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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. 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.

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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XIMIBMIO0 5630996900 A5BLIBEOZM396 LoLlbErOl YYRMILIOOL

AOMR0IMNE 5 MJRMsBMOM  B3wbd3090L. obobo  Tgo0sb
IRMIOMO ©9393GHMMd0L J9850089bwMmdsdo, Bomo sbTsmgdom

bgds Lobberol dodmdagzol bolEgdsdo 3m®mBMbgdol, 3o@sdobgdol,
39M096@JOoL o Lbgs  domErmaomMme©  odBHoMo  owgdol
HMBL3MOEHO s FoMTMmoyabgb Mx@ILo F9IdMBOL s3glools
doMomo©  LEAHOWIGHMOME  gwwgdgbBHodl (Muneesa 2004, 2010;
Westhoff ...2004; Kormoczi ... 2009) Lolbgool xama3wéo s6@o0ygbgdo
2396LsBZM396 550560,  BMYMOE  BOMWMYOMHo  Lobgmdol
5Q03(HO(300L  39M99mI339w  39MBmbmsb.  Lolbol  xaMxol
393039wgdol  LobJoMy  9M3MbBIMOs  Lbgosolbgs  Golols s
90060399600 XaBoLEM30L s 93MEY300L 3MMEgbdo s vy od
93mboLGHYsT0  39bMAIMYMOBOMEIO 53O0l godm3wobydo
0m3wgds (Makroo ...2013; Musa...2012).

Lolbol xgmn96o 96EH0gbgd0L Jerobozm®mo d60dgzbgwrmds
23960L5BE3Mgds  Fomo  00MBMYgbG™Mdom - 5BEGOLbggdol
§o68mgdbol  MbsGom,  Tomm  FgMde0sm 9HOMOOHMEOEHJOOL,
©903Mm30AJOOL s POMIBMEFOGHIOOL  IBOsBGdS.  s©bodbwo
bGHobbgmwgdo 039396  3MVFGHOBLBNYDOMG oMY gdIOL,
Lobberols  3m33mbgbEHIBOL  goolbdol ™l  Lbgosbbgs  Godol
695J3090L,  6903OM39b0sL o  sbodmdowms  399moBmE
©553500905L (Cheng ... 2012).

Lolbol  ¥aMxgdo  gobolobwz®gds  Lolbbwol  Homgwo
PIROIOOL  Bgsdomby  3mb630gBH Mo BB bol  sMHLYOMBS
3M5OLYdMO0m.  EEJOLLM3Z0L A5FMYmxgb 39-0g JOHONOMEOGEHWO
X29BO LoLEJIL, MMIGEToE PogM05658E0s ISbEMgdom 346
9bGHog9b0, G®MIgdds3 Fgodangds odmofizoml 439wy Bdoxzmo
HMBLBMBoMMo  Mgod30gd0L 3OMmzmEomgds (Lane...2015;  Storry
JR....2016;Harmening DM,; 2019) 3wo0b03nMo m35¢lbsbGobom

9439wsbg 360d369wmgsbos ABO, Rh, Kell, MNSs s bbgs Lolb@gdgdo.
3



Lobberoll  xawBMmo  s6GH0ygbgdol  Jwobozm®mo  360dzbgarmds
23960L5BE3MGds  Fomo  00MBMYIbG™Mdom - sBEGHOLbgMgdOl
§o63mgddbol  MboGom,  Toom  FgMd0sm  9HOmOOHMEOEHJOOL,
©903M303JO0L s MOMIdMFOEJOOL sDB0sBYds. gMOMOMEFOEMO
X2IBMOM0 9630396900l dmogs®o  domLsdgoiobm 3603369 mds
d9Bhows© 3maboseol 03m6m6M 1530L90MGdGOMB SbmEoMgds. o7
96099690l  20bLs3MMHYdMo 36033690 Mds 5d3L  GHOBLBYbom-
@My00d0, 39Mdm@ LobbEob HBMLBEHO OIXAMBJOS doerby 960936-
9356005, Bgbsg Loddg gbgds Lolberol oolbdol God@l. ABO
LobBHgdol  sBF0aabgdo  Sbg3g  doboborgds,  Gmymes Jumgzo-
@ob 9bGH0g96900 s GgLsdsdobo 360d369wmgs60s MmEMysbmms EMs-
BL3sbBs30sd0 s 9300)F0MELMA0530. JMOOOMFOGHYIO XYY
1L39E30BOMG BG0IBIOL MOLMEMBdOLS M) Lobberol FHGbLEG-
ool ©@MHmb,  JgMmogLgdemdol  dgdobggzsdo  8gdEosm
399m0fi30mb  09MBmbgblodowobszos s Lbgoolbzs LoGmwyerols
390m@oBOH0 993500909900 (Manoj... 2014).

39693039900 M35LsBOOLom 9608369035605 Lolbarols
XAMBMNO0  96GH0ygbgdol  dglfagms  3M3MEs30IMHO 0530~
1gdM@GOIOOL Y360l dobboo (https://www.britannica.com/scie-
nce/blood-group/The-importance-of-antigens-and antibodies).

50006900 X3RO 56GH096900L dobgwzom  0dybs
0b030sMMHgdo 5605b, 6nd 030 3065MmdoL

00096GH0803oGHMM0E.  Lobberol bbgsslibgs xamx3® Lobidgdgdol
363096900 3M3o30530  5I5MIBIVOMOS  goboforgdreo, Mo
005 60dbogl, ™I bbgoslbgs 3m3mwsEosl 9d3l Asblbgzsgzgdwao
9630296900l 390500996 mds. Bmyoge Mo 360960 O
0030000Mm05L HoMIMygbL 585 vy 3MmINWs300LOMZ0L, SF0EHMIss
©0© LML FoMmBMo9BL Tglsdsdolbo EMbm®ol dmdogds.

3bggg  9600369cmzs60s  XAMBLIYEOBOMOHMBOL  IAIOOLSL
533900 3946037960 F93m3gd0L sOLYIMDSE. JHOPNOMBFOGHIO0

X2IBMM0 560960 A, GmIgwos 43bgds A(Il) s AB(IV) xamx0l
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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.
30

10
ik 1 il 2 0 Ik
— — — | —

O()Rh+ = O(I)Rh- | A(I)Rh+ | A(I)Rh- = B(ll)Rh+ = B(ll)Rh- AB(IV)Rh+
1 1 19 1 2 0 1

Figure Ne 20. Belonging to the Rhesus group in combination with antigens of the ABO
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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(INK|A(IK |B(INK|B(IIK|AB(IV|AB(IV
K+ K- + - + - K+ | K-

\023170210

Figure Ne 19. K- and K- phenotypes in newborns with sevre hemolytic anemia.
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9Jmbgy 558056980l Lolbarol Fomgwo MxOIEIdoL F9ddEMLbsbY
MO bJoMs FoMdmygbowos mMmo J3gxamzom: Al s A2. dso»
dmOoL 500b0dbgds, MMAMmeOE  MoMmEIbmdMmo30, obg bomobbmdmogo
29635Lbgog9d9wo bodbgdo. Al 96F09bmMm0 ©EIHT0bIBE0LOAE
3obLbgeggdom A2 d3gxamxgol 139308303OMdOL  ddmbg
9O0DOM30GJO0  bBolosmEYd0sh  Lo33wgze®  3vdmygbgdyero
9bm3mbmEo 56F0-A 56EHOLbyMgdmsb LbGHo swmEobsgoom
MBo®om. 530GHMIsEss, GM™MI Lolbol xamxaymdo 399m3bowgdol
5960l JoBbom  gsdmygbgdmEro  IJOHMPMEMYO0M OO
SBSMMO0M  MOLZoS,  GMI o6  Jmbgl A2 J39x3MR0L
JOODOME0GJOOL 5 ME0bs3gos BoOBoGMo  dgmmom. doo
RO, MG 93)GH065305L 35830190 FGMOSMIWIIJLO MHZSO.

©99m050b0369900@sb  godmdobaty  Fgladergdgeros  A(II)
X29530L Lobbero dgzmdom dozwmgbadmwo odbgl O() xawx3s©,
bogem AB(IV) 3o _ B(I). dbmywoml «dcmsgemgl G®sbbgybom®
396®®gdd0, Lobbol  asslbdol  Loym®gdls s  dsb39080
©MbmOms Lobbwo Jgbfsgeomos gBomdmEo@d®o  dobmewmwo
9630996900l mbyby. bdomo I9glfogerowos ssbwmgdoo 12—
13 &MBLBBom™o M3 MNIHYIOZ0M 960393690 mgs560
09996ma9696H0 BFH096980 s 530l Jobgz000 BOBWIdS EMBbMOH—
693030963H0L  F90o3LgdoE@dOL  TLodErgdMdIdo.  EOgOLLIMZ0L
Lolberol  G®msbLEBool ML domswo 03mbmygbrMmdol odm
0m35¢obfjobgdgb ABO bob@gdol m (A, B) s Rh bob@gdol byo (D,
C, ¢, E @5 e) 5630agbl. 3069030, Losg o6 33b30gds 50bodbrwo
9bGH0g9b900  Fowowos  5em0dbmLgblodowobBszool  mgmMoEo
60ol30. ®320mbol oldE9d00 EMBMEO MY30309bEHMs Fgmagligdsmds
330l gds dbmEmE bsdo 63 0ygbMmO F9BsagbEMmdol bgoglgdo—
24096Lb353980L dobg30m, MMIEs 3MSIOHMO WOEGEHIMIEVIMIO Fystrm
50b0dbogl, MM oMm©s 53 Lsbogmabwme 8608369wmgsbo  Lsdo
36&H0g9bobs  MbmOH-Mg303096¢0L MgLgds™ds Mbws Fga3slicogls



bbgs  @Gmobbgybom®mo  mgswmebggom  bsdodo  sbGH0ygbgdol
dobggomsg.

330930Lom3z0L  LoobEggbm  xaMal  FomBmoygbl  sbgzg
3boEdMd0mgd0, BMA0gMm sbsEdMmdoEdo BOHEILOYIEO 505305b-
900Lob 2oblbgagzgdom A s B 5630396980 gMommm3039dbg Matm
LYUBHOOS  QodMmbodmero,  bmerm  Jgbsdsdolbo  sgemEobobgdo
Lolbeol Moo godergds 56 0gmb, MoE LoLbbEOL X BMOMOMBOL
2396L5BE3MHOL ML Jabol go0339w9 LoOMWEYIDUL.

3JBIOmds.  Ls3g3boghm  m3z5wbIBOOLom  LsobEHgMglem
330930L  @309dAHL  HoMmBmoygbl  Lolbwrol  EmbmGms s
3bsEIdMBd0EMS BOMEMYPOOMHO Fologns. EMBMM™Ms Lolberol dgdsy-
9bwmds @5 XMIBMOHO BFGH0396900L 2930 3gEgdol M930LgdYHGDS
©oE 0b6HYOILL ofj393ws ©d LG off3g3L d9360gHos BsGM™
§69d0, 0093 530 J0vbgs35 BOIEIYMBOWS® XIO 303 500
I9bfogomo, 6oz gob3ommdYdIMEos  XIIBMGO  36EH096900L
905350 3bM3b9d00 s om0 IM9Z5¢RBgMHMZs60 3MIdOBsEG0gd0m.
31939 9dHOWNM0s  SHOWIMBOWms  XJMBMOO TPy bEMmdOl

dgbfogws s 9. §. bgwo obLLLEBE3MO Lolbeol xaMxgdol
3396 GH0306905 Bbgoolb3s IgonMmEYd0m.

330930L oBbgdo s s8mEsbgdo. Bgzgbo 3Jwgzol  Bobobl
§o68moagbs  LobbEol  xamxm®o  96G0abgdol  Lzmobobyol
0530L93Mgdgdool  dgbfiogers  Lbgo@olbgs 33930l dgomgdol
2990m9g96900m. LsdobBbg XyMBo© 50RO 0dbs MMAMEE SHowdm-
00g00,0939 ©MbMMYdO. JoBbsE ogz0LEbYe  sbogrdmdOgdI0
ABO  bob@gdol  s60g96-56G0bbgmmms  gdudemgbool  msg0Lgd-
w90900L  dgbfoges.  33agzol  FoBobl  oMmBmoygbs  saMmg039
6930060l gM0m-ghmo 3obozol Lolbwol Embm®ms  gBomtems-

0G0 XZMIBMM0 5630496900l 0530L90MGdGOOL FqLogers.

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 + & 4 +(very weak = =
agglutination)
2 + & 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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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 (III) 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 = 4 4 +(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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Bg0mogdmwo  doHbgdoEsb 390md0bstg 530Lsbym

89900920 50m39bs:

33w930bomzol  LsFodm  dgomEgdol  dgMbazs o
9Mm©Ox0(306909;

obsEdmdowoms s Mbmmms Lolbewdo ABO bolLEgdol
X31BL393080M00  9BFGH0agbgool  L3MObobao Lbgsslbgs
LYOMEMAO0MMHO FJOMEOL A5TMYgbgdom;

b dMdOW™ms s PMBMOMS 3esbdsdo  ABO Lobgdol
X31%BL393080M0  BEHOUbgMmgdol L3Mobobyo Lbgsslbgs
LYOMEMAO0MMHO FJOMEOL A5TMYgbgdom;

obosdmdowoms @  mbmMms  Lolbewdo Al, A2(H)
3bGH0g96900L L3MObobYO;

bo3gegzo  dobogwsdo  MIBML  LobLEJIoL  bBHoyqbgdOL
399m33g3s (D, C, ¢, E o e);

Kell oo MNS, ULobgdol xamaLdgzonon®o s6Goagbgdol
136060690 sboETMBOWMS s PMBMOMS Lobbedo;

©mbm®Mgddo mmbozg xyMBWOo LobEGHgdolb (ABO, RH,
KELL, MNS) ®3bm@odmémo 3m3dobsiogdol Lobdomob
dqbfogams.

ABO Lob@gdol 3969360030 ©s 09MBMmHO BEHOA ©s sbGH0-B
3bGHobbgwargdols 5m©YbmdM030 N ®30LMdM030
ToboboomgdEgdol 9gg30Lgds;

MBMM™Ms MbEsob dsbol gdbos;

bBH0MHgbYLbmo s6G0-D  56EH0Lbgmol Homgbmdmogo
5 ®30LMdGOZ0 TobobosmgdEgdol Tgi3slsgds;

038300000 5 Ls0bEBHIMM  RBMEH3MGO  3MTd0bs30gdOL
399mygmxas s 500 dqLobgd 0bgm®mdszool dofimgds Fglodsdols
300b030L §omBmoygbwgdmsb.



336930L50m30L  359mynbg0Yero 39mMmEYdo s AsGIOHOSMWYE
3996039960 d5Bo.

ABO bob@gdolb 56@039b-s6@0lbgmwgdbyg 408m33wgmeo odbs 85
aboErdmdowol  Lobbero, sbgzg Lolberol  Foomgwo  MxGgEgdol
X2IBMO  9BG09690Bg  250m33wgmeo  ogdbs 1009  mbmMol
Lolbero.  doboews  dmfmEgdmewo  odbs . doomdol B3l
X 96IOMYEMdOL 39536 990651 ©0536mLEGH03MM0
WHdMOMSGMO00D.  FoboErol  TBHIO0M0  WBMOSGHMMHOWWO
bowobo 30  obbmOEogw©s  BvmMBol  Jmoms  HMLmLggEols
Lobgdfogm boggdlo@gdol 08w9bmygbadogol wsdmMoGm®mools
05%5bY.

330930Lsl  908myggbgdemo  0odbs  03bmLgHMEMmyo©o
qdu36glb dgomEo  Imbm3MmbMNMo  s6EHOLbYMEgdol gsdmygbgdoo.
Lo9gdb3gM0dgbBHMm® Fodmygbgdmewo odbs dgdgao L3gE0BOIMOMBdOL
9mbm3embm®mo s6Eolbgmmgdo: s6Fo- A, -B, AB, A2 (H), -Al1, D, C, c,
E, e K, kK, M, N, S, s. ABO ULob®gdol xamabdngzonozs®o
36&H0g9bgd0Ls s 3MbgdMH0z0 9BEHOLLYMWGdOL b3Mobobyol dobboom
399mygbgdmmo  0odbs 9.5, x39Mg0bobsgool by Hg39MLoEo
0900MO. 39O 506036 ols BmyogPmo mbmGol d9dmbggzsdo
X3IBMNO0 390360 gdoL  goblobwzMs  dmbs  sbg3g  L3gGHIOO
93 EB0bosgool Igomm@om. godmygbgdywo odbs AHG (anti human
globulin) go®xoBHo 9. ID  JOGHI0.  3MbIOYEHMe©
399mygbgd o 0g690s L3930 IHO ID-35G@gd0
©mbm®gdolsmzgol — ABO/Rh (A, B, DVI+/A, B, DVI+) ©s ABO
LobiGgdob Gg39mLomwo gbm@Eodomgdolsmgol Al, A2, B/L, 11, I1L.

ABO Lobgdol sbEHo—-A, sb6@o-B  dmbgdMogo 96¢0bbgmwgdol
399m3egbs  dmbEs X35M90bo  IgomEom. Tom  Qodmsgargbo
3049690000 136G 9HomOHME0EHJOL. s50bodbmwo LoliEgdol
bBHo-A, b6FGH0-B, 03M6MM0 56EHOLbYMWgdOlL 250mbogwrgbs® X
SMEOWYOY0s  3BgdM030  9bBHOLbYMgdol  5dBH03mdol  Bsdws.
076906030 x3MB  L3930B0MOO  BEBHOLLYMWGOOL  IMEIRMEIL
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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 4 = & +(very weak = 4
agglutination)

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

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

10 + = + +(very weak = +
agglutination)
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Serological expression of the H antigen in other cases of groups A (II), B
(III) 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(1I}, B(IlI) and AB (IV)
phenotypic groups.

Figure Ne 18. Weak agglutination of H antigen in donors with A(II), B(III) and AB (IV)
phenotypic groups.
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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
(III) 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
M

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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Table Ne 19. Subgroups of antigen A in newborns.

ABO phenotypes Subgroup N %
A Al 6 7
A2 32 37
AB AlB
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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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-
A1l 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 4 = 4 + (very & Al
weak
agglutinati
on)
3 + + + = + A2B
4 4 & 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
AlB 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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. .

Anti-A none

Figure Ne 15. the frequency of detection of antibodies in the plasma of newborns with
group B (III

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 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+, 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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Anti— A,Anti-B none Anti— A Anti—B

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 A
15 -
10 A

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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Table Nel7 frequency of distribution of genes of ABO system in newborns

0.6
VO
. A+O 0,1

0,3

Where 0, A and B are the ratio of people carrying 0(I), A (II) and B
(III) 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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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 -
30 -
0] ||
-10
o(l) A(ll) B(Il1) AB(IV)
M Series1 34 38 11 2

Figure Ne12. frequency of distribution of ABO phenotype in the studied newborns
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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)

IoY0)) = Anti-A, Anti-B
A (ID) 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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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).

100 -
50 = Anti-A
0 - . , Anti-B

Anti-A Anti-B

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

100

. I

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

Figure Ne11. 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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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 A1B 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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1. D=1-+/dd ;
2. c=1- Jee;
3. E=1- -Jee;
4.¢=1-JCC;
5.e=1-~EE .
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BOOIMom:
1. cde= +Jccddee ;
Ccddee
2. Cde = _
2cde
ccddEe
3. cdF= ——
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4. cDe = ;
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5.cDE~= \JcCCDEE + cdE? - cdE:
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CCDEe
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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
(II) 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 Al1B 12 1,18
A2B 7 0,69

Total 368 36,45
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Table Ne11. CC, Cc,cc, EE, Ee, ee phenotypes combination with Rh+ and Rh- case.

Rh+ Rh-
CC 17,42%=+1,29 0,46%:=0,2
Cc 49,06%=+1,7 1,76%=+0,4
Cc 17,42%=+1,29 13,3%x+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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50 A
30 A =

10 -+ - - -
-10

o+ | o(l)- | A+ | A(I)- | B(Im)+ | B(IN)- AB(IV)-

41,19 | 8,556 | 32,7 | 5,04 | 7,74 | 1,76 | 2,69 | 0,23

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. c¢ 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 c 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 c 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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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 Ne 10 Haplotypes of the Rhesus system in the studied donor

Frequency of phenotypes

cde=0,33  \[ccddee

Cde = . Ccddee
2cde
cdE-0.1 ccddEe
2cde
cDe=0.13 ccDee
2cde

cDE=0,23 4/cCDEE + cdE? - cdE;
CDe= 0.14/CCDee + Cde? - Cde

cpE=0.02  CCDEe
2(CDe +cde)
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Figure Ne 8. Phenotype variation in Rh negative donors.

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

Rh negative | (O-E)YE df x2 (%% 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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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)YE df x2 cv P
phenotype
CDE 70,11 8 651 15,51 The P-Value
is < .00001.
iz 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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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|_ _|Cc|cD|cD|cD|Cd|Cd|Cd|Cc|Cd|Cc|cd|cd|cd
E [Ee| e IDE|” |De| E |Ee| e | E |Ee| e |dE|Ee|de| E [Ee| e

== |1|2|15/2(1928/2|10/5/0|0|0(0|1|1|0(0 |13

Figure Ne6. 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

——Seriesl1|0,69|2,6417,382,64|22,9(32,9| 2,7 |12,1| 5,8

Figure 7. Phenotype variation in Rh positive donors.
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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-
CcdEe 0 4 0 2 0 0 0 0 6

D-C+E+cte+

Ccde 0 4 0 B] 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-cte+
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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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; Cede;
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+ct+e+
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+cte-
cDEe 11 0 7 0 1 0 1 0 20
D+C-E+cte+
93



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 -

C RH+|CRH-|c RH+| c RH- |E RH+| E RH- |e RH+| e RH-
65,8 | 2,23 | 69,9 | 15,1 | 36,9 | 1,17 | 79,3 | 15,3

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

68,03%=+1,5 3 211,46f1 7,815 The P-Value
85%:+1,22 is < .00001.

38,07 %=1,6 The result is

94.6 92077 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 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 n, + 1 n n + 1 n
A A~ ''AB B AB
2 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 Ne5).
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E 38,07 %x+1,6 960836935605

e 94,6 %+0.77 p < .05-%g.
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table Ne2. Gene distribution frequency of the ABO system

Alleles of the ABO system Frequency

0.7
.-~O
»o1-JA+O 0,22

L B+0 0, 08

Where 0, A and B are the ratio of people carrying 0(I), A (II) and
B (III) 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 o 1-q 0.78

aa

N _ox
where n w 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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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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9L LOLEGIOL 96EHOAIBOL FozMEIEgds SbY AoTMOYMMYDS:
3bG0agbo e~ 94,6%, sbEHoygbo c- 85%, C-68,03, s6EHogqbo E - 38,07%.
M55 999bgds 963096l D, 200m33wgr9e mbm®ms »dg@glmds (84%)
3oL H9HBML oEIOOMO FodBHmMol Fo@ocmgdgwo(n=719), 133 (16%)
©MbMMo 5oL OHFHBHYL MOHYMBOMO. LAEIGOLEHIMMSE Podmgzerobrs
X-335065¢0L  300GIM0MIoL  Jogowo  Moibgo. 98 3mb3OgE M
d90mbggzedo x2 = 211,46. gb GOEb3gd0 393000 OWOS 306
053063gdoL  boGolbol  3Go@gMondol (d.f=3) 3IMoGozwwo
3600369 mds(CV), GmIgwoi 7,815- Gmeos.  P-b 360936gcmds
560U < .00001. 3990 9603369mmgzsb60s p < .05-%Bg

aboemo 7. Ggbals bobidgbol sangemgdols 3s36gangdol bobdotig combm®gddo

(Gl et bobdotg
bobGgdol
396900
: Jdd
1- d d =0.64
1-NCC

: ' VEE o

Lbosg D, C, E, ¢, e D,— 396900l 353o0gdg 306Hms Grom@gbmdss
L5333 FoboEsbmsb Msbogs@mEMdsdo 396980l IEHsMgdIE 306G
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M5mobmdss 133930 Toboerols MomEIbMdLMIE Msbsgsm M-
05do, DD, CC, ee, cc s EE — gLsdsdobo i39bm@GHodgdols blobdomy.

dgLfogerom EmMbm®mgddo s39965¢0bgm MIBML LobiEgdol
309900l 203M39wgd0l Lobdotmg. RhC gqbol mGo sergeo a3bgds
d999absomo Lobdoom: C — 0,48, ¢ — 0,54. Fomo Mom©YHbMdS
dglfogwom LsdobBby xamudo 1-ob GHmeoo. RhE g99bol m®o
5ol 2030 39wgds 30 89009abs0Ms@ godmoygmmgds: E - 0,61 , e -
0,40. 253M39wgdoL Ls3zdomE Forow bLobdoMgl s3wgbls RhD - 0,64
(by.14).

O0amoOE bdomo  Ne19 s gbGowosd N7 gbgsgm,
3bGoagbo C y39wsbg godome Fos@mdmnaqbowos D sb6EHoggbmsb
30300bsgoom. B396 agdmbs CD+ 3mddobsgool 65, 8 %-sobo
dgdombgggze (n=561).  sbsErmyom®o dEAMTsMgmds agzsd3b E s D
9bGH0gqbgd0L  3mddobsgool  Fgdmbggzedo. E  sb@oagbo  wdg@gL
3900mbgg3090 {odmagbowos D s6@0gbmsb 3mddobsgooom.

dgLfogwom mbmMms (n=306) 36, 9%-U gooBbs ED+
300065305, GqLfogeo  MmbmOms  dog0sb 830oMg  Mom©YbmdLl
3Jmbeos CD - (2,23%; n=19) s ED - (1,17%; n=9) 30030bs30900.

100 -~
I

T I

50 -
I
T T

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

boydsoro 14. G, ¢, E, e 5600396980l bobdotig D 0s@9800 ©s D 9565408007
@62(3980256 3023806530007 (%).
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B,R|B,R|B,R|B,R|B,R|B,R|B,R|B,R|B,R|B,R|B,R|B,R
h+ | h+ | h+ | h+ | h+ | h+| h- | h- | h- |h-K-|h-K-|h-K-
K..| K.| K.| K-..l K-..1 K-..i K... K..., K..MN| M..NN

= |2,7/26|033/0,7/16/0 0|0 | 0|00

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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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(Il), 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
SO S E—— -

-10
AR|AR|ARIAR|AR|AR|AR|AR|AR|AR|AR|AR
h.., 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 |0

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
Ne8, 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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Lobberol x50l HIHBYL LolGgdsl 4ooBbos bmdgbzws@m®ol
M0 650OLELYMds:  gOo 899985390 0s BHMbser godgMols s
6.6. Ggobol dogM s dgmeg 30 - MogbgMol dogH. mMogg bolEgds
sbobsegs 9993300MIMBOMMBOL 5¢EgMHbsE 0w 1gMMm0gdL. godgM-
Mgobol LobBgds, MHMIgog ©OIL MROM BIOOME Fodmoygbgds,
0ygbgdls CDE bm3gbzmo@«®sl  (Scott ML 2004 ). Bggbs 33w935d0
39903099690 30dgMobs s Hgolol bmdgbiws@mes.

B396 8930LfHogango M9HBML B96ME030L 3530 (39¢gds Lobberol
©mbmMgddo. RHD, RHC @s RHE gagbol 53008 gdstgmdols
dobggom, sOLYdMOL 18 mgmMomws dgbsdwm  ggbmEHo3M®o
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BsMhgbo  (gbMs) - GOgbl  Wodygmyomo. OHHHL  IIdOMO
39bm@GH039d05: CDE; CDEe; CDe; CcDE; CcDEe; CcDe; ccDE; cDEe o
cDe. GgHML Modygmzomo 39bm@o3gdl 30  d09g3mm3bgds dgdgyo:
CdE; CdEe; Cde; CcdE; CcdEe; Ccde; cdE; cdEe; cde. Bggbl dog6h
d9LHogwom EMbmM9ddo godmaymaowo odbs 17 GHybml 39bm@odo.
d9LHogwom Embm®gddo 9O IRoJLoMGPRIWWs FbmwmE gOHMo
39bm@E030 CAE, Hmdgerog 396930036905 HgHmL 9omrymzom xawal.

sbsMBgbo 17 ggbm@osdo 9b39bL 253039 gdol
Lbgoalibgs LobdoMgl. BmyogMmo Jomysbo 3eobpgdms dbmemmo
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AgLhogwoe EmbmMgddo  (27,8+1,53%) wIGog3wgbmds ogm
CcDe (n=237) ggbm@oso. ®bm@030 CcDEe  (odmepygbowo
19,3+1,35% 993039900l LobdotMg (n=165); Bggbl dogM Tglfsgwrom
125 @®bm®o 5@sM9d©s CDe ggbm@Godo (14,6+1,2); cde i39bm@o3ol
Lbobdotgs  13,1+1,5%, Gog 005l 608bogl, Mmd 112 glfsgerowo
©mbmMo 30939m3690m©s 53 B9bmE030L xMRL; 87 JgLfogwom
©mbm®do  dgobodbgdmes cDEe  g39bm@GHo3ol  dobsliosmgdergdo
(10,2%); cDe-b g39bm@GHo3oL Lobdotg oym 4,9% (n=42); 19 E®bmOL
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2309Pbs CDEe g3gbm@osdo. Lbgs x39bm@odgdol (CDE, Cde, CcdEe,
Cecde) bobdomg 30 36033690 m3bs sdsEO oym (3b. 8, bye. 15).

6b®oero 8. Bybrb B9beB03980b Gogbgo Ggbfisgemocr ombemigddo (n=852)

Rh o(), o(I) A(II) A(II) 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+ct+e-

cDEe 11 0 7 0 1 0 1 0 20

D+C-E+cte+

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+c+e-

0
CcdEe 0 4 2 0 0 0 0 6
D-C+E+ctet+
Ccde 0 4 0 3 0 1 0 0 8
D-C+E-c+e+
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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 9%).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)
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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+.l h-.| h-.| h-.| h-., h-.| h-.

m|12(95/3,1|3,7/0,2|11 (47| 0 |06 O |47| 0

Figure Ne 1. The distribution of MN, KELL antigen combinations in O RH+ and ORH-

donors.

85



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. ARh- K+ MN; 5. ARh- 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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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-cte+

Total 351 73 279 43 66 15 23 2 852

MAMOE WodIMHoGMOMw boffowdo s30b0dbgm goM339ero
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309hb0s  Formewo  9630969MH0  ©9EIM0bbEHGd0,  GMIgdO;
9H0DOM30GJOOL HBYa30MHBY 960 5HoL 9JbdMgloMgdmEo, sF0EH ™I
0500 50dMLoBgbo  250m3094abgm  3MIBLOL  530MEE306)  (3005.
50bodbmo 4 890mbgg30b  obi3  ghom  Fgdobggzsdo o6
©05530JL0MGOMEs Du 39005305 @ Iguodsdolo o6  FgE3Eows
M9bmLoL 30639000 BgbmGH030.

Moameg  bgdmo 339  ow03b0dbgm, MIBML  ©oEIdOm
©MbMOIOL  200Bb0sm  3bMS  BIBMGHOIMGO 35G350 ©s  Fo00
LobdoMy bozdom oblibzsggdMEs. MJHML YO0 EMbMEOYOL
0L Forso LobJoMol 253039 gds 3Jmbos mé (CcDEe — 22,9%
@5 CcDe - 32,9) g9bm@GHodl. G9HBML ©50gd0mo  ©mbmMgdol
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and cDEe -12,1%) Lobdotg m@mew@gds 29,48%-b. ©sbs@Bgbo brmmo
196mEo30l  (CDE, CDEe, CcDE, cDE, cDe) g530339¢gd0ol bobdotmg
(CDE, CDEe, CcDE, cDE, cDe) 303039eqd0l bobdotg oym 14,47%
(bme.16).
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7 A,Rh- k+ MN 0 0
A,Rh- 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 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
AB,Rh+ 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 | 0 0
AB,Rh-k+ MM | 0 0
AB,Rh-K+NN | 0 0

16 | AB,Rh-K- MN 1 0,09% +0,09
AB,Rh-K-MM | 1 0,09% +0,09
AB,Rh-K- NN 0 0
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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, Kell and 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 Ne1 - The combination of Rh, Kell and MN antigens in donors for O, A, B, AB

OmamO3  Bgdmo  s0m3b0dbgm, 8  dgdmbggzobogol  Bzgb
399m3094gbgon 9O 33wsosbo  X-3350M5FH0ol 300G gMHomdo.
UAHOGHOLGH03MOs©  godmzgmobos  X-3350M5¢0b  3M0@gM0wgdol
oo Mogbzo, 53 BI6MGH03900L  5M5mMBsdIG  goboforgdsBy
donmomgdl. 53 3mb3MgEME 9gdmbggzedo  x2-ob 3603369 mds
15305m© 9B9JEHMO0s Bwmgzsbo 303m@GHgBol (E=0) «smymgobmgol.
50 d90mbggzsdo x2 ol 651-b. gb 2530w gdom dgGos, 30MY
Q©QOEOS  930LREdOL  bsMolbol 300G gHomdol  (d.f=8)
3M0¢03Mwo  3609369wmds(CV), HmIgwog 15,51-0b Gmeros. P-U
9600d369¢mds s®ol < .00001. dggao 860d369wwmgsbos p < .05-%by.
(3b6.9).

6b®0¢mo 9. G9bAl P800 BI6erH03980L X-3350065H0L 3G302B;0790m0

groups.
N Phenotypic Number Percentage and Df | x* | C P
combinations | of donors Error A%
(1009)

1 O,Rh+ k+ MN 125 12,3% +1,03 47 32 | 62. fhelby
ORh+k+t MM | 96 9,51%+0,9 21, | 83 | vk
ORh+K+NN | 31 3,07% +0,5 16 result is

2 | ORh+K-MN | 38 3,7% +0,5 jfziffggf
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
ORh-k+tMM | 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
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
ARh+ K- NN 7 0,69% +0,2
ARh+K-MM | 95 9,41% +0,9
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sbsemobo
Rh (O-E)Y/E df X2 cv P
©5J3000
}9bmG030
CDE 70,11 8 651 15,51 P-b 360836900mds
CDEe 46,32 560l < .00001.
CDe 25,6 89@020
CcDE 46,32 8608369@mgabos
CcDEe 90,96 p < .05-%g.
CcDee 309
cDE 4421
cDEe 0,65
ccDee 17,9

M9BML YO0 MbMEOHGBOLYSD oblbzsggdom, MgBML
0oOYNBom0  EMI0BBENO0  (939wsdy 39HI©  33MEILIVO)
39bmEBH03MM0  Fobsbosmgdgwo ogm  FbmmwmnE ghmo. gl Mol
196m@G030 cde. x5890, FgLfozerow EMbM®gddo asdmawobos 143
9BL MoMYgMB0m0560 s BomE 112 EMbMOL 3Jmbos BgbmEodo
cde. 99330d@os 3mzsm, GMI gb BIPmG030 MBO™  TgBHOLS
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0sboboomgdgwo MHgHML »sMYMa000 LoLbEOL EMbMMmgdIOLMZOL. 58
2396mE030L 293039 gds ogm 84,2%.

bsdo 19bmGHo30L (Ccde, CcdEe s Cde) 293M3gw9d0L
Lbobdotg oym 7,8-x96 bsgwgdo cde 39bm@03msb 99wsMgd0m ©s
Lo xo0do 12,77 % (Ccde- 6,01%; CecdEe - 4,51% o Cde — 2,25%)
99009bs.  Mog Fggbgds Lbgs mob 19gbm@odl (CddEe — 0,75%,
CcdE-0,75, cdE — 0,75%, cdEe- 0,75%) 05000 LogMom 293603909000
LobdoMy dqLfogerowr Mmbm®mgddo oym dbmeme 3% (Lw.17).

100 -
80 -
60 -
40 -
20 -
0 _+-(§E--‘--C:d‘ Ccd Ccd-’_ cdE
CdE Cde cdE cde
e E |Ee| e e
—4¢—Seriesl| 0 |0,75|2,25/0,75/4,51/6,01|0,75|0,75/84,2

baysomo 17. 296030379650 3560530980 Gyl #15(gmR00> ombmigddo

abkoemo 10. Bgdal 956905000 B9 B03980L X-335005H0L 36G3mG3029m0

sbs¢modo
Rh (O-E)YE df X2 Ccv P
“5MHYMRBO0MO
396mE030
CdE 14,7 8 727 15,51 P-l 8603369cmds
CdEe 12,76 s¢ol < .00001.
Cde 9,31 9900930
CcdE 12,76 36033b6g9amgsbos
CcdEe 5,1 p < .05-%y.
Ccde 3,05
cdE 12,76
cdEe 12,76
cde 644
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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 kM 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, II, 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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screening of group-specific antigens of ABO system in the blood of
newborns and donors using variousl 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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50 990bgz935d0 LEBHIGHOLEH03MMO® FodmzeobEs X-3350MEHOL
3003 gM0v9d0b Fo@owo MHOEb3o s 020 ML 727-b. gl Jo30EIGOOm
d9B0s, 30©M)  ©OEOS 306 05306R3E9d0L  boMolbol
300G gMondol (d.f.=8) 3Mo@ozmwo 9600369wmds(CV), GmIgwos
15,51-0b  @meos. P-bL 360336gmds  s0ol < .00001. dggyo
36003690 m35600 p < .05-%Bg. (gb®. 10).
d9bfogaro  mbm®Mgddo  Bz9gbl dogh  godmmgerowo  odbs
69BN LobEBYIoL 353eMEH03900.  LsdoBby XawWBdo gsTMYMBOWO
0gbs> 83000 3s3m@odo. qugbos: cde, Cde, cdE, cDe, cDE, CDe, CDE.
omgb y39wabHg 99Bo© @Mbm®Mgddo (odmoagbowos cde s 0yo

0,33-L MBHMEEYOS. 439D IBIWO 2o3M3gXgdol LobdoMom 3o
§o6mdmoygbowos CDE 3s3wmm@odo (3b6. 11).

abGogro 11. byl bobdgdols 3sdemehodgdo GgbPsgemoem ombemigddo

R960m303980L Lobdoty
cde=033 J/ccddee
cde- | Ccddee
: 2cde
ccddEe
cdE=01 —————
2cde
ccDee
cDe=0.13
2cde

cDE=0,23 \/CCDEE +CcdE? - ik
CDe= 0.1 \/CCDee +Cde? - cae

CCDEe

CDE=0.02 — ===—==
2(CDe +cde)
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MoMYMBO®  XYMIBJONI6 3MId0bs0sdo.  Bgdmm  blgbgdmero
196mG03MM0 xy8gdo 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-.

Omameg 6583969005 39-21 LMo By, dgbfaguro MmbmMms
A3 gbmds (41,19%) ogm O (I), Rh+ (n=351). ombm®os 32,7 %
0093mm3b690m©s A (II), Rh+ ggbm@odné xamat. B (III), Rh+
396mGH03930L bLobdomg ogm 7,74%. H)HBML ©s©IO00 BgbmEH039dL
ol Bozegdo LobdoMoom 3039w ©gds AB (IV), Rh + (bw®.18).

50 -
20 | =
30 - z
20 -
10 - . .
0 .
o+ | o()- | A+ | AQI)- B+ BON)- ABJ(r'V) AB(IV)

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

brydsoro 18. ABO s Rh bolbbemob xgagol 39603980l bobdotg dgbfsgeroe
©be39880 (n=852)

©OgoLsmzol LolbEol GMIBbLBYBool ML Bggbo 3wwobozgdo
om3zsmobfjobgdgb  ABO ULobGgdol w6 A ©s B o  6&gbml
LobBHYIoLbmzol D sbFH0gbgdL. 03  306MHgdobm3zolL, ZoLog o6
509b0dbgds gl 9b6FBH0g9bgd0, sEwM0oIMbMmO  Lgblodowobszool
09nOO0Mwo  MoL3o  dowosh  Fomow0s. GMBLEmBool
0350bsBOHOLom, bGHoggbo ‘¢’ sbggg 960d3zbgemgzgsbos BBl
LobEgdol 96E0g6gdL JmGob. D s6G0agbol 89dway, 96G0ygbo ¢
3wobozmmo  dogrosh  960d3bgemgzsbo  Hgbl  sBbGoggboo.
Lodg3bogMm  oFYMsGHEMmado mgdmeros dsMsgo Bmbsigdo 0

3b6GH0g9bom 959mfi399o sEmodwbmmo LblodowoBsgool Tglobgd
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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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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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( Makroo.. 2013, Cheikh ..2012). ¢ s6&039b0L  253039w900L Lobdomy
Abegeoml dmbobErgmdsdi ool 80-82%. s@sdosbos 18-20 % ol s6
2399BB0s gb 96309960 s 3eobgdsof CC damdodgmdsdo. dbmenmo
50 296mBHo3ol  TsBogdgwo  0bogzoEgdo  dog3mo3bgdosb
3¢00369MH0 LgblodoEIOBsEOOL oo MHobI XAMRL.

B396 gmEroEgds ogedsbgzowgm cc s Cc a9bm@GH0o3w®
©MbMmMHgdbHY, ®osd ™mOmo3zg dgdombgzgzsdo oo JOHOMOMEFOGHOL
0990656980 89030396 ¢ 96FH0ygb9gdL. MMM 3393580 3bgsz0m,
cc 39bm@030l Lobdomg dgbfagwo EMbmMgddo sob 30,72% (ccD+
17,42% o5 ccD- 13,3%), Cc 496m@GHo30ob Lobdo®mg »a®mm Josowwo ogym
MEMEEgds 50,82 (ccD+ - 49,06% ©sCcD- - 1,76%). GomymOs Bgdmom
39630borgm, M9303906¢80, HGMBganlsi 593 CC 39bmGH030, Bomswos
L9BLOBdOEODBIE0s 96EHO-c SBGHOLbgMmgdom. CC agbm@EHo3ol Lobdotmyg
d9LHogoe mbm®mgddo ogm 17,88% (3b6.12).

gboemo 12. CC, Cecc, EE, Fe, ee 396mH03980b 338065305 Rh+ and Rh-

8980b395980256

CC 17,42%=1,29 0,46%:=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%z+1,5 0,9%=0,3
Ee 47,44%:+1,7 14,43%:=1,2

2011 gl (Bogggzadg.. 2011)  Ggbfiogerowo  sebodbwwro
396Mm3H03g00L 3530 39gds 5350l IbobErgmdsdo, ©osbs3 olbobo
56056 3m@H9b3zocmo H9303096¢39d0.
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50b0odbmwo 33930l dobgzom CC 396m@E030L 493M33wgd0L
LobdoMy 5FoG0L IbobyEMdsdo »MOEs 8%-b. 0arEolbdgds, GMma

50 33bm@B030l  Bo@smgPRdWwgdo oM  Tgo3eggb ¢ 9b6BH0agbL o
GOBLEMBool EO™L dbmemE dydmbggzgdol 17,88 % -do obobo
Lolbel  ©gdv)EMdIb CC  ©mbm®mgd0©sb.  dgdmbgzggzgdol
A3 gbmdsdo, obobo  BFo-¢  bEHolbgMwgdom  yodmfizgero
5e0dbmHo  BgblodowobBszool Torswo Molgolb J39d o60sb,
6536 MmgmMomws dgdmbggzgdol 17,88 % -do obobo Lolbels
©90mdgb CC s cc @Mbm®Yd0sb. sbFo- ¢ sbFolbgmwmgdom
399mf399wo  034960Bsgool Mobzol dgdmbggzs sMol 82,2%. CC
3960@030L  EMbMOPPMB  GMBLEMBool Fgdmbzgzgdol Tbmem
17,88% 560L mLsg@mnbm.

B396 50dmzsBobgm 9L BgbmEBH03900L  393M(39¢gd0l
296Lb35399980  LolbEolL  EMbMEOHRLS s 5F5MOL  FMLabergmdSL
GO0, Topdw0mo©, Lbolbwol EMmbmMgdl dmemol waGdm dg@o
3IPMEH03MM0 390053005, 30MY 9F5M0L  Fmlobergmdado. sFoMob
6930060l dmbobergmdsdo sxodboMEs 9dgbo HgHBML 3gbmEH03MMHo
X319530 bbgoslibgs 4s039wqd0ol LobdoMom. 53539 Ggyombdo, gBmo
3006030l LolbEol EMbMGYdOL dsgowomby Bzgb 4sdmgysgom 2,8-
X9 3930 HIBML BbMEGH03MOO Jobollosmgdgwo.  8op3zs6605, HMI
50 996Lbgs3909d0L FoBgHBo sMOL 0b, GMI 5FoMOL ImMbobEgMmdOL
©mbybg HBML 6EH09969d0L 330930L5L YMMo®Ids 353505309,
96™gb6905%Bg. Hobs 333580 Imbsfowrg yzgms ssdosbo gemgbgdom
Joem3ge0s. Lobbeol EMbMMIdOL dgdmbggzsdo, GMoEysb obobo
3M05b  MBO30OHO  EMbMMYd0, gHm3zbgds oblbzoggdmos s
©MbmM9gd0 3093913698056 Lbgsslbgs gmbogme xama3gdl.

Al ©5 A2 3630996900 MmbmMyddo
XAMRL3Y30B0ZNO0 A BBoygbo FoMmdmpagbowos mGo
26mGH03MGm0 xR0l  IJmby  ssTosbms  gBom®m30GId0L
09006565%y. gbgbos A(Il) s AB(IV)  ggbm@odgdo. Hmames

WOoGHIMGHYOM  Bofomdo  oym  gobbowwmo A 5B@oggbo
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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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doOOoMos©  FoMmdmygbowos  ©s0gb0dg J3gxamaol  Lsboom,
MmOwgdog  goblbgeggdmer 36935t gbBHMdsL  93wgbgb  (Saboor
M...2010; Mohieldin E.....2015).

9bgbos: Al, A2 s bbBo A sbGH0gabwmo 3sGos3ogdo. A(II) o
AB(IV) ®96m®&03900L dgmbg g3gws 8m393bm 9¢e3Hg s0@gb@s
3b@0- Al @gd@obol a59mygbgdom. Gmis s E0bsgool badolbo
3965055 godmbodo, OHmamea bGo-A,  slggg Al wgd@obol
dgdombggzedo  Bodmdo  Rsogwowos Al d3gxaMBo©.  OMEO
3 B0bsgool botolbo sbGo - A sbEGobbgmwmsb 4+ 99x3sbios,
053650 195MYMRB00 Mg5d305 IR0JLOMES bGHO - A wyd@Hobmsb
6odm8o Bsmgwowo odbs, Gmam®E A2 J39x3MR0. Gmas bLybGo
33@EBobogos (1* 56 2+ ) 3e00b@gds sbGHo - A s6@0lbgMwmsb s
MSMYMBOMO Mg5J30s BogbloMEIds BGHO - A @wgd@obmsb bodmdo
Bosomgmowo o0dbs Mmpamez A 96G0ygbol  bLybGHo 39X JMRBO.
©5306¢9Mglom  Gmym®  ogm  spbodbmwo  356H0s30gd0L
239965f0egds dgbfagero mbmgddo.

B396L doge Fglfogerowo 1009 mbmMowsb A(II) 896m@E03w6
X39BoL F5GMmgdgwos 349 MbmMo, bowm 19 Mbm&mo s@sMYdL
AB(IV)  x2a93m6 139308035305, ®og 00sb 60dbsgl, Gmd 36,23%
d9bPogeoo EMbm®mAdL gMHoMOME0EHOL d9ddMbstbg oohboso A
bBHogabo. Fomyob oo MIMOZEgbmds  50bodbmen  sbEHOyBL
3BoMgol Al 36605300 Labom (3b®.13 ).

gbBoero 13. A @5 AB ggbmdodgbob Jgxs8980b 853060985 bobberol
©@bea39880 (n=368)

ABO g396m®H03gd0 J39x 29980 n %
A Al 324 32,11
A2 25 2,47
AB AlB 12 1,18
A2B 7 0,69
X080 368 36,45
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M0amOE  Inggdmwo  3bOowosb BBl Al o A2
J39%3M%3900L 253039900l LobdoMg sMsmMsbsdsMm0s. A2 s A2B
3900569000 0830000 B9bMEGH03905ss BsM3wowo. s0bodbmwo 2
2bmGHo3o Al s AlB  ggbm@odobogob goblbgoggds s6GHo0-Al
©@93dBHobmsb »symzomo Mgsdaoom.  A(ll) 8gbm@GHodmemo xamBol
0Jmbg mbm®Mgddo 324  Jgdombggzsdo g3bgds Al J39xaMeB0.
5060860 x3Mx3ol mbm®Oms dgotmg Bsfomo (n=25) s@s6gdl A2
J30X3IBL. O3 Fggbgds ABIV) ggbm@podn® xanal dgbfsgwow
©mbmMgddo  ao0mgwobs mMo  J3gxammoo  AlB s A2B.
3b®s09gBHo0 AB(IV) g396m@EH03996H0 xawxol 9dmbg mbm®ms 63%
(n=12) bsbsomgds AlB 8gbm@GH03mmo 13g30x0MOMdOm, bmem
37% 3o - A2B.

506086 0@sb 98mdobstg dgodwgds 930bodbmm, HmI A2
J39xaMB0  dgbfogaroer 3m3MEoEosdo  1s3dom© B0
36935wgbGHMdom  bsbosmgds.  dolo  93M(39¢gdol  LobdoGmg
dbmwn 4,05%-0s. 9939 2306 530b608bMmm, HmI Bz96L doge
dgLHogwom A(II) s AB(IV) 539bm@Godmémo xaagdol 990mbggzsdo
LALAO J39XBIBIVO 9O 3dIMZLYBOS.

0916906030 5 036 SBEHOLbYYMdO EMbmMHdTo

OMameE3  36mdowos  bolberol  dbmemo ABO
LoLEBHYIOLMZOLsS  sTSHOLOLMYdYO  39bgdMog0  HoMTIMIMdOL
X398L3gE0R03MIO0  bGHOLbYMEgdOL  sMUGdMBs.  dm6gdMOZ0
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