category from 6 to 12 months. In the age category from 28
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days to 6 months, 46.67+7.4% A (1) blood group dominates in the order of phenotypic distribution
in female infants (n=21), followed by 28.89+6.75% O (1) blood group (n=13), followed by 22.22+
6.1% B (111) blood group (n=10) and only one individual has AB (I1V) blood group (2.22+4.8%).
46.67+7.4% A (Il) blood group (n=21), followed by 28.89+6.75% O (I) blood group (n=13),
followed by 22.22+ 6.1% B (I11) blood group (n=10), and only one individual has AB (1V) blood
group (2.22+4.8%). Regarding male infants aged 0-6 months, the phenotypic variations of the
ABO system are presented in the following order: The majority of the studied infants 52.27+7.5%
have O (I) blood group (n=23), according to the characteristics of distribution, 31.82+7.0% A (11)
blood group (n=14) comes next, then there are 11.36x4.7% B(I11) blood group (n=5). The lowest
distribution of blood group characteristics is AB (1V), with 4.55+3.1% (n=2). The distribution of
ABO blood group phenotypic characteristics among female individuals up to 6-12 months is as
follows: 46.94+7.1% are representative of O (1) blood group (n=23), (here the number for female
individuals is the same as in the category up to 0-6 months and up to 6-12 months category), the
following are 38.78+6.9% A (II) blood group (n=19), 8.16+£3.9% have B(lll) blood group (n=4)
and and 6.12+3.4% have blood group AB (IV) (n=3). As for the phenotypic distribution
characteristics of the ABO system in the studied male infants under one year old, in the 6 to 12
months category, the A (1) blood group dominates at 46.87+£6.2% (n=30). Approximately
43.75+6.2% of individuals have O (1) blood group (n=28), followed by 6.25+3.0% for B (111) blood
group (n=4), including female individuals in the same category. The lowest rate, 3.13+£2.1%, is for

AB (1V) blood group (n=2), including male individuals aged 28 days to 6 months (Table 13).
Table 13. ABO blood groups in different age categories of infants

ABO 28-day to 6-month age category 6-12 month age category 1P
blood
groups [ Female? Maled Female? Maled

(n) | (%) (n) | (%) (n) | (%) (n) | (%)

o 13 | 28.89+6.7 | 23 | 52.27+7.5 | 23 | 46.94+7.1 | 28 | 43.75%6.2 | 4*-4.7658

A(Il) |21 | 4667+7.4 | 14 | 31.82+7.0 | 19 | 38.78%6.9 | 30 | 46.876.2
B(II) | 10 | 2222+61 |5 | 11.36%47 |4 | 8.16%39 |4 |6.25230 | P-0.189775

AB 1 2.22+4.8 2 4.55%3.1 3 6.12+3.4 2 3.13+2.1
(v)
Total 45 | 100 44 | 100 49 | 100 64 | 100

We analyzed the distribution of antigens A and B in the studied infants. Antigen A was
found to be prevalent in 74.80+£3.9% (n=92) of the studied infants, which is more common than B
antigen. B antigen was present in 25.20£3.9% of the studied infants (n=31). We analyzed the
relationship between the occurrence of A and B blood group antigens and gender. Here, it was
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revealed that the prevalence of A antigen in female infants under one year of age is less
(70.97£5.5%) n=44, and the prevalence of the antigen in male infants under one year of age is
higher (78.69+5.2%) n=48. And the prevalence of B antigen, on the contrary, is higher in female

infants n=18 (29.03+5.7%) than in male infants n=13 (21.31+5.2%) (Table 14).
Table 14. A and B antigens in the studied infants

ABO Total studied ¥ | C P Gender e P
blood materials \% Female@ Maled
groups for
antigens df
1

(n) [ (%) 30. | 3.8 | <0.000 | (n) [ (%) (n) | (%) 09 |0.324
A 92 74.80+3. |24 |41 |01 44 | 70.97+5. | 48 | 78.69%5. | 723 | 108
antigen 9 5 2
B 31 | 25.2043. 18 | 29.03+5. | 13 | 21.3145.
antigen 9 7 2
Total 123 | 100 62 | 100 61 | 100

In the studied infants, we analyzed the distribution characteristics of ABO system group-specific
anti-A and anti-B antibodies. Mentioned antibodies were detected in 195 cases out of 202 studied
blood samples. 7 studied samples were not analyzed due to a lack of plasma. Only Anti-A antibody
was detected in 16.92+2.6% (n=33); only Anti-B antibody was detected in 27.69+3.2% cases
(n=54); 24.11+3.0% of infants had both anti-A and anti-B antibodies (n=47). In contrast, no
antibodies were detected in 31.28+3.3% of cases (n=61) (Table 15).

Table 15. Group-specific antibodies in the infant

ABO blood Number Percent e Ccv P
group (n) (%) for
antibodies df 3
Anti - A 33 16.92 +2.6 8.77 7.815 0.03251
antibody
Anti-B 54 27.69 £3.2
antibody
Both/ Anti-A 47 24.11+3.0
and Anti-B
antibodies
None of them 61 31.28+3.3
195 100
Total

74.80+3.9% of the 202 studied infants carry the A antigen, with 41.57+3.4% belonging to

the A(I1) group (n=84) and 3.96+1.8% belonging to the AB (IV) group (n=8). It is important to

note that we simultaneously screened subgroups of the A antigen within the A (I1) and AB (IV)

phenotypic groups. Around 52.17+5.2% of infants with A(I1) blood group phenotype carry the Az

subgroup (n=48), and about 39.13+£5.0% have the A subgroup (n=36). In individuals with the

AB(1V) blood group phenotype, both the AiB and A>B subgroups were found to occur at
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approximately 4.35+2.1% (Table 16). We also analyzed the distribution of A antigen subgroups
according to age category. Where, in the age category from 28 days to 6 months, the prevalence
of the Az subgroup is less 4.35£2.1% (n=17), and in the age category up to 6-12 months, the
prevalence of A; antigen is higher than 56.36+6.6% (n=31). The prevalence of the A, antigen is
higher in the age category from 28 days to 6 months 48.65+8.2%; (n=18) and lower in the age
category from 6 to 12 months 32.73+£6.3% (n=18). The presence of A antigen in AB (IV) blood
groups varies by age. In the 28-day to 6-month category, the A:B subgroup is found in 5.40+3.7%
of cases, while the A2B subgroup is not detected (n=0) in the studied group. In the 6 to 12 months
category, the A1B subgroup is found in 3.64+2.5% of cases (n=2), and the A>B subgroup is found

in 7.27+£3.5% of cases (n=4) (Table 16).
Table 16. An antigen subgroup in the studied infant

ABO Subgroups Total studied ¥ | CV P 28-day to 6-month | 6-12 month age
Phenoty | of A materials for age category category
pes antigen df 3
(n) (%) 65. | 7.81 | <0.00 | (n) (%) (n) (%)

Al 48 | 5217252 |1 |5 001 737 [ 4595:8.1 |31 | 56.36:6.6
A (1) A2 36 39.1345.0 18 48.6518.2 18 32.7316.3

AlB 4 4.35+2.1 2 5.40£3.7 2 3.64+2.5
AB (1V) | A2B 4 4.35£2.1 0 0 4 7.27+3.5
Total 4 92 100 37 100 55 100

We conducted a study on the prevalence of the Rh system (n=202). The Rh™ phenotypic
variation was predominant in the samples (n=166), representing the majority of individuals studied
(82.18+2.6%). The Rh™ phenotypic manifestation was observed in only 17.82 +2.6% of the cases.
If we compare the Rh phenotypic manifestation in individuals from 28 days to 6 months, the
picture in individuals aged 6-12 months does not differ significantly from that in individuals aged
28 days. In both cases, within the 28-day to 6-month age category, Rh* phenotypic expression
prevails at 82.02+4.0%, whereas Rh™ phenotypic expression is 17.9 £4.0%. A similar pattern is
observed in the 6-12 month age category, where 82.30+3.5% are carriers of the Rh™ phenotype

and 17.70+3.5% are carriers of the Rh™ phenotype (Table 17).
Table 17. Rh* and Rh™ phenotypes in the studied infants

Rh Total studied ¥ Ccv P 28-day to 6- 6-12 month age | 2
Phenot materials for month age category P
ypes df 1

n) | (W) 83.66 | 3.84 | <0.0000 | (n) | (%) (n) | (%) x?-0.0026
Rh* 166 | 82.18+2.6 1 1 73 | 82.02+4.0 | 93 82.30+3.5 | P-0.95906
Rh- 36 | 1782426 16 | 17.98+4.0 | 20 17.70+3.5
Total 202 | 100 89 | 100 113 | 100
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We were also interested in studying ABO and Rh system combinations in the studied
infants. Accordingly, we identified eight phenotypic categories: O(l),Rh™; O(l),Rh7; A(I),Rh*;
A(ID,Rh7; B(111),Rh*; B(II,Rh7; AB(IV),Rh*; A (IV),Rh". O(1),Rh* and A (I1),Rh* phenotypic
variations, with 34.65+3.3% (n=70), are shown to occur with equal frequency across the studied
phenotypic groups. Among the combinations of ABO and Rh system, the next phenotypic category
is O(l) Rh™ 8.42+1.9% (n=17). B (111) phenotypic expression in the studied infants is 10.40£2.1%
(n=21), and B(I11),Rh" phenotype is 0.99+£0.6% (n=2). AB (IV),Rh* combination is prevented in
2.48+1.0% (n=5) cases, and AB(IV),Rh™ has only 1.49+0.8% (n=3) distribution rate (Table 18).

Table 18. ABO and Rh system combinations in the studied infants

Phenotypic variations of Total studied materials 1 P
the ABO and Rh systems (n) (%) 247.61 | <0.00001
O (1) Rh* 70 34.65+3.3

O (I) Rhr 17 8.42+1.9

A (1) Rh* 70 34.65+3.3

A (1) Rh 14 6.93+1.7

B (I11) Rh* 21 10.40x2.1

B (111) Rh 2 0.99+0.6

AB (V) Rh* 5 2.48+1.0

AB (IV) Rh 3 1.49+0.8

Total 202 100

We also analyzed quantitative characteristics of natural anti-A and anti-B antibodies. Of
course, their titer was not visible where antibodies were not detected. In cases where antibodies
were detected, the following result was revealed: In the vast majority of infants from 28 days to 6
months, the titer was very low, in most cases it is equal to 1:2. In the blood samples of infants from
6 to 12 months, the quantitative characteristics of the antibody are presented with different titers.
The lowest titer among the infants in this category was 1:2, and the highest was 1:16. We were
interested in studying the quantitative index (titer) of antigens A and B of the ABO blood group
system in infants aged 28 days to 6 months and 6 months to 12 months. We performed the titration
in the following order: 1:2, 1:4, 1:8, 1:16, 1:32, 1:64, 1:128, 1:256. For both categories, A and B
antigens were well synthesized in infants from 6 to 12 months—the majority cases with a high
titer of 1:256.

Summary. Anti-A and anti-B antibodies were analyzed in the blood plasma of an infant
with the O (I) blood group (n=87). It is recognized that their production is either absent in
newborns or occurs in individual cases (14). In infants with blood type O (1), both Anti-A and anti-
B antibodies were detected in 49.43+5.3% (n=43) of infants aged 28 days to 12 months, a pattern

similar to that seen in adults. Only Anti-A antibodies were found in 24.14+4.5% of the studied
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samples (n=21), while just Anti-B antibodies were detected in 2.30+£1.6% (n=2) of the infants. No
antibodies were detected in 24.13+4.5% of infants’ blood plasma (n=21). We analyzed the data
above by age group. Regarding the expression of anti-A and anti-B antibodies, we observed a
difference between the 28-day to 6-month and 6-12-month age groups. According to the literature,
there is evidence of a significant increase in the production of group-specific antibodies with age
(Gabaidze et al., 2023). Based on our research, we found that the synthesis of anti-A and anti-B
antibodies in the blood plasma of infants aged 28 days to 6 months with O (1) blood group is
25+7.2% (n=9), while in infants aged 6-12, the synthesis of these antibodies is 74.51+6.1% (n=38).
The synthesis of only anti-A antibody in the 28-day to 6-month age category is 19.44+6.5% (n=7),
and in the 6-to-12-month category it is 21.57+5.7% (n=11). Anti-B antibody was detected in only
5.56+3.8% (n=2) of cases in the blood plasma of infants aged 28 days to 6 months. In the studied
infants aged 6-12 months, no cases of anti-B antibody expression were observed (n=0). In cases
where no antibodies were found, the results were as follows: 50£8.3% (n=18) in the 28-day to 6-
month age category, which is relatively high compared to infants studied at 6-12 months. In the
mentioned category, the rate of no antibody detection is very low (in some cases) and is 3.92+2.7%
(n=2) (Table 19).

We were also interested in comparing these data on the expression of naturally occurring
anti-A and anti-B antibodies with the expression data for newborn anti-A and anti-B antibodies
studied in our previous studies (Gabaidze et al., 2023). Since people with O (1) blood group have
anti-A and anti-B antibodies in their plasma, we studied this characteristic in 91 newborns with O
(1) blood group. Where 38.46+5.0% of newborns had anti-A and anti-B antibodies (n=35), as
indicated in Table 19, this indicator increased by 1.28 times in infants aged 28 days to 6 months,
and by 1.93 times (approximately 2 times) in infants aged 6-12 months.

Table 19. Anti-A and anti-B antibody expression characteristics in the O (1) blood group infant compared
with newborns

ABO blood Total studied 28-day to 6-month 6-12 month age Newborns N
group infants age category category (Gabaidze et al., P
antibodies 2023).

(n | (%) (n) | (%) (n | (%) (n) | (%) x-
Both anti-A, 43 49.43+5.3 9 25+7.2 38 74.51+6.1 35 38.46%5.0 37.32
anti-B 24
antibodies
Only anti-A 21 24.14+4.5 7 19.4446.5 11 21.57+5.7 19 20.88+4.2
antibodies P-
Only anti-B 2 2.30+1.6 2 5.56+3.8 0 0 9 9.89+3.1 <0.00
antibodies 0023
None of them 21 24.13+4.5 18 50£8.3 2 3.92+2.7 28 30.77+4.8
Total 87 100 36 100 51 100 91 100
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Additionally, it is interesting that 30.77+£4.8% of newborns lacked antibodies. In infants
aged 28 days to 6 months, this rate decreases by 1.27 to 24.13+4.5%, and only two similar cases
have been reported in infants aged 6-12 months. This indicates that similar rates are reduced by
7.8 times when compared to infants in the specified age group. This implies that antibody
production increases gradually in the postnatal period.

In adults with blood group A (11), anti-B antibody is present in plasma. We studied how
this antibody was found in infants with A(1l) blood group. We found that 61.90+5.2% (n=52) of
the 84 infants with A(I1) blood group had anti-B antibody in their blood plasma, while 38.10+5.2%
(n=32) did not. In the 28-day to 6-month age category, the detection of anti-B antibody is
45.71%+2.9% (n=16). In the 6-12 month age category, it is 73.47+6.3% (n=36). No anti-B antibody
was detected from 28 days to 6 months in 54.29+2.9% (n=19) of cases, and in the 6-12 month age
category, it was 26.53+6.3% (n=13).

We compared the obtained results with the data from newborns we studied, in which 86
newborns with A(I1) blood group were included. We found that 40.7+3.4% (n=35) of them had
expression of anti-B antibodies in their blood plasma samples. On the other hand, the majority of
the newborns (n=51) did not yet express anti-B antibodies, with a percentage of 59.3+5.2%.
According to the results, infants aged 28 days to 12 months have approximately 1.5 times higher
levels of anti-B antibodies than newborns. In the 28-day to 6-month age category, the increase was
only 0.89 times, while in the 6-12 month age group, it was 1.8 times. This indicates that antibody

specificity increases with age (Table 20).
Table 20. Anti—B antibodies expression in the A(I1) blood group infant

ABO Total studied 28-day to 6- 6-12 month age Newborns 1

blood infants month age category (Gabaidze et

group category al., 2023). P

anti

bodies (n) (%) (n) (%) (n) (%) (n) | () |-
16.6728.
P-
0.000825

Present 52 61.9045.2 16 | 45.71+2.9 36 73.4746.3 35 40.7+3

4

Don’t 32 38.1045.2 19 | 54.29+2.9 13 26.5346.3 51 59.3+5

present 2

Total 84 100 35 | 100 49 100 86 100

We also investigated the prevalence of anti-A antibodies in infants with blood group B (I11)
(n=23). 60.87+3.1% of the infant in our study (n=14) have anti-A antibodies in their plasma, while
39.13£3.1% do not have anti-A antibodies in plasma (n=9). Between 28 days and 6 months of age,
anti-A antibodies were detected in 53.33+ 3.5% (n=8) and not detected in 46.67+3.5% (n=7). In
the 6-12 month category, the presence of anti-A antibodies increased to 87.5£3.4% (n=7), while
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not-detected cases decreased to 12.5+3.4% (n=1). We compared the expression data for natural
anti-A antibodies in one-year-old infants with the B (I11) blood group with those of newborns with
the B (111) blood group studied in our previous research (12). The majority of the studied newborns,
61.9£3.4% (n=13), had anti-A antibodies in their blood plasma. In contrast, 38.1+3.3% (n=8) did
not have natural anti-A antibodies (Table 21). Additionally, it can be noted that in the 6-12 months
age category, the detection of anti-A antibodies increased by almost 1.41 times compared to

newborns.
Table 21. Anti-A antibodies expression in the B(I1) blood group infant

ABO blood Total studied 28-day to 6- 6-12 month age Newborns e
group Infants month age category (Gabaidze etal., | P
antibodies category 2023).

(n) | (%) (n) | (%) (n) | (%) (n) | (%) x>
Present 14 60.87+3.1 |38 53.33+35 | 7 87.5+34 | 13 61.9+3.4 | 2.618

P-

Don’t 9 39.13+31 |7 46.67+35 |1 125+34 | 8 38133 | 454
present 2§7
Total 23 100 15 | 100 8 100 21 100

In our previous chapter, we analyzed the distribution of A1 and Az subgroups in newborns.
The frequency of A subgroups was found to be low at 14.58+3.5% (n=14), while the frequency
of A subgroups was much higher at 85.42+3.5% (n=82). We then compared this data with the
subgroup distribution in the infants we studied (Table 22), in which we found the frequency of Ax
subgroups to be high at 56.52+5.1% (n=52) and the frequency of A. subgroups to be low at
43.48+5.1% (n=40). We suggested that A> and A:B phenotypes found by serology in the
newborns. Since the postnatal period of development is required for the full expression of ABO
system antigens. The A2 subgroup exhibits serological mimicry of the Az subgroup, a shifting trait

in the following stage of ontogenesis (Table 22).

Table 22. A1 and A2 subgroup distribution characteristics in newborns with blood group A (I1) and AB (1V)
compared to infants

ABO Subgroups Total studies Newborns e P
Phenotypes infants (Gabaidze et al.,
2023).
(n) (%) (n) | (%) 36.26 | <0.00001
91

A(I) Al 52 56.52+5.1 14 14.58+3.5
and

A2 40 43.48+5.1 | 82 85.42+3.5
AB (IV)
Total 2 92 100 96 100

As indicated in the results section of our study, no differences were found among infant

age groups, suggesting that Rhesus system antigens were fully synthesized during the prenatal
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period. The human Rh blood group system is highly polymorphic, with more than 56 serological
specificities, making it particularly important and challenging for biomedical scientists and
clinicians (Gabaidze et al., 2023). In the Rh blood group, the D antigen is the most immunogenic

and clinically meaningful epitope (Contreras & Daniels, 2013).

1. 6. Analysis of Hemolytic Disease of the Fetus and Newborn (HDFN) Cases in
Neonatal Intensive Care Unit (NICU) Patients

According to data from 2020-2024, the majority of newborns were male 55.23+1.3%,
(n=787) while females accounted for 44.77+1.3% (n=638) of the total population. The ¥? statistic
was 5.7336, with a p-value of 0.016643, indicating a significantly higher proportion of male
newborns in both groups. This finding aligns with international studies that suggest biological and
immunological factors contribute to the predominance of male births (Baines et al., 2023).

Among the pathologies observed in neonates were respiratory distress syndrome, cerebral
ischemia, bacterial sepsis, perinatal infections, acute respiratory infections, hemolytic diseases
(ABO and Rh sensitization), unspecified jaundice and other prematurity-related conditions,
congenital herpes infection, cardiovascular system pathologies - including congenital heart
defects, patent ductus arteriosus, double outlet right ventricle, and major vascular malformations.
congenital hydrocephalus, while other congenital anomalies - such as atresia of the esophagus or
intestines, anal prolapse, congenital diaphragmatic hernia, and neonatal necrotizing enterocolitis.

We analyzed the number of newborns with HDFN caused by ABO and Rh incompatibility,
as well as cases of unspecified jaundice and other hemolytic disorders, according to sex. The
results show that among newborns with hemolytic cases due to ABO incompatibility, females
slightly predominated at 46.34+7.7% (n = 19) compared to males at 44.44+7.4% (n=20). Among
newborns with unspecified jaundice and other hemolytic diseases, the number of female newborns
was 31.71+7.2% (n=13), equal to the number of male newborns 31.11+6.9% (n=14). The
incidence of HDFN caused by the Rh system was 21.95+6.4% (n=9) of female newborns, which
is slightly lower than the number of male newborns 24.45+6.4% (n=11) (Table 23).

One objective of our study was to investigate cases of hemolytic anemia of the fetus and
newborn (HDFN) among neonates admitted to the intensive care unit (NICU). It is well known
that hemolytic anemia in newborns can have various causes, such as bone marrow failure,
autoimmune disorders, hereditary blood diseases (including sickle cell anemia and thalassemia),

adverse drug reactions, different types of infections, complications following blood transfusions,
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and immune-conflict pregnancies caused by incompatibility in the Rh or ABO systems, among

others.
Table 23. Cases of hemolytic disease (ABO and Rh Figure 1. Distribution of hemolytic (ABO- and Rh
Incompatibility-Induced HDFN) and unspecified system-related HDFN) and unspecified jaundice
Jaundice by Sex (Based on Data from 2020-2024) cases according to data from 2020-2024
Cases of Gender '
hemolytic 50 4535 Neonatal hemolytic cases (HDFN)...
(ABO. Rh) Female @ Male & € 45 ,
and - @ 40
unspecified n % n (Y 5 35 31,4
jaundice of | ) | ) 0.07 .§ ot
newborns 68 @ . 23,26
ABO 46.34 44.44 5 50
19 |77 |20 |+74 | P06 -
Rh 9 21.95 24.45 2329 'g 10
+64 |11 | +6.4 =
Unspecified 0
hemolytic . o . _— -
. ABO-incompatibility Rh-incompatibility unspecified
(_jlseas_es and 13 31.71 311 hemolysis/jaundice
jaundice 7.2 14 1+6.9
Total 41 100 45 100

Our area of interest focused on studying hemolytic disease of the fetus and newborn
(HDFN) caused by erythrocyte blood group antigens in neonates. The development of immune
hemolytic anemias is primarily associated with erythrocyte antigen systems that exhibit high
immunogenicity. Among them, the ABO system is the most common cause of hemolytic
transfusion reactions, particularly in cases of ABO incompatibility. The Rh system antigens (D, C,
E, c, e) play a crucial role in the pathogenesis of HDFN and in the development of immune-
mediated hemolysis. The Kell system, in turn, is notable because anti-K antibodies are often
associated with severe hemolysis, which can occur even at low antibody titers. The Kidd antigen
system (Jka, Jkb) is frequently linked to the occurrence of delayed hemolytic transfusion reactions.
The Duffy (Fya, Fyb) and MNS (M, N, S, s) antigen systems are considered to have moderate
clinical significance; however, in certain cases, they can also lead to HDFN or transfusion-induced
hemolysis, particularly when anti-S or anti-U antibodies are present in the patient’s circulation. The
diagnosis of hemolytic disease caused by the ABO system remains a subject of ongoing discussion
and debate. The mere presence of ABO incompatibility between the mother and the newborn does
not constitute definitive evidence of hemolysis. In the absence of serological confirmation - such
as a positive direct antiglobulin test (DAT) or other laboratory indicators - diagnosing
hyperbilirubinemia solely based on ABO incompatibility may be misleading. Therefore, the
diagnosis of ABO incompatibility—induced hemolytic disease should be based on a combination
of clinical and laboratory findings, rather than on the incompatibility of blood groups alone.
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In our study group, a total of 86 neonates admitted to the intensive care unit were diagnosed
with hemolysis (Fig. 1). The majority of these cases (n=59) were primarily attributed to ABO and
Rh system incompatibility, whereas a smaller subset (n=27) included unspecified hemolytic and
jaundice conditions. As illustrated in Figure 1, ABO incompatibility-induced HDFN accounted for
45.35+5.3% (n=39) of all analyzed neonatal cases. Rh incompatibility-induced HDFN represented
23.2614.5% (n=20) of cases. The remaining 31.40+£5.0% (n=27) were classified as unspecified

hemolytic states or jaundice of undetermined etiology (Fig. 1).

I1. 7. Hemolytic Disease of the Fetus and Newborn (HDFN) Caused by ABO and Rh
Incompatibility

We were interested in studying how these phenotypic combinations were represented
specifically in confirmed cases of HDFN caused by ABO and Rh incompatibility. Each case was
analyzed separately. In neonates with HDFN caused by ABO incompatibility, we studied the
distribution of ABO and Rh blood group combinations. Within this study group, the most frequent
combination among newborns was A(ll), Rh™ accounting for 74.36+6.9% (n=29), followed by
B(lI), Rh*at 15.3845.7% (n=6), and A(Il), Rh™ at 5.13 + 3.5% (n = 2). The combinations AB(1V),
Rh*and B(I11), Rh~ were each observed in only one case, representing 2.5+2.5% (n=1) of the study
group. No cases were recorded with O(l), Rh*, O(l), Rh-, or AB(IV), Rh™ blood groups among
neonates with this type of hemolytic anemia (Table 24).

Table 24. HDFN caused by ABO system Table 25. HDFN caused by Rh incompatibility
incompatibility (2020-2024) (2020-2024)
f:;%?:ﬁ;gns of the HDFN caused by ABO E;?:E;?%F’:ilgns of the HDFN caused by the Rh
ABO and Rh systems system incompatibility ABO, Rh system of system incompatibility
of newborns (n) (%) newborns (n) (%)
o(l),Rh* 0 0.00 O(l),Rh* 9 45.00+11.1
O().Rh 0 0.00 O(1),Rhr 0 0.00
A(I1),Rh* 29 74.36+6.9 A(lN),Rh* 10 50.00+11.1
A(l1),Rh 2 5.13+3.5 A(N.Rh 0 0.00
B(l11),Rh* 6 15.3845.7 B(l11),Rh* 1 5.00+4.8
B(111),Rh- 1 256425 B(111),Rh’ 0 0.00
AB(IV),Rh* 1 2.56+2.5 AB(IV),Rh* 0 0.00
AB(IV),Rhr 0 0.00 AB(IV),Rh- 0 0.00
oy 39 100 oo 20 100

Separately, we studied phenotypic ABO and Rh blood group combinations in neonates
with HDFN caused by Rh incompatibility. The A(l1), Rh* blood group combination was the most
frequently associated with Rh incompatibility, representing 50.00+11.1% (n=10) of cases,
followed by O(l), Rh*, which accounted for 45.00+11.1% (n=9). The B(lll),Rh+ blood group
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combination was found in 5.00+4.8% of the studied newborns (n=1). The AB(IV),Rh+ blood
group combination was not found in anemic newborns caused by Rh system incompatibility (n=0),
of course, the O(I)Rh-, A(IDRh-, B(IIIRh-, and AB(IV)Rh- blood group combinations were
neither observed nor should they have been, since Rh-negative newborns do not cause maternal-
fetal Rh incompatibility (Table 25).

11. 8. Blood Group Combinations of Newborns and Mothers with Hemolytic
HDFN (ABO/ Rh/ and other, unspecified hemolytic diseases)

Since the Neonatal Intensive Care Unit (NICU) of the Batumi “Medina” Health Center,
named after Iris Borchashvili, admitted not only newborns delivered at the same clinic but also
those transferred from various maternity hospitals across the Adjara region (mostly with severe
perinatal histories), it was not possible to determine the maternal blood group for all newborns
diagnosed with HDFN. Among the 86 newborns with hemolytic anemia analyzed in our study,
detailed information on the mother’s blood group was available for 77cases. Table 26 below
presents an analysis of the blood group combinations of mothers and newborns with hemolytic
HDFN (ABO, Rh, and other unspecified hemolytic diseases). Theoretically, the highest frequency
of hemolytic anemia (both ABO and Rh associated) is observed when the mother’s blood group is
O(I), Rh™. This can be explained by the fact that this blood group is generally more prevalent
compared to others (Reid, 1990). Accordingly, we analyzed the following maternal-neonatal
combinations: 1. Mother O(l), Rh+ / Newborn O(l), Rh* (n=1); 2. Mother O(l), Rh* / Newborn
O(), Rh™ (n = 0); 3. Mother O(l), Rh+ / Newborn A(Il), Rh+ (n = 31); 4. Mother O(l), Rh+ /
Newborn A(II), Rh— (n = 3); 5. Mother O(l), Rh+ / Newborn B(l1l), Rh+ (n = 8); 6.Mother O(l),
Rh+ / Newborn B(III), Rh— (n = 2); 7. Mother O(I), Rh+ / Newborn AB(IV), Rh+ (n = 1); 8.
Mother O(I), Rh+ / Newborn AB(IV), Rh— (n = 0). Among these eight possible mother/newborn
combinations, the most frequent was that of A(Il), Rh+ newborns born to O(l), Rh+ mothers (n =
31). The next most common were B(III), Rh+ newborns (n = 8), followed by A(Il), Rh— (n = 3)
and B(III), Rh— newborns (n = 2). Equal distribution was observed among O(l), Rh+ and AB(1V),
Rh+ newborns (n = 1 each), while no cases were recorded among O(I), Rh— newborns (n = 0).
This distribution pattern reflects an increased risk of jaundice and hemolytic disease, indicating
ABO incompatibility - a condition in which maternally derived antibodies (anti-A or anti-B) can
cross the placenta and attack fetal red blood cells, resulting in hemolytic disease (Hall et al., 2025).

In cases where the mother had an O(I), Rh— blood group, we analyzed the following eight
combinations of neonatal blood groups: 1. Mother O(I), Rh— / Newborn O(I), Rh+ (n=10); 2.
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Mother O(I), Rh—/ Newborn O(I), Rh— (n=0); 3. Mother O(I), Rh—/ Newborn A(Il), Rh+ (n=4);
4. Mother O(I), Rh— / Newborn A(II), Rh— (n=1); 5. Mother O(I), Rh— / Newborn B(III), Rh+
(n=0); 6. Mother O(I), Rh—/ Newborn B(III), Rh— (n=0); 7. Mother O(I), Rh—/ Newborn AB(IV),
Rh+ (n=0); 8. Mother O(l), Rh—/ Newborn AB(IV), Rh— (n=0). From these combinations, it can
be seen that hemolysis occurred predominantly in newborns with the O(l), Rh+ blood group
(n=10); the next most frequent were A(Il), Rh+ (n=4), and a single case of hemolysis was observed
in a newborn with the A(IT), Rh— blood group. In mothers with the A(Il), Rh+ blood group, it is
theoretically possible to have newborns with eight different blood group combinations: 1. Mother
A(Il), Rh+ / Newborn O(l), Rh+ (n=3); 2. Mother A(ll), Rh+ / Newborn O(I), Rh— (n=1); 3.
Mother A(IT), Rh+/ Newborn A(IT), Rh+ (n=1); 4. Mother A(IT), Rh+/ Newborn A(IT), Rh— (n=0);
5. Mother A(II), Rh+ / Newborn B(III), Rh+ (n=0); 6. Mother A(II), Rh+/ Newborn B(III), Rh—
(n=0); 7. Mother A(ll), Rh+ / Newborn AB(IV), Rh+ (n=0); 8. Mother A(Il), Rh+ / Newborn
AB(1V), Rh— (n=0). From these combinations, hemolysis was observed only in newborns with the
O(I), Rh+ blood group (n=3), and in single cases in newborns with O(I), Rh—and A(II), Rh+ blood
groups (n=1). This may be attributed to ABO incompatibility. In cases where the mother had an
A(II), Rh— blood group, analysis of the eight possible neonatal combinations revealed that
hemolysis occurred only when the newborn had the A(I1), Rh+ blood group (n=9): 1. Mother A(11),
Rh— / Newborn O(I), Rh+ (n=0); 2. Mother A(Il), Rh— / Newborn O(I), Rh— (n=0); 3. Mother
A(Il), Rh— / Newborn A(II), Rh+ (n=9); 4. Mother A(Il), Rh— / Newborn A(II), Rh— (n=0); 5.
Mother A(II), Rh— / Newborn B(III), Rh+ (n=0); 6. Mother A(II), Rh— / Newborn B(III), Rh—
(n=0); 7. Mother A(II), Rh— / Newborn AB(IV), Rh+ (n=0); 8. Mother A(II), Rh— / Newborn
AB(IV), Rh— (n=0). When the mother had the B(Ill), Rh+ blood group, analysis of the eight
possible combinations showed the following: 1. Mother B(l1l), Rh+ / Newborn O(l), Rh+ (n=0);
2. Mother B(III), Rh+ / Newborn O(I), Rh— (n=0); 3. Mother B(III), Rh+ / Newborn A(II), Rh+
(n=0); 4. Mother B(III), Rh+/ Newborn A(II), Rh— (n=0); 5. Mother B(III), Rh+/ Newborn B(III),
Rh+ (n=0); 6. Mother B(l11), Rh+ / Newborn B(III), Rh— (n=0); 7. Mother B(III), Rh+ / Newborn
AB(IV), Rh+ (n=1); 8. Mother B(III), Rh+ / Newborn AB(IV), Rh— (n=0). In this case, hemolysis
was observed only once, in a newborn with the AB(1V), Rh+ blood group (n=1). Similarly, one
case of hemolysis was observed among the eight combinations where the mother had a B(III), Rh—
blood group and the newborn had a B(III), Rh+ blood group (n=1): 1. Mother B(III), Rh— /
Newborn O(I), Rh+ (n=0); 2. Mother B(III), Rh— / Newborn O(I), Rh— (n=0); 3. Mother B(llI),
Rh—/ Newborn A(II), Rh+ (n=0); 4. Mother B(III), Rh— / Newborn A(II), Rh— (n=0); 5. Mother
B(III), Rh— / Newborn B(III), Rh+ (n=1); 6. Mother B(III), Rh— / Newborn B(IIl), Rh— (n=0); 7.
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Mother B(III), Rh— / Newborn AB(IV), Rh+ (n=0); 8. Mother B(III), Rh— / Newborn AB(IV),
Rh— (n=0). For mothers with AB(IV) and Rh* blood groups, and with AB(IV) and Rh" blood
groups, no cases of hemolysis were recorded (n=0). This may be explained by the fact that
individuals with the AB(IV) blood group lack anti-A and anti-B antibodies. Therefore, this blood

group does not induce hemolysis associated with group incompatibility (Table 26).

Table 26. Newborn and maternal blood group combinations Table 27. Newborn and maternal blood group combinations
in anemia, jaundice, and other ABO/Rh-related hemolytic in confirmed (ABO and Rh) HDFN cases (2020-2024)
diseases (2020-2024)

® A shaded box indicates the absence of the corresponding combinations in the mother/newborn

Since hemolysis most frequently occurs in the presence of ABO and Rh system
incompatibility, we attempted to analyze the relationship between the newborn’s and the mother’s
blood groups in confirmed cases of hemolytic anemia caused by ABO and Rh incompatibility
(n=59). The following table (Table 27) presents the distribution of hemolytic disease among
newborns according to the maternal and neonatal ABO and Rh blood group combinations.

When the mother had an O(l), Rh+ blood group, the following combinations were
identified: 1. Mother O(l), Rh+/ Newborn O(l), Rh+ (n=0); 2. Mother O(l), Rh+/ Newborn O(l),
Rh— (n=0); 3. Mother O(l), Rh+ / Newborn A(Il), Rh+ (n=28); 4. Mother O(l), Rh+ / Newborn
A(II), Rh— (n=1); 5. Mother O(I), Rh+ / Newborn B(III), Rh+ (n=6); 6. Mother O(I), Rh+ /
Newborn B(III), Rh— (n=1); 7. Mother O(I), Rh+ / Newborn AB(IV), Rh+ (n=1); 8. Mother O(]),
Rh+ / Newborn AB(IV), Rh— (n=0). As shown, the highest number of cases was observed among
mothers with blood group O(l), Rh+, who had newborns with blood group A(1l), Rh+ (n=28). This
high frequency clearly indicates hemolytic anemia caused by ABO incompatibility. Hemolysis
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was also detected in newborns with the B(lll), Rh+ blood group (n=6), and single cases were
observed in newborns with A(Il), Rh—, B(IIl), Rh—, and AB(IV), Rh+ blood groups (n=1).

In cases where the mother had the O(l), Rh™ blood group, the following eight neonatal
blood group combinations were analyzed: 1. Mother O(I), Rh— / Newborn O(I), Rh+ (n=9); 2.
Mother O(I), Rh—/ Newborn O(I), Rh— (n=0); 3. Mother O(I), Rh—/ Newborn A(II), Rh+ (n=4);
4. Mother O(I), Rh— / Newborn A(IT), Rh— (n=1); 5. Mother O(I), Rh— / Newborn B(III), Rh+
(n=0); 6. Mother O(I), Rh—/ Newborn B(III), Rh— (n=0); 7. Mother O(I), Rh—/ Newborn AB(IV),
Rh+ (n=0); 8. Mother O(I), Rh— / Newborn AB(IV), Rh— (n=0). From these combinations, it is
evident that in mothers with O(l), Rh— blood group, hemolysis occurred in newborns with O(I),
Rh+ (n=9), A(Il), Rh+ (n=4), and A(II), Rh— (n=1) blood groups.

Hemolysis was also observed only in cases where mothers with the A(Il), Rh™ blood group
had newborns with the A(Il), Rh+ blood group (n=7). In contrast, in all other combinations, no
cases of hemolysis were recorded. In mothers with the B(III), Rh— blood group, one case of
hemolysis was identified in a newborn with the B(111), Rh+ blood group (n=1). Mothers with A(l1),
Rh+, B(III), Rh+, AB(IV), Rh+, and AB(IV), Rh— blood groups showed no cases of hemolysis,
which may indicate that in mothers with these blood groups, the risk of hemolysis development is
relatively low (Moise, 2008) (Table 27).

When we analyzed the relationship between the mother's blood group and the newborn's
blood group in cases of HDFN caused only by ABO system incompatibility, out of the eight
combinations listed here: 1. Mother O(l), Rh+ /newborn O(l), Rh+ (n=0); 2. Mother O(l),Rh+
/newborn O(1),Rh- (n=0); 3. Mother O(l),Rh+/newborn A(l1),Rh+ (n=28); 4. Mother O(I),Rh+
/newborn A(Il),Rh- (n=1); 5. Mother O(l),Rh+ /newborn B(lI1),Rh+ (n=6); 6. Mother O(l),Rh+
/newborn B(111),Rh- (n=1); 7. Mother O(l),Rh+ /newborn AB(1V),Rh+ (n=1); 8. Mother O(l), Rh+
/newborn AB(1V), Rh- (n=0); It was found that mothers with O(l), Rh+ blood group had the
highest number of cases when their newborn had A(ll), Rh+ blood group (n=28), newborns with
B(I11), Rh+ blood group (n=6), and there was one case each when the newborn had A(ll), Rh-,
B(Ill), Rh- and AB(IV), Rh+ blood groups (n=1). Where the mother has O(l), Rh~blood group,
one case of hemolysis was observed in newborns with A(l), Rh+ and A(ll), Rh- blood groups
(n=1). Whereas, where the mother has A(Il), Rh+, A(ll), Rh-, B (111), Rh+, B(lll), Rh-, AB(IV),
Rh+, and AB(IV), Rh- blood groups, no cases of hemolysis were observed in them (n=0) (Table
28).

When analyzing the relationship between the mother's blood type and the newborn's blood

type in cases of HDFN caused by the Rh system (n=20), combinations were identified where we
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have cases of HDFN. These combinations are: 1. Mother O(l),Rh- /newborn O(1),Rh+ (n=9); 2.
Mother O(l),Rh- /newborn A(I1),Rh+ (n=3); 3. Mother A(Il),Rh- /newborn A(Il),Rh+ (n=7); 4.
Mother B(l11), Rh- /newborn B(lI1), Rh- (n=1). From these combinations it can be seen that in our
study more cases of hemolysis were detected when the mother has O(l), Rh- blood group and has
newborns with O(l), Rh+ blood group (n=9); we also have cases of hemolysis when mothers have
A(Il), Rh- blood group, who have newborns with A(ll), Rh+ blood group (n=7) and we have one
case of HDFN in the combination where the mother has B(111), Rh- blood group and has a newborn
with B(I11), Rh+ blood group (n=1). This is easily explained because natural hemolysis of group
incompatibility does not occur in this case, since the mother and the fetus have the same blood
group. The memory cells have time to recognize the Rh antigen, as a result of which the synthesis
of immunoglobulin G occurs, which crosses the placenta and causes hemolysis of the newborn's
erythrocytes (Eamyu, et al., 2022). In combinations where mothers had A(Il), Rh+, B(l1l), Rh+,
AB(IV), Rh+, and AB(1V), Rh- blood groups, no cases of hemolysis were observed (n=0) (Table
29). This table clearly shows that only mothers with Rh™ phenotypic combinations and their
newborns with Rh* phenotypes have HDFN cases, indicating that the Rh system is the leading

cause of hemolytic disease in newborns and that it significantly influences its development.

Table 28. Newborn and maternal blood group Table 29. Newborn and maternal blood group
combinations in confirmed (ABO) HDFN cases combinations in confirmed (Rh) HDFN cases
(2020-2024) (2020-2024)

Newborn O | O | A | A | B | B | ABIY) | AB(V) Newborn | O) | OT) | A{) | A() | BI) | B{I) | ABV) | AB(IV)
Mathé Eh+ | Fh R+ |Rh |B¥ |Rw |RW | R Math Eh+ [Rh- |Eh+ |Bh |Rh* |Bh |Bh* | Rb
O{T\Rh* O{T.RE"

OBl OBk

A(IT)Rh™ A(TI)Rh
Al Bl A(TI).RE

BT, B B{II) ki~
BT, R B{I) R
AB(IV) Bh™ AB(IV).RD
AB(TV)Rir AB(IV).Rl
Total Total

e A shaded box indicates the absence of the corresponding combinations in the mother/newborn.

11. 9. Analysis of Hemolysis Severity and Quantitative Characteristics of Bilirubin in
Newborns with Hemolytic Anemia
In all newborns with ABO or Rh incompatibility, bilirubin measurement is essential, as
timely assessment facilitates the diagnosis of hemolytic disease. Bilirubin is a compound produced
during hemoglobin catabolism and increases typically in the first days of life. However, elevated
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levels can lead to hyperbilirubinemia, which in turn increases the risk of neurotoxicity and may
result in severe complications such as kernicterus, bilirubin-induced toxic encephalopathy, and
other related conditions. The normal range of serum bilirubin (SBR) in newborns is inherently
different from that in older children or adults. Functional immaturity of metabolic and hematologic
systems contributes to bilirubin accumulation and delayed excretion (Maisels & Watchko, 2020).
Typically, newborns produce bilirubin at a rate of approximately 6-8 mg/dL per day (102.6-136.8
pumol/L), which is roughly twice the bilirubin production observed in adults. This is primarily due
to the higher red blood cell count in neonates. Consequently, contemporary guidelines (AAP,
NICE) recommend standardized assessment of serum bilirubin for all newborns, especially those
at risk due to hemolysis. Bilirubin production usually declines to adult levels within 10-14 days
after birth (Okwundu et al., 2023).

In our study of newborns with HDFN admitted to the neonatal intensive care unit (n=86),
we analyzed the quantitative characteristics of serum bilirubin (SBR). Each hemolytic newborn
exhibited varying serum bilirubin levels. In the studied cohort, SBR ranged from 86.0 umol/L to
441.0 umol/L. It is important to note that clinical studies and visual assessment alone cannot
accurately determine the severity of jaundice. For screening purposes, transcutaneous bilirubin
measurement is commonly used. If the value exceeds 200 pmol/L, serum bilirubin determination
(SBR) is required. In newborns, SBR levels are influenced by gestational age, birth weight, and
racial background. However, some authors have criticized the American Academy of Pediatrics
(AAP) clinical guidelines for hyperbilirubinemia, arguing that they fail to account for race-based
differences and the potential for implicit bias in the assessment of neonatal jaundice (AAP, 2004).

Neonatal hyperbilirubinemia is defined as a serum bilirubin (SBR) level above 5 mg/dL
(86 umol/L). At such levels, various degrees of health complications may occur. Although clinical
jaundice is observed in approximately 60% of term and 80% of preterm newborns during the first
week of life, only a small proportion of these infants have a significant underlying disease.
However, hyperbilirubinemia in newborns can be associated with severe conditions, such as
HDFN, metabolic and endocrine disorders, anatomical liver abnormalities, and infections.
Jaundice results from the breakdown of red blood cells, leading to increased SBR levels in the
blood. The gold standard for measuring bilirubin is the collection of a blood sample and its
laboratory analysis to determine total serum bilirubin (biochemical assessment). The main risk
factors for neonatal hyperbilirubinemia include incompatibility between maternal and fetal blood
groups, a history of previous pregnancies, birth trauma (cephalohematoma, skin bruising), delayed

meconium passage, and others . The primary goal in managing hyperbilirubinemia is to identify
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pathological processes early and initiate timely treatment to prevent bilirubin-induced
neurotoxicity (Moise, 2008).

Since SBR levels are particularly elevated in cases of ABO and Rh isoimmunization,
hemolytic disease, and unconjugated jaundice, we analyzed serum bilirubin (SBR) levels in this
group (n=86). According to contemporary classification, there are different degrees of hemolysis
(Maisels & Watchko, 2020). In cases of fetal and neonatal hemolytic jaundice, measuring
unconjugated (indirect) bilirubin is crucial for both diagnostic and prognostic purposes.
Unconjugated bilirubin is produced during the catabolism of hemoglobin, a process that is
particularly pronounced during hemolytic conditions such as ABO or Rh incompatibility. When
erythrocytes break down, hemoglobin is first converted to biliverdin, which is then converted to
bilirubin. This bilirubin is unconjugated, meaning it is not water-soluble and cannot be excreted
via bile. In neonates, the hepatic enzyme system is still immature, further limiting bilirubin
conjugation. As a result, elevated levels of unconjugated bilirubin can cross the blood-brain
barrier, potentially causing bilirubin encephalopathy (kernicterus), which may lead to neuronal
damage, intellectual deficits, and motor impairments (Maisels & Watchko,2020).

In our study group, some newborns with hemolysis had high SBR levels (342-441.0
umol/L), considered as severe hemolysis; in some newborns, SBR levels were moderately elevated
(206—308 umol/L), regarded as moderate hemolysis; and in others, SBR levels were low (86205
umol/L), considered as physiological hemolysis. Physiological hemolysis indicates SBR levels
within the normal physiological range, moderate hemolysis reflects a mild increase in SBR (which
may require phototherapy), and severe hemolysis corresponds to high and rapidly increasing SBR
levels (which may necessitate intensive phototherapy, immunoglobulin therapy, or exchange
transfusion (Maisels & Watchko,2020).

Based on hemolysis severity, we analyzed the number of newborns in each category. Mild
hemolysis (physiological hemolysis) was observed in 25.58+4.7% (n=22) of the newborns,
moderate hemolysis was characteristic of the majority, 52.33+5.3% (n=45), and severe hemolysis
was present in 22.09+4.4% (n=19) of the newborns (Fig. 2). We analyzed the number of newborns
by hemolysis severity in infants with hemolytic anemia due to ABO and Rh incompatibility.
Among newborns with ABO incompatibility, the most frequent hemolysis severity was moderate,
occurring in 61.54+7.7% (n=24) of cases. In contrast, in newborns with Rh incompatibility, severe
hemolysis was observed in 55.00+11.1% (n=11) during physiological-grade hemolysis. For ABO-
incompatible hemolytic anemia, physiological hemolysis was observed in 23.08+6.7% (n=9) of

newborns, and severe hemolysis in 15.38+5.7% (n=6). In contrast, among newborns with Rh-
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incompatible hemolytic anemia, severe hemolysis accounted for 25.00+9.6% (n=5), which is
higher compared to ABO-incompatible cases, while moderate hemolysis was observed in
20.00+8.9% (n=4) of cases (Table 30).

Hemolysis severities ABO | Rh o
Hemolvsis incompatibilit | incompatibility | 2
60 Jiplieg y HDFN HDFN
s = YoT0T e (O] e
R50 ) )
2 Physiologica
540 I hemolysis 23.0846. 55.00£11. | g4
< (86-205 9 17 Ly 3
230 25,58 72,00 pmol/L) 66
S ’ Moderate
320 hemolysis 61.54+7.
-g (206-308 24 7 4 20.00+8.9
210 pmol/L)
Severe
0 hemolysis 15.3845.
Physiological Moderate Severe (>309 6 7 5 | 2500£96
hemolysis  hemolysis (206-  hemolysis pmol/L)
-2 L L
(86-205 ymol/L)  308ymol/L)  (>309 pmol/L) Total 29 | 100 20 | 100

Table 30. Severity of hemolysis in newborns with
HDFN Caused by ABO and Rh Incompatibility
(Based on 2020-2024 Data)

Figure 2. Severity of hemolysis in the studied
newborns (based on 2020-2024 data)

Historically, the most common cause of HDFN was alloimmunization against the Rh(D)
antigen. However, the widespread implementation of Rh(D) prophylaxis (anti-D immunoglobulin)
has significantly reduced the incidence of HDFN caused by Rh-negative blood. Currently, the most
frequent etiological factor for HDFN is ABO incompatibility (Qureshi et al., 2019).

Typically, ABO incompatibility arises between O blood group mothers and A or B blood
group fetuses. Although ABO incompatibility between mother and fetus occurs in approximately
15-25% of cases, clinically significant hemolysis is observed in only about 1% of newborns.
Several immunological and biological factors explain this low frequency. Specifically, ABO
antibodies are isohemagglutinins of the IgM class, which cannot cross the placental barrier.
Additionally, the expression of ABH antigens on fetal erythrocytes is very weak, further reducing
the risk of hemolysis.

Nevertheless, the likelihood of developing severe HDFN increases if high-titer 19G
antibodies are produced in the maternal circulation, as these antibodies readily cross the placenta
and induce hemolysis of fetal erythrocytes. Clinically, HDFN primarily manifests as mild
hyperbilirubinemia, occasionally anemia, and only in extreme cases, severe hemolysis. The first-
line treatment is usually phototherapy, which reduces bilirubin levels and mitigates the effects of

hemolysis. Exchange transfusion is required much less frequently .
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It is noteworthy that ABO incompatibility may, to some extent, protect the fetus from
Rh(D)-dependent sensitization. This is based on the mechanism by which ABO-incompatible
erythrocytes are rapidly recognized and neutralized by the maternal immune system, thereby
reducing the likelihood of an effective immune response against the Rh(D) antigen. Consequently,
the initiation or progression of Rh(D)-specific alloimmunization is significantly delayed (Pruss et
al., 2003).

Analysis of our data from 2020-2024 showed that hemolysis caused by ABO
incompatibility was the most frequent, accounting for 45.35£5.3% (n=39) of cases, which is
significantly higher than the standard values reported in the literature. Globally, HDFN due to
ABO incompatibility is more common but usually presents with a mild course. Overall, ABO
incompatibility between the mother and fetus is observed in 15-25% of pregnancies, yet clinically
significant hemolysis occurs in only 3-4% of cases (Fathima & Killeen 2025).

As for hemolysis caused by Rh incompatibility, it was observed in 23.26+£4.5% (n=20) of
cases, a rate that is also relatively high. In developed countries, the use of Rh(D) prophylaxis (anti-
D immunoglobulin) has reduced the incidence to less than 1%. Although Rh incompatibility is less
common, hemolysis in these cases often follows a severe course (Fung et al., 2021).

Hemolytic disease and unexplained jaundice were observed in 31.40£5.0% (n=27) of cases.
A significant portion of neonatal hyperbilirubinemia remains unexplained, necessitating further
investigation, such as testing for antibodies against other erythrocyte antigens (rare causes include
the Kell, Duffy, and MNS systems), infections, and other factors (Kemper et al., 2022).

I1. 10. Hemolytic Anemia and Its Association with Selected Anthropometric Characteristics
in Newborns

In assessing neonatal health, anthropometric parameters such as gestational age, birth
weight, body length, and head circumference are important clinical indicators. These parameters
reflect both the quality of intrauterine (prenatal) development and perinatal conditions, as well as
potential risks for pathological conditions. Gestational age, birth weight, body length, and head
circumference are particularly significant for the clinical evaluation of hematological disorders,
including hemolytic anemia (Pegoraro et al., 2020).

Gestational age influences both the timing and the pattern of hematopoiesis in the
developing fetus. At this stage, any disruption or accelerated destruction of red blood cells may
lead to hemolytic anemia, a condition in which erythrocytes are excessively destroyed, and the
body is unable to replace them at a sufficient rate (Christensen, 2018).
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Although some studies classify gestational age in greater detail (e.g., extremely,
moderately, and late preterm), clinical practice often employs a simplified categorization. In the
present study, data obtained from the M. lashvili Batumi Maternal and Child Central Hospital were
classified into three categories: 1. Very preterm - including newborns with gestational age under
32 weeks (<32 weeks); 2. Preterm- including newborns with gestational age between 32 and 36
weeks (32-36 weeks); 3. Term newborn, including newborns with a gestational age of 37 weeks
or more (>37 weeks). Accordingly, for this study, newborns were classified into three main
categories based on gestational age: very preterm, preterm, and term newborns. This categorization
represents a practical approach that is both consistent with international standards and tailored to
the study's specific context. Among the studied newborns, the minimum gestational age (GA) was
29 weeks, while the maximum was 41 weeks.

Anthropometric parameters influence both organ maturation and hematological functions
in preterm, post-term, and term newborns, including the course of hemolysis. It is well established
that preterm newborns have a higher risk of developing hematological disorders and often exhibit
incomplete maturation of physiological functions (Zipursky et al., 2007). Therefore, the analysis
of neonatal anthropometric indicators is essential not only for assessing growth and development
but also for identifying the risk of hemolytic anemia. Accordingly, one of the main objectives of
this doctoral dissertation was to compare the anthropometric parameters of newborns with
hemolytic anemia to those of healthy newborns. For comparison, healthy newborns were used.
This group was initially composed exclusively of term (gestational age >37 and <41 weeks)
healthy newborns who exhibited no clinically significant pathologies. Preterm or post-term
newborns were not included in this group, as their inclusion could compromise the accuracy of
data interpretation; in such cases, the variability of anthropometric parameters is often influenced
by biological factors independent of gestational age (Barfield, 2018).

However, specific analyses did consider other variations. Additionally, data from newborns
who were not ethnically Georgian or who were born via surrogacy were excluded due to the
unavailability of biographical information and ethical restrictions on confidentiality, which
prevented detailed study or processing of personal data (personal data protection standards in force
since May 25, 2018) (WHO, 2012), (CIOMS, 2016).

In total, data from 2,634 newborns born between 2022 and 2024 were available for
selection and analysis. For comparison, newborns with hemolytic anemia and healthy newborns
(control group) were analyzed by body weight category. For comparison, data from all healthy

newborns, regardless of gestational age, were used. In this case, a total of 1939 newborns were

80



selected in the healthy newborn group. Within the scope of our study, newborns were classified
into four weight categories: 1. Over 4000 g (>4000 g); 2. 2500-4000 g (inclusive); 3. 1500-2500
g (inclusive); 4. under 1500 g (<1500 g).

Table 31. Comparison of newborns by weight Table 32. Comparison of hemolytic and healthy
categories in hemolytic and all healthy newborn newborns by gestational age
groups
Newborn | Hemolytic Healthy a P Gestational | Hemolytic | Healthy 12 P
weight newborns newborns age of the newborns | newborns
(9) (n) | (%) (n (%) 17. 0.0 newborn 94.1
>4000 8.14 5.83 | 9103 | 00459 (Weeks) n) | @) | () | () 394 | <0.00
7 +2.9 113 +0.5 Full-term 87.21 99.23 001
2500- 84.89 92.32 (37-41) 75 | £3.6 | 1924 | £0.1
4000 73 | 3.8 1790 | £0.5 Premature 11.63 0.72
1500- 5.81 1.86+ (32-36) 10 | £34 | 14 +0.1
2500 5 +2.5 36 0.3 Very
1.16 premature 1.16 0.0
<1500 1 +1.1 0 0 (<32) 1 1.1 1 5+0.05
Total 86 | 100 1939 | 100 Total 86 | 100 1939 | 100

Analysis of all healthy newborns and those with hemolytic disease shows that the 2500-
4000 g weight range was the most represented in both groups. However, this weight range was
more frequent among healthy newborns (92.32+0.5%; n=1790) than among newborns with
hemolytic disease (84.89+3.8 %; n=73) (Table 31). Notably, among newborns with hemolytic
anemia, those weighing 1500-2500 g were significantly more frequent, 5.81+2.5% (n=5),
compared to 1.86+0.3% (n=36) in healthy newborns. Additionally, in the <1500 g category, 1 case
was recorded in the hemolytic group (1.16+1.1%; n=1), whereas no newborns in this weight
category were observed in the healthy group (n=0). Regarding the >4000 g weight category, the
proportion of newborns was higher in the hemolytic group, 8.14+2.9% (n=7), compared to
5.83+0.5% (n=113) in the healthy group (Table 31).

We analyzed newborns with hemolytic anemia (n=86) according to gestational age and
compared them with corresponding data from healthy newborns (n=1939). Gestational age (GA)
in both groups was divided into three categories: term (37—41 weeks), preterm (32—36 weeks), and
very preterm (<32 weeks) newborns.

The proportion of term newborns was highest among healthy infants, 99.23+0.1%
(n=1924), which is approximately 12% than the corresponding proportion in newborns with
hemolytic anemia, 87.21+3.6% (n=75). Conversely, the prevalence of preterm birth was higher in
the hemolytic group (11.63£3.4%; n=10) than in the healthy group (0.72+£0.1%; n=14). Very
preterm cases were rare in both groups, with one case each: 1.16£1.1% (n=1) in the hemolytic

group and 0.05+0.05% (n=1) in the healthy group (Table 32). These data indicate that preterm and
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very preterm births are more frequent among newborns with hemolytic anemia, suggesting a
possible influence of hemolytic processes on gestational age.

Within the scope of our study, the distribution of body length was assessed in newborns
with hemolytic anemia and healthy newborns. Body length parameters were divided into three
categories: >52 cm, 46-52 cm (inclusive), and 32—-46 cm (inclusive). In both groups, the majority

of newborns fell within the 46-52 cm range.

Table 33. Comparison of hemolytic and healthy Table 34. Comparative analysis of HC in newborns
newborns by body length with hemolytic disease and healthy newborns
Newborn | Hemolytic Healthy X P Newborn Hemolytic Healthy 12 P
Length newborns newborns head newborns newborns
(cm) % % circumference
= M) | ) | () |(©%) (cm) M | %) | () | (%) |gss | <000
6.98 2.94 >36 5.81 0.15 18 001
6 |27 |57 |03 |?20872)<0.00 5 |25 [3 | £0.08
86.05 95.67 0029 43.02 23.98
46-52 74 | £3.7 1855 | £0.4 34-36 37 | £5.3 | 465 +0.9
51.16 75.86
5945 6 3-293 . 1033 26-34 44 | 53 | 1471 | 0.9
. — — Total 86 | 100 1939 | 100
Total 86 | 100 1939 | 100

Specifically, 95.67+0.4% (n=1855) of healthy newborns and 86.05+3.7% (n=74) of
newborns with hemolytic anemia were in this category. Newborns with a body length >52 cm
accounted for 6.98+2.7% (n=6) in the hemolytic group, nearly twice the proportion observed in
the healthy group (2.94+0.3%; n=57). For the lowest length category 32—-46 cm, the proportion
was higher among hemolytic newborns, 6.98+2.7% (n=6), compared to 1.39+0.2% (n=27) in
healthy newborns (Table 33). .

As noted above, head circumference (HC) is an essential anthropometric parameter in
newborns, reflecting not only general brain development but also serving as a critical indicator in
newborns with hemolytic disease. It assists neonatologists in identifying various pathologies.
Hemolytic conditions (e.g., Rh or ABO incompatibility) cause erythrocyte destruction, leading to
severe anemia and hyperbilirubinemia, which can result in neurotoxicity (Osterman et al., 2015).
Anemia resulting from hemolytic disease affects cerebral blood flow. Although a direct association
has not yet been fully established, these processes may potentially influence head circumference.
Encephalopathy caused by hyperbilirubinemia can significantly impact neuronal development if
not promptly managed. Deviations in head circumference from the normal range can be indicative
of neurodevelopmental issues, particularly in cases of microcephaly. Analysis of head

circumference in newborns indicates that its distribution differs between those with hemolytic
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disease and healthy newborns, representing an essential aspect in assessing disease manifestation
(European Journal of Haematology, 2023).

Given that head circumference is an essential parameter for evaluating newborns with
hemolytic disease, we decided to study this anthropometric measure. For analysis, newborns in
both groups were divided into three categories: 1. Head circumference >36 cm; 2. Head
circumference 34-36 cm (inclusive); 3. Head circumference 26-34 cm (inclusive) (Table 34).

The results for head circumference among newborns with hemolytic anemia and healthy
newborns were as follows: 43.02+5.3% (n=37) of newborns with hemolytic anemia had a normal
head circumference (34-36 c¢cm), whereas in healthy newborns, the proportion with this head
circumference was significantly lower, 23.98+0.9% (n=465). Conversely, the most common head
circumference category among healthy newborns was 26-34 cm, 75.86+0.9% (n=1.471), which is
considerably higher than in the hemolytic group, 51.16+5.3% (n=44). In the category where head
circumference exceeds 36 cm (>36), 5.81+£2.5% (n=5) of newborns with hemolytic anemia were
included, whereas only 0.15+0.08% (n=3) of healthy newborns fell into this group.

These findings indicate that increased head circumference is more frequent in newborns
with hemolytic disease, which may be associated with cerebral edema or other clinical
complications arising from hemolysis (Bhutani, 2018) (Table 34).

I1. 11. Study of the c.261delG (O allele) using SNP rs8176719 in Newborns with Hemolytic
Anemia
In blood samples from 34 newborns with hemolytic anemia, we investigated one locus
(c.261delG) of the ABO genetic system, which was identified using SNP rs8176719 (Table 35).
We did not have the opportunity to perform additional invasive procedures on the newborns. So
we used the remaining blood samples collected in the laboratory. However, after conducting
multiple immunoserological tests on these samples, the remaining volume was minimal for DNA
extraction. This represents the number of cases in which we fully implemented the methodology.
SNP rs8176719 allows the investigation of one locus within the ABO gene that determines blood
group antigens, commonly referred to as ¢.261delG or, more rarely, ¢.260_262insG. This SNP is
the primary determinant of blood group O status (Https://Www.Snpedia )Using the specified SNP
rs8176719, the results are interpreted according to established criteria (Table 35).
An allele that determines the A or B blood group genotype carries a (G) at the investigated
locus, meaning that such an allele is represented as SNP rs8176719 (G). If a single nucleotide is

deleted or entirely removed at this position, the corresponding allele is designated as rs8176719
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(-;-), which encodes the most common O blood group allele. However, an individual is typically
classified as having blood group O only if they carry two copies of this deletion (i.e., are
homozygous). In other words, their genotype at SNP rs8176719 would be (-; -). Individuals with
a single copy may have blood group A or B. A person with the SNP rs8176719 (G; G) genotype
is likely to have blood group A, B, or AB. As shown in the table 35, the study cannot distinguish
between blood groups A, B, and AB. However, it can identify c.261delG, which defines the O
allele and is found in a homozygous state in individuals with blood group O. When in a
heterozygous state with one deleted locus, blood groups A and B are represented as AO and BO
genotypes, respectively. When the deletion is absent, three genotypic states are possible: AA, BB,
and AB. Results from polymerase chain reaction (PCR/qPCR) are presented in different graphical
plots, which are crucial for analyzing the study and evaluating data reliability. For instance, an
amplification plot illustrates how fluorescence signals increase over cycles, showing amplification
dynamics. The threshold cycle (Ct), which represents the initial DNA quantity in the sample, is
directly obtained from this plot. In our study group, two genotypic variants were identified. The
first case is shown in Figure 8, where only a single signal is observed, indicating a homozygous (-
;-) state (Fig. 3) in which the G nucleotide is completely deleted, corresponding to the O allele.

The second case is characterized by two signals, indicating a heterozygous (-; G) state (Fig. 4).

Multicomponent Plot Multicomponent Plot
Roun Wiy
Figure 3. Multicomponent plot for the homozygous G Figure 4. Multicomponent plot for the heterozygous
deletion (-; -) case (-; G) case

It can be observed that only seven of the analyzed samples carry the complete deletion,
meaning that the G nucleotide at position 261 is absent (deleted). This deletion is present in both
alleles 1 and 2, allowing us to conclude that these individuals are homozygous at this locus,

corresponding to the OO genotype and, consequently, exhibit the O phenotypic blood group.
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Table 35. Genotypic and phenotypic correlation of Figure 5. Prevalence of the SNP rs8176719

blood groups in the ABO system €.261delG deletion in newborns with hemolytic
anemia
Genotype Analysis =
S 79,41%
g
o
-7 Corresponds to blood group O <
2
. \.6 2 0,
(-;G6) Corresponds to blood group A and B E 0,59%
E ]
2
(G;G) Corresponds to blood group A, B, and AB

(-G) (=)

As the results indicate, the frequency of the O blood group is lower than that of non-O

blood groups among the studied newborns with hemolytic anemia. We also analyzed the
distribution of the G deletion within the studied blood samples. It was found that its prevalence in
the studied samples was 100%, while the G nucleotide at the same locus was detected in 27 cases,
representing 79.41+6.9% of the total samples (Fig. 5).

The limited number of samples in this study does not allow for definitive conclusions.
However, the analysis conducted on this small cohort demonstrated that hemolytic reactions were
more prevalent among newborns with non-O blood groups. Furthermore, the presence of the (-;G)
genotype in newborns with non-O blood groups appears to reduce the quantitative expression of
group-specific antigens, which may, in turn, decrease the frequency or severity of hemolytic

anemia associated with ABO incompatibility.

Conclusions:

e The expression of ABO antigens and antibodies begins prenatally and continues
postnatally, particularly during the first six months of life. In some cases, newborns exhibit
well-defined natural anti-A and anti-B antibodies of the ABO system. However, in most
cases, these antibodies are not yet expressed and therefore cannot be detected through
serological methods.

e Serological studies in newborns have revealed a predominance of the A. and A:B
phenotypes. Since full expression of ABO system antigens requires postnatal
developmental maturation, the A: subgroup in the neonatal period shows serological
similarity to the A: subgroup, which changes as ontogenesis progresses.

e The Rh phenotypic expression in newborns is similar to that observed in children aged 6—

12 months and corresponds to its respective expression in adults.



The development of hemolytic disease is not sex-dependent (as sex-related distribution
was not statistically significant).

Cases of hemolytic anemia in fetuses and newborns were most frequently observed among
infants with blood group A(I1), Rh* (58.1445.3%). This may reflect a somewhat increased
susceptibility to the development of hemolytic disease, particularly when the mother has
blood group O(l), Rh.

Hemolytic disease caused by ABO incompatibility generally exhibits a milder course,
whereas Rh-mediated hemolysis tends to be more severe. Analysis of hemolysis severity
between ABO and Rh-mediated groups revealed a statistically significant difference (y-
9.4366; P-0.00893), with moderate hemolysis predominating in cases of ABO
incompatibility.

Anthropometric parameters: gestational age, birth weight, body length, and head
circumference are unevenly distributed between newborns with hemolytic disease and
healthy newborns.

Hemolytic disease is associated with prematurity, whereas in the healthy group these
proportions are considerably lower (preterm 0.72+0.1%; very preterm 0.05+0.05%; -
94.13; p < 0.00001).

Hemolytic reactions are more frequent in newborns with non-O blood groups, as
evidenced by the relatively rare occurrence of the complete c¢.261delG deletion
(homozygous state) detected using SNP rs8176719 in hemolytic newborns.

The presence of the (-; G) genotype in non-O blood group newborns reduces the
quantitative expression of ABO antigens, thereby decreasing the frequency or mitigating

the severity of hemolytic anemia caused by ABO incompatibility.
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