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Abstract: 

Introduction: The Rh blood group system is important in transfusion practice, as alloantibodies can cause 

hemolytic transfusion reactions and hemolytic disease of the fetus and newborn.  Extended Rh antigen typing 

(C, c, E, and e) in donors helps optimize inventory and ensure timely provision of compatible blood.  Objectives: 

This study analyzed in-house Rh antigen distribution and estimated the ABO-weighted screening burden for 

phenotype-matched transfusion in Thai patients with alloantibodies.  Materials and methods: Laboratory data 

were obtained from the LIS of Thammasat University Hospital. Donor data included ABO group, RhD status, and 

Rh antigen typing (C, c, E, and e), while patient data included antibody screening and identification results. 

Antigen and phenotype frequencies and compatible donor probabilities for patients with Rh antibodies were 

calculated.  Results: ABO and RhD status data from 11,295 Thai blood donors showed group O as the most 

common (38.41%), followed by B (33.19%), A (20.57%), and AB (7.84%); 99.57% were RhD-positive.  The e antigen 

was most prevalent (96.95%), followed by C (95.25%), c (38.54%), and E (31.70%).  The most common phenotype 

was C+ c- E- e+ (58.22%) among RhD-positive donors.  Compatible donor probability varied by ABO group, 

with comparable likelihood observed between groups O and B, while group AB showed the lowest probability.  

Conclusion: This study supports establishing a registry of known RhCE phenotypes and implementing extended 

RhCE typing to improve identification of phenotype-matched units.  Additionally, ABO-based screening burden 

estimation offers a practical approach to optimize inventory management, ensure timely access to compatible 

blood, and reduce alloimmunization risk.
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นิพนธต์น้ฉบบั

การประมาณภาระการคดักรองโดยพจิารณาหมู่เลอืด ABO จากการวเิคราะห ์
การกระจายของแอนตเิจน Rh เพือ่การใหเ้ลอืดที่ตรงฟีโนไทป์ในผูป่้วยคนไทย
ที่มีแอนตบิอดี
ปนสัยา รสัสุรยี ์1  กมัพล อนิทรนุช2 และ ออ้ยทพิย ์ ณ ถลาง2

1งานธนาคารเลอืด โรงพยาบาลธรรมศาสตรเ์ฉลมิพระเกยีรต ิ 2บณัฑติศึกษา สาขาชวีเวชศาสตร ์คณะสหเวชศาสตร ์มหาวทิยาลยัธรรมศาสตร ์ศูนยร์งัสติ

บทคดัย่อ

บทน�ำ หมูเ่ลอืดระบบ Rh มคีวามส�ำคญัในการใหเ้ลอืดเนือ่งจาก แอนตบิอดีทีส่รา้งจ�ำเพาะท�ำใหเ้กดิปฏกิริิยาอนัไมพ่งึประสงคจ์ากการ

ไดร้บัเลอืด และโรคเมด็เลอืดแดงแตกในทารกในครรภแ์ละแรกเกดิ การตรวจแอนตเิจนหมูเ่ลอืด Rh (C, c, E, และ e) เพิม่เตมิใน 

ผูบ้ริจาคเลอืดจะช่วยบริหารจดัการเลอืดผูบ้ริจาคเพือ่ช่วยในการจดัหาเลอืดทีเ่ขา้กนัไดใ้หก้บัผูป่้วยไดท้นัเวลา วตัถุประสงค ์การศึกษา

ครัง้น้ีมวีตัถปุระสงคเ์พือ่วเิคราะหข์อ้มลูการกระจายของแอนตเิจน Rh เพือ่ประมาณภาระการคดักรองเลอืดผูบ้ริจาคทีม่ฟีีโนไทป์ตรง

กบัผูป่้วยคนไทยทีม่แีอนตบิอดีโดยพจิารณาตามหมูเ่ลอืด ABO  วสัดุและวธิกีาร ขอ้มลูผลการตรวจทางหอ้งปฏบิตักิารรวบรวมจาก 

ระบบ LIS โรงพยาบาลธรรมศาสตรเ์ฉลมิพระเกยีรต ิส่วนขอ้มลูผูบ้ริจาคเลอืด คือ หมูเ่ลอืด ABO และ RhD รวมทัง้ผลตรวจแอนตเิจน 

Rh (C, c, E, และ e) ขณะทีข่อ้มลูผูป่้วยคือ ผลตรวจกรองและแยกชนิดแอนตบิอดี น�ำมาค�ำนวณความถีข่องแอนตเิจน ฟีโนไทป์และ

โอกาสการไดเ้ลอืดผูบ้ริจาคทีเ่ขา้กนัไดใ้นผูป่้วยทีส่รา้งแอนตบิอดีต่อแอนตเิจน Rh  ผลการศึกษา  ผลหมูเ่ลอืด ABO และ Rh ในผู ้

บริจาคเลอืดจ�ำนวน 11,295 ราย พบวา่ หมู ่O พบมากทีส่ดุ (38.41%) รองลงมาคือ หมู ่B (33.19%), A (20.57%), และ AB (7.84%) 

และเป็น RhD-positive 99.57% แอนตเิจน e พบไดบ้อ่ยทีส่ดุ (96.95%) รองลงมาคือ C (95.25%), c (38.54%), และ E (31.70%). 

ฟีโนไทป์ทีพ่บไดม้ากทีส่ดุในผูบ้ริจาค RhD-positive คือ C+ c- E- e+ (58.22%) โอกาสคดักรองเลอืดผูบ้ริจาคทีเ่ขา้กนัไดจ้ะแปร

ตามหมูเ่ลอืด ABO โดยผูป่้วยหมู ่O และ B มโีอกาสใกลเ้คียงกนัในการจดัหาเลอืดทีเ่ขา้กนัได ้ส่วนผูป่้วยหมู ่AB มโีอกาสต�ำ่ทีส่ดุ  

สรุป การศึกษาน้ีช่วยสนบัสนุนการสรา้งระบบการลงทะเบยีนผลฟีโนไทป์ RhCE เพิม่เตมิ เพือ่ช่วยพฒันาการจดัหาเลอืดทีม่ฟีีโนไทป์

ตรงกนั นอกจากน้ีการวเิคราะหข์อ้มลูการกระจายของแอนตเิจน Rh โดยพจิารณาตามหมูเ่ลอืด ABO จะเป็นแนวปฏบิตัใินการบริหาร

จดัการเลอืดผูบ้ริจาคคงคลงัทีท่นัเวลาในการจดัหาเลอืด และลดความเสีย่งต่อการเกดิ alloimmunization 

ค�ำส �ำคญั :	 l หมูเ่ลอืด ABO  l แอนตเิจน Rh  l ฟีโนไทป์ทีเ่ขา้กนัได ้ l คนไทย

วารสารโลหติวทิยาและเวชศาสตรบ์ริการโลหติ. 2569;36:179-87.
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Introduction

The Rh blood group system is clinically important in 

transfusion practice.  Alloantibodies against Rh antigens 

are implicated in acute and delayed hemolytic transfu-

sion reactions (HTRs) and hemolytic disease of the fetus 

and newborn (HDFN).1-3  Regarding the International 

Society of Blood Transfusion (ISBT) Working Party on 

Red Cell Terminology and Immunogenetics, there are 

56 antigens in the Rh blood group system.4  In clinical 

blood transfusion therapy, ABO and RhD matching are 

required between donors and recipients in pretransfu-

sion testing.  However, due to the immunogenicity of 

other Rh antigens (C, c, E, and e), antigen typing of 

these antigens is recommended in patients who require 

repeated transfusions.1,2,5-7

Data from the National Blood Centre of the Thai Red 

Cross Society (NBC-TRCS) showed that among 2,821 

multitransfused Thai patients struggling to find com-

patible blood donors, unexpected antibodies most often 

belong to the Rh system (42.2%), then the MNS system 

(31.9%), the Kidd system (10.5%), and other blood group 

systems (15.4%), respectively.8  Studies across Thailand 

have consistently report the highest prevalence of Rh 

alloantibodies was found in patients requiring transfu-

sions,9-12 with anti-E being the most common, followed 

by anti-c, anti-C, and anti-e, respectively.  These data 

demonstrate the value of Rh antigen detection (C, c, E, 

and e) during pretransfusion testing to prevent alloim-

munization in chronic transfusion therapy.7,13,14 

Thammasat University Hospital is a tertiary care 

hospital with 1,000 inpatient beds.  The hospital blood 

bank operates as a branch of the NBC-TRCS and in-

cludes a blood donor collection unit.  However, the 

NBC-TRCS is responsible for ABO and RhD blood group 

typing, antibody screening, and screening for infectious 

markers.  The test results are then sent directly to the 

hospital blood bank.  Regarding the above-mentioned 

study for alloantibodies found in patients at our hos-

pital,10 additional Rh antigen typing–particularly for C, 

c, E, and e in blood donors within our inventory is 

essential to optimize blood bank operations and ensure 

timely provision of compatible blood for patients with 

Rh alloantibodies. This study aimed to collect and an-

alyze in-house data on Rh antigen distribution among 

our blood donors and to estimate the ABO-weighted 

screening burden for phenotype-matched transfusion 

in Thai patients with alloantibodies.

Materials and Methods

Study population and ethics considerations

This retrospective observational study was conducted 

at the Blood Bank, Thammasat University Hospital, 

Pathum Thani, Thailand.  Data from January 2022 to 

August 2025 were included.  A total of 11,295 unrelated 

healthy blood donors who underwent routine Rh antigen 

phenotyping during the study period were analyzed.  

Donor data were retrieved from the laboratory information 

system and included ABO blood group, RhD status, and 

serologic results for C, E, c, and e antigens.

For the alloantibody analysis, records of 347 patients 

with clinically significant Rh alloantibodies identified 

during routine pre-transfusion testing were reviewed. 

Only patients with confirmed Rh antibody specificity 

were included.  Cases with incomplete serologic data 

were excluded from the analysis.

All data were anonymized prior to analysis.  The 

study protocol was approved by the Human Research 

Ethics Committee of Thammasat University Hospital 

(HREC-TUH), Thailand (COE No. 014/2569).  The study 

was conducted in accordance with the principles out-

lined in the Declaration of Helsinki.

ABO grouping and RhD typing

ABO grouping and RhD typing were routinely  

performed using an automated column agglutination 

system (Ortho Clinical Diagnostics, Raritan, NJ, USA), 

in accordance with the manufacturer’s instructions.

Rh antigen typing

Rh antigen typing for C, c, E, and e was performed 

using an automated column agglutination system (IH 

system, Bio-Rad Laboratories, Cressier, Switzerland) with 
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monoclonal antisera: anti-C [clone MS-24], anti-c [clone 

MS-33], anti-E [clone MS-260], and anti-e [clones MS-16, 

MS-21, and MS-63], according to the manufacturer’s 

instructions.  Testing was conducted as part of routine 

donor phenotyping, which refers to a first-time serologic 

determination using blood samples collected at the time 

of donation without repeat confirmation, according to 

standard transfusion laboratory practice.

Antibody screening

Antibody screening was performed using an auto- 

mated column agglutination system (Ortho Clinical 

Diagnostics, Raritan, NJ, USA).  Testing was conducted 

only in the indirect antiglobulin test (IAT) phase.  For 

the antibody screening test, reagent red cells of three 

group O were used, consisting of O
1
 and O

2
 screening 

cells from Selectogen (Ortho Clinical Diagnostics, Rari-

tan, NJ, USA) and an additional group O
3
 screening cell 

with Mia and Dia antigen positivity obtained from the 

National Blood Centre, Thai Red Cross Society (NBC-

TRCS, Bangkok, Thailand).  All tests were performed 

using an automated platform in accordance with the 

manufacturer’s instructions.

Antibody identification

Antibody identification was performed using reagent 

red cell panels of 0.8% group O suspensions from 11 

individuals obtained from the NBC-TRCS (Bangkok, 

Thailand).  Testing was carried out using column 

agglutination technology with an automated system (Ortho 

Clinical Diagnostics, Raritan, NJ, USA) according to the 

manufacturer’s instructions.  Antibody specificity was 

determined based on reaction patterns in accordance 

with standard serological methods.2

Data collection

Laboratory data were extracted from the laboratory 

information system (LIS) of Thammasat University Hos-

pital.  Donor records included ABO blood group, RhD 

status, and Rh antigen typing results (C, c, E, and e). 

Patient records included antibody screening and antibody 

identification results.  Only complete and analyzable  

datasets were included in the analysis.  All anti-D 

antibodies identified in this study were not considered 

to be passive anti-D resulting from Rh immunoglobulin 

administration.

Statistical analysis 

Statistical analysis was descriptive in nature.  Anti- 

gen and phenotype frequencies were calculated by 

direct counting and expressed as percentages.  Com-

patible donor probability (P
compatible

) was derived from 

the observed phenotype frequencies and defined as 

the cumulative frequency of donor phenotypes that lack 

the corresponding antigen(s).  The expected number of 

donor units required to identify at least one compatible 

unit was calculated as the reciprocal of this probability 

(1/P
compatible

).15

Results

Data from 11,295 unrelated healthy Thai blood do-

nors collected from January 2022 through August 2025 

were analyzed.

Distribution of ABO and RhD status among blood donors 

The distribution of ABO and Rh blood groups among 

11,295 blood donors was analyzed.  Group O was the 

most common, with 4,338 donors (38.41%), followed 

by group B, with 3,749 donors (33.19%), group A, with 

2,323 donors (20.57%), and group AB, with 885 donors 

(7.84%), respectively.  Among them, 11,246 donors were 

RhD-positive donors (99.57%), and 49 were RhD-negative 

donors (0.43%).

Distribution of RhCE antigen frequencies stratified by 

ABO and RhD status

Regarding RhCE antigen frequencies among 11,295 

donors, the e antigen was the most prevalent (10,950/11,295; 

96.95%), followed by C antigen (10,758/11,295; 95.25%), c 

antigen (4,353/11,295; 38.54%), and E antigen (3,580/11,295; 

31.70%).  The estimated allele frequencies were 78.20% 

for C, 17.40% for E, 21.60% for c, and 82.50% for e, 

respectively.

Stratified analysis of RhCE antigens by ABO and Rh 

status is summarized in Table 1.  Among RhD-positive 

donors, the prevalence of C and e antigens exceeded 
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95% across all ABO groups.  The distribution of E and 

c antigens remained relatively consistent among ABO 

groups, with E observed in approximately 31-32% and 

c in 37-39% of donors.

Among RhD-negative donors, the e antigen was 

universally present (100.0%).  The c antigen was highly 

prevalent (83.67%), whereas C and E antigens were less 

common, observed in 42.86% and 8.16%, respectively.

Distribution of RhCE phenotypes among RhD-positive 

and RhD-negative donors

The distribution of RhCE phenotypes among RhD-pos-

itive and RhD-negative donors from high to low frequency 

is presented in Table 2.  Among 11,246 RhD-positive 

donors, the most common phenotype was C+ c- E- e+ 

(58.22%), followed by C+ c+ E+ e+ (23.48%) and C+ c+ 

E- e+ (9.75%).  The phenotypes of C+ c- E+ e+, C- c+ 

E+ e- and C- c+ E+ e+ were also observed with the 

frequencies of 3.29%, 2.33% and 1.96%.  Rare phenotypes 

such as C- c+ E- e+ (0.24%) and C+ c- E+ e- (0.15%) 

were identified at very low frequencies.  The phenotype 

distribution was generally consistent across ABO groups.

The phenotype distribution among 49 RhD-negative 

donors is summarized in Table 2.  The predominant 

phenotype was C- c+ E- e+ (48.98%), followed by C+ 

c+ E- e+ (26.53%), C+ c- E- e+ (16.33%) and C- c+ E+ 

e+ (8.16%), respectively.

Distribution of Rh alloantibody specificities in patients

From 2022 to 2025, a total of 1,119 patients with 

specific red blood cell (RBC) antibodies were identi-

fied.  Among these, 579 patients with anti-Mia were the 

most prevalent (51.74%), followed by 346 patients with 

antibodies of the Rh system (30.92%).  Only patients 

with antibodies of the Rh system were included in the 

present analysis.  As multiple antibody specificities 

may coexist in individual patients, the study focused 

on Rh alloantibodies due to their clinical significance 

in transfusion practice (Table 3).  Among these, single 

antibody specificities accounted for 257 cases (74.06%), 

while combinations of two antibodies were observed 

in 90 cases (25.94%).

Among the single antibodies, anti-E was the most 

frequently identified, representing 65.42% of the cases. 

This was followed by anti-c (4.03%), anti-D (2.31%), 

anti-C (1.44%), and anti-e (0.86%).  For the two-antibody 

combinations, anti-c plus anti-E was the most common 

pairing (20.46%), followed by anti-C plus anti-e (4.90%) 

and anti-C plus anti-E (0.58%).

Table 1  Prevalence of RhCE antigens stratified according to ABO and RhD status among 11,295 blood donors 

RhCE antigen
ABO blood group, number (%)

A B O AB Total

2,312 (20.59) 3,736 (33.22) 4,317 (38.38) 881 (7.80) 11,246 (100.00)

RhD-positive

C 2,206 (95.42) 3,570 (95.56) 4,121 (95.46) 840 (95.35) 10,737 (95.47)

E 748 (32.35) 1,182 (31.64) 1,371 (31.76) 275 (31.21) 3,576 (31.80)

c 899 (38.88) 1,443 (38.62) 1,639 (37.97) 331 (37.57) 4,312 (38.34)

e 2,235 (96.67) 3,632 (97.22) 4,178 (96.94) 856 (97.16) 10,901 (96.93)

RhCE antigen
A B O AB Total

11 (22.45) 13 (26.53) 21 (42.86) 4 (8.16) 49 (100.00)

RhD-negative

C 4 (36.36) 5 (38.46) 10 (47.62) 2 (50.00) 21 (42.86)

E 0 (0.00) 0 (0.00) 4 (19.05) 0 (0.00) 4 (8.16)

c 9 (81.82) 12 (92.31) 17 (80.95) 3 (75.00) 41 (83.67)

e 11 (100.00) 13 (100.00) 21 (100.00) 4 (100.00) 49 (100.00)
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Table 3  Frequencies of Rh alloantibody specificities found in 347 patients during 2022-2025

Antibody specificity
Frequency

Number %

Single antibody 257 74.06

Anti-E 227 65.42

Anti-c 14 4.03

Anti-D 8 2.31

Anti-C 5 1.44

Anti-e 3 0.86

Two antibodies 90 25.94

Anti-c and anti-E 71 20.46

Anti-C and anti-e 17 4.90

Anti-C and anti-E 2 0.58

Total 347 100.00

Table 2  Distribution of RhCE phenotypes stratified according to ABO and RhD status among 11,295 blood donors 

RhCE phenotype
ABO blood group, number (%)

A B O AB Total

2,312 (20.59) 3,736 (33.22) 4,317 (38.38) 881 (7.80) 11,246 (100.00)

RhD-positive

C+ c– E– e+ 1,334 (57.70) 2,159 (57.79) 2,537 (58.77) 517 (58.68) 6,547 (58.22)

C+ c+ E+ e+ 553 (23.92) 878 (23.50) 1,013 (23.47) 197 (22.36) 2,641 (23.48)

C+ c+ E– e+ 224 (9.69) 383 (10.25) 401 (9.29) 88 (9.99) 1,096 (9.75)0

C+ c– E+ e+ 75 (3.24) 131 (3.51) 132 (3.06) 32 (3.63) 370 (3.29)

C– c+ E+ e– 57 (2.47) 85 (2.28) 101 (2.34) 19 (2.16) 262 (2.33)

C– c+ E+ e+ 43 (1.86) 69 (1.85) 87 (2.02) 21 (2.38) 220 (1.96)

C+ c+ E+ e– 16 (0.69) 16 (0.43) 29 (0.67) 5 (0.57) 66 (0.59)

C– c+ E– e+ 6 (0.26) 12 (0.32) 8 (0.19) 1 (0.11) 27 (0.24)

C+ c– E+ e– 4 (0.17) 3 (0.08) 9 (0.21) 1 (0.11) 17 (0.15)

RhCE phenotype
A B O AB Total

11 (22.45) 13 (26.53) 21 (42.86) 4 (8.16) 49 (100.00)

RhD-negative

C– c+ E– e+ 7 (63.64) 8 (61.54) 7 (33.33) 2 (50.00) 24 (48.98)

C+ c+ E– e+ 2 (18.18) 4 (30.77) 6 (28.57) 1 (25.00) 13 (26.53)

C+ c– E–  e+ 2 (18.18) 1 (7.69) 4 (19.05) 1 (25.00) 8 (16.33)

C– c+ E+ e+ 0 (0.00) 0 (0.00) 4 (19.05) 0 (0.00) 4 (8.16)

Estimated compatible donor probability and screening 

requirement

Estimated compatible donor probabilities and cor-

responding screening requirements based on RhCE 

phenotype frequencies are shown in Table 4.  These 

estimates are derived solely from RhCE phenotype fre-

quencies and do not account for ABO compatibility. 

High compatible probabilities were observed for anti-E 

and anti-c (68.21% and 61.66%), requiring approximately 

two units to identify one compatible unit.  In contrast, 
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anti-C and anti-e required screening of 23 and 33 units, 

respectively.  Among combined antibodies, anti-C plus 

anti-e required 43 units, whereas anti-C plus anti-E 

showed the highest screening requirement at 417 units.

To better reflect clinical practice, an ABO-weighted 

screening burden model was constructed (Table 5) by 

integrating compatible donor probability with ABO blood 

group distribution using data of 11,295 blood donors.  For 

each antibody specificity, the probability of identifying 

a compatible donor unit was first estimated based on 

the absence of the corresponding antigen(s) and then 

adjusted according to the proportion of ABO-compatible 

donor units for each blood group.  The estimated number 

of units required for screening was calculated as the 

reciprocal of the ABO-adjusted compatible probability 

(1/P
compatible

).  As this model is based on aggregated 

phenotype frequencies rather than direct counts, the 

estimated screening requirements do not directly cor-

respond to the raw antigen frequencies presented in 

Table 2.  The model was applied to RhD-positive donor 

populations.

Using this ABO-weighted model, screening require-

ments varied according to both antibody specificity and 

ABO blood group. Blood groups O and B demonstrated 

comparable screening requirements for certain antibody 

specificities, whereas blood group AB generally showed 

the highest screening burden.

Discussion

This study provides a comprehensive analysis of Rh 

antigen and phenotype distributions among Thai blood 

donors, as well as the occurrence of clinically significant 

Rh alloantibodies in patients.  We also examined the 

frequencies of ABO blood groups among 11,295 blood 

donors who underwent additional Rh antigen typing, 

including the C, c, E, and e antigens.  Our findings 

Table 4  Estimated compatible donor probability and screening requirement for antigen-negative red cell units 

by Rh antibody specificity 

Rh antibody specificity
Antigen-negative

requirement
Compatible donor (%)

Units to screen for 
≥ 1 compatible unit

Anti-E E- 68.21 2

Anti-c c- 61.66 2

Anti-C C- 4.53 23

Anti-e e- 3.07 33

Anti-c and anti-E c- E- 58.22 2

Anti-C and anti-e C- e- 2.33 43

Anti-C and anti-E C- E- 0.24 417

Table 5  ABO-weighted projected screening burden model for RhCE antibody specificities in RhD-positive donor 

populations

Rh antibody specificity
Number of units screened by ABO blood group

O A B AB

Anti-E 4 8 5 19

Anti-c 5 8 5 21

Anti-C 58 107 68 276

Anti-e 82 147 109 452

Anti-c and anti-E 7 12 8 30

Anti-C and anti-e 1,786 3,197 2,435 9,709

Anti-C and anti-E 85 158 100 401
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revealed that blood group O was the most prevalent, 

followed by groups B, A, and AB, consistent with other 

studies conducted among Thai blood donor populations.16-18  

Similarly, the RhD status in this study revealed that 

RhD-positive and RhD-negative donors accounted for 

99.57% and 0.43%, respectively.16-18

A high prevalence of e and C antigens was confirmed 

among Thai blood donors in this study, while c and 

E antigens were found to be less common. Regarding 

RhCE phenotypes, the most common was C+ c- E- e+. 

Consequently, anti-E was identified as the predominant 

alloantibody, followed by anti-c, anti-C, and anti-e.  This 

pattern is consistent with findings from related studies 

in Thai patient populations.8-12  Notably, anti-D was 

found in 8 out of 257 patients, representing 2.31%. 

Overall, these findings have significant implications 

for transfusion practices, particularly concerning the 

provision of phenotype-matched blood. 

The distribution of RhCE phenotypes among the Thai 

donor population in this study was generally consistent 

with findings from other Thai populations, including 

donors from Central and Northeastern Thailand.19,20 

Specifically, the C+ c- E- e+ phenotype of RhD-posi-

tive donors remained the most predominant, aligned 

with the ABO groups.  Moreover, a similar pattern was 

observed in other Asian populations,3,21 whereas lower 

frequencies of this phenotype were noted in Chinese 

and North Indian groups.22,23  In contrast, the prevalence 

of this phenotype was significantly reduced in European 

and Middle Eastern populations, such as Albanian and 

Kurdish groups,24,25 who had a relatively higher frequency 

of phenotypes expressing the c antigen.  Furthermore, 

the C- c+ E- e+ phenotype was the most prevalent 

among RhD-negative donors, a finding consistent with 

other studies on Thai blood donors.16,17  Taken together, 

these findings emphasize the ethnic variations in the 

distribution of Rh haplotypes.

The probability of identifying at least one compatible 

blood unit for patients with Rh alloantibodies was rela-

tively high for anti-E, anti-c, and combined anti-E plus 

anti-c, requiring testing of only two units. In contrast, 

patients with anti-C and anti-e may require testing of 

more than 20 units, consistent with a related study 

in Thai populations.15  Notably, greater difficulty was 

observed in patients with anti-C plus anti-e and anti-C 

plus anti-E. When the likelihood is based on compatible 

units from blood groups O and B, group B would have 

a higher probability of yielding compatible blood units 

for certain Rh antibody specificities, as shown in Table 

5. Blood group AB generally exhibited the lowest prob-

ability due to limited donor compatibility.  Importantly, 

this study integrates donor Rh antigen distribution data 

with the spectrum of Rh alloantibodies identified in 

our patients, demonstrating concordance with findings 

from Thai populations.  These results underscore the 

clinical utility of extended RhCE antigen typing (C, c, E, 

and e), as these alloantibodies remain among the most 

encountered and substantially influence the efficiency 

of locating compatible blood.  Accordingly, maintaining 

a registry of donors and an inventory of known RhCE 

phenotypes–particularly rare phenotypes–would optimize 

inventory management and ensure timely access to 

compatible blood for transfusion.

Conclusion

This study analyzed Rh antigen distributions in 

conjunction with ABO blood groups among Thai blood 

donors.  The findings support the establishment of a 

donor registry of known RhCE phenotypes and the 

implementation of extended RhCE antigen typing (C, 

c, E, and e) to improve the identification of pheno-

type-matched units for patients with alloantibodies. 

In addition, the ABO-based estimation of screening 

burden provides a practical framework for optimizing 

inventory management and facilitating timely access to 

compatible blood, thereby enhancing transfusion safety 

and reducing the risk of alloimmunization.
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