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3boEIdMBdOMS 5 EMBMOMS dOMEIMYOEOO Tobogrol Fgacmm3z9ds
bgdmEs 139305 MO SBBH0IMoyMWsbE0sbo (EDTA) Lobxstgdoom.
9O0DOME0GMO0 XIBL3YIG0B03MNM0 bGH0EIbIdOLs s 96EHOLbY-
MEgdol  godmgegbol 30Bboom odmyqbgdwyamo odbs Lolbeol dersb-
35 Q5 9MH0OOMEOGHWOO Tobos (Lwy.1).

bytsmo 1 ombeadors bobberob bodwEggdo

33209300 03mbmligMememyom®o 3gmm@gdo
03996mL9BHMEMa0n6Ho 9JudcMgl 3900 dmbmzwmmbamo
56G0oLbgMEgdOL g53cmygbgdoom.

33g30bsl  godmygbgdmwo  ogbs 9dudéglb  dgommo
dmbm3wmbmmo  s6@olbgmwgdom. B39bL  dogé  33ang30LSL
299099690990 Imbm3embgdl dog3momgbgds: sb@o- A, -Al, -H(A2),
AB, D, B, K, k, M, N, S5, C, ¢, Cw, D, E, e. 50608690 dgomeo
Lolbeoll  foomgmo  x®ggdol  dgddGMsbsby  sGLYdWMEo
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X315BL39308039M0 9630396900  459mggbols  Ladwoegdol
0dwgzs (bm®.2). Bggblb Bogh @sdmygbgderos GMYMOE FOOROEG-
Mo, SB939 LobxoMmmo dgmmEgdo.  sxbodbmwo  dgomEol
29909969000  MBMO®MS gBHoDBM30GMEM Tobogsdo 3sbgbooom A,
AB, D, B, Kell, M, N, C, ¢, D, E, e ghom6Hmzgod«to s6E0ygbgdol
530L9dMgdgOOL  33eg3oL 9By Lbgoolbgs  L3gEonoIMO
9mbm3mbmeo  sbGHolbgmagdol  godmygbgdom  3sbgbom
LolbEolL Xa9539d0L BgbMEHO030MGOL. Hgdmmbligbgdmwmo gdudMgl
BOOROGHE0 ©S LObK MO goMPO 30 sx3dbgdE0s Abgo3Lo
139308303OMOOL IJmbg  56E096-6EOLbYMEGdOL saEHObsgool
MBo®by.

baysomo 2. gfbdeigh @oGRodero gomo  debeyzanmbatio sbBGolbyrergdols
350mg9698000

50b08bmwo  JgomEgdol  4sdmygbgdom  sawrmEobsgool
393356905 bgds §9v905M50gdG0 MZoErom, FogMsd 30 s LYLGHO
3MB0bs300L 259M3wgbsl  3obgbom (M3GH03MMo) Lobsmerols
3036mL3M30L  godmygbgdom. bbgoolbgs 2500900l  obbgdol
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(4X10, 10X10 o> 40X10) 59mygbgdom dozmmlizm3ol dbg39emdol
969830 353040MHIOEOM 53WE0bOMOME JHONOMEFOGHIOL (LwyH.3).
5060360 JozmHmbzm306MHgdol gsdmygbgdom Bgazgdanm bgswslibgs
bstolbol  (LybGHo,  LsdMowrm,  I0gho) s E0bsgool
05530JLoMgds.

brytismo 3. boliberols bodrydgdols dcdbsogds doztealizmddo @sbsmgzsarogbgdarso

139GHOO saEME0bsgool dgmmoo
3boEIdMBdOms s MBMM™MS XMRoL, HIBMLOL AsBLbBOZM

bgdms 51939 LB3gGHMMO SEEHObs3o0lL Fgommom. b33Wg350
2990996999900 0gbs AHG (anti human globulin) go®go@gdo.

ID 35650300L  13065GJLMds  gsdmobs@gds 08580, GMI bsd
296Bmdogdsdo dg0dagds ©9330MIM 53¢ E0bs30sL s LbiGo
9B obsgool  Ggdmbggzsdos 3o dgLedergdgwros  dobo
©5530Jb0MYds. A Fggbodsdgds 4+ o 50b0dbsgl 439wy oMo
2390mbo@men 52y E0bs3osl, B 9gglsdsdgds 3+ @ 93y obsgool
Lod95¢m botolbos, C Lggbodsdgds 2+, D Tgglodsdgds 1+, bmerm E
50608653l 0-b o 53e9EH0bs300L 5HIOLYIMBL 60bogl (Lwy6.4).
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3600369¢m356 @5 999309090 30MHMBL X IBL3YGOB0INOO
0B3dM030 9bEHOLbGMgdOL 5JE03MmdOL Bsds [FoHdmoyqbl.

0bgd&030 XJMBL3YGOBOMGO 3bGolbgmgdol
©IMOM635L  3obgbom  BHYa3gMed IO o  Bm3om, OHMAMOE
36md00s 0bobo 309391003698056 9.§. ,LoEOZ0L saEEHObbIdL* s
oo $9939M5@ MDYy 0bobo  5E30wsE  0dWgd0sb, sdoGMo3
35309b@ms  3oBdob  sdmdoggds  dmbs  30-40 ool
296053 Md5d0 70° C Fyerol sdsDsbob godmygbgdoo.

dbmerme 590l 8999y 0gm dgboadergdgeo sb@o-A s s6Go0-B

089969960 56E&0LbgMEgdol 4s8m33wg3s 39ddLOL (30m.

009bmmo s 8Mbgdcmog0  bGHOLbgwgdol  Iglolifogers
359m30949gbgo 9630-3m356 armdmeEobols GHal@o. 030 dmoEsgl M6
0900mL: 55306306 S 30MH306M BHILAL. 55306030600 sBEO-
3m0sb  amdoboll  GgbBHoom  0dMbmGo  sBEGHOoLbgMegdol
50dmbsBYbs 39dm309Ygbgom @MbMGOLS s sboe8mdomols 3eaHds
(089960 56EHOLLYMGdOL 50TMbobgbo  353096@0L dMbgdMOz0
bBHolbbgmagdo  fobslfo®  Bogdogmgoe  70°C  30-40  fyool
20685300mdsdo  fgeol  sd5Bsbol  qedmygbgdom) s  mbmMol
9H0DOM30GM0 bldgbbos.

9399m0 9m399@0s 56E0-3356 4eMmdME0bol 5M930MHEI30MHO
A9LGHOL 9Bs39d0:

1. 9mgomogLgm gMmo i39mo 353096FH0L IMs@o 33ergzobsmgol
Lobxo®d0;

2. 5359539 96Hmo {13900 3-5% 9MH0MOOHME0GYIo Ll3dnbbos;

3. obgmdogos  15-60 oo  37°C s dg350mfdgo
52099 E0bs305%bY;

4. 9MH00MHM303GJd0  353M9Ebge  Lsdxgm  BobBomMmEwmyoHo
bLbsMm00 s 993035090 BIdMm™ms b3gMbo@eb@o (1500 drEbY-
1-2 fmo0);

5. ©13595@gm boergdl 2 §3gomo 6o 335 -amdmeobo ©o
©535395@®oxwmygm 1 frymo 1500 d6H6DY;
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6. 3939650600900 35M350 s 9358mfj0g0 53w 0bs3E0sBY.

bown 30053000  9530-3m356  garmdarobol  GabGom
03996mM0 2bBobbgwargdols 00dmbsBgboco 299m3049bgo
©MBMOOL/sboErdmdowol 3¢rsBTs s 1939 TomMo JHOMMMEOGHWIO
bb3g6Bos s 803993000 8999y 96d0dEg3ME 9Ee39dUL:

1. ©@®bm®0ol/sbsedmdowol gHoMOHM30GHJO0 B0DBOMEMYOWGHO
blbsM00 Lodx IO 3530M93bYM S FozsLbom Ly3gMbo@sbEo;

2. 8mzsdbogoe  3-5%-0560 ghomOmgodwo  bmbdgbboo
30BoMEMY0GOo blbsMoo;

3. 9mgsmogbgm ghomo f3gmo  ghommmEodo  Lybdgbbos
Lobxs®s80;

4. ©53595¢ 9 9Omo {j39m0 3MdLOL FOSEO s 8935b50M0g0;

5. ©935396¢0xM9m 1 fyomo 1500 36«6%y;

6. 9935650609 35G350 s 89350mFBq0 52 )EH0bs30sDY.

LGsGoLGo3mMo dgomm©gdo
ABO LobGgdol 296900 99wgdol 493039 gdol  Lobdoy
3950033000 0gbs BMOHIMwom, HMIgEoi 990mmogsbgdeo odbs
F. Bernstein dogf @5 959m0ggbgds Lodsergarosbo 4969303960
LobEgdob 33eg30Lsb. 0, A ©> B 296980L Lobdotg dm3gdmen
3900mbgg3090 50b0dbmwo 0db6gds 1, p s g SLgdOO:

r-\O;
p=1- A+0O;
g=1-vB+0O
Losg 0, A s B — 0(I), A(II) s B(III) xawxnol d@scgdge
5Q5005bm5 30bsBIMOMBsS 153393 MBOYIGMS LogMmM Mom@gbm-
05LMB B0 NGdST0.

Rh  LobEgdolb  296900Ls o  353ermBHo3gool  LobdoMyg
239000300 0465 99900930 BMOIMgdol 3sdmygbgdoo :
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1.D=1-+Jdd ;

2. Cc=1- +Jec;
3. E=1- Jee;
4 c-1-+JCC;
5.e-1- ~JEE.

Lboog D, G, E, ¢, e = 336900 8o6gd9ge 30605 Hom@)bmdss
15330930 FoboEol MoMmEIBMBILMSD MsbsRsMEMdsTo, dd, cc, ee,
CC o EE - 99b505d0b0 3396mEH03900L bobdomg. Rh 3s3wm@odgodol
LobdoMg godmomgmgds A. E. Mourant dogéM d90mmsgzsHgdoeo

BOOIMEom:

1. cde= +Jccddee ;

Cceddee
2. Cde = _
2cde
ccddEe
3. cdE =
2cde
ccDee
4. cDe = ;
2cde

5.cDE = \JccDEE + cdE? - cdE:

6.CDe =/CCDee +Cde’ - Cde;
CCDEe
/. CDE=————
2(CDe + cde)
boosg ccddee, Ccddee, ccddEe, ccDee, CCDee da ccDEE -

d9L50530L0 ggbmEH03gdol LobdoMygs .
RhD da Kell ULob@gdol oswgmgdol  3mbzgb®®mszos

399mmzwowo 0dbs 89090 MOIMwoom:

naa
N

9= , p=1-q
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oo N,  50bodbmwo wm3mbigdol dobgozom GgEglormo
3mdmboym@gdos  (dd da kk), N - 450m33wgue 3o06ms LogOom
5mE9bmdo.

MN  Lob®Ggdol  swgegdol  3mbzgbGHMogool  sboygbo
299my9bgdmo 0gbs 998ga0 Bm®mIMEgdo:

1 1
o nA+§nAB i nB+EnAB
= — q= ——————
N N

Loog — M g9bm@odol d@s6gdgwms MHom©gbmdss, - MN
3960 GH03900Ls, baaewm - N 396m@GH030l 9o6m9dgmmms
MH5mabmdys.
n, -
Lo M g396mGH030L 3o6gdgwms MomEgbmdos;
N, - MN g9bm@03900Ls, bagwe N - N 396m@GHo3gdols
0539M9dGLMS MoMEIbMds.
36@0g969d0Ls s 396930l Loblo®mol Mmdowgdgdo
2359mm30o 0dbs BmMHIMwoom :

M = ,/P(loo —P)/n (Yp6ax, 1975), bssg P — 563 0gg69300

LobdoMg %, n - 1533w 7030 Md0YIEIOOL MoMmEYbmds.

@50 30090¢780b bo-335005¢89 300590080 (Chi-square
Test of Independence) - §50m04gb3ds 00l LYRIBIM, 5SHOL v S6ro
39300600 MmO 030LMdMOZ (33¢o©L FmEOL. X2 LEIGOLE0ZS BMTsgL
X506 2496Lb303905L 33060390 s FmbogrmEbye Lobdo®mggdl
me0b. x2- bBHGHOLEO30L oo 3603369cMds J0mMOMgdL 0dsby,
O3 3300390 S ImbogrmEbyer LobdoMmgadl JmEOL  SMoL
©OEO  A5BLbgeggds, Mo 035l 6odbsgl, MM 33wregdl  dmMob
3OYdMBL 3ogdoMo.

2390009439305 153FIMHOLOIE OEOS MY sMs FJoMIdIMEo x>
06003690mds bmermgsbo 303mmgBol »smymgolsmgzol? sdobsmgzol
wbs 303Mm3Mm0  3G0BIH0Tol 3G0oB0Z o (CV) 960d369wmbd,
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H™IgoE ©s9M3I0IOINY0s M30LBEGdOL bomolbBy s I60dz6g-
@m3bgdol mbyby (gbM.1). x2 - LAGOLEHOZOL ®s30LBEGdOL
bstolbo qo8momgzwgds gm®mdmmoo : df=(a-1)(b-1), bLssg a ©s b
39100 gd0L  3bOOoOol LEMOJMmbgdols ©s 139EJOOL MOMEPIbMDS.
09 x:- ol godmomgowo  36033bgwmds  dgBHos  3O0GH0IME
3600369 mdsbg, gu 339993l Loxwydzgl “YeGmzymo brermgsbo
303mm9Bs 5 35133600, BT SOBYDIMBL 35380MH0 MO (33OEL
dmO0b.
sbGoro 1. 36GodgGordol 36od0gmemo (CV) 8608369¢m08s

df | 0,995 0,99 0,975 0,95 0,90 0,10 0,05 0,025 0,01 0,005

1 .. . 0,001 0,004 | 0,016 | 2,706 3,841 5,024 6,635 7,879

2 0,010 | 0,020 | 0,051 | 0,103 | 0,211 | 4,605 5,991 7,378 9,210 10,597

3 0,072 | 0,115 | 0,216 | 0,352 | 0,584 | 6,251 7,815 9,348 11,345 | 12,838

4 0,207 0,297 0,484 0,711 1,064 7,779 9,488 11,143 | 13,277 | 14,860

5 0,412 | 0,554 | 0,831 1,145 1,610 | 9,236 | 11,070 | 12,833 | 15,086 | 16,750

33€930L 89093980 @5 56seroBo
Rh, Kell s MN 56096900l 3m083065305 @mbmégddo O, A, B, AB

— X39IBIOOLSMNZOU.

MHmamO3 9gmMg msg3do 930b0dbgm 1009 Lolberols mbm®do

dglfogwomo  odbs mmbo  xaM@Go  LobGIIol  BgbmEGHO03MMO
3Mddobsiogdo.  mmbo X3MINBO0  LobGIoL  3m3d0bs3E0gdOL
dobggom  B3gbl  dogd  godmymgowmo  odbs  mgmEomms©
9bormbge 48 3396MmEH03MMH0 356M105305 (X3MB0) (3bG.2).
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6b®ocero 2. Rh, Kell os MN 5630396980 30238065305 corbeacigddo O, A, B, AB—

X38598980bsomz0l
N 3960@H03060 | ©Mb0G | 3GmEgbEmds
303306530900 0 ©5 Df X2 cv P
65mg 3omdomgds
6ds
1009
1 O,Rh+ k+ MN 125 12,3% +1,03 47 3221,16 62.83 P-u
ORh+k+ MM | 96 9,51% 0,9 25038505"“
0 9MO <
O,Rh+ K+ NN 31 3,07% 0,5 00001390
2 | ORM+K-MN |38 3,7% 20,5 e
O,Rh+ K- NN 2 0,19% 0,1 9609369cm
O,Rh+K-MM | 112 11,10% 0,9 B
.05-%y.
3 O,Rh- k+ MN 47 4,65% 0,6
O,Rh- k+ MM 0 0
O,Rh- k+ NN 6 0,59% +0,2
4 O,Rh-K- MN 0 0
O,Rh-K- MM 47 4,65% +0,6
O,Rh-K- NN 0 0
5 ARh+k+ MN | 37 3,66% +0,5
ARh+ k+ MM 111 11% +0,9
A,Rh+ K+ NN 27 2,67% +0,5
6 A,Rh+ K- MN 56 5,55% 0,7
A,Rh+ K- NN 7 0,69% +0,2
A,Rh+ K- MM 95 9,41% +0,9
7 A,Rh- k+ MN 0 0
ARh-k+ MM | 0 0
A,Rh- k+ NN 0 0
8 A,Rh-K- MN 16 1,58% +0,3
A,Rh-K- MM 0 0
A,Rh-K- NN 0 0
9 BRht kt MN | 27 2,67% 0,5
BRh+ k+ MM | 26 2,57% 0,5
B,Rh+ K+ NN 0 0
10 B,Rh+ K- MN 33 3,27% +0,5
BRh+K-NN | 7 0,69% 0,2
B,Rh+ K- MM 16 1,58% +0,3
11 B,Rh- k+ MN 0 0
B,Rh- k+ MM 0 0
B.Rh- k+ NN 0 0
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12 B,Rh-K- MN

o

0

B,Rh-K- MM
B,Rh-K- NN

13 AB,Rh+ k+ MN
AB,Rh+ k+ MM
AB,Rh+ K+ NN
14 AB,Rh+ K- MN
AB,Rh+ K- NN
AB,Rh+ K- MM

(=]

0
0
0
2,67% +0,5
0
1,78% +0,4
0

o

(=]

N
~N

foc]

15 AB,Rh- k+ MN
AB,Rh- k+ MM
AB,Rh- K+ NN

16 AB,Rh-K- MN
AB,Rh-K- MM
AB,Rh-K- NN

0

0,09% +0,09
0,09% +0,09
0

o=~ o|lo|o|o|o| = |O
ocl|lo|o

50bodbmo  3mddobszogdol  dobggoo  ABO  Lolb@gdol
oomnmgne O, A, B, AB xavgdo godmymaowos 12 g9bm@EHod«do
30300653095. Bogomoma, Lobberol O (I) ggbm@odwmo xamao bbgs
X3MNBMO  LoLEYOGPMID  F0TommMgdsdo  Ho®mdmddbol  F9dgy
396 GH03M6 3mdd0bs3z0gdL:
1.0,Rh+ K+ MN; 2. O,Rh+ K+ MM; 3.0,Rh+ K+ NN; 4.0,Rh+ K-

MN; 5.0,Rh+ K- NN; 6.0,Rh+ K- MM; 7.0,Rh- k+ MN; 8.0,Rh- k+ MM;
9.0,Rh- k+ NN; 10. O,Rh-K- MN; 11. O,Rh-K- MM; 12. O,Rh-K- NN .

dbgogbo  3m3dobszogdos  godmymaowo  Lobberol  A(II)
396mGH03MM0 XaBobmgol. gugbos: 1. A,Rh+ K+ MN; 2.A,Rh+ K+
MM; 3. A,Rh+ K+ NN; 4.A,Rh+ K- MN; 5.A,Rh+ K- NN; 6.A,Rh+ K- MM
7. A,Rh- K+ MN; 8. A,Rh- K+ MM; 9. A,Rh- K+ NN; 10.A,Rh-K- MN;
11.A,Rh-K- MM; 12. A,Rh-K- NN.

0gNOHO0Mws©  ogbo  BIPMEHO3MMO XAMBJOOL  ASTMYMRs
d90dargds B(III) g9bm@odolbsmgol: 1.B,Rh+ K+ MN; 2.B,Rh+ K+ MM;
3. B,Rh+ K+ NN; 4.B,Rh+ K- MN; 5.B,Rh+ K- NN; 6.B,Rh+ K- MM;
7.B,Rh- K+ MN; 8.B,Rh- K+ MM; 9.B,Rh- K+ NN; 10.B,Rh-K- MN;
11.B,Rh-K- MM; 12.B,Rh-K- NN.

AB(IV) g9bm@0o3n6 xamxb Ubgs xamaa®  Lob@gdgdmsb
30056050580 MgMMos© dgydeos [Fodmddbol 12 3mddobsgos,
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3o JmMobLos: 1.AB,Rh+ K+ MN; 2.AB,Rh+ K+ MM; 3.AB,Rh+ K+ NN;
4.AB,Rh+ K- MN; 5.AB,Rh+ K- NN; 6.AB,Rh+ K- MM; 7.AB,Rh- K+ MN;
8.AB,Rh- K+ MM; 9.AB,Rh- K+ NN; 10.AB,Rh-K- MN; 11.AB,Rh-K-
MM; 12.AB,Rh-K- NN.

M0ameOEg  bBgdmo  dmggdnemo  bMowosbh (3b®.6)  BsblL
09nO0MWs©  dmbogmEbiwo 48 896mG03wmHo  3mId0bs3006
300dBHozmmwo  a3bgds  1,9-x96  bogmgdo  ygbm@odo  sbv
d9LHogwow EMbmMgddo xsddo odmzwobos 25 igbm@odo, Gog
d9gbgds  @obs@hgb 23 x3bm@E03mE  3mIdobsgosl Bggbl  doge
dgbfogwo  @MbmMYddo  3ModBHO3MWe©  of  asdm3wobs.
d9Lfogwom Mbm®mgddo 6 gsdmzwobos 99990 BgbMmEGH03MGO
3Mddobsgogdo: 1. O,Rh- K+ MM; 2. O,Rh-K- MN; 3. O,Rh-K- NN; 4.
A,Rh- K+ MN; 5. A,Rh- K+ MM; 6. A,Rh- K+ NN; 7. A,Rh-K- MM; 8.
A,Rh-K- NN; 9. B,Rh+ K+ NN; 10. B,Rh- K+ MN; 11. B,Rh- K+ MM; 12,
B,Rh- K+ NN; 13. B,Rh-K- MN; 14. B,Rh-K- MM; 15. B,Rh-K- NN; 16.
AB,Rh+ K+ MN; 17. AB,Rh+ K+ NN; 18. AB,Rh+ K- NN; 19. AB,Rh+ K-
MM; 20. AB,Rh- K+ MN; 21. AB,Rh- K+ MM; 22. AB,Rh- K+ NN; 23.
B,Rh-K- NN.

O3 LAGOLEIMOTs 33e9358 9B3gbs X2 omEgbmdMOZ0
053969090 Lo3dom Toeowros @ 3221,16-L »EHmEgds 95306,
OHmEs 48 35393MMH00LIsMZ0L SOLYOMEO MI30LvBEgdol bsGolbol
Df (47) 360303290 8609369wmds (CV) bogdom @adsos s 62.83-
ol 943035gbBHMM0s.  Gog 085l 6odbogl, ®mI  BgbmEGHO3MMO
X3MIBIOOL 29303900l LobJoMg MBS Tglfogwrow
LsdoBby xyMndo. P-l 360d3bgermds  sMob < .00001. dggao
9603369035605 p < .05-Bg.

B39bb  Bogh dowgdmeo dmbozgdgdo  sz0bsEobgem ABO
LobEgdoL  XMRWO  LobEYIsLbMeb Jogdo®do. O(I) ggbmEHO3Ho
X3BoL  3m3dobozogdo  Lbbgs  LobBHYINPME  mgmGomms©
aodmgmgowo 12 3gbsdergdemdosd  (bv©.10.)  369dGH03ws©
©05530JL0MS 9 BIPBMEBH03MMO 3MTdObE0s. bLsdo Bgbm@Godo (1. O,Rh-
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K+ MM; 2. O,Rh-K- MN; 3. O,Rh-K- NN) 36M5J@o3mwoe@ 6
29903w0bs dgufsgerow mbm®mgddo. GmymMi Bsdmbsmgzaowosb
BBl 50b0dbmo Lsdo  ggbmEHodwmo 3mddobsgos gbgds 306390
X3530L MH9HBML MeGymzom 39bmE03gdl, ghom Fgdmbggzsdo dsmmsb
3M3d0bs30500 00ymRqds K+ 3sg@meo.

O, Rh+ @ggbm@o3ndo xamn0©sb 9d3bogg  3mId0bsgos
336905 EMbMEMGdT0, FogMod gobbgogzgdmero 36M935wbEHMd0m. MO
doomgobol (O, Rh+, K+, MN o O, Rh+, K-, MM) 9036M39wgdol
LobdoMy yzgesbyg Jomoo s 10MJdol Mobsdatos (12,3% o 11, 1
%). O, Rh+, K-, NN  g96m@03w6m0 300080653006  303039wgdol
Lobdomg y39wsBy sdswos O, Rh+ 896m@GH039dL dmmol s 0, 19 %-

ol 993035 96@wG00.

30 -

25 -

20 -

15

iEl | i

2] l_i_j o | - |
O,R/O,R|O,R|O,R|O,R|O,R|O,R|O,R|O,R OR O,R OR
h+ | h+ |h+K| h+ | h+ | h+ | h- | h- | h- h-'K-h_K_h-'K-
K+ | K+ | + | K- | K- | K- [ K+ | K+ K+MNM NN
MN| M..NN[MN|NN| M..MN| M.{NN M

m|12/95/31|3,7/0,2|11(4,7| 0 |06 0 |4,7| O

bey@soro 10. MIN, KELL s6(30ggb6980b 30238065000 3s3tpgegds O RH+ os ORH-
©@bea39880.

A(Il) g9bmEH031M xamBL Mog 9ggbgds 30MH39¢ X3MBoLOYSD
3oblbgeggdom o  3m3dobs30900L  3oGM0sE0gd0  doMEgds. 12
0JNO0MWI©  InbswmEbgmo  3mdd0bsgo0sd  sxodloMs
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00mJodol 2-x96M 653¢gd0 9990bg93990. 59 X3MRBT0 365JGH0IMIWSQ
L 2359430 7 3mdd0bogos, 9dgsh 6 3madobsgos gbgds A(II), Rh+ sbvy

653 0056 60TbBgL, MM MgMMOMEsE FMLsEmEbywo ggbm@odmmo
XAMBIO0L  MomEgbmds  ©ogdmbzs  3MOJBH0IMNWe®  MLYdIMEL
(1.A,Rh+ K+ MM 11%; 2.A,Rh+ K- MM 9,41%; 3.A,Rh+ K- NNO0,69%; 4.
A,Rh+ K+ MN 3,66%; 5. A,Rh+ K+ NN 2,67% ; 6. A,Rh+ K- MN 5,55%).
653 dggbgds A(II), Rh- g9bmGHodne xamal of 6 0mgmGomms©
dmbormEbgeo  3mdd0bs300sb  300dBHo3Mwe©  godmgzwobs
dbmwmn ghmo  g9bm@osdo  (A,Rh-K-MN). dobo  293M39wgdol
Lbobdog 1,58 %-0s (LwyGosmo 11).

30

25

20

15

I -
T

5 I .

0 = =
A,Rh|A,Rh|A,Rh|A,Rh|A,Rh|A,Rh|A,Rh|A,Rh|A,Rh[A,Rh|ARh|ARKh
+ K+ [+ K+ |+ K+ | + K- | + K- | + K- | - K+ | - K+ | - K+ | -K- | -K- | -K-
MN [MM| NN | MN [ NN |[MM | MN [MM| NN | MN | MM | NN
3,66( 11 |2,67|5,55(0,69/9,41| O 0 0 (1,58 O 0

baymsoo 11. MN, KELL s630ggb6980b 30288065300 353639¢965 A,Rh-; A,Rh+,
©bea39880.

B (III) ®96m@Ho3memo xamxol 89dmbggzsdo 30wg3 MBG®
9993060005 365943H03Wo© 396m@GH03MMs© 3odmgwgbowo
3000065309006 3oM0s30gd0. 12 mgmOovws  dgladgom
3M3d0bs300056 B (III) g39bm@E03vMo xawz30l d90mbggzsdo agbgds
dbmem 5. gbgbos: (1. B,Rh+ K- MN 3,27%; 2. B,Rh+ K+ MM 2,57%;3.
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BRh+ K+ MN 2,67%;4. B,Rh+ K- MM 1,58%;5. B,Rh+ K- NN 0,69%).
GmO3 12 b@s00EB BBl yzgms 3Med@o3mMws® asdmawrgbowo
1396mE03MM0 3nd00bs30gd0 496939mM3690s B,Rh+ gbm@GHodl, begrm
B,Rh- 896m&H03m6 xavxndo ;mgm®omms@ s®bgdmewo 6 dgbsderm
3M3d0b53000056 5OE gH0 56 M3 obs.

20 -

15 -

10 -

5_

O_j_i+L-_-

> T8RIBR|BR|BR|BR|BR|BR|BRIBR
’ 7 7 7 ’ 7’ 7 7 7 B'R B’R B’R
h+ | h+ | h+ [ h+ | h+t | h+| h- | h- | h-

h-K-|h-K-{h-K-

K+ | K+ | K+ | K- | K- | K- | K+ | K+ | K+ MN IMM| NN
MN MM| NN | MN| NN [MM|[{MN [MM| NN

m | 27|26 0 33[07/16/ 0| 0|0 |00/ 0

beaydsomo 12. MN, KELL 56050396980 30238065600 3530939¢7985 B,Rh-; B,Rh+,
@ba9800.

300093  MBOm  Loy®Mdbmdws  dgdoMs  dgbfogwoer
©mbm®gddo AB (IV) g9bm@G03wto  xamxgdol  3:mdd0bsgosms
5m©bMds. 5 MIMOOMEsE dmbormEbgwo 12 3mdd0bsgo0sb
390m3obs  dbmemE 4 39M0osgos Ls30om©  dOOo
30935096 @Mdom. 3gMdme: 1.AB,Rh+K+MM - 2,67%; 2. ABRh+K-MN -
1,78%. 6GmymM3  3bgosze  mMmozg  89bmGodmemo  3mddobsizos
00931936905  AB,Rh+. sbv)  33a0g30LoL  Bggbl  dogh  sbiggg
©5530JboMgdMo odbs AB,Rh- 2 ggbm@odo ghomgmwo bsboo.
qugbos AB,Rh-K-MN s AB,Rh-K-MM (6. 13). ooommgwmerol
393039wgdol Lobdomg b Mowsa 0,09 %-b Tgoygbl.
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moObo  gOHOOOMEOGMO0  XaBYOHo  LoLGHIIOL  9bEH0gbgdOL
dobgz0m 396MmE03MM0 303006530900l 3Z3ag30Lsl  sgoJlLoMS
L5305 T 300dMORBMmds O (I) xmBob dgdmbgzggzsdo. dsb
0mbog3zl A (II) g39bm@03m©o  xawxzol 3mddobszogdo. dgloedy
500l BgbMmEGH039IMH0  356M0530900L  LodMsgzwom oFgdl B (III)
396mE0319M0 X330, beagom AB (IV) 396m@EH039960 xa9530bm30L 30
535bsl0sMPIG0s  BIO  FMOIMOBMYMBS. 9By Fgodergds
©o30L336sm,  Mmd  Bggbl  dogH  Fgbfogwow  MbmMgddo
300dmOH3Mmdol  Jobolosmgdmgdo  gosbsfiows  89dgyo
5680dg3Mmdom: O>A >B> AB.

T ==
AB, | AB, | AB, | AB, | AB, | AB, | AB, | AB, | AB, | AB, | AB, | AB,
Rh+|Rh+|Rh+|Rh+|Rh+|Rh+| Rh- | Rh- | Rh- | Rh- | Rh-| Rh-
K+ | K+ | K+ | K- | K- | K- | K+ | K+ | K+ | K- | K- | K-
MN |MM| NN | MN | NN [MM| MN |MM| NN | MN |MM| NN

0 (2,67 0 (1,78 0 | O | O | O | O |0,09(0,09( O

baymsoo 13. MN, KELL 5630396980l 30288065300 353039¢985 AB,Rh~; AB,Rh+,
©bea39880.

d9Lfogwom MmbmMgddo sbgzg yodm3zwgo ogbs  ABO
LobEgdol  29b69d0L  o3MEIWgdol  Lobdomy.  dscmo  Lobdoy

3d0mmzoo  odbs gmEIMwom,  OGMmIgog  godmoygbgds
L5Foge0sbo 4969303M0 LobEYIOL 33¢g30LsL.

r, P, q 509gdol  Lobdo®mol  33¢g30Lsl  Tgbfogeroen
©mbmMgddo yzgwoby Jowswo LobdoMom sdm3zwobos r segEo.

dolo 2o3MEIWwgds  Fglfogwow bsdobby xamxdo 0,7-b MEGMEWEIdS,
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0ol 39300 BsIMMBGds q ool 4o3MEIWgdol  Ioh3z9bgdgro,
Omdgmog  0.22-0b  GHmeros, bmwm  p o srgeool  bobdoMol
65mbMdM030 3583969090 439woby ©dsE0s s 0.008 dgoqbl
(gb®.3).

eb®oero 3. ABO bolihgdol 396980l 3s3tpgergbols bobdotg

ABO Lol¢gdol semgergdo LbobdoMy

, \/6 0,7

p=1-VA+O 022
. /78_'_0 0, 08

Loosg 0, A o B — 0(I), A(II) s B(III) xama3ol ds¢otmgdgur
5Q0000bms  MobogsMEMdsy  Logzwgal  mdogddHms  LogMom
650m©gbMBBmSb Jodommgdsdo.

o939 d9gs9bsobgm  Igufogerowr Mbm®mgddo  Kell
LobBHIoL  sargergdol  LobdoMy.  s©bodbmer  LsdoBby  xamzdo
2499mgobs p(K) s q(k) aoblbgeggd«ero Lobdomy. As3MEgergdoL
000 Lobdo®oom (0,77) a3bgds p(K) swwgwo dsb  d93Mo
Bo0mMBgds  q(k)sawgeol  493MEggdol  bLobdomy, Mmdgwog 0,22
3950096 (5be. Ne4).
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abGogro 4. Kell bolhgdol sergengdols bobdotiy pombetgddo
Q P

1-q0.78

aa

Kell
NN oo

bo@dE  Maa  50B0IbMO m3mlol dobggom MgEgboreo
3m0mbogm@os (kk), N - 900m33wgmmo  306300L  LogMomm

50 qbMds.

MN UbobGgdol segergdoi Kell LobiEgdol sengergdol dbgogbo
2393039wgdol  LobdoMgs  M0gMMP35MM3560s.  MmameE3  Jzgdmom
dm3gdmwo 3bOHowoEsh (3bM. 5) BsbL p ool 4o3MEgwgdol
LobdoMy 0,72-0b GmMEos, bnwem  q segeol 353M39wgdol Lobdomy
30 393650 50505 s 0,28- MEHmEgds.

abdogmo 5. MN bobdgdols semgemgdols 353639¢980l bobdog ombeaigddo

Q P
MN 1 1
nA+anB nB—|—anB
0,72 2
N N
0,28

Loog Ny — M g396m@030L 85¢sMgdgms Hocm©gbmdss, N,g -
MN g96m@03goobs, boawm Ny - N 1396m@GH03900L 95@s6mgdgeros
65m©gbMdso.
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380JOMmdm,  ®md  Bggho  33wg30L  Bggyoe  dogdw
oMLYOMBs  AoBOOL  BHMBLZMDBoOL MLsgOHPHMIdOL

©Mbal, 355x85OHMMGOL EMbmOms Jmbsggdms 3Bl s Jxobozgdl

9mbs3gdoms

L5300 gdsL 3ob3gAL LEMIRs© 03m3mb Lobbol xamxol 03305000
3030065305, M3 3mbEGMBLEMBom®o
2459mO0obogl.

239OMgdgdol  MHob3L

6%l LoliBgdol s6E0ggb7d0L gs3MEIwgdol Mogolgdw®Mgdsbo
©®bmOMs 3m37Esgosdo

B39bL dogH MgHl LobBHdol sBEH0yIbgdbY 2o0m 33w gEo
0gdbs 852 mbm®o. MMMtz bgdmo s0360d6gm, Lobbeol xamsol
M9BML LobBgds dgagbs 49 gsbloBLIHMo Lolbeol XawaM©Oo
bBHogbolaob  (Dean, L.  2005,). 6mIgeo;oepob  yzgmosby
3d60d3bgermgobos  byomo D, C, ¢, E, @ e s6@oagbo. Lobberol
X28oLb Mgl 96F0ygbgdob, 9L
3b6GoLbgmagdol  33w939 do0sb  LobaMagderms  bobbeorols
AMBLRMBool 3abEGH®IOOL  OHEHObME s Imfiobsgg 3w0bozM®
360gd@ozodo. B3z9gb  3gLogemdom  s©bodbmwo  bomo  Gybml
Lbobgdol 9bEoygbols 23936M(39gdsL bdgbob
(800900MM30000/358O)Md0M0) s LH35LBZS sbs3olL (18-55) Lolbols
©mbm®do (n=852) (5b6. 6)

39bmG030ls o

™M039

aboemo 6. C ¢ E, e s6050ggbol 353639a798s dgbfsgemogn ombe®gddo s X-
33500G530ob Uhsholihozaatio sbsgrodo

C

85%:=1,22

13

38,07 %=+1,6

94,6 %+0.77

563096950 36¢oggbgdols | Df X cv P
OROIQIBOL | 35360GIwIBS
Bgs3omby
C 68,03%:=+1,5 3 211,46 | 7,815 P-ly 860036900mds

5oL <

89030
96083690 m3gs605

p < .05-%y.

.00001.
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MH9BML LoLEJIOL bGPl gogMEgmgds sBg FodmoymEgds:
3b6G0a960 e— 94,6%, sbGoygbo c- 85%, C-68,03, sbGHoggbo E - 38,07%.
53 899bg0s 96GH096L D, g00m33egw9e mbm®ms »dg@qlemds (84%)
9oL BNl oEIOOMO FodBHMMol do@otmgdgwo(n=719), 133 (16%)
©MbMMo 5MoL OHgHBHYL MMYMBOoMO. BESGOLEHIMME Fodmzwobs
X-33900530L  300GHIM0MIoL  Jopswro Mogbgo. 53 3mb3MgEmeE
d90ombggzedo x2 = 211,46. gb GHoEbggdo 3o30wgdom ©OEOs 30MY
053053qdoL  boGobbol  3GodgMmondol (d.f=3) 3Po@ozwwo
3600369 mds(CV), Gmdgwoi 7,815-b GHmeos.  P-b 360936gamds
Mol < .00001. 9990 3603369 mgsbos p < .05-%g

6b®oero 7. Ggbal bobidgdol sergemgdols 3536pge980l bobdotiyg ombe®gddo

69D Lobdomy
bobiGgdol

396900

’ dd .,

" + VEE o

bossg D, G, E, ¢, e D,— 396900L 953HoM9gdge 3060 Mom©gbmdss
153393 FoLoEOLMID MbsRsMIPMBSTo 496900l IBHsMJdY oMM
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5mEgbmdos Lozgergzo ToloeErol MomEYbmdILMIb MobsgsG M-
05do, DD, CC, ee, cc s EE — 9glsdsdobo 5396mGo3gdol Lobdomy.

dgLfogwom mbm®mgddo 535565c0Bgm MgBML LobiEgdol
309900l 2530391900l Lobdomg. RhC 3960l m®o sergaro 43bgds
3999abs0Mo LobdoMom: C — 0,48, ¢ — 0,54. Fommo MoMmEIbMDS
dgLfogom LodobBby xamxmdo 1-0b Gmeoos. RhE 9960l m®o
5090l 203M(39wgds 30 890gabsotMo godmoymdmgds: E - 0,61 , e -
0,40. 2530390 gd0L Logzdom T LobdoMgl 53wgbls RhD - 0,64
(L6.14).

M0ameEg bydooo  Ne19 s gbMowosd N7 gbgoosgm,
36303960 C y39wsby Bodomnm FosMdnaqbowos D sb6@GHoygbmsb
3Mddobsgoom. Bzab a3jmbs CD+ 3m3d0bsgool 65, 8 %-50bo
99dmbggge (n=561).  sBsErMmyo®o dEaMIoMgmds a35J3b E o D
3630396900l 3m3d0bszool  Fgdmbgggzedo. E  sbGoagbo  «qdgdqL
d900bg03580 HomIMAqb00s D 96EH099bmsb 300030bs3000m.

dgLfogwom mbmMms (n=306) 36, 9%-U 9ooRbs ED+
3000065305, dgbfagero  MbmOms  doenosb oMy  Mom@bmdSL
3Jmbes CD - (2,23%; n=19) s ED - (1,17%; n=9) 3mdd0obszogdo.

100 -
I

T I

50 -
I
== I

0 - —

CRH+ | CRH- [cRH+| c RH- | ERH+ | E RH- [ e RH+| e RH-

65,8 | 2,23 | 69,9 | 15,1 | 36,9 | 1,17 | 79,3 | 15,3

brtismo 14. G, ¢, E, e 5690396960 bobdokg D wswgdoo s D #1569mg00
@602(5980256 3020806530000 (%).
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Lolbol X4mz30L GaHBML LoLEJISL goshbos BmIgbzwsd Mol
™Mo 650OLsbgMds: gm0 89985390 os Mmbser BodgMols s
6.6. Ggobol dogM s dgmdg 30 - Mogbgdol dogH. mGogzgg bobEgds
abobegs 999330MIMBOMMBOL 5eEJMHbIE0ME 1gMM0gdlL. godgm-
Mgobol LobBgds, OHMIgwo3 ©O®IL MBROM RIOMHME  odmoygbgds,
0ygbgdls CDE bmdgbzeo@«®msl  (Scott ML 2004 ). Bggbs 33w93580
39903099690 30dgMobs s MHgolol bmdgbzws@ms.

B396 8930Lfogango BNl B396mE030L A93M3EIEgds Lobbeol
©mbmMgddo. RHD, RHC s RHE @960l 5@30@dgdstgmdols
dobggom, sOLYdMBL 18 mgmMomws dqbsdwrm  3gbmEH03MMo
X39B0. Joo Mol Bobggzsto (3bMs) s®ol HgHHL IEIOOMO ©
BoMhgbo  (3bMs) - OBl Meymyomo. HIHML  IIOOO
39bmEH039d0s: CDE; CDEe; CDe; CcDE; CcDEe; CcDe; ccDE; cDEe o
cDe. 631l ©s0ymz000 BBMEG0390L 30 90937336905 Fgdg0:
CdE; CdEe; Cde; CcdE; CcdEe; Ccde; cdE; cdEe; cde. Bggbl dog®
d9LHogwoe EMbmMgddo godmggmaowo odbs 17 MybmL 9bm@Eosdo.
d9Lhogo EMmbm®gddo 96 IRoJLoMGRWMWS FBMEW®ME GOMO
396m@030 CdE, Hmdgeoi 4969370036900 H9HML »omymaoo xamal.

sboMhgbo 17 x9bm@odo oB39bL 393639 gd0L
Lbgoslibgs LobdoMgl. BmyogMmo Jomysbo 3eobrgdmos dbmemo
9O®YMEr 9900mbgg390d0, dogoomoq: cdEe, cdE, CdEe ggbm@odo
2459hbs Fbmem gMmge EMB™OL.

dgbPogaroe mbmMgddo  (27,8+1,53%) MIMog3wglmds oym
CcDe (n=237) gg9bm@odo. 29bm@030 CcDEe  {o®dmeagbowo
19,3+1,35% 9030390 g00L LobdoMy (n=165); B396L dog® Tgufsgwrown
125 @mbm®o 5@s6gds CDe ggbm@Eodo (14,6+1,2); cde ggbm@odol
LbobdoMgs  13,1+1,5%, G5g 005 60dbogl, GMI 112 dgbfsgeroo
©mbmMo 3093m03bgdm©s 59 BIbmGH030L xamgal; 87 Iglfagzwrow
©mbm®do  dgobodbgdmes cDEe  g39bmEH03ol  doboliosmgdegdo
(10,2%); cDe-l ggbm@odol LobdoMy ogm 4,9% (n=42); 19 E®bmOL
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309Pbs CDEe ggbm@osdo. Lbgs x39bm@GHodgdol (CDE, Cde, CcdEe,
Cecde) bobdomg 30 36093690 m3bs0 B0 oym (3b. 8, bye. 15).

abhoemo 8. Gyl 3gbrBodgbol Gogbgo dgbfsgeroem mbmmgddo (n=852)

Rh o(D), o(I) A(ID) A(ID) B(III) | B(III) | AB(IV) AB(IV) Total
phenotype Rh+ Rh- Rh+ Rh- Rh+ Rh- Rh+ Rh-
CDE 3 0 2 0 0 0 0 0 5
D+C+E+c-e-
CDEe 6 0 9 0 3 0 1 0 19
D+C+E+c-e+
CDe 64 0 48 0 12 0 1 0 125
D+C+E-c-e
CcDEe 9 0 9 0 1 0 0 0 19
D+C+E+cte+
CcD-ee 65 0 76 0 17 0 7 0 165
D+C+E+c-e+
cDE 125 0 84 0 20 0 8 0 237
D+C-E+c+te-
cDEe 11 0 7 0 1 0 1 0 20
D+C-E+ct+e+
ccD-ee 52 0 22 0 9 0 4 0 87
D+C-E-c+e+
CdE 16 0 22 0 3 0 1 0 42
D-C+E+c-e
CCddEe 0 0 0 0 0 0 0 0 0
D-C+E+c-e
Cde 0 1 0 2 0 0 0 0 3
D-C+E-c-e+
CcddEE 0 1 0 0 0 0 0 0 1
D-C+E+cte-

0
CcdEe 0 4 2 0 0 0 0 6
D-C+E+cte+
Ccde 0 4 0 3 0 1 0 0 8
D-C+E-c+e+
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cdE 0 1 0 0 0 0 0 0 1
D-C-E+cte-

cdEe 0 0 0 1 0 0 0 0 1
D-C-E+cte+

cde 0 62 0 34 0 14 0 2 112
D-C-E-c+e+

Total 351 73 279 43 66 15 23 2 852

MMAMOE WoEIMSGMOM bsflowdo s30b0dbgm  go6339mwo
(30M30gdgd0  sMLYOMIL MBIl BgbmEHO30L  ©oEYIbol  MHMU.
MHIBML  BogBHMOMoL  2oblobBE3MOLLL  ©sdzgdyo  Fg30MmIgdo
35300090 D 96@0ggbol Lyl - Du 306H0sEosl.  sGLgdmwo
9309653090000 ©35GHJO0MO 3335 b hoGIMIL yzgws od
d9dombgqgsdo, (OIoTe 9B0DOM30EJOOL 30639Ws©0
1396mE030M700LsL  godmguobpgds Cde s cdE  ggbm@oidgdo,
500gbss3 Du 9630960 ma3dm bldoMo agbgwgds C 6 E
3630296056 ghoms. dglhogwro mbm®maddo ULsd Jgdombggzsdo
299m3obs Cde s ghom d9dmbggzsdo cdE g39bm@odo. Du sb&Hogqbl
309BB0s  Foyamo  6G0y9bMe0  ©gBHIMB0656E B0,  HMIwgdos
9O0DOM30GJOOL BodoHby 56 smob 9JudmgloMgdeo, sdo@md
o0 50dMLoBgbo  250m3094qbgm  3TBLOL  9MO30MI30M  (305.
s0bodbmo 4 9gdombggzosb o g dgdombgggzedo o6
©og30dboMgdMs Du 35005305 @5 dgladsdobs 56  Fg3eoms
H9DLol 30MH39wso BgbmE03o.

OmamO3  Bgdmo  m339  s03b0dbgm,  MHIHBML  IPIdIOM
©Mbm®AdL  4o9hbosm  bGS  BIPBPMEHO3MMO  ZoM0s30s @S  Fsmo
LobdoMy bozdsm oblb3s3wYdM®s. MGFHML YO0 EMBMEOHBL
el Jowsro LobJoMol yo303gwgds 3Jmbos mé (CcDEe — 22,9%
©> CcDe - 32,9) @g9bm@odt. 6gbmb ©ogdomo mbmMgdol
3653 glmdsL (55,8%) gM0GHOME0EHOL Bgs306BY 3Jmbs 93 Mo

296mE030L obsliosmgdgwo. bbgs m@mo ggbm@odol (CCDe — 17,38%
37




and cDEe -12,1%) ULobdotg m@mergds 29,48%-b. ©sbshgbo bmomo
196m@E030l  (CDE, CDEe, CcDE, cDE, cDe) 95303900900l bobdotg
(CDE, CDEe, CcDE, cDE, cDe) g03039eqd0lb bobdotg oym 14,47%

(5965.16).

CD|CD
E |Ee

Cc
DE
e

CD|Cc
e |DE

Cc|cD
De| E

cD|cD
Ee| e

Cd

-
Cd
Ee

-
Cd
e

-
Cc
dE

o

Cd
Ee

Cclcd
de| E

/

cd
Ee

cd

== 0,6/2,2

15/2,2(19

28(2,3

10/4,9

0,1

0,4

0,1

0,7

0,90,1/0,1

beytsomo 15. bobberob xgeyzol Ggdayl 39beadodgdol bobbdoty Ggbfsgarog»
©mbmG9880 (n=852)

50 -

30 -
20 A

10 ~

CDE |CDEe

CDe

CcDE

CcDE

e

CcDe

cDE

cDEe

cDe

=@—Seriesl

0,69 | 2,64

17,38

2,64 22,9

32,9

21

7

12,1

5,8

beytsomo 16. 396033039650 356G050s Bgbl sIB00> rbrBgddo
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Omameg  Bgdmo  s03b0dbgm, o0  9gdmbgggobogol  h3gb
2399m309gbgo  gO(33we©0sbo  X-3350MG0L  3Mo@ghHowdo.
LAOGHOLGHOZMM©  godmzgwobs  X-335MoGH0L  3M0GYMOMdol
oo M0Eb30, M55 BIBMEH03900L 565056V M  Q9bsfowrgdsby
dommomgdl. 53 3mb3MgEME 9gdmbggzsdo x2-ob  3603369comds
153050 9989dGHM0s byemzsbo 303mEHgBob (E=0) Mstmymaobmgob.
50 d90mbggzsdo x2 «Mol 651-b. gl a530Wwgdom FgBos, 306MY
Q©OEOS  Mo30LvREgdOL  baMolbol  3Mo@gmomdol  (d.f.=8)
30M0303Mwo  3608369wmds(CV), HGmdgmog 15,51-0b Gmeros. P-U
9600d369emds s®ol < .00001. dgga0 860d369wmgsbos p < .05-Bg.
(3b6.9).

6bGoo 9. G302l Es@IS0020 Fgbeahosgbol X-335@BsH0b 3GM3MGEOTO
3bsem0bo

Rh (O-EE | df X cv P

©3©Jd0m0

M9HML YO0 EMBMEMBOLYD oblbgsggdom, Mg
9OYOBomo  EmIoBBAHYOO  (93gwsdy gHoe  3OZOFIWIIYWO)
296mGH03MM0  obsbosmgdgwo ogm  TbmmmE  ghmo. gl sMol
1396mE030 cde. xs8d0, Iglfogerow mbm®gddo sdmgeobos 143
HIBML MoY53000560 s Fomsb 112 EMbmEOL 3Jmbos i39bm@oso
cde. 99330005 3m3om, GM3 gb  GIBMGH030 NBOM  FgEOd

39



Toboboomgdgro HgHL MsMYgmz000 LolbEol E®bm®mgdolbmgol. 50
1396mE030b go3M3gwgds 0ym 84,2%.

bsdo 139bmGHo30L (Ccde, CcdEe o Cde) 293039 gdolL
Lbobdotg oym 7,8-x96 bs3wmgdo cde ggbm@GH0o3msb 8gstmgdom ©s
ben xoddo 12,77 % (Ccde- 6,01%; CedEe - 4,51% o Cde — 2,25%)
9g000p9bs. 6oz Tggbgds bbgs mmb ggbm@odl (CddEe - 0,75%,
CcdE-0,75, cdE - 0,75%, cdEe- 0,75%) 0000 Loghomm go303egdol
LobdoMy dgbfogzerow EMbmMgddo ogm dbmerme 3% (bv.17).

100 -
80 -
60 -
40 -
20 -
0 _+-CgE-+3d- Ccd | Ccd cdE
CdE o Cde e | o cdE o cde
—4-—Seriesl| 0 |0,75/2,25/|0,75/4,51/6,01|0,75|0,75|84,2

boytsmo 17. ggbedod®o 356Gosgog8o Gyl £jstgegomn mbedgsto

gbGogro 10. Byl 2156908000 ZgbexHodgBols X-3350GsH0b 36m3m6505e0
sbsemobo




50 99000b393580 LGHOGHOLEH03YMO® 25dMm30bEs X-3350MOGOL
3003 gM0w9dob Fowswo GHoEbgo s 00 MMOL 727-b. gb 4930wgdOm
d9B0s, 300009 ©OEOS  30©MY 053083 9d0l  baMolbol
300G gMowdol (d.£.=8) 3Ho@ozmwo 360d369wmds(CV), GMmIgwos
15,51-0b  @meos. P-L 360336gmmds oMol < .00001. dggyo
06003690 m35600 p < .05-%By. (gbO. 10).
d9Lhogwom  mbmMgddo  B3z9gbl dogh odmmazwowo  odbs
MH9BML LobEBYIoL 353EMEGH03gd0.  LsdoBby XaMBdo Yodmymaowo
0gbs 83000 3s3em@odo. qugbos: cde, Cde, cdE, cDe, cDE, CDe, CDE.
0o0gb y39wabHy 99Bo© @Mbm®Mmaddo FoMdmoagbowos cde s 0y0

0,33-b MBHMEEYds. Y39esDg VWO 2530 E3JXgdol LobdoMom 30
Homdmoygbowos CDE 3s3em@odo (3b6. 11).

gbGogro 11. Gybeyls boldglols 3sdareahodgdo GgbPsgamoer ombeigddo

3960303900l bobdoty
cde-033 +Jccddee
it o Cceddee
: 2cde
ccddEe
cdE=0.1
2cde
ccDee
cDe=0.13
2cde

<ﬂEw23JCd)EE+CdEZ-mE
CDe= 0.1 \/CCDee +Cde? - cae

CCDEe

CDE=0.02 — =2====
2(CDe + cde)
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MoMYMBO®  XYMRBJOM6 300d0bs30sdo.  bgdmom  bligbgdmwo
1960303700 xym8gd0o ogm: O (I), Rh+; O (I), Rh-; A (II), Rh+; A (II),
Rh-; B (III), Rh+; R (III), Rh-; AB (IV), Rh +; AB (IV), Rh-.

OHmameg 6583969000 89-21 bLyMom By, dgbfagwro EMbmMms
3653w gLeds (41,19%) ogm O (I), Rh+ (n=351). ombmeos 32,7 %
d093mm3bgdmes A (II), Rh+ g9bm@odné xamat. B (III), Rh+
396 GH039d0L bLobdoMg ogm 7,74%. H9HBML ©©Id0 BgbMEH039dL
dmOob Bozegdo LobdoMoo 3M3gwgds AB (IV), Rh + (bw6.18).

50 -
40 | T

20 +
10' == = -

0 - =

O(l)+ | O(1)- | A(l1)+ | A(IN)- | B(1)+| B(I)- ABJ((IV) ABSIV)

| 41,19| 8,56 | 32,7 | 5,04 | 7,74 | 1,76 | 2,69 | 0,23

brytsomao 18. ABO @s Rh bolberols y 3130l B9bcadodgdols bobdokg dgbfisgemogn
©@b398300 (n=852)

©OgoLsmz0L Lolbol GHMIBLBYBool ML Bzgbo 3wobozgdo
0m35eobfjobgdgb  ABO LobEgdol w6 A s B o  Ggbl
LobGgdobmzgol D sbFBHoggbgdl. 00  30MgdoLMZOL, 30Lsg 96
5©0gb0odbgds gl 9b6BH0ggbgd0, sEwModMBMmo  LgblodowoBbsgool
0JNOOMWo  MHol3o  dowosh  Foowos. G®bLymbools
0350bsBOOLom, bGHoggbo ‘¢’ sbggg 9603369cmgzgsbos BBl
LobEgdol 9BFGH0g6gdL FmGoL. D sB6FGH0agbol 8909y, s6G0ygbo ¢
3w0bo3mMms  dogrosh  3b0dgbgarmgsbo Mgl 9bF0gqbos.
Lodgb0gMm  oGIMGHMGsdo dm3gdmwos MTsMgo dmbsisgdo 50

3bGH0g9600 9sdmfizgo sermodwbrmo LgbLodowobBsgool Tglobgd
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( Makroo.. 2013, Cheikh ..2012). c s6@&09bol 903039 gdol Lobdomy
Abmgeoml dmbobeErgmdsdi ool 80-82%. s@sdosboms 18-20 % ol 56
23998605 gb 9609960 s 3erobgdsof CC dpMmdsdgmdsdo. dbmem
50 39bmGHodol  BsHoMmgdgmo  0obogzogdo  F093m3690056
3¢03696H0 LgblodoEOBoEOOL oo Mol XAMRBL.

B396 ymEromads og00sbgzowgm cc s Cec  a96m@03me
©mbmMHgdbY, ®osd ™mMozg dgdmbggzedo Tomo JBHOMOMEFOGOL
0990656900 890339396 ¢ 96FH03gbgdL. MMM 33eg3sdo 3bgszm,
cc 39bm@030l Lobdomg dgbfageo EMbmMgddo sGob 30,72% (ccD+
17,42% @b ccD- 13,3%), Cc 396m@GHo3ob Lobdotg »acmm Jomswro ogm
MB™Egds 50,82 (ccD+ - 49,06% ©oCcD- - 1,76%). Gogm63 bgdmo
39b630bogm, M9303906&d0, HGMmIgbsg 9g3b CC 4gbm@GHodo, Jomsowos
L9gBLOBOEODOE0S 3bE0-c s6EHOLbgMgdom. CC 4gbm@EHodol Lobdotmy
99LHogwoe Embm®mgddo ogm 17,88% (3b®.12).

gbdogero 12. CC, Cecc, EE, Fe, ee 960903980 32380b5g0s Rh+ and Rh-

G9000b393980056
Rh+ Rh-
CC 17,42%=+1,29 0,46%=+0,2
Cc 49,06%z+1,7 1,76%+0,4
Cc 17,42%=1,29 13,3%:=+1,1
EE 5,1%+0,7 0,23%:+0,1
Ee 31,8%=+1,5 0,9%=+0,3
Ee 47,44%=+1,7 14,43%:+1,2

2011 ool (Bogghgzadg.. 2011)  dgbfiogerowo  s©bodbwmero
3960303900 2536039 gds 5Fo010L BMLIbEYMdIT0, M3 olobo
36056 3mEHabzowmo Mg3030963900.

43
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50b0odbmwo 33930l dobgzom CC 396m@030L 293M39¢gdoL
LobdoMy 5F560L ImbobyErMdsdo MO 8%-L. 0awYEolbdgds, Hemd

50 33bmB030l  Bo@BsmgRWwdo oM  9go3e396 ¢ 9bBH0dIbL o
GOBLEMBool EO™L dbmeme dgdmbggzgdol 17,88 % -do obobo
Lolbel  ©gdv)EMdIb CC  ©@mbm®mgd0@sb.  Fgdmbgzgzgdol
A3 gLMmdsdo, obobo  sbEo-c  bGHOLbyMwgdom  godmfizgmero
3em0dby®mo  LgbLodOEOBsEooL  Towswro GOLZOL 393 960b,
50306 mgmMomws dgdmbggzgdol 17,88 % -do obobo Lobbel
©90mdgb CC @ cc @Mbm®mYd0Esb. s6F0- ¢ s6FHoLbgMwgdom
399mf39wo  0dmbobsgool Gobzolb Fgdmbggzs oMol 82,2%. CC
3960m3H030L MbMMGIMb GHGBLBMDBool Fgdmbzgzgdol dbmem
17,88% 560l Mbsg@mnbm.

B396 50dmgsRobgm 9Bl BgbmGH03900L  o3MEIYdOL
396Lbg539989%0 Lolbol MbmEMgdls s 9FsM0ol  Bmbobangmdsls
dmol, ogooms, Lolbwol EMBbmMmgAL TJmeol MgGdem  dgdo
396MmEGH03MM0 35605300, 30Mg 5F5MOL IMbEbEgMdSdo. sFoMol
9300600 dmbobergmdsdo szodbomEs 9d3bo MHgHBML 3gbmEHo3MMo
X39580 Lbgo@sabbgs 4oM3gwgdol bLobdo®Mom. 53539 Mgaombdo, OO
306030l LolbEol EMbmMYdOL dogowomby Bz96 asdmgysgom 2,8-
X9O 3930 OBML BbMmEGH03MMO Bobslosmgdgo.  Bopgz58b0s, HMI
59 25bLbgs390900L F0BgBo sMHOL O, GMI sFoMol TMLabergMmdol
©Mmbgbg HYBML 5BEBH0EBgO0L 33¢0g30LsL YIMOMads gogsdsbgzowgom
96™3b690s%B9. Hobs 33erg3z5d0 Imbsfoerg yzgams ssdosbo gMmgbgdom
JoOmz9w0s. Lolberol EMbm®Mgdol Jqdmbgglzsdo, Moash olobo
56056 MBO305OHO  EMbMMgd0, gMHM3zbgds AsblblzsggdMos s
©MbmMgd0 3093903690056 Lbgsslbgs 90b03MM xamz39gdl.

Al 5 A2 5630996900 MbmMIdT0
X2IBL3gE0R03MNM0 A 56Foygbo  FoMmdmygbowos ™Mo
26mGH03MM0  xaRol  IJmby  9sTosbms  gBomOME30GIdOL
09006565%g. gbgbos A(Il) s AB(IV)  g96m@03900. Hmame3

©OoR OGO  Bsffoewdo  oym  aobbogrmeo A 5bEoygbo
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doomoo©  HoMmdmygbowos  Msdgbodg J3gxaMnol  Lsboo,
OHmImgdog  3oblbgeggd 36935 gbGHMdL  93wgbgb  (Saboor
M...2010; Mohieldin E.....2015).

9bgbos: Al, A2 s bybByo A sbGH0ygbmeo FoMosgogdo. A(Il) s
AB(IV) ®9bm@&o3gool dJmbg y3zgws 8m8g3bm 9@e3bg @so@gl@s
3bBHo- Al @gdBHobol asdmyabgdom. HMEs sgwwEobsgool bodolbo
390250055 50mbo@Gmwo, MMamM3 BF0-A,  sUggg Al wgdGobol
d9dombggzedo  Bodndo  Pomgwowos Al J39xXdIBO©.  OMEO
3MEB0bs3gool boMolbo s6@o - A sbGobbgmwmsb 4+ Fgx3sbo,
05650 9MYMB0M0 M95J305 IR0JLOMEs bGHO - A wgdEobmsb
Bodwdo Bsmzmowo odbs, Gmams A2 J3gxamso. Hmas Lyb@o
93N EB0obsgos (1+ 56 27 ) 3e00bgds sbGHo - A s6F0lbgmmsb s
MOMYMBOMO 999305 FoJLoMIOs BGHO - A gd@obmsb bodxdo
Bomgwowo odbs OHmymedg A sbGHoygbol  LMbBo  J3gxamBo.
©53063HgMgbom GMAMM  ogm  s0bodbmo  3sM0s:30900L
2390965f0egds dgbfogero mbmmgddo.

B396L doge Fglfogerowo 1009 mbm®owsb A(II) 89bmEG03me
X3IBOL FoBoMmgdgwos 349 ©Mbm®o, bmnwm 19 mbm®Mo 5@smgdl
AB(IV)  xa93996 b393083035300L, Moz 0dsl 60dbsgl, Mmd 36,23%
d9LH o300 MbMEOHIRL gMmomMmizo@ol 99ddmsbstby gosBbosom A
36@0agb60. Fompob oo MIMmIZ3Eglmds  S0bodbyar  sBbEHOYIbL
3GOMdL Al 35605300L Lobom (3b®.13).

gbBogro 13. A ©s AB ggbedodgdob Jagxs 53gbol 85366922985 bolibgools
@b2398380 (0=368)

A Al 324 32,11
A2 25 2,47

AB AlB 12 1,18
A2B 7 0,69

Xx50d0 368 36,45
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M0amOE3  dmggdnwo  3bOHowosh  Bsbl Al s A2
J39%3MB900L 2530390900l LobdoMg sMomMsbadsMmos. A2 s A2B
390056090000 0830000 BI6MGH039dsss BsZOwo. s0bodbywo 2
2bmGHo3o Al s AlB  ggbm@odobogob goblbbgogzgds s6¢0-Al
©@93EHobmsb »symgzomo Mgedaoom.  A(Il) 8gbm@GH03mGmo xami30L
0Jmby ©@mbm®gddo 324  Ggdombgzgzsdo a3bgds Al J39xanBO.
50608360 %aMBol mbmOms dgotmg boffowo (n=25) s@EoMgols A2
J30X3OBL. O3 Fggbgds AB(IV) g396mBH030® xanal dgbfsgwoe
©mbmMgddo  godmgwobs ™o  Jggxamxoo  AlB s A2B.
3b6s339¢0 AB(IV) g39bmEH03nmo xamaol 9Jmby ombméms 63%
(n=12) bsbsomgds AlB ggbm@GHodwmo L3gEon0MOMdom, bmem
37% 3o - A2B.

50b60860@sb 98mdobstg dgodwgds 930bodbmm, Gmd A2
Jd39xdmBo  Ggbfogwoer 3m3sosdo  Ls3dom©  IdSWO
3619359bGHMdom  bobosmEgds.  dobo  o3MmEgIwgdol  Lobdoty
dbmewme  4,05%-0s. 9439 23060 930b6036mm, HmI Bz9bL dog
dgLhogoen A(II) s AB(IV) 39b6m@Ho3dmMo xamagdol d9gdmbgggsdo
LOLAO J39XBIBIOO 56 ydIMZLgHOs.

d9bgdM030 s 0dMbmGo 6GHOLbgmmgdo MbmMgddo

Omameg  3bmdoeos  bobberol  dbmeom ABO
LoLEJIOLMZOLLS  OTsboloomgdgwo  ¥MbgdMog0  [oMmIMImdOL
XAMNRBL3YIEOBOZNO0  BFBHOLbgMwgdol  s®LYOMBs.  dMBYdMGO30
3bEHOLbggdol (s6¢)0-A 56E0-B) 359mgzwgbs mbm®mgddo bogdmes
Lolbol xamx30L 4obLsBO3MOL MY39MLoEo FgommEom, MHmIEol
©OMLYE 399m0ygbgdm®s mbm®mol 3ews®Hds s A(II) s B(II)
LEObPIOEHWMWO JHONOMEOGHWOO Tobs. 0bgdMH030 s6ELbYMWgdo
(56&0-A 56¢0-B) 8gfogwowmo 0dbs 237 ombm®do.

096936030 36E0-A 5bEOLLYMOL 493M(39egdoL Lobdotg

153393 EMbMMOL LoLbEdo 57 %—0s, bnwm 56EH0-B s6EHOLbgMEOLSs
30 87%—05 (bw6. 19).
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B396L o9t Fgbfogeowo mbm®ms 10 % 5@sMgdl dbmemo
bBHo-A sbBHoLbgmwb, Gog dobslosmgdgwos B(II) g9bm@EGodmeo
X3B0LbsM30L. FgbFogwrow mbmGms 39,6 % 3woBds oBIMIOL
dbmEmE sbGH0-B 96E0Lbgmwl, Mog B3gwgdcog sbolioomgdod A(II)
2396mGH030L 3mbg EMbmGGRL. 47,6 % ©MbmOms JaaHdsdo 3o
IOOEOHMMEWI©  8mo3mzgds  OHmamME  9bGo-A, sbg3zg b6GHo-B
3bGHoLbgmwo s Gbedsdolo s0bodbmwo mMbmMgdo Lolberols O
(I) xawx80L dJmbgbo 50056. dowo 3OHMEgbGwwo dsB39698wom
B396L dogt odmgzwgbowos olbgmo dgdombggzs, MHmEs MbmMms
3oHdsdo o3 gohmo  Hgdmoblgbgdmmo  sbFGobbgmo o6
90303905 398Mm30bscg 0dgsb, Hmd Gglifsgmroe Lsdobby xymndo
AB (IV) g3bm®0o3mmo xaIzol 3930M39¢gool LobdoMg ©sdswos
(Ly6. 20).

100 -+
80 -

60 -
I ob@o-A

40 1 56o-B

sb@o-A 3b6¢o0-B

bigsono 19, Beybpeiago sbholibgzamgbols (6d0-A s6d0-B) gageiggangbols boblory Bybfisgaroa
©mbm659880 (0=237)
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60 -

40 -
20 -
0 - mskam |

0(ob@o -  A(sb@o- B) B(s6¢0-A) AB (-)
A,56¢30-B)

byt5000 20. 8969865030 56¢90lbgaengBol (56¢90-A s6¢90-B) 35309¢m980b bobdocig
X359%29600 3290360e7980b s035¢0lbobYB00 Ggbfsgeroe» comberigddo

©5306¢gMgbom  obggg  Tgagobisgws  Bdbgd®Ogo
9bGHoLbgmwgdol  MomEgbmd®mogo  dobsboomgdwgdo  (BHo@®o).
5dolomzgol Mobmdmws 993:0bogem 20 mbm®o. 20 mbm®do
d9LHogowo odbs 3bgdMogz0 s6EOLLYMGdO s AoBLLbE3MMWO
0dbs  Bomo  BHoGMO  (0000MIMo  BIBMEHO3MMO  XRMBOLOZOL
00900 33dmbs 5 Ls3zwgzo 60dmdo).  yzgwes o 9bdo
©055304L0MYOMEo 0dbs BmbocrmEbywo  9ggao, 3gHdmo O (I)
X31B0L EMbMMgddo  9s8mzmobos MmamM3 sbG0-A, sligzg sbEHo-B
sb@olbgmao, A(II) xamaob 990mbggzsdo sb&o-B, B(III) - sb&Ho — A
3bGoLbbgywo, bmem AB (IV) xawnol §s®dmdsygbargddo s
9060 X3IBL3IG0B0NO0 BGHOLbgMwo s 0gbs szoJloMIdIMWO.
Bg9bLb  dog  gLfogerowo  odbs  sbodbmmo  s6E0LbgMEgdoL
AoB®MOE.  yzgems  Igbfegaroen  dgdmbggzedo  sbEGoLbbgegdo
§omdmyqbomo oym dsmoeo GHo@®om (00bodmd 1:512), Top®sd
o00bob0dbsg05, MMI  bBHO-A  bFHOLbgol  GoGmo  sbGHo-B

3BGOLbgYwmsb  JasMgdom  go3owgdom  FoOEr0s  Y39e0s
d9LHogwom dgdmbggzado (gbé. 14, 15, 16,17).
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sbGogo 14. x39865950803260 s6090g96-56¢90bbgzIegdo

Lbolberol xama0 9H0NOME0GOO 3969dM0 6GoLbgmmo
3b@oggbo (8gLsds30L0 BHo@Mom)
o = 36¢0-A, 56¢0-B
A (I B sb@o-B

AB (IV) A, B -

abBoceo 15. x3936396020356%0 sbHobbregdol GodGo 0 (1) x330l 60089880

1. | 1:1024 1:1024
2. | 1:1024 1:1024
3. | 1:2048 1:512

4, | 1:1024 1:1024
5 | 1:2048 1:1024

gbdogmo 16. x:39833960803260 s6Hobbyergbob dodo A (I) xgoz0b 608289680

Gboogro 17. x379839608032960 s630lbgoegéol Godto B (III) xg30b 60d289880
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Introduction

Group antigens determine the trophic and regulatory functions of
blood cells. They are part of cellular receptors, through which hormones,
vitamins, enzymes and other biologically active proteins are transported
in the circulatory system and are the main structural elements of cell
membrane adhesion (Muneesa 2004, 2010; Westhoff ...2004; Kormoczi ...
2009). Blood group antigens determine the adaptation of a human as a
biological species to the environment. The frequency of distribution of
blood groups is not the same for different races and ethnic groups and is
considered a manifestation of the genetic-geographical adaptation of a
particular ecosystem in the process of evolution. (Makroo ...2013;
Musa...2012). The clinical significance of blood group antigens is
determined by their immunogenicity - their ability to create antibodies;
they can damage erythrocytes, leukocytes, and thrombocytes. These
antibodies cause post-transfusion difficulties, various types of transfusion
reactions, neutropenia, and hemolytic disease in newborns. (Cheng ...
2012).  Blood groups are determined by the absence or presence of a
specific antigen on the surface of red blood cells. Currently, about 39
systems of erythrocyte groups are distinguished, which include about 346
antigens that can provoke the most severe transfusion reactions.
(Lane...2015). From a clinical point of view, ABO, Rh, Kell, MNSs and
other systems are the most important. The clinical significance of blood
group antigens is determined by their immunogenicity - their ability to
create antibodies; they can damage erythrocytes, leukocytes, and
thrombocytes. These antibodies cause post-transfusion difficulties,
various types of transfusion reactions.

The main biomedical value of the antigens of the erythrocyte
group is largely related to the living immune properties.These antigens
are of particular importance in blood transfusion, in particular, the exact
blood grouping is very important when it comes to blood transfusion.

The antigens of the ABO system are also considered tissue antigens and
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are therefore of particular importance in organ transplantation and
epidemiology. Specific antigens of the erythrocyte group can cause
immune sensitization and hemolytic diseases of various complexity
during pregnancy or blood transfusion in case of incompatibility
(Manoj... 2014). From the point of view of genetics, the study of blood
group antigens is important for determining population characteristics

(https://www.britannica.com/science/blood-group/The-importance-of-

antigens-and-antibodies). Humans are so individualized by group

antigens that they also serve as identifiers.

Antigens of different systems of blood groups are unevenly
distributed in the population. This means that populations differ in the
composition of antigens. Some antigens are very rare in a particular
population and therefore it is difficult to find a compatible donor.

Technical mistake made in determining group specifics is also
important. Erythrocyte group antigen A, which occurs on the membrane
surface of human red cells with blood groups A (II) and AB (IV), is
commonly represented in two subgroups: Al and A2. Among them, both
quantitative and qualitative distinctive features are noted. In contrast to
the Al antigenic determinant, erythrocytes with a specificity of the A2
su-group are characterized by weak agglutinating ability with the
monoclonal anti-A antibodies used in the study. Therefore, the method
for determining group affiliation creates a high probability of the risk of
agglutination of erythrocytes of the A2 subgroup by the plate method.
Especially when agglutination is assessed with the naked eye. Based on
the above, it is possible that blood group A (II) may be mistakenly
assigned to group O (I) and AB (IV) -to B (III). In most transfusion
centers in the world, the blood of donors at transfusion stations and
blood banks is examined at the level of minor erythrocyte antigens.
Often about 12-13 immunogenic antigens important for blood
transfusion is studied and the probability of compatibility between donor

and recipient are assessed accordingly. Currently, two antigens of ABO
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system (A,B) and five antigens of Rh system((D, C, c, E and e) are
considered due to high immunogenicity in blood transfusion. In theory,
there is a risk of high alloimmune sensitization in people who do not
have these antigens. The compatibility between the donor and the
recipient in the region is assessed only by the similarity or difference of
the three antigenic compositions, however, no literature mentions that,
in addition to these three vital antigens, the compatibility between the
donor and the recipient should be assessed by other dangerous antigens
in terms of transfusion.

newborns create an interesting study group; in contrast to adults,
antigens A and B in some newborns are poorly expressed in comparison
with erythrocytes, and the corresponding agglutinins may not be present
in the blood serum, which causes certain difficulties in determining the
blood group. From a scientific point of view, the biological material of
donors and newborns is an interesting object of research. The
composition of donor’s blood and the distribution of group antigens are
still of great interest to a wide range of scientists, but they are not yet
fully explored due to the multiplicity of group antigens and the variety of
their combinations. It is also relevant to study of group composition and
phenotyping so called hard-to-define blood groups of newborns using

various method.

Research goals and objectives

The aim of our research was to study the screening characteristics
of blood group antigens using various research methods. Both newborns
and donors were targeted. The aim of our work was to study the features
of antigen-antibody expression of the ABO system in newborns as well as
the characteristics of expression of the erythrocyte group antigens in
donors in one of the regional polyclinics. Based on the above goals, we
set the following objectives:

Selecting and modifying research methods;
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screening of group-specific antigens of ABO system in the blood of
newborns and donors using various serological methods;

screening of group-specific antigens of ABO system in the plasm of
newborns and donors using variousl serological methods;

screening of A1, A2(H) antigens in the blood of newborns and donors;
the study of Rh antigens (D, C, c, E and e) in research material;

screening of group-specific antigens of Kell and MNS system in the blood
of newborns and donors;

the study of the frequency of combinations of phenotypes in donors with
all four group systems (ABO, RH, KELL, MNS)

assessment of the quantitative and qualitative characteristics of natural
and immune anti-A and anti-B antibodies of the ABO system;

creation of an online donor database;

assessment of the quantitative and qualitative characteristics of anti-
Rhesus anti-D antibody;

highlighting rare and interesting combinations of phenotypes and

providing information about them to the clinic representatives.

Used research methods and material and technical base.

The subjects of our study are blood donors and newborns. The
material of the research is vein blood and the blood of the newborn,
which has been taken either from the vein of umbilical cord or from the
peripheral vein. The blood samples of 85 newborns and 1009 donors have
been studied for the erythrocyte group antigens.

According to the recommended norms and regulations of WHO
(World Health Organization), only people from the certain age group can
donate blood. The age range of the observed patients is 18-60. The
minimum weight of the patients is 50 kg. One of the most necessary
factors is also the level of hemoglobin. Hemoglobin level for the male
donors should be at least 130.0mg all and for the female donors 120 g.

Most of the observed donors are the males.
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Only of 233 donors out of 1009 are the female. This is caused by
the fact that the hemoglobin level goes down after the donation and
women themselves have naturally lower hemoglobin level compared to
men, which is caused by menstrual cycle.

As for the nationalities, most of them are Georgians, but there are
people from Armenia, Azerbaijan Ossetia, Russia and others.

The material for the research has been taken adhering to the ethic

norms. Based on the conclusion of the Clinic Bioethics Committee, we
were able to use the laboratory and this means that we did not have to do
an additional invasion for collecting blood samples of the donors and
newborns. The research material for the doctoral thesis has been taken in
the dynamics of five years (2015-2020).
The blood of 85 newborns was tested for antigen-antibodies of the ABO
system, and the blood of 1009 donors - for group antigens of red blood
cells. The material of the diagnostic laboratory was provided to Batumi
health Center Medina Ltd. Laboratory analysis was carried out on the
basis of the laboratory of immunogenetics at Batumi Shota Rustaveli
State University.

The study used an express method of immunoserology using
monoclonal antibodies. Monoclonal antibodies of the following
specificity were used for the experiment: anti -A, -B, AB, A2 (H), -Al, D,
C o E e K k M N,S,s. For the screening of group-specific antigens
and natural antibodies of the ABO system, the so-called crossing or
reverse method was used. In addition, the donor group in some cases was
also determined by column agglutination methods. AHG (anti human
globulin) plates —so-called ID cards were used. In particular, special ID
cards ABO/Rh (A, B, DVI+/A, B, DVI+) for donors and A1, A2, B/I, I, III
for reverse phenotyping of the ABO system were used.

Natural anti-A and anti-B antibodies of the ABO system were
determined by crossing methods. Standard erythrocytes were used to

detect them. To determine the anti-A and anti-B immune antibodies of
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this system, it is first necessary to disrupt the activity of natural
antibodies. Natural group-specific antibodies are suppressed by
temperature shock; as you know, they are associated with "cold
agglutinins" and are easily dissipate at high temperatures; Therefore,
plasma processing of patients took 30-40 minutes in a water bath at 70C.
It was only then that it became possible to investigate immune anti A and
anti B antibodies using the Combs experiment.
Result The Combination of Rh, Kelland MN Antigens in Donors for
the groups - O, A, B, AB

As we have already mentioned in the second chapter, four types of group
system phenotypic combinations have been studied in 1009 blood
donors. Based on four group system combinations, we have identified

theoretically possible 48 phenotypic groups. (Table N 1)
Table N2 1 - The combination of Rh, Kell and MN antigens in donors for O, A, B, AB

groups.
N Phenotypic Number Percentage and Df | x2 | C P
combinations | of donors Error v
(1009)

1 O,Rh+ k+ MN 125 12,3% +1,03 47 32 62. The 1?'
O,Rh+k+ MM__| 96 9,51% +0,9 21, | 83 | el
O,Rh+ K+ NN 31 3,07% +0,5 16 result is

2 | ORh+K-MN | 38 3,7% 0,5 jtgiiffggf
O,Rh+ K- NN 2 0,19% +0,1
O,Rh+ K- MM 112 11,10% +0,9

3 O,Rh- k+ MN 47 4,65% +0,6
O,Rh- k+ MM 0 0
O,Rh- k+ NN 6 0,59% +0,2

4 O,Rh-K- MN 0 0
O,Rh-K- MM 47 4,65% +0,6
O,Rh-K- NN 0 0

5 A Rh+ k+ MN 37 3,66% +0,5
A,Rh+ k+ MM 111 11% +0,9
A,Rh+ K+ NN 27 2,67% +0,5

6 A,Rh+ K- MN 56 5,55% +0,7
A,Rh+ K- NN 7 0,69% +0,2
A ,Rh+ K- MM 95 9,41% +0,9
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7 A Rh- k+ MN 0 0
ARh- k+ MM 0 0
ARh- k+ NN 0 0

8 A,Rh-K- MN 16 1,58% +0,3
A,Rh-K- MM 0 0
A,Rh-K- NN 0 0

9 B,Rh+ k+ MN 27 2,67% +0,5
B,Rh+ k+ MM 26 2,57% +0,5
B,Rh+ K+ NN 0 0

10 | B,Rh+ K- MN 33 3,27% +0,5
B,Rh+ K- NN 7 0,69% =+0,2
B,Rh+ K- MM 16 1,58% +0,3

11 | B,Rh- k+ MN 0 0
B,Rh- k+ MM 0 0
B,Rh- k+ NN 0 0

12 B,Rh-K- MN 0 0
B,Rh-K- MM 0 0
B,Rh-K- NN 0 0

13 | AB,Rh+k+ MN | 0 0
AB,Rh+ k+ 27 2,67% +0,5
MM
ABRh+K+NN | 0 0

14 AB,Rh+ K- MN | 18 1,78% +0,4
AB,Rh+ K- NN 0 0
AB,Rh+ K- 0 0
MM

15 | AB,Rh- k+ MN
AB,Rh-k+ MM | 0
AB,Rh- K+ NN 0 0

16 | AB,Rh-K- MN 1 0,09% +0,09
ABRh-K-MM | 1 0,09% +0,09
AB,Rh-K- NN 0 0
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According to the mentioned combinations, 12 phenotypic combinations
have been identified in each O, A, B, AB group of ABO system. For
example, O (I) phenotypic group of blood produces the following
combinations in correlation with the other group systems:

1.0,Rh+ K+ MN; 2. O,Rh+ K+ MM; 3.0,Rh+ K+ NN; 4.0,Rh+ K-
MN; 5.0,Rh+ K- NN; 6.0,Rh+ K- MM; 7.0,Rh- k+ MN; 8.0,Rh- k+ MM,;
9.0,Rh- k+ NN; 10. O,Rh-K- MN; 11. O,Rh-K- MM; 12. O,Rh-K- NN .
Similar combinations have been identified for A(II) blood phenotypic
group. These combinations are the following: 1. A,Rh+ K+ MN; 2.A,Rh+
K+ MM; 3. A,Rh+ K+ NN; 4.A,Rh+ K- MN; 5.A,Rh+ K- NN; 6.A,Rh+ K-
MM; 7. A,Rh- K+ MN; 8. A,Rh- K+ MM; 9. A,Rh- K+ NN; 10.A,Rh-K-
MN; 11.A,Rh-K- MM; 12. A,Rh-K- NN. It is theoretically possible, that
we can identify similar phenotypic groups for B(III) phenotypes: 1.B,Rh+
K+ MN; 2.B,Rh+ K+ MM; 3. B,Rh+ K+ NN; 4.B,Rh+ K- MN; 5.B,Rh+ K-
NN; 6.B,Rh+ K- MM; 7.B,Rh- K+ MN; 8.B,Rh- K+ MM; 9.B,Rh- K+ NN;
10.B,Rh-K- MN; 11.B,Rh-K- MM; 12.B,Rh-K- NN.  AB(IV) phenotypic
group can produce 12 combinations in correlation with the other group
systems. Among them one can find:

1.AB,Rh+ K+ MN; 2.AB,Rh+ K+ MM; 3.AB,Rh+ K+ NN; 4.AB,Rh+
K- MN; 5.AB,Rh+ K- NN; 6.AB,Rh+ K- MM; 7.AB,Rh- K+ MN; 8.AB,Rh-
K+ MM; 9.AB,Rh- K+ NN; 10.AB,Rh-K- MN; 11.AB,Rh-K- MM;
12.AB,Rh-K- NN. As it is seen from Table N 6, out of 48 theoretically
possible phenotypic combinations, we can actually find 1,9 times less
phenotypes and the real amount is 25 phenotypes. As for the remaining
23 phenotypic combinations, they have not been observed in the donors
we studied. These are: 1. O,Rh- K+ MM; 2. O,Rh-K- MN; 3. O,Rh-K-
NN; 4. A,Rh- K+ MN; 5. A,Rh- K+ MM; 6. ARh- K+ NN; 7. A,Rh-K-
MM; 8. A,Rh-K- NN; 9. B,Rh+ K+ NN; 10. B,Rh- K+ MN; 11. B,Rh- K+
MM; 12. B,Rh- K+ NN; 13. B,Rh-K- MN; 14. B,Rh-K- MM; 15. B,Rh-K-
NN; 16. AB,Rh+ K+ MN; 17. AB,Rh+ K+ NN; 18. AB,Rh+ K- NN; 19.
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AB,Rh+ K- MM; 20. AB,Rh- K+ MN; 21. AB,Rh- K+ MM; 22. AB,Rh- K+
NN; 23. B,Rh-K- NN.

As shown by a statistical study, the quantitative indicator X2 is quite
high and is equal to 3221.16, while the critical value (CV) of the current
degree of freedom (Df) for 48 categories is quite low and is equivalent to
62.83. this means that the frequency of distribution of phenotypic groups
in the studied target group is uneven. The P-Value is < .00001. The result
is significant at p < .05.

The data we have gathered has been analyzed in relation with
ABO group system. O(I) phenotypic group combinations in relation with
other system has actually produced only 9 phenotypic combinations out
of 12 theoretical probabilities(fig. Ne1). Three phenotypes (1. O,Rh- K+
MM; 2. O,Rh-K- MN; 3. O,Rh-K- NN) have not been observed in the
donors. As it seen from the list, the mentioned three combinations are
connected to O Rh - phenotypes and in one case K+ is present in the
combination with them.

All the six combinations from the O, Rh+ phenotypic group are
found in the donors, but with a different prevalence. The distribution
frequency of two of them (O, Rh+, K+, MN and O, Rh+, K-, MM) is very
intense and nearly equal to each other (12,3% o 11, 1 %).The
distribution frequency of O, Rh+, K-, NN phenotypic combination is the
least intense among the O, Rh+ phenotypes and is equivalent to 0,19%
(fig.1)

30 +
10 _j_i_-__—i_. ol

-10
O,R|O,R|O,R|O,R|O,R|O,R|O,R|O,R|[O,R|O,R|O,R|O,R
h+., h+.. h+.. h+.. h+.. h+.[ h-.| h-.l h-..1 h-.} h-.| h-.

m | 12/95(31/3,7/02(11(4,7| 0 |0,6]| O |47| O

Figure Ne 1. The distribution of MN, KELL antigen combinations in O RH+and ORH-
donors.
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Different from the first group, the variations of combinations of
A(II) phenotypic group is much less. Out of 12 theoretically possible
cases, we have found nearly half of them. Actually, this group has only 7
combinations and 6 out of them is connected to A(II), Rh+. This means
that the amount of theoretically possible phenotypic groups coincides
with the actual amount (1.A,Rh+ K+ MM 11%; 2.A,Rh+ K- MM 9,41%;
3.A,Rh+ K- NNO0,69%; 4. A,Rh+ K+ MN 3,66%; 5. A,Rh+ K+ NN 2,67% ;
6. A,Rh+ K- MN 5,55% ).
As for the A(I), Rh- phenotypic group, only one
phenotype(A,Rh-K-MN) has been found out of possible six. The
distribution frequency is 1, 58%. (Fig. Ne2)

30
10 ——& ——= -

-10
ARIARIAR|AR|AR|AR|AR|AR|AR|AR|AR|AR
h..f h.) h.| h. h.] h. h-.{ h-.| h-.} h-.| h-.} h-..

m |3,7/11|2,7|56|0,7(94| 0 | 0| 0 16| 0| O

Figure Ne2. The distribution of MN, KELL antigen combinations in A,Rh-; A,Rh+, donors.

In case of B (III) phenotype group, the actual amount of the
variations of phenotypic combinations has decreased even more. In case
of phenotypic group B (III) only 5 phenotypic groups have been
identified instead of 12 theoretically possible combinations. They are: (1.
B,Rh+ K- MN 3,27%; 2. B,Rh+ K+ MM 2,57%;3. BRh+ K+ MN 2,67%;4.
B,Rh+ K- MM 1,58%;5. B,Rh+ K- NN 0,69%). As seen from the picture
Ne, all the practically identified phenotypic combinations are of B,Rh+
phenotype and in case of B,Rh-, none of the 6 possible combinations has

been detected.
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Figure Ne3. The distribution of MN, KELL antigen combination in B,Rh-; B,Rh+ donors.

The amount of variations of phenotypic group combinations has
decreased even more in AB (IV) donors. In this case, out of 12 possible
combinations, we have only identified 4, but with a very low prevalence.
More specifically: 1.AB,Rh+K+MM - 2,67%; 2.ABRh+K-MN - 1,78%. As
it is visible, both phenotypic combinations belong to AB,Rh+. While
research, we have also found 2 phenotypic units of AB,Rh-, they are:
AB,Rh-K-MN s AB,Rh-K-MM( fig. Ne4). The distribution frequency for
each of them is only 0,09%.

While observing the phenotypic combinations due to antigens of
four erythrocyte group systems, a comparatively high polymorphism has
been found in case of O (I). It is followed by combinations of A (II)
phenotypic group. B (III) phenotypic group holds the third place in a row
with the multitude of variations, and AB (IV) is characterised by low
polymorphism. Hereby, we can conclude that in the donors we have
studied, the polymorphism characteristics have been distributed in the

following sequence: O>A >B> AB.
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Figure Ne4. The distribution of MN, KELL antigen combination in AB,Rh-; AB,Rh+,
donors.

We consider, that the existence of this data will really promote the
increase of safety level of transfusion, will expand the database of the
donors and will enable the clinics to easily detect the rarest combinations
of blood groups in order to avoid post transfusion complications.

Gene distribution frequency of the ABO system in the studied
donors was also analyzed. Their frequency was calculated using the
formula used in the study of the three-allelic genetic system. In the study
of the frequency of the 1, p, q alleles, the r allele was detected with the
highest frequency in the studied donors. Its distribution in the target
group is 0.7, while the distribution of the q allele lags significantly
behind and is 0.22, and the quantitative indicator of the frequency of the

p allele is the lowest - 0.008 (Table 2).
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table N22. Gene distribution frequency of the ABO system

Alleles of the ABO system Frequency

0.7
..JO
p=1-vJA+0O 0.22
o B1O 0, 08

Where 0, A and B are the ratio of people carrying 0(I), A (II) and
B (IIT) groups to the total number of research objects .

Alleles of the Kell system were also analyzed in the studied
donors. Different frequencies of p (K) and q (k) were found in the target
group. P (K) occurs with a high distribution frequency (0.77), and the
frequency of the q (k) allele lags significantly behind and is 0.22. Table
Ne.3

table Ne3. Allele frequency of the Kell system in the studied donors

q P

Kell n 1-q0.78

aa

NN o

where n « is a recessive homozygote according to this locus and

(kk), N is the total number of examined individuals.

Like the alleles of the Kell system, the frequency of distribution of
the alleles of the MN system is also heterogeneous. As shown in the table
below (Table N4), the frequency of distribution of the p allele is 0.72, and
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the frequency of distribution of the q allele is significantly lower and
equal to 0.28.

Table Ne4.Allele frequency of the MN system in the studied donors.

Q P
MN
Ny, + - Nyg Ng + Ny
0,72 2
N - N
=0,28

where N, means the number of carriers of the phenotype M,

N, indicates MN phenotypes N, means the number of carriers of the
phenotype N .

We believe that the availability of data from our study will improve
the safety of blood transfusion, expand the donor database and allow
clinics to quickly find rare combinations of blood groups in order to

reduce the risk of post-transfusion complications.

The features of antigen prevalence of Rhesus system in donor population

The blood of 852 donors (aged =18 years) has been investigated on
erythrocyte blood group antigens. The Rh blood group system consists of
49 defined blood group antigens (5). among which the five antigens D,
G, ¢, E, and e are the most important. Study of Rhesus (Rh) blood group
antigens, phenotype, and Rh antibodies is very useful in routine and
advanced clinical practice in blood transfusion centers. We study the
prevalence of these five Rh antigens in blood donors (n=852) of both sex
(male/female) and different age (18-55y.) (Table N°5).

90


https://en.wikipedia.org/wiki/Antigens

Table Ne5. Prevalence and Chi-square analysis of C, ¢, E, e antigens in studied donors.

68,03%=x1,5 3 211,46 {17,815
85%:+1,22

38,07 %=+1,6
94,6 %+0.77

significant at
p<.05.

The prevalence of Rh system antigens is looks like so: e antigen —
94,6%, c antigen - 85%, C-68,03, E antigen - 38,07%. What about the D
antigen majority (84%) of studied donors are Rh positive (n=719), 133
(16%) donors are Rh negative. In this case we used the one-variable chi-
square criterion. Statistically revealed a high number of chi-square
criteria. In this particular case the value x2 is quite effective for rejecting
the null hypothesis (E=0). The value of x2 in the case is equal to 211,46.
These numbers are much higher than the critical value (CV) of the
criterion of degree of freedom (d.f.=3), which is equal to 7,815. The P-
Value is < .00001. The result is significant at p < .05 (Table 6).

Table N 6 Frequency of distribution of alleles of the Rh system in donors.




The frequency of distribution of Rh alleles in the studied donors was
analyzed. Two alleles of the RhC gene occur with the following
frequency: C - 0,48, c — 0,54. Their number is equal to 1 in the studied
target group. The distribution of two alleles of the RhE gene is as
follows: E - 0,61, e -0,40. RhD reveals a rather high frequency of
distribution and itis 0,64 (figure5).

As we see from Figure Ne 10 and Table N°7 C antigen most common
is present in the combination with D antigen. 65, 8 % case we had CD+
combination (n=561). A Similar situation is with E antigen combination
with D antigen. E antigen in most cases is presented with a combination
of D antigen. 36, 9% of the studied donors (n=306) had ED+
combination. A miserable number of studied donors had CD - (2,23%;
n=19) and ED - (1,17%; n=9) combinations.

100 +
50 -

CRH+|CRH-|c RH+| c RH- [E RH+| E RH- |e RH+| e RH-
65,8 12,23 (69,9 | 15,1 | 36,9 | 1,17 | 79,3 | 15,3

Figure Ne 5. G, c, E, e antigens combination in D positive and D negative donors

The Rh blood group system has two sets of nomenclatures: one
developed by Ronald Fisher and R. R. Race, the other by Wiener. Both
systems reflected alternative theories of inheritance. The Fisher—Race
system, which is more commonly in use today, uses the CDE
nomenclature. In our study we used Fisher and Race nomenclature.

We have studied the Rh phenotypes prevalence in blood donors.
According to RHD, RHC and RHE gene locuses there are 18
theoretically possible phenotypical groups. Among them half (nine) are
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Rh positive and rest of them (nine) are Rh negative. The Rh positive
phenotypes are: CDE; CDEe; CDe; CcDE; CcDEe; CcDe; ccDE; cDEe and
cDe. Rh negative phenotypes are CdE; CdEe; Cde; CcdE; CcdEe; Ccde;
cdE; cdEe; cde. We allocated 17 Rh phenotypes among studied donors.
Only one phenotypes CdE, which belongs Rh negative group was not
presents in studied donors. Other 17 phenotypes showed different
frequency (Table 3, Figure 2). Some of them were only in single case, for
example: cdEe, cdE, CdEe phenotypes had only one donor. Majority of
the phenotype in the studied donors (27,8+1,53%) was CcDe (n=237).
CcDEe - 19,3+1,35% (n=165); 125 donors have CDe phenotype
(14,6+1,2); The frequency of cde was 13,1+1,5%, which means that 112
studied donors belonged to this phenotype group; 87 studied donors had
cDEe phenotype characteristics (10,2%); The frequency of cDe was
4,9% (n=42); 19 donors had CDEe phenotype. Other phenotypes (CDE,

Cde, CcdEe, Ccde) frequency was very low (Table 7, Figure 6).
Table Ne7. The numbers of Rh phenotypes in the studied donors (n=852).

Rh o(), o) A(IT) A(IT) B(III) | B(III) AB(IV) AB(I Total
phenotype Rh+ Rh- Rh+ Rh- Rh+ Rh- Rh+ V)Rh
CDE 3 0 2 0 0 0 0 0 5
D+C+E+c-e-
CDEe 6 0 9 0 3 0 1 0 19
D+C+E+c-e+
CDe 64 0 48 0 12 0 1 0 125
D+C+E-c-e
CcDEe 9 0 9 0 1 0 0 0 19
D+C+E+cte+
CcD-ee 65 0 76 0 17 0 7 0 165
D+C+E+c-e+
cDE 125 0 84 0 20 0 8 0 237
D+C-E+c+te-
cDEe 11 0 7 0 1 0 1 0 20
D+C-E+ct+e+
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ccD-ee 52 0 22 0 9 0 4 0 87
D+C-E-cte+
CdE 16 0 22 0 3 0 1 0 42
D-C+E+c-e-
CCddEe 0 0 0 0 0 0 0 0 0
D-C+E+c-e
Cde 0 1 0 2 0 0 0 0 3
D-C+E-c-e+
CcddEE 0 1 0 0 0 0 0 0 1
D-C+E+cte-
CedEe 0 4 0 2 0 0 0 0 6
D-C+E+cte+
Ccde 0 4 0 3 0 1 0 0 8
D-C+E-cte+
cdE 0 1 0 0 0 0 0 0 1
D-C-E+cte-
cdEe 0 0 0 1 0 0 0 0 1
D-C-E+cte+
cde 0 62 0 34 0 14 0 2 112
D-C-E-c+e+
Total 351 73 279 43 66 15 23 2 852

As mentioned in the literature section there are some errors in
determining rhesus phenotype. Errors in determining the Rh factor are
associated with a weak variation Du of the antigen D. According to the
recommendations, additional studies should be carried out for all
those cases where the Cde and cdE phenotypes are detected during the
primary phenotyping of erythrocytes, since the Du antigen is most often
found together with the C or E antigen. The studied donors had three
cases of the Cde phenotype and one case of the cdE phenotype. The Du
antigen has latent antigenic determinants that are expressed on the

surface of erythrocytes, so we used an indirect Coombs test to detect
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them. No Du variation was observed in any of these 4 cases and
accordingly, the primary phenotype of rhesus did not change.

From Rh positive donors as we already mentioned above have nine
variated phenotypes and their frequency was quite different. Among Rh
positive donors two (CcDEe — 22,9% and CcDe — 32,9) phenotypes
were spread with high frequency. The Majority (55,8%) Rh positive
donors had this 2 phenotype characteristic on the cell. Another two
phenotypes (CCDe — 17,38% and cDEe -12,1%) frequency equals
29,48%. The Rest of the five phenotypes (CDE, CDEe, CcDE, cDE, cDe)
prevalence was 14,47% (Figure 7)

-0--0--0--0--0--0--/:
cD Cd|Cd|Cc|Cd|Cc|cd|cd|cd
E |Ee| e |DE| |De| E |[Ee| e | E |Ee| e |dE|Ee|de| E |Ee| e

=¢=—|1|2|15/2|19|28/2|10/5(0|0|0|0|1|1|0|0|13

Figure N°6. Frequency of Rh blood group phenotypes in studied donors (n=852).

CDE CDE CDe CcD|CcD|CcD DE cDE De
e E |Ee| e e

=—¢—Series1|0,69|2,6417,382,64|22,932,9| 2,7 |12,1| 5,8

Figure 7. Phenotype variation in Rh positive donors.
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In this case we used the one-variable chi-square criterion as it is
mentioned above. Statistically revealed a high number of chi-square
criteria, which indicates the unequal distribution of phenotypes. In this
particular case the value x2 is quite effective for rejecting the null
hypothesis (E=0). The value of x2 in the case is equal to 651. This is
much higher than the critical value (CV) of the criterion of degree of
freedom (d.f.=8), which is equal to 15,51. The P-Value is < .00001. The
result is significant at p < .05 (Table8).

Rh positive (O-E)/E df b cv P
phenotype
CDE 70,11 8 651 15,51 The P-Value
is < .00001.
€Itz 2 The result is
significant at
CDe 25,6 p<.05.
CcDE 46,32
CcDEe 90,96
CcDee 309
cDE 44,21
cDEe 0,65
ccDee 17,9

Table 8. Rh positive phenotypes Chi-square analysis of proportions.

In contrast of Rh positive donors in the case of Rh negative
dominant phenotypical characteristics was  only one. This is cde
phenotype. Totally in the studied donors we had 143 Rh negative donors,
among them 112 donors had cde phenotypes. We can say that this
phenotype is more common for Rh negative blood donors. The
prevalence of this phenotype was 84,2 %. Three phenotypes (Ccde,
CcdEe and Cde) prevalence was 7,8 times less then cde phenotype
and totally was 12,77 % (Ccde- 6,01%; CcdEe - 4,51% and Cde —
2,25%). What about other four phenotypes (CddEe — 0,75%, CcdE-0,75,
cdE - 0,75%, cdEe- 0,75%) total frequency in the studied donors was
only 3% (Figure 8).
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Figure Ne 8. Phenotype variation in Rh negative donors.

Table N2 9. Rh negative phenotypes Chi-square analysis of proportions.

Rh negative | (O-E)¥E df X2 Ccv P

phenotype

CdE 14,7 8 727 15,51 The P-Value is <
CdEe 12,76 .00001. The result is
Cde 9,31 significant at p < .05.
CcdE 12,76

CcdEe 5,1

Ccde 3,05

cdE 12,76

cdEe 12,76

cde 644

In this case statistically revealed a high number of chi-square criteria and it is
equal to 727. This is much higher than the critical value (CV) of the criterion of
degree of freedom (d.f.=8), which is equal to 15,51. The P-Value is < .00001. The
result is significant at p < .05 (Table 10).

The haplotypes of the Rh system were calculated by us in the studied
donors. Seven haplotypes were isolated in the target group. They are:cde, Cde,
cdE, cDe, cDE, CDe, CDE. Among them, the cde

haplotype is most often present in donors and is equal to 0.33. the
lowest frequency of distribution shows the CDE haplotype (table10)

In our work we analyzed the combination of ABO blood groups and Rh
phenotypes. We allocated eight phenotypical groups with combination
ABO blood group and D positive and D negative groups. The above
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mentioned phenotypical groups were: O (I), Rh+; O (I), Rh-; A (II), Rh+;
A (II), Rh-; B (IIT), Rh+; R (III), Rh-; AB (IV), Rh +; AB (IV), Rh-. Asit
is showed from the figure Ne 5 majority (41,19%) of the studied donors
were O (I), Rh+ (n=351). 32,7 % donors belonged to A (II), Rh+
phenotypical group. The frequency of B (III), Rh+ phenotypes was
7,74%. The less frequently (2,69%) from Rh positive phenotypes is spread
Rh-; AB (IV), Rh + (Figure 9).

Table N2 10 Haplotypes of the Rhesus system in the studied donor

Frequency of phenotypes

cde=033 [ccddee

Cde = 0.1 Ccddee
’ 2cde

cdE=0.1 ccddEe
2cde

cDe=0.13 ccDee
2cde

cDE=0,23 +/cCDEE + cdE? - cdE;
CDe= 0.14/CCDee + Cde? - Cde

cpE-0.02  CCDEe
2(CDe + cde)
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Figure Ne 9. Frequency of ABO and Rh blood group phenotypes in studied donors (n=852).

Today in our clinics two antigens (A, B) of ABO system and D
antigens for Rh system are taken into account during a blood transfusion.
For the individuals where those antigens do not occur the theoretical risk
of alloimmunosensibilization is high. In the viewpoint of transfusion c
antigen, among resus system antigens, is also significant. ¢ antigen
clinically is the most important Rh antigen after the D antigen.
Numerous data about alloimmunosensibilization caused by this antigen
are presented in the scientific literature.

The Distribution frequency of ¢ antigens within world population is
80-82%. 18-20 % of humans don’t have this antigen and are revealed in
CC state. Individuals with just this genotype belong to high-risk group of
alloimmunosensibilization.

We took our attention to cc and Cc genotypic donors, because in
both cases their erythrocyte membrane contains ¢ antigens. As we see in
our study frequency of cc genotype in the studied donors is 30,72%
(ccD+ 17,42% and ccD- 13,3%), Cc genotype frequency was more high
and equals 50,82 (ccD+ - 49,06% and CcD- - 1,76%). As we discussed
above the recipient who has CC genotype the sensibilization by anti-c
antibodies is higher. The frequency of CC genotype in studied donors
was 17,88% (Table Ne11).
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Table Nel1. CC, Cc,cc, EE, Ee, ee phenotypes combination with Rh+ and Rh- case.

Rh+ Rh-
CC 17,42%=+1,29 0,46%2=0,2
Cc 49,06%=1,7 1,76%:=0,4
Cc 17,42%=+1,29 13,3%:=1,1
EE 5,1%=0,7 0,23%=0,1
Ee 31,8%=1,5 0,9%-=0,3
Ee 47,44%=+1,7 14,43%=+1,2

In our previous work we studied the distribution of these genotypes
in Adjara population (M. Nagervadze, 2011). As they are potential
recipients. The distribution frequency of CC genotype in Adjara
population was equaled to 8%. Implying that carriers of this genotype
don’t consist in c antigen and during transfusion only 17,88 % of the
cases they received the blood from CC donors. In the majority of cases
they are at high risk of immunosensibilization by anti-c antibodies,
because theoretically 82,12% of cases they received the blood from Cc
and cc donors. The immunization risk by anti-c antibodies is 82,2%
cases. Only 17,88% of the cases of transfusion with CC genotypic
donors are safe.

We have found differences in the distribution of Rh phenotypes
between blood donors and Adjara population, for instance, there are
more phenotypic variation among blood donors than Adjara population.
Six Rh-phenotypic groups with various frequency distributions were
fixed for Adjara region population (18). In the same region example of
one clinic blood donors we allocated 2,8 times more Rh phenotypic
characteristics (Figure 2). We think that this differences reason is that on
the study of Rh antigens in Adjara population level we took our

attention on the nationality. All participants were Georgens. In case of
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blood donors as they are officially donors nationality is different and

donors belong different ethnic groups.

Antigens Al and A2 in blood donors

Group-specific antigen A is expressed on the erythrocyte membrane
of people with two phenotypic groups. These are phenotypes A(II) and
AB(IV). As discussed in the literature section, the A antigen is generally
present in several subgroups that show varying prevalence (Saboor
M...2010; Mohieldin E.....2015).

These are: variations of Al, A2 and weak A antigens. In the next
step All with phenotypes A (II) and AB (IV) were tested using Al lectin.
The sample is considered a subgroup Al in the case of both anti-A and
Al lectin, when the degree of agglutination is well expressed. The
sample was considered a subgroup A2, when the degree of agglutination
with anti-A-antibody was assessed as 4*, and the response to anti-A-
lectin was negative. The sample was considered as a weak sub-group of
antigen A in the case of weak agglutination (1* or 2 *) with anti-A
antibody and negative response to anti-A lectin. We were interested in
how these variations were distributed among the studied donors.

Of the 1009 donors studied, 349 are carriers of phenotypic group A
(I) while 19 donors carry AB (IV) group specification. This means that
36.23% of the donors studied have antigen A on the erythrocyte
membrane. The vast majority of them carry this antigen in the form of

Al variation (tabelal2).
Table Ne 12. prevalence of A and AB sub-groups of phenotypes among donors (n=368).

ABO phenotypes Subgroup n %

A Al 324 32,11
A2 25 2,47

AB AlB 12 1,18
A2B 7 0,69

Total 368 36,45

101



As shown in the table, the distribution frequency of subgroups Al
and A2 is uneven. A2 and A2B are considered relatively rare phenotypes.
These two phenotypes differ from Al and A1B phenotypes by a negative
response to Anti-Al lectin. Subgroup Al occurs in 324 cases among
donors with A (II) phenotypic group. A small proportion of this group of
donors (n = 25) belong to subgroup A2. As for the AB (IV) phenotypic
group, two subgroups Al1B and A2B were identified in the studied
donors. 63% (n = 12) of nineteen donors with phenotypic group AB (IV)
is characterized by phenotypic specification A1B, and 37% have A2B.

From the above, it can be noted that the A2 subgroup in the studied
population is characterized by a rather low prevalence. The rate of
distribution is only 4.05%. It should be noted here that among the
studied A (II) and AB (IV) phenotypic groups, weak subgroups were not
identified.

Natural and immune antibodies in donors

As it is known, the presence of natural group-specific antibodies is
characteristic only for the ABO system. Natural antibodies (anti-A and
anti-B) were detected in donors by the reverse method of determining
the blood group, for which the donor plasma and standard erythrocyte
masses A (II) and B (III) were used. Natural antibodies of 237 donors
(anti-A and anti-B) were studied.

The distribution frequency of natural anti-A antibody in the studied
donors is 57%, and for anti-B antibody - 87% (Figure 10).

10% of the donors studied by us carried only anti-A antibody,
which is characteristic of the phenotypic group B (III). 39.6% of the
plasma of the examined donors carried only anti-B antibodies, which are
usually characteristic of donors with the A (II) phenotype. 47.6% of
donor plasma contains both anti-A and anti-B antibodies, and,

accordingly, these donors belong to the blood group O (I). We identified
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a case with a low percentage, when the plasma did not contain any of the
above antibodies due to the fact that the frequency of distribution of the
phenotypic group AB (IV) is low in the studied target group (figure 11).

Anti-A

Anti-B

100 -
50 T Anti-A
0 - . . Anti-B

Figure Ne10. Frequency of distribution of natural antibodies (anti-A and anti-B) in the
studied donors (n=237).

100

| Il mm

O(Anti -A,Anti-B) A(Anti-B)

—
B(Anti-A)

AB (-)

Figure Nel1. Frequency of distribution of natural antibodies (anti-A and anti-B), taking into
account the blood group of the studied donors.

We were also interested in studying the quantitative characteristics
of antibodies. (titr). To do this, we randomly selected 20 donors. Natural
antibodies of 20 donors were studied and their titer was determined (5
samples were taken for each phenotypic group). The expected results
were observed in all of them: both anti-A and anti-B antibodies were
found in donors of blood group O (I), in the case of group A (II) only
anti-B antibodies were detected while none of the group-specific

antibodies was found in individuals with blood group AB (IV) (table 6).
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We also studied the titer of these antibodies. In all cases, antibodies were
present with a high titer (minimum 1: 512), but it should be noted that
the titer of anti-A-antibody is much higher in all cases studied in

comparison with anti-B-antibody (table 13,14,15,16).

Table 13. group-specific antigen-antibodies

Blood groups Erythrocyte antigen Natural antibody

(corresponding titre)

o (@) E Anti-A, Anti-B
A (I) B Anti-B
AB (IV) A, B -

Table Ne 14. Titer of group-specific antibodies in samples of group O (I)

Anti-A Anti-B
1:1024 1:1024
1:1024 1:1024
1:2048 1:512
1:1024 1:1024
1:2048 1:1024

table Ne 15. titer of group-specific antibodies in samples of group A (II)

1 2 3 4 5

Anti-A | 1:1024 1:1024 1:512 1:1024 1:1024

table Ne 16. titer of group-specific antibodies in samples of group B (III)

1 2 3 4 5

Anti-B | 1:1024 1:1024 1:512 1:512 1:1024
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In none of the cases studied, immune anti-A and anti-B antibodies
were not detected. Research in this area requires a larger target group. In
this regard, it is necessary to carry out more tests, since immune
antibodies are produced in isolated cases associated with pregnancy with

an immune conflict or incompatible blood transfusion.

Features of the determination of antigens and antibodies of the

erythrocyte group in newborns

Determining the blood group of a newborn is one of the first
laboratory tests carried out for a newborn after birth. Biological material
can be taken from both the umbilical cord and the peripheral blood of
the newborn. The collection of blood from the umbilical cord requires
some care so as not to contaminate biological material, which may affect
the serological expression of antigens and cause false agglutination and /
or non-specific reactions which leads to misinterpretation of results.

We examined biological material of 85 newborns. Phenotypic
groups of the ABO system in newborns are unevenly distributed. Of the
85 examined newborns, 34 had group I (O), 38 had group A (II), 11 had
phenotypic group B (III), and 2 newborns had blood group AB (IV)
(figure 12).

50 -
. _J I
0 ||
-10
o(l) A(ll) B(IlI) AB(IV)
M Seriesl 34 38 11 2

Figure Ne12. frequency of distribution of ABO phenotype in the studied newborns
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Table Nel7 frequency of distribution of genes of ABO system in newborns

\/6 0.6

o1 VA+O o1
_.VvB+0O o
=1

Where 0, A and B are the ratio of people carrying 0(I), A (II) and B
(IIT) groups to the total number of research objects .

Gene distribution frequency of the ABO system in the studied
newborns was also analyzed. Their frequency was calculated using the
formula used in the study of the three-allelic genetic system. r, p, q
alleles was detected with the highest frequency in the studied donors and
is equal to 0,6, while the prevalence of the q allele lags significantly
behind and is 0.3, and the frequency of the p allele is the lowest -
0.1(table 17).

In parallel with the screening of group antigens of newborns, we
were interested in the features of detecting group-specific antibodies in
this target group. As known from the literature, carriers of the O (I)
group have both anti-A and anti-B antibodies in their blood plasma. The
expression of group-specific antigens in newborns with group O (I)
differs from that in adults. 2.3% of the examined newborns with the O (I)
group carried both anti-A and anti-B antibodies, while none of the
antibodies was detected in 33.3% of cases, and 23.3% of newborns carried

only anti-A antibody while 20% carry anti-B antibodies only (figure 13).
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Figure Ne 13. Presence of natural antibodies in newborns with O (I) group

As known, only anti-B antibodies are expressed in the blood plasma of
an adult with group A (II). of the 38 newborns examined, the expected
result was found in 23 cases, just as it should be in adults, and none of the
natural antibodies was detected in 14 newborns. There was one
interesting and unexpected result when both anti-A and anti-B were
found. (figure 14). It is possible that the anti-A antibody is of the immune

type.

20 -
15 4
10 -

Anti—B none Anti— A, Anti-B

Figure Ne 14. the frequency of detection of antibodies in the plasma of newborns with
group A (II)

Anti-A antibodies alone were to be detected in the plasma of 11
newborns with group B (III). Only 8 of them showed an antibody anti-A,

and in the remaining three cases no antigen was detected (Figure 15).
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Figure Ne 15. the frequency of detection of antibodies in the plasma of newborns with
group B (11

Of the 85 examined newborns, only two belonged to the AB (IV) group.
As it is known, the plasma of adults of the fourth group does not contain

any antibodies. A similar picture was observed in newborns.
Subgroups of antigen A in newborns with the group A(II) and B(IV)

To determine the blood group of newborns, we used a serological
plate and test methods. An additional study using anti-Al and anti-H
lectins was performed in each newborn with phenotypes A (II) and AB
(IV). Based on serological tests, we had the opportunity to study
subgroups A1/A1B, A2/A2B and weak A. The sample is considered a
subgroup A1l in the case of both anti-A and Al lectin, when the degree of
agglutination is well expressed. The sample was considered a subgroup
A2, when the degree of agglutination with anti-A-antibody was assessed
as 4%, but the response to anti-A-lectin was negative. In the case of weak
agglutination (1* or 2 *) with anti-A antibody and negative response to
anti-A lectin the sample was considered as a weak sub-group of antigen
A. We were interested in how these variations were distributed among
the studied newborns. when studying subgroups, a completely different
picture developed in newborns compared to donors. 46% of the studied
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donors carry antigen A, 44 of them belong to the phenotypic group A
(II), and the remaining 2 are carriers of the AB (IV) phenotype.

Our research has shown that the response of erythrocytes to anti-
Al lectin in newborns is very low. In most cases, there is no reaction. In
rare cases, very low agglutination is expressed. The table below shows

the four variants identified in the studied samples of newborns (table 18

Table Ne 18 Serologic tests of samples from newborns.

samples | Anti- | Anti B | Anti- Anti-A Anti- H Interpretatio
A AB lectin lectin n of results
1 + - + - + A2
2 + = + + (very + Al
weak
agglutinati
on)
3 + + + = + A2B
4 + + + + (very + AlB
weak
agglutinati
on)

As shown in the table below, the frequency of distribution of
subgroups Al and A2 is uneven in newborns. If A2 and A2B are
considered rare phenotypes in donors, their number prevails over Al and
A1B phenotypes in newborns. 7% of the studied newborns carry
subgroup Al. Subgroup A2 occurs in 37% of cases. As for the two
newborns with the AB (IV) phenotype group, A2B was serologically

detected in them.
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Table Ne 19. Subgroups of antigen A in newborns.

ABO phenotypes Subgroup N %
A Al 6 7
A2 32 37
AB AlB 0 0
A2B 2 2
total 2 46

It should be noted that the prevalence of the A2 and A2B
phenotypes identified serologically in newborns is associated with an
incomplete synthesis of blood group antigens. As we have already
mentioned in the literature section, for the full expression of antigens of
the ABO system, the postnatal period of development is necessary,
therefore, erythrocytes of group Al in newborns do not show a
serological reaction to anti-A lectin due to incomplete synthesis. Thus,
serologically the Al subgroup reveals signs of mimicry in the A2

subgroup, which is a variable feature at the next stage of ontogenesis.
H antigen and features of its screening in newborns and donors

The H group system is considered one of the most important systems
among the erythrocyte group antigens. Unlike other antigens of the
erythrocyte group, this system contains only one minor -the H antigen.
As it was mentioned in the literature section, the H antigenic system is a
genetic system independent of the ABO system. The loci of the coding
genes of antigens of the H and ABO systems are located on different non-
homologous chromosomes. However, it is generally known that the H
antigen plays an important and crucial role in the serological formation
of antigens of the ABO system. In the synthesis of antigens, A and B,

they play the role of so-called precursor substance. We were interested in
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studying the serological properties of the H antigen in both donors and

newborns.

Serological properties of the H-antigen were analyzed in 40 donors
and 17 newborns studied by us. Each phenotypic group (0 (I), A (II), B
(IIT) and AB (IV) of the ABO system) is taken from 40 donors in equal
amounts (10-10). Also, 5 samples for each group were analyzed in
newborns with group 0 (I), A (II), B (III), and in the case of group AB
(IV), only two samples (due to the fact that out of 85 examined
newborns, only two of them were carriers of the AB specificity).

In all donors of the O (I) phenotypic group taken for analysis, the H
antigen showed strong agglutination, which means that the H antigen is
present in large quantities in the erythrocytes of the O (I) group carriers
(figure 22;table 16).

Figure Ne 16. Strong ability of agglutination H antigen in donors with phenotypic group O
)

Table Ne 20. serological properties of donors with group 0 (I)

samples | Anti-A | Anti- | Anti- | Anti-H A B erythr.
B AB erythr.
1 - - - +(strong + +
agglutination)
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Serological expression of the H antigen in other cases of groups A (II), B
(IIT) and AB (IV) differs from the phenotypic group O (I). In this case,
moderate or weak H-antigen agglutination was detected (figure 17). All
this indicates its minimal amount in carriers of groups A (II), B (III) and
AB (IV). The H antigen showed particularly weak agglutination in the
case of the AB (IV) phenotypic group.

Figure Ne 17. Moderate agglutination of H antigen in donors with A(II), B(III) and AB (IV)
Pphenotypic groups.

Figure Ne 18. Weak agglutination of H antigen in donors with A(II), B(III) and AB (IV)
Pphenotypic groups.
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As shown in the table below (table 21), H antigen in donors with
group A (II) is detected serologically. In most cases (6/10) occurs its
ability to moderate agglutination. 4 out of 10 donors were found to have
very weak serological properties of the antigen H.  Taking this factor
into account, we can talk about homo- or heterozygous versions. In
particular, there is a homozygous situation where a very weak

agglutination of the H antigen is found which is the next stage of

research.
Table Ne 21 serological properties of donors with A(II) group.
samples | Anti-A | Anti-B | Anti- | Anti-H A B
AB erythr. erythr.

1 + - + + (Moderate level | - +
of agglutination)

2 + - + + (Moderate level | - +
of agglutination)

3 + - + (Moderate level | - +
of agglutination)

4 + - + + (Moderate level | - +
of agglutination)

5 + - + + (Moderate level | - +
of agglutination)

6 + - + + (Moderate level | - +
of agglutination)

7 + = + +(very weak = +
agglutination)

8 + = + +(very weak = +
agglutination)

9 + = + +(very weak = +
agglutination)

10 + = + +(very weak = +
agglutination)
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The antigen H of newborns with the group B (III) is also determined
serologically (table22). The antigen H of newborns with the group B (III)
is characterized by moderate agglutination (table). Like above
mentioned, the H antigen with its serological properties in newborns of
group B(III) is almost equal to the agglutination ability of the H antigen
in donors with B (III) group.

Table Ne 22. serological properties of newborns with B (I1II) group.

Samples Anti-A | Anti-B | Anti- Anti-H A B erythr.
AB erythr.

1 - + + + (Moderate level | + -
of agglutination)

2 - + + + (Moderate level | + -
of agglutination)

3 - + + + (Moderate level | + -
of agglutination)

4 - + + + (Moderate level | + -
of agglutination)

5 = + + +(very weak + =
agglutination)

6 = + + +(very weak + =
agglutination)

7 - + + +(very weak + -
agglutination)

8 - + + +(very weak + -
agglutination)

9 = + + +(very weak + =
agglutination)

10 = + + +(very weak + =
agglutination)

In the case of the two studied newborns of AB (IV) groups, the
agglutination ability of the H antigen is relatively weak, as in donors
(table23).
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Table Ne 23. serological properties of donors with AB (IV) group.

samples | Anti- | Anti-B | Anti- Anti-H A B
A AB erythr. erythr.
1 + i 4 +(very weak = =
agglutination)
2 + i 4 +(very weak = =
agglutination)

Quantitative characteristics of natural antibodies

It was interesting for us to study the titer of natural antibodies in
newborns.Here too, we randomly selected 10 cases (table 24). Of course,
those samples were taken for analysis in which natural antibodies were

detected. As mentioned above, they are mostly not synthesized in

newborns.
Table Ne 24. The titer of natural antibodies in newborns.
N | Anti-A Anti-B
1. | 1:64 1:64
2. | 1:64 1:64
3. | 1:128 1:128
4. | 1:128 1:128
5 1:256 1:128
6 1:128 1:32
7 1:64 1:32
1:64 1:64
1:64 1:128
10 | 1:32 1:128

A serious difference will arise if we compare the quantitative
characteristics of antibodies anti- A andante- B in newborns and donors.
Unlike adults, natural antibodies were not detected at all or were present

in a rather low amount in newborns. It should also be noted that the
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anti-A antibody titer is much higher compared to the anti-B antibody

titer. A similar picture was observed in the case of donors (adults).
Newborns with severe hemolytic anemia

Here we would like to highlight newborns with severe hemolytic
anemia, for whom phenotypic determination of the blood group becomes
even more difficult and there is a need for genotyping. The difficulty is as
follows: different group affiliation is detected using various
immunoserological methods.

Of the 85 newborns examined, 25 were considered difficult due to a
hemolytic reaction in them. using the Coombs test, a positive reaction
was detected in a single case. Also, no incompatibility of the ABO system
was found, since immune anti-A and anti-B antibodies were not detected
in the maternal serum. However, an interesting nuance was revealed in a
single case, in particular, a newborn (n = 4) has a blood group K +, and a
mother has a K- phenotype (figure 19). It is possible that the hemolytic
reaction is caused by this particular antigen. Unfortunately, we have not

studied anti-Kell antigens.

25
20
15
10

o(l) | o) |A(IK | A(IK | B(HNK|B(INK| AB(IV | AB(IV
K+ K- + - + - )JK+ | K-

|023170210

Figure Ne 19. K- and K- phenotypes in newborns with sevre hemolytic anemia.
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Attention has also been drawn to the c antigen of the rhesus system as
one of the immunogenic antigens that can provoke immune reactions
during pregnancy, as well as hemolytic reactions in newborns. One of 25
newborns with hemolytic jaundice we studied had the c (cc) antigen in a
recessive homozygous state, while the mother had a CC version instead.
It is possible that hemolytic jaundice was caused by anti-c antibodies.
Anti-c antibodies have not been studied by us in this particular case
either.

Characteristics of Rh antigens in newborns with severe hemolysis

None of the examined newborns had any difficulty in identifying the
group with the Rh factor, which, apparently, is caused by a strong ability
of agglutination during prenatal development. Most of the 25 difficult
newborns are carriers of antigen D. This antigen was not detected in only
two cases. (figure 20). Here I would like to note that the agglutination
caused by antigen D, in all studied variants, was detected by the plate
method within 2-3 minutes and was visible even with the naked eye. and
agglutination corresponding to 4+ and 3+ was detected by the column
agglutination method.

In contrast to antigens of the ABO system, in the case of antigen A,
when using the column method of agglutination, rather low variability
was observed, in particular, agglutination corresponding to 3+, 2 + was

mainly detected. Agglutination of degree 1+ was also detected in a single

case.
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Figure Ne 20. Belonging to the Rhesus group in combination with antigens of the ABO
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Conclusions:

1. Infact, 1.9 times fewer phenotypes are found in donors from the
theoretically expected 48 phenotypic combinations of the ABO, Rh, Kell
and MN group antigens, that is, 25 phenotypes were identified in the
donors studied. The following phenotypic combinations were not
detected in the studied donors:s: 1. O,Rh- K+ MM; 2. O,Rh-K- MN; 3.
O,Rh-K- NN; 4. A,Rh- K+ MN; 5. ARh- K+ MM; 6. A,Rh- K+ NN; 7.
A,Rh-K- MM; 8. A,Rh-K- NN; 9. B,Rh+ K+ NN; 10. B,Rh- K+ MN; 11.
B,Rh- K+ MM; 12. B,Rh- K+ NN; 13. B,Rh-K- MN; 14. B,Rh-K- MM; 15.
B,Rh-K- NN; 16. AB,Rh+ K+ MN; 17. AB,Rh+ K+ NN; 18. AB,Rh+ K- NN;
19. AB,Rh+ K- MM; 20. AB,Rh- K+ MN; 21. AB,Rh- K+ MM; 22. AB,Rh-
K+ NN; 23. B,Rh-K- NN.

2. The donors showed high polymorphism of the Rh system, namely:
(27,8+1,53%) phenotype CcDe (n=237)was the majority. The
phenotype CcDEe was represented with the distribution frequency of
19,3+1,35% (n=165); 125 donors studied by us carried the phenotype
CDe (14,6+1,2); the prevalence of the phenotype cde is 13,1+1,5%,
‘Which means that 112 donors studied belonged to this phenotypic group;
87 studied donors revealed the cDEe phenotypic characteristics (10,2%);
the prevalence of the phenotype cDe was 4,9% (n=42); 19 donors
carried the CDEe phenotype. The prevalence of other phenotypes (CDE,
Cde, CcdEe, Ccde) was significantly low.

3.  The Rhesus system in blood donors was found with more diverse
phenotypic variations (2.8 times more phenotypic characteristic of
Rhesus) compared to the Georgian population in Adjara.

4. In newborns, antigen A from the group-specific antigens was found
to have the lowest agglutination capacity.

5 . In newborns with a complex history (in the case of neonatal
hemolytic anemia and other types of anemia), it is almost impossible to
accurately determine the group and Rh, especially when taking blood
from the umbilical cord, therefore, in newborns, blood should be taken
from the calcaneal vein, the erythrocytes should be thoroughly washed
and typed using various alternative methods.
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