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ABSTRACT  
This study aimed to investigate the frequency of unexpected antibodies and evaluate the cumulative incidence 

of additional unexpected antibodies in Beijing. From January 1, 2011 to December 31, 2014, blood samples from 
2,095 patients from 98 medical institutes in Beijing were sent to the Beijing Red Cross Blood Center for antibody 
identification. Of the unexpected antibodies, 29.5% were autoantibodies and 70.5% were alloantibodies. Anti-E 
was the most prevalent form of allo-antibodies (n = 445), accounting for 52.9% of the Rh system, followed by 
anti-M (76.6% of the MNS system) and then 142 cases of anti-C,e, 128 cases of anti-E,c, and 113 cases of anti-
Lea. The cumulative incidences of additional antibodies were 0.55% (after the first transfusion), 1.82% (second 
time), 2.33% (fourth time), 3.07% (firth time), and 4.24% (seventh time). Antibody against the Rh system was the 
most prevalent, followed by antibodies against MNS, Lewis, Kidd, P1, and Duffy.
Keywords: incidence, alloantibody, alloimmunization, autoantibody

INTRODUCTION

Red blood cell (RBC) unexpected antibodies, in-
cluding types of autoantibody and alloantibody, is an 
important and common issue regarding blood trans-
fusion. Antibodies against high-frequency antigen, 
multiple antibody, and additional unexpected anti-
bodies can challenge the efficacy and safety of blood 
transfusion[1]. Factors that can induce the occurrence 
of unexpected antibodies include age, history of preg-
nancy, history of blood transfusion, human leukocyte 
antigen (HLA)-DR typing, treatment, immune status, 
and especially, RBC density among people of dif-

ferent ethnical groups[2-4]. For example, anti-Fya and 
anti-D are common among Caucasians, but their cor-
responding antigens have a positivity rate higher than 
99% among Asians. The Miltenberger antigen is a 
very low-frequency antigen in the Caucasian popu-
lations, while anti-Mia is one of the most common 
unexpected antibodies among Asians[5,6]. Although the 
prevalence of RBC alloantibody has been reported in 
China, large-scale data are still lacking because of 
the difficulties in observing low-frequency RBC and 
multiple antibodies[7-12].

So far, studies on the cumulative incidence of ad-
ditional unexpected antibodies are mainly focused on 
patients receiving multiple transfusions, such as those 
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with diseases and illnesses related to hematologic 
oncology, hematology, and hemodialysis and organ 
transplantation[13-16]. According to a large-scale re-
search study, the cumulative incidence of additional 
unexpected antibodies among patients receiving con-
tinuous transfusion was 1% after the transfusion of 5 
Units of RBCs, 2.4% after the transfusion of 10 Units 
of RBCs, 3.4% after the transfusion of 20 Units of 
RBCs, and 6.5% after the transfusion of 40 Units of 
RBCs[17]. By far, only one study is available that fo-
cused on European populations over a long-term ob-
servation period. The study indicated that up to 57% 
of patients diagnosed with unexpected antibody had 
additional antibodies (median amount of transfused 
RBCs, 2 Units)[18]. So far, no such a large-scale re-
search that focuses on Asian ethnical populations has 
been reported.

The Beijing Red Cross Blood Center (BRCBC) 
conducts tests for antibody identification and trans-
fusion blood cross-matching for patients with RBC 
alloantibody diseases, and samples are obtained from 
all hospitals in Beijing region. By statistically analyz-
ing the results from the tests conducted between 2011 
and 2014, this study aimed to observe the prevalence 
of unexpected antibodies among Asians in the Bei-
jing region and the cumulative incidence of additional 
antibodies among patients diagnosed with unexpected 
antibody in the course of continuous transfusion of 
RBCs, based on the frequency and number of transfu-
sions.

MATERIALS AND METHODS

Sample collection
This study collected EDTA test-tube samples sent 

to the Blood Group Laboratory (BGL) of the BRCBC 
from 98 medical institutions in Beijing between Janu-
ary 1, 2011 and December 31, 2014. The number of 
patients with unexpected antibodies was 2,095, with 
7,719 records, including antibody identification and 
cross-matching test. All the samples were collected 
after the pre-transfusion blood test at the hospitals 
to exclude samples from donors who had positive 
unexpected antibody. Before conducting the clinical 
blood transfusion, unexpected antibody screening was 
needed in the hospitals in Beijing. And then cross-
matching would be performed at each hospital if the 
result was negative. Samples with positive screening 
results were sent to the BRCBC for unexpected anti-
body identification. The BRCBC was responsible for 
all the following tests for antigen compatible blood 
component screening and cross-matching. For each 
sample received, the BRCBC first performed ABO Rh 

typing and repeated unexpected antibody screening 
by conventional tube techniques in room temperature 
and gel column test simultaneously. A gel column test 
was performed for antibody identification to screen 
for antibodies. Only a few individual samples that 
showed negative results in the gel column test were 
identified positive in the room temperature tube test 
for antibody identification. The other procedures such 
as phenotyping, sample reception, report documenta-
tion, and report writing were all based on regulations 
and the standard procedures specified by the BGL of 
the BRCBC.

Antibody screening and identification
Screened and identified cells used at the BGL of the 

BRCBC cover antigen systems, including Rh, MNS, 
Duffy, Kidd, Kell, Lewis, Lewis, P1, Xg, and Luther-
an, as well as low-frequency antigens such as Dia and 
Mur (Bio-RAD and Sanquin), which have relatively 
high prevalence in Asia. Detection methods include 
conventional tube techniques in room temperature and 
gel column test (Bio-Rad).

For the calculation of cumulative incidence, only 
the records of patients who received transfusion more 
than twice at an interval of more than 3 days were 
included in the analysis. The exclusion criteria were 
as follows: 1) patients who only had one blood trans-
fusion record; and 2) infants younger than half of 
one year, considering the interference of unexpected 
antibody from the mothers. The BRCBC took charge 
of the identification of all the unexpected antibodies, 
the antigen compatible blood component test, and the 
cross-matching of the positive antibody in Beijing 
region. Additional antibody is defined as unexpected 
antibody that has been diagnosed by the Blood Group 
Room and has more than two records of transfusion. 
Unmatched cross-matching results between the initial 
blood test and the following pre-transfusion blood test 
and the new unexpected antibody were obtained after 
requalification. The end point was the last transfu-
sion record taken by the BRCBC. The frequency and 
amount of transfusion were assessed along the time 
axes.

Statistical analysis
The prevalence of unexpected and primary antibod-

ies has been defined as first-time specific unexpected 
antibody diagnosed by the BRCBC. The cumulative 
incidence of additional alloantibodies was estimated 
by using the Kaplan-Meier table and for observing 
possible factors with additional alloantibodies. We 
stratified the Kaplan-Meier survival tables according 
to sex and age.
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A chi-square and Fisher exact tests were used 
to evaluate comparisons between the study groups. 
Comparison results with a 2-sided P  value < 0.05 
were considered statistically significant. All the statis-
tical analyses were conducted by using SPSS version 
19.0 (SPSS Inc., Chicago, IL, USA). 

RESULTS

Prevalence of RBC antibody
Among the 2,095 patients with first-time diagnose 

of specific unexpected antibodies by the BRCBC, 
617 had autoantibodies (29.5%) and 1,478 had RBC 
alloantibodies (70.5%). By using the sixth China 
Census in 2010 that surveyed 1.3 billion populations 
as reference, the effects of age and sex on the occur-
rence of unexpected antibody were both statistically 
significant. Being elderly and female were risk factors 
of unexpected antibodies occurrence. Among all the 
types of alloantibody, antibody against single systems 
was the most prevalent form (95.8%), followed by 
antibody against Rh (59.4%) and antibodies against 
MNS (25.9%) and Lewis (9.0%). Antibodies against 
multiple systems only account for 4.5% of the cases, 
of which antibody against Rh with Kidd was the most 
prevalent (50.0%), followed by antibody against Rh 
with MNS (31.7%) and antibody against Rh with 
Duffy (8.3%; Table 1).

Anti-E was the most prevalent form of antibody 
against single systems, with 445 cases in the Rh sys-
tem (52.9%), followed by anti-M with 281 cases in 
the MNS system (76.6%), 142 cases of anti-C,e, 128 
cases of anti-E,c, and 113 cases of anti-Lea (Table 
2). Anti-Jka with anti-E and anti-Jka with anti-c,-
E were the most prevalent forms among antibodies 
against multiple systems (Table 3).

Cumulative incidence of additional RBC al-
loantibody

Among the 2,095 patients with positive antibody 
results, after exclusion of 1,539 patients with only one 
transfusion record or without tracking method and 5 
patients younger than 0.5 year, 551 patients were in-
cluded in the cumulative incidence study (Table 4). 
Among the 551 patients, 538 did not have additional 
antibodies during the tracking period (control group) 
and 13 had additional antibodies (case group). In total, 
2,515 tracking records were collected (control: 2,477 
vs.  case: 38) and 14,124 units of RBC blood com-
ponent was transfused (control: 14,056 vs.  case: 68). 
The case group consisted only 2 males (15.4%), and 
the male percentage was much lower than the female 
percentage in the control group (P = 0.043). Other 
information is shown in Table 4. The cumulative in-
cidence of additional antibodies was 0.55% at the first 
time, 1.82% at the second time, 2.33% at the fourth 

Gender Age
Number % Female, n (%) Male, n (%) P < 18, n (%) 18-65, n (%) > 65, n (%) P

Unexpected antibodies in total 2,095 1,336 759 < 0.001 133 1,285 677 < 0.001
Autoantibodies without 
significant allo- antibodies 617 29.5% 390 63.2% 227 36.8% < 0.001 56 9.1% 322 52.2% 239 38.7% < 0.001

Specific allo-antibodies ∫ 1,478 70.5% 946 64.0% 532 36.0% < 0.001 77 5.2% 963 65.2% 438 29.6% < 0.001
Single system 1,416 95.8% 905 63.9% 511 36.1% < 0.001 76 5.4% 919 64.9% 421 29.7% < 0.001
 Rh 841 59.4% 545 64.8% 296 35.2% 26 3.1% 533 63.4% 282 33.5%
 MNS 367 25.9% 222 60.5% 145 39.5% 41 11.2% 226 61.6% 100 27.2%
 Lewis 127 9.0% 89 70.1% 38 29.9% 7 5.5% 103 81.1% 17 13.4%
 Kidd 56 4.0% 35 62.5% 21 37.5% 1 1.8% 37 66.1% 18 32.1%
 Duffy 7 0.5% 4 57.1% 3 42.9% 0 0.0% 7 100.0% 0 0.0%
 P1 12 0.8% 7 58.3% 5 41.7% 1 8.3% 9 75.0% 2 16.7%
 Lutheran 2 0.1% 1 50.0% 1 50.0% 0 0.0% 1 50.0% 1 50.0%
 Kell 3 0.2% 1 33.3% 2 66.7% 0 0.0% 2 66.7% 1 33.3%
 Xg 1 0.1% 1 100.0% 0 0.0% 0 0.0% 1 100.0% 0 0.0%
Double system 60 4.1% 40 66.7% 20 33.3% < 0.001 1 1.7% 42 70.0% 17 28.3% < 0.001
 Rh + MNS 19 31.7% 12 63.2% 7 36.8% 0 0.0% 14 73.7% 5 26.3%
 Rh + Lewis 2 3.3% 1 50.0% 1 50.0% 0 0.0% 2 100.0% 0 0.0%
 Rh + Kidd 30 50.0% 18 60.0% 12 40.0% 1 3.3% 20 66.7% 9 30.0%
 Rh + Duffy 5 8.3% 3 60.0% 2 40.0% 0 0.0% 5 100.0% 0 0.0%
 Rh + Diego 3 5.0% 1 33.3% 2 66.7% 0 0.0% 0 0.0% 3 100.0%
 MNS + Lewis 1 1.7% 1 100.0% 0 0.0% 0 0.0% 1 100.0% 0 0.0%
 Trible system 2 0.1% 1 50.0% 1 50.0% 0 0.0% 2 100.0% 0 0.0%
 Rh + Kidd + Duffy 2 100.0% 1 50.0% 1 50.0% 0 0.0% 2 100.0% 0 0.0%

Table 1 Frequencies of the 2,095 patients with autoantibodies and alloantibodies

∫ Specific allo-antibodies with or without autoantibody
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time, 3.07% at the fifth time, and 4.24% at the seventh 
time. The cumulative incidence rates of the number 
of RBC units, from 2 to 14 units (at 2-unit intervals), 
were 0.55%, 1.31%, 1.78%, 2.10%, 2.52%, 3.05%, 
and 3.73%, respectively (Table 4).

As both age and sex had significant differences, we 
used the Kaplan-Meier survival curves for the analy-
sis of sex-specific cumulative incidence of blood 
transfusion. The cumulative incidence of additional 
antibodies was significantly higher among females 
than that among males (log rank test: 0.035 and 0.038, 
respectively), from the perspective of either transfu-
sion frequency or number. The effect of age on the 
cumulative incidence was not statistically significant 
(Fig. 1,Table 5).

Additional antibodies had 7 types of unexpected 
antibodies, including 8 cases of antibody against Rh 

Gender Age
Number % Female, n (%) Male, n (%) < 18, n (%) 18-65, n (%) > 65, n (%)

Rh 841 545 296 24 535 280
  Anti-C 27 3.2% 15 55.6% 12 44.4% 2 7.4% 17 63.0% 8 29.6%
  Anti-c 4 0.5% 1 25.0% 3 75.0% 1 25.0% 0 0.0% 3 75.0%
  Anti-D 65 7.7% 44 67.7% 21 32.3% 2 3.1% 45 69.2% 18 27.7%
  Anti-E 445 52.9% 306 68.8% 139 31.2% 12 2.7% 284 63.8% 149 33.5%
  Anti-e 5 0.6% 2 40.0% 3 60.0% 0 0.0% 4 80.0% 1 20.0%
  Anti-F 2 0.2% 2 100.0% 0 0.0% 0 0.0% 0 0.0% 2 100.0%
  Anti-Hr0 2 0.2% 2 100.0% 0 0.0% 0 0.0% 1 50.0% 1 50.0%
  Anti-C,e 142 16.9% 79 55.6% 63 44.4% 4 2.8% 83 58.5% 55 38.7%
  Anti-E,c 128 15.2% 80 62.5% 48 37.5% 3 2.3% 90 70.3% 35 27.3%
  Anti-D,C 14 1.7% 10 71.4% 4 28.6% 0 0.0% 7 50.0% 7 50.0%
  Anti-D,E 7 0.8% 2 28.6% 5 71.4% 2 28.6% 2 28.6% 3 42.9%
MNS 367 222 145 41 226 100
  Anti-M 281 76.6% 165 58.7% 116 41.3% 39 13.9% 171 60.9% 71 25.3%
  Anti-N 4 1.1% 3 75.0% 1 25.0% 0 0.0% 2 50.0% 2 50.0%
  Anti-S 29 7.9% 23 79.3% 6 20.7% 0 0.0% 24 82.8% 5 17.2%
  Anti-"Mia" 53 14.4% 31 58.5% 22 41.5% 2 3.8% 29 54.7% 22 41.5%
Lewis 127 89 38 7 103 17
  Anti-Lea 113 89.0% 78 69.0% 35 31.0% 6 5.3% 93 82.3% 14 12.4%
  Anti-Leb 13 10.2% 10 76.9% 3 23.1% 1 7.7% 10 76.9% 2 15.4%
  Anti-Lea, -Leb 1 0.8% 1 100.0% 0 0.0% 0 0.0% 0 0.0% 1 100.0%
Kidd 56 35 21 1 37 18
  Anti-Jka 19 33.9% 11 57.9% 8 42.1% 0 0.0% 15 78.9% 4 21.1%
  Anti-Jkb 30 53.6% 20 66.7% 10 33.3% 1 3.3% 16 53.3% 13 43.3%
  Anti-Jk3 7 12.5% 4 57.1% 3 42.9% 0 0.0% 6 85.7% 1 14.3%
Duffy 7 4 3 0 7 0
  Anti-Fya 4 57.1% 2 50.0% 2 50.0% 0 0.0% 4 100.0% 0 0.0%
  Anti-Fyb 3 42.9% 2 66.7% 1 33.3% 0 0.0% 3 100.0% 0 0.0%
P1 12 7 5 1 9 2
  Anti-P1 12 100.0% 7 58.3% 5 41.7% 1 8.3% 9 75.0% 2 16.7%
Lutheran 2 1 1 0 1 1
  Anti-Lua 2 100.0% 1 50.0% 1 50.0% 0 0.0% 1 50.0% 1 50.0%
Kell 3 1 2 0 2 1
  Anti-K 3 100.0% 1 33.3% 2 66.7% 0 0.0% 2 66.7% 1 33.3%
Xg 1 1 0 0 1 0
  Anti-Xg 1 100.0% 1 100.0% 0 0.00% 0 0.00% 1 100.00% 0 0.00%

Table 2 Frequencies of alloantibody against single RBC system

Numbers under the % column represent the percentage of individual antibody in each system.
Numbers in horizontal rows under the gender and age column represent the percentage of individual group in respective columns.

Fig. 1.  Gender- specific cumulative incidence in immunized 
patients according to frequency of transfused subjects. 
Solid line represents women and dotted line represents men. 
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Consistency Additional unexpected
 (n=538) antibodies  (n=13) P

Sex-male(%) 228 (42.4%) 2 (15.4%) 0.043
Age in years -median( IQR) 59.0 (30.0) 61.0 (32.0) 0.783
Cumulative units and frequency 14,056, 2,477 68, 38
Units per patient -median( IQR, Max) 8 (8, 178) 4 (6,14) 0.006
Follow-up frequency -median( IQR, Max) 3 (2, 79) 4(1,7) <0.001

Table 4 Baseline to cumulative incidence of immunized patients

Red Blood Cell Unit Transfusion Frequency
Sex, n (%) Age, n (%) Sex, n (%) Age, n (%)

Number Female Male 18-65 >65 Total Number Female Male 18-65 >65 Total
2 0.31% 0.89% 1.41% 0.55% 1 0.31% 0.89% 1.42% 0.55%
4 1.61% 0.66% 2.38% 1.31% 2 2.46% 1.61% 2.36% 1.82%
6 2.45% 1.44% 1.78% 4 3.52% 2.52% 2.33%
8 3.01% 1.94% 2.10% 5 5.16% 3.97% 3.07%
10 3.77% 3.48% 2.52% 7 7.95% 4.68% 4.24%
12 4.84% 2.85% 3.05%
14 6.28% 4.00% 3.73%

Table 5 Cumulative incidence of additional antibody formation with frequency of transfused and RBC units 
after transfusion in alloimmunized patients.

Gender Age
Number Constituent Rate Female, n (%) Male, n (%) <18, n (%) 18-65, n (%) >65, n (%)

Double system 
Rh + MNS 19 12 7 0 14 5
  Anti-M+anti-C 1 5.3% 1 100.0% 0 0.0% 0 0.0% 1 100.0% 0 0.0%
  Anti-M+anti-E 4 21.1% 3 75.0% 1 25.0% 0 0.0% 4 100.0% 0 0.0%
  Anti-N+anti-E 1 5.3% 0 0.0% 1 100.0% 0 0.0% 0 0.0% 1 100.0%
  Anti-S+anti-C 1 5.3% 1 100.0% 0 0.0% 0 0.0% 0 0.0% 1 100.0%
  Anti-S+anti-E 3 15.8% 2 66.7% 1 33.3% 0 0.0% 3 100.0% 0 0.0%
  Anti-Mia+anti-E 2 10.5% 1 50.0% 1 50.0% 0 0.0% 2 100.0% 0 0.0%
  Anti-M+anti-c,-E 4 21.1% 3 75.0% 1 25.0% 0 0.0% 3 75.0% 1 25.0%
  Anti-Mia+anti-c,-E 1 5.3% 0 0.0% 1 100.0% 0 0.0% 0 0.0% 1 100.0%
  Anti-N+anti-C,-e 1 5.3% 1 100.0% 0 0.0% 0 0.0% 1 100.0% 0 0.0%
  Anti-S+anti-C,-e 1 5.3% 0 0.0% 1 100.0% 0 0.0% 0 0.0% 1 100.0%
Rh + Lewis 2 1 1 0 2 0
  Anti-Lea+anti-D 1 50.0% 1 100.0% 0 0.0% 0 0.0% 1 100.0% 0 0.0%
  Anti-Lea+anti-E 1 50.0% 0 0.0% 1 100.0% 0 0.0% 1 100.0% 0 0.0%
Rh + Kidd 30 18 12 1 20 9
  Anti-Jka+anti-C 2 6.7% 1 50.0% 1 50.0% 0 0.0% 1 50.0% 1 50.0%
  Anti-Jka+anti-E 9 30.0% 5 55.6% 4 44.4% 0 0.0% 7 77.8% 2 22.2%
  Anti-Jkb+anti-E 5 16.7% 5 100.0% 0 0.0% 0 0.0% 3 60.0% 2 40.0%
  Anti-Jka+anti-c,-E 6 20.0% 3 50.0% 3 50.0% 0 0.0% 3 50.0% 3 50.0%
  Anti-Jkb+anti-c,-E 4 13.3% 1 25.0% 3 75.0% 1 25.0% 3 75.0% 0 0.0%
  Anti-Jka+anti-C,-e 2 6.7% 2 100.0% 0 0.0% 0 0.0% 2 100.0% 0 0.0%
  Anti-Jkb+anti-C,-e 1 3.3% 1 100.0% 0 0.0% 0 0.0% 1 100.0% 0 0.0%
  Anti-Jkb+anti-D,-E 1 3.3% 0 0.0% 1 100.0% 0 0.0% 0 0.0% 1 100.0%
Rh + Duffy 5 3 2 0 5 0
  Anti-Fyb+anti-E 5 100.0% 3 60.0% 2 40.0% 0 0.0% 5 100.0% 0 0.0%
Rh + Diego 3 1 2 0 0 3
  Anti-Dia+anti-C 2 66.7% 0 0.0% 2 100.0% 0 0.0% 0 0.0% 2 100.0%
  Anti-Dia+anti-E 1 33.3% 1 0 0 0.0% 0 0.0% 1 100.0%
MNS + Lewis 1 1 0 0 1 0
  Anti-M+anti-Lea 1 100.0% 1 100.0% 0 0.0% 0 0.0% 1 100.0% 0 0.0%
Trible system
Rh + Kidd + Duffy 2 1 1 0 2 0
  Anti-Fya + anti-Jka + anti-c,-E 2 100.0% 1 50.0% 1 50.0% 0 0.0% 2 100.0% 0 0.0%

Table 3 Frequencies of alloantibody against Multiple RBC system

Numbers under the % column represent the percentage of individual antibody in combined system.
Numbers in horizontal rows under the gender and age column represent the percentage of individual group in respective columns.
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system (62%) and 2 cases of autoantibody (15.4%), as 
well as anti-Kpa, anti-S, and anti-Jkb (7.6% each, 1 
case per type). The disease and antibody diversifica-
tion of the 13 cases of additional antibodies is sum-
marized in Table 6.

Discussion
This is a large-scale report of patients with positive 

unexpected antibodies from 98 medical institutes in 
Beijing during 2011-2014. With reference to previous 
studies on immunized patients with unexpected anti-
bodies in China and converting the denominator to fit 
our study, our study is estimated to cover to 580,000 
patients who underwent antibody screening and a total 
population of 5.37 million[9-12]. Taking the data from 
the China Census in 2010 as reference, we found that 
being elderly and female are risk factors that led to the 
relatively high occurrence of unexpected antibodies. 
Our statistical analysis encompassed relatively com-
mon unexpected antibody types and rare unexpected 
antibodies. To our knowledge, this study is a large-
scale study that is highly diversified and based on a 
large-scale sample analysis in China.

 Antibodies against the MNS and Lewis systems 
rank second (25.9%), and antibody against single 
systems ranks third (9.0%), followed by antibody 
against the Kidd system (4%), P1 system (0.8%), and 
Duffy system (0.5%). As such, we predicted that the 
co-expression of antibody against double systems 
and antibody against the Rh system should rank the 
second, third, or fourth place. However, the order of 
prevalence of co-expression with antibody against the 
Rh system was observed to be as follows: antibody 
against the Kidd system > antibody against the MNS 
system > antibody against the Duffy system. The co-
expression phenomenon among the antibodies against 
the Kidd, Duffy, and Rh systems shed light on the op-

tion of preventive phenotype matching for the preven-
tion of multiple antibodies in patients with unexpected 
antibodies.

Anti-Dia can only be expressed under the pres-
ence of some other antibodies, and anti-Mia has a 
significantly high prevalence rate in Asia. Although 
screen cells used by BRCBC contain Mia and Dia an-
tigens, whether or not to include Mia and Dia antigens 
in screen cells is still controversial[5,6,18-21]. Currently, 
screen cells used by medical institutes in Beijing are 
from Europe or the United States, and most of which 
are not Dia- or Mia- expressed RBCs. Studies con-
ducted in Thailand and Malaysia showed that the 
prevalence of anti-Mia among unexpected antibodies 
was no less than that of anti-E[6,19]. There was even a 
7.4% antibody prevalence rate among blood donors in 
Taiwan, with an antigen positivity rate of about 5.5%[5]. 
Follow-up observation is necessary to determine 
whether to recommend the inclusion of anti-Mia in 
screen cells in China. 

In our study, the prevalence of additional antibod-
ies among patients who had the same type of immune 
disease was only 2.4%, and the cumulative inci-
dence was about 4.24% for frequency and 3.73% for 
number. In addition, the cumulative incidence among 
females was significantly higher than that among 
males. Results from our study are different from those 
obtained by J. G. van der Bom in their study, in which 
the cumulative incidence was up to 20%[17]. The sam-
ple collection method might be the reason for the 
difference because the previous study was a 20-year 
follow-up observation in 2 large hospitals, whereas 
our study obtained data from all immunized patients 
in Beijing in the period 2011-2014. Between these 
two studies, the differences in blood transfusion risk 
due to medical technologies in different ages, im-
mune diversity and status between different ethnical 

Consistent Unexpected Abs Additional immunization 
Type Additional Abs Disease
Auto Ab Auto Ab+anti-Ce Gastrointestinal bleeding

Auto Ab+anti-E*2 Systemic lupus erythematosus
Evans syndrome

Anti-cE Auto Ab+anti-Ce Anemia
Anti-Kpa+anti-E Myelodysplastic syndrome

Auto Ab Cervical cancer
Non-specific Ab Anti-E Chronic Kidney Disease with liver cirrhosis

Auto Ab+anti-Ce Urinary bladder cancer
Auto Ab Gastrointestinal bleeding

Anti-M Anti-M+anti-cE Rectal cancer
Anti-E Anti-E+anti-S Acute myelocytic leukemia
Anti-Fya Anti-Fya+anti-Jkb Autoimmune cirrhosis
Anti-D+Anti-Lea Anti-CD Lumbar spinal stenosis 

Table 6 Disease and diversification of irregular Abs at first and after transfusions in immunized patients
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groups, RBC count per unit, and even fertility poli-
cies can affect the results. Second, the data used in our 
study were collected from all hospitals in Beijing and 
the diseases were relatively complicated and diverse, 
which are different from the diseases and illnesses 
studied in medical centers. Significant growths have 
been observed in China's economy and medical tech-
nology since 2000. Thus, we believe that our study 
can more closely reflect the transfusion risks induced 
by the medical technology in Beijing in the past 5 
years. Our study showed that the cumulative incidence 
occurred at the seventh blood transfusion and with 14 
U of transfused RBCs. In addition, it also showed that 
additional antibody is most likely to occur immedi-
ately after the first appearance of antibody. These ob-
servations are different from those in foreign studies. 
Whether the differences are related to immune status 
such as HLA is still under further investigation[3]. 
Based on the types of additional antibody, preventive 
Rh-typing match transfusion is estimated to effec-
tively reduce up to 62% of the incidence of additional 
antibody in all allo-immunized patients. The occur-
rence of additional antibody can be almost completely 
inhibited if the combination of S and Jkb antibodies is 
considered. In addition, this observation agrees with 
the fact that antibody against the Rh system, along 
with antibodies against the Kidd and MNS systems, is 
the major type of antibodies against multiple systems.

Owing to the restrictions by the operation proce-
dure, for immunized patients who already have an-
tibody identification reports, the BRCBC performed 
antibody identification again only if unmatched blood 
was observed in the following cross-matching tests. 
Antibody screening was executed by medical insti-
tutes, and the results of pre-transfusion blood test 
were sent back to the BRCBC, so underestimation is 
possible. Nevertheless, to our knowledge and experi-
ence, despite the risk of appearance of a new anti-
body, we ensure that the blood samples match with 
the existing antibody present, which ensure the safety 
of blood transfusion. Another limitation is that our 
dataset cannot provide information about patients' 
history of blood transfusion and pregnancy before the 
occurrence of antibody. Therefore, we could not dif-
ferentiate how many antibodies resulted from natural 
immune response or blood transfusion-induced im-
mune response. This study did not evaluate the effects 
of different RBC blood components on the cumulative 
incidence of the same antibody type. However, previ-
ous studies showed that the effects of leukocyte and 
regular RBC products on the occurrence of antibody 
have no significant difference[22]. As the observation 
of cumulative incidence of additional antibody among 

the patients with the same type of immune disease in 
our study differed from that in the study that focused 
on European ethnic groups, a longer observation time 
is necessary so as to draw more-comprehensive con-
clusions. Therefore, the cumulative incidence of un-
expected antibody after blood transfusion in in China 
still needs to be verified.

Among all the types of alloantibodies, anti-Rh was 
observed to have the highest prevalence (more than 
60% of the alloantibody), followed by anti-MNS 
(including 14.4% anti-Mia), anti-Lewis, anti-Kidd, 
anti-P1, and anti-Duffy. Anti-Rh accounts for 62.0% 
of the cases of additional antibodies among immu-
nized patients. Performing Rh-compatible blood type 
preventive transfusion can significantly reduce nearly 
60% of the unexpected antibodies. For example, the 
continuous increase in MNS blood type can further 
reduce the prevalence of unexpected antibody by 25%. 
This applies to the inhibition of the occurrence of al-
loantibody and prevention of the increase in additional 
antibody. Calculations showed that the cumulative 
incidence of additional antibody among immunized 
patients was 5% at the first time, 1.82% at the second 
time, 2.33% at the fourth time, 3.07% at the fifth time, 
and 4.24% at the seventh time. In addition, the cu-
mulative incidence of additional antibody among fe-
males was significantly higher than that among males. 
Therefore, the drive to perform preventive blood 
transfusion for senior people and females is stronger.
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