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ABSTRACT  
To explore the necessity of electronic crossmatching applied to irregular antibodies from blood donors, to 

ensure blood transfusion safety. Irregular antibody screening was performed on blood samples collected in the 
Dongguan Blood Center from Apr 17, 2014 to Dec 31, 2017. Primary screening was performed on the Sanquin 
automatic blood group analyzer by the microcolumn gel method (Sanquin). The positive samples were analyzed 
again using the salt medium method, polybrene method and micro-column gel method (Diana) for the second 
screening. If the second screening was positive, it was used to determine irregular antibody specificity (using 
panel cells) and any irregular antibody titer was detected. A total of 208,004 samples were detected, of which 316 
were positive (316/208,004; 0.152%). Among them, 120 alloantibodies (120/135,139; 0.088%) were detected in 
male donors, which was much lower than in female donors (173/72,865; 0.237%) (P<0.01). A total of 16 kinds 
of known irregular antibodies and 40 cases of unknown antibody specificity were detected, with 119 cases of IgG 
type and 197 cases of IgM type, at the ratio of 1.65:1. In female donors, the frequencies of anti-D, anti-E, anti-M 
and anti-Lea were significantly higher than in male donors (P<0.01). In married couples, the frequencies of anti-
D and anti-E were significantly higher than those unmarried (P<0.05). In minority nationalities, the frequency of 
anti-M was significantly higher than in the Han nationality (P<0.05). In non-Guangdong donors, the frequencies 
of anti-D and anti-Lea were significantly higher than in Guangdong donors. 87.02% of irregular antibody positive 
donors' antibody titers were lower than "++", which was deemed as no serious hazard for clinical transfusion. The 
study suggests that it is unnecessary to screen for irregular antibodies in blood donors. Male donors from Guang-
dong may not be required to undergo screening for irregular antibodies, and anti-D and anti-E only identification 
is also not required to be detected in female donors.
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INTRODUCTION

Blood component transfusion can produce a se-
ries of immunological effects. Once the recipient is 
exposed to a non-ABO antigen, the immune system 
can develop irregular antibodies. Irregular antibodies 

include alloantibodies and autoantibodies, with almost 
half of them being considered clinically significant; 
being related to hemolytic transfusion reactions or 
shortened red blood cell(RBC) survival. However, in 
mainland China, there are no regulatory requirements 
for all donors to be screened for irregular antibodies. 
Despite this, in developed countries such as those in 
Europe and the United States, it is listed as routine. If 
donors' blood components contain irregular antibod-
ies, this may lead to a minor crossmatching compat-
ibility, in which blood components are transfused to 
the recipient, causing possible hemolytic transfusion 
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adverse-reactions. Another purpose of this study 
is to explore the basis for developing an electronic 
crossmatching program in China. Such an electronic 
crossmatch system has already been implemented in 
many developed counties, such as the United States, 
Denmark, Holland, Norway, Britain, Canada and 
Australia, in which irregular-antibody screening of 
all blood donors is necessary[1]. In order to explore the 
incidence and distribution of irregular antibodies in 
blood donors in China, and confirm the necessity of 
electronic crossmatching (as well as prevent wasteful 
spending and staff costs), we analyzed 208,004 cases 
of irregular antibody screening for blood donors.

MATERIALS AND METHODS

Blood samples
Samples were collected from Dongguan blood do-

nors from Apr 17, 2014 to Dec 31, 2017, and were 
stored at 2-8 ℃ before screening. A total of 208,004 
blood donors' samples were analyzed; of which 
135,139 were male donors (71.9%), while 72,865 
were female (39.1%). Among these, 9 minority na-
tionalities from 19 provinces in China were represent-
ed. This study was approved by the Dongguan Blood 
Center Ethics Committee and all aspects of the study 
complied with the Declaration of Helsinki.

Reagents and instruments
Polybrene reagent, Antibody Screening cells 

(Shanghai Blood Biopharmaceutical Co., Ltd., China) 
and Screening Panels (123, Sanquin, Netherlands), 
Panel cells (Shanghai Blood Biopharmaceutical Co., 
Ltd., China). Microcolumn gel and Antiglobulin Cards 
(Sanquin, Netherlands), DG Gel Coombs(Diana, Gri-
fols, Spain), Microcolumn gel Card Incubator (Diana 
Incubator, Grifols, Spain), Microcolumn gel Card 
Centrifuge (Dienofuge, Grifols, Spain), Centrifuge 
(KA-2200, KUBOTA, Japan), Automatic blood group 

Analyzer (Sanquin, Netherlands).

Screening and identification of irregular antibodies 
The First irregular antibody screening was com-

pleted by the Sanquin automatic blood group analyzer, 
with the column agglutination method and a 3-cell 
screen (Sanquin Panel 123). The positive samples were 
confirmed for antibody type by the salt medium meth-
od and the polybrene/microcolumn gel agglutination 
method (Diana) with antibody screening cells (Shang-
hai Blood Biopharmaceutical Co., Ltd). Irregular an-
tibody specificity was identified by panel cells which 
showed a clear pattern of erythrocyte antigen cover-
age. If the antibodies agglutinated with all panel cells 
and the donor's erythrocyte, they were identified as an 
autoantibody. All samples with autoantibodies were 
identified for IgM type or IgG type at 4℃ and 37℃ by 
the saline medium method and the polybrene method. 
If the agglutination reaction was enhanced at 4℃ , and 
weakened at 37℃ , it was identified as a cold antibody.

Statistical analysis
 SPSS13.0 was used for statistical analysis, and the 

χ2 test was used to determine the related irregular 
antibody's frequency to a significance level of P<0.05.

RESULTS

Basic situation
Irregular antibody frequency is reported at different 

rates in different regions (Table 1). The frequency in 
this study showed lower than in Japan, France, Latin 
America, Costa Rica, Brazil, or in Sichuan province in 
China, but higher than others. Antibody screening was 
done in all 208,004 blood donors from Apr 17, 2014 
to Dec 31, 2017. Male to female antibody distribu-
tion, as well as the total number of donors is shown in 
Table 2, of which 100% were voluntary and all were 
healthy. Out of a total of 316 irregular antibody posi-

Authors N Positive number Positive rate (%) Donors
Plumbley JA et al.[2] 0.040 U.S.A. military
Tiwari AK et al.[3] 31,367 0.009 India
Pahujaet S et al.[4] 7,768 0,004 0.050 New Delhi, India
Kaur D et al.[5] 6,350 0,007 0.110 India
Ducos J et al.[6] 661,511 2,021 0.300 France Paris
Ducos J et al.[6] 269,162 2,138 0.790 France Toulouse
Garg N et al.[7] 47,450 0,046 0.090 India New Delhi
Garcia MA et al.[8] / / 0.190 Latin America, Costa Rica
Garcia MA et al.[8] / / 0.340 Brazil
Takeshita A et al.[9] 248,785 3,554 1.430 Japan
Li CY et al.[10] 36,287 0,571 1.574 Sichuan, China
Zhu JY et al.[11] 15,033 0,042 0.003 Shaoguan, China
This study 208,004 0,316 0.157 Dongguan, China

Table 1 Irregular antibody frequency was reported in different regions
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The frequency of irregular antibody in Rh, MNSs 
and Lewis blood system were higher in females than 
in males (P<0.01, Table 3). This was also shown the 
frequencies for anti-D and anti-E in the Rh blood 
system, anti-M in MNSs blood system, and anti-
Lea in the Lewis blood system between genders were 
found statistically significant (P<0.01). The results 
showed that the three blood system alloantibodies 
(MNSs, Lewis, P blood system) (170/293, 58.02%) 
were the most frequently found in blood donors cor-
responding to non-clinically significant alloantibod-
ies. In the other 123 cases (123/293; 41.98%) clini-
cally significant irregular antibodies were all found, 
60.16% of them belonged to the Rh blood system, 
while 81.08% of irregular antibodies relating to the Rh 
blood system were found in female donors.

The relationship of alloantibody distribution 
frequency between nationality and  native place

The frequency of anti-D in the Rh blood system 
was higher in donors outside Guangdong when com-
pared to donors in Guangdong (P<0.05); anti-M in 
the MNSs blood system were higher in the Han na-
tionality (P<0.01); anti-Lea in the Lewis blood system 
were higher in donors in Guangdong than in donors 

tive cases (316/208,004; 0.152%), specific alloanti-
bodies were found in 293 samples, at a ratio of 0.141% 
to the total amount (293/208,004), and autoantibod-
ies were found in 23 samples, at the positivity rate 
of 0.011% (23/208,004). The specific alloantibodies 
ratio in the Lewis system was the highest, reaching 
37.34%(118/316) with a positive ratio of 0.056%; 
74 cases in the Rh system, accounted for 23.418% 
(74/316) with a positive ratio of 0.031%; 42 cases in 
MNSs system accounted for 13.29% (42/316) with a 
positive ratio of 0.020%. The male to female ratio of 
total blood donors was found to be 1.85:1. The male 
to female ratio of alloantibody positive and autoanti-
body positive results were 0.69:1 and 2.28:1, respec-
tively. The frequency of alloantibody positive results 
in females was higher than in the male participants 
(P<0.01), but no significance was found between the 
males and females in the autoantibody positive results. 
There were 197 cases of IgM type irregular antibodies 
(197/316; 62.342%), and 119 cases of IgG type ir-
regular antibodies (119/316; 37.658%). The ratio be-
tween them was 1.65:1.

The relationship of alloantibody distribution 
frequency between genders and marital status

Donors Total/n(%) Male/n(%) Female/n(%) M:F χ2 P
Total 208,004(100) 135,139(100) 72,865(100) 1.85:1 / /
Alloantibody positive 293(0.141) 120(0.088) 173(0.237) 0.69:1 74.10 <0.01
Autoantibody positive 23(0.011) 16(0.012) 7(0.009) 2.28:1 0.21 >0.05

Table 2 Basic situation of total donors and antibody positive donors

Antibody type
Gender

        Male               Female                                      
    (135,139)           (72,865)       

Marital status
     Married          Unmarried              
    (123,899)           (84,105)       

Rh system 14 60 68.91 <0.01 71 3 40.65 <0.01
  anti-D 0 12 19.49 <0.01 12 0 8.14 <0.01
  anti-E 13 45 46.13 <0.01 54 3 29.26 <0.01
  anti-c 1 2 0.29 >0.05 3 0 0.70 >0.05
  anti-Ce 0 1 0.06 >0.05 1 0 0.04 >0.05
MNSs system 19 23 7.18 <0.01 26 16 0.02 >0.05
  anti-M 18 19 4.32 <0.05 22 15 0.02 >0.05
  anti-S 0 2 1.40 >0.05 1 1 0.19 >0.05
  anti-Mur 1 2 0.29 >0.05 3 0 0.70 >0.05
Lewis system 59 59 11.61 <0.01 78 40 2.09 >0.05
  anti-Le(a) 59 57 10.13 <0.01 76 40 1.70 >0.05
  anti-Le(b) 0 2 1.40 >0.05 2 0 0.19 >0.05
anti-P1 7 3 0.00 >0.05 8 2 0.99 >0.05
anti-Fy(b) 1 4 2.68 >0.05 4 1 0.22 >0.05
anti-Di(a) 1 0 0.00 >0.05 0 1 0.04 >0.05
anti-Jk(a) 0 1 0.00 >0.05 0 1 0.04 >0.05
anti-Kpa 1 0 0.00 >0.05 1 0 0.04 >0.05
anti-LU(a) 1 0 0.00 >0.05 0 1 0.04 >0.05
IgM alloantibody 3 1 0.01 >0.05 3 1 0.01 >0.05
IgG alloantibody 14 22 10.75 <0.01 26 10 2.39 >0.05
Total 120 173 74.10 <0.01 216 76 25.13 <0.01

Table 3 The relationship of alloantibody distribution frequency between gender and marital status

χ2 P χ2 P
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DISCUSSION

Irregular antibodies are produced by alloimmuni-
zation in cases of pregnancies or blood transfusions, 
and so on. They are called "irregular" due to target 
erythrocyte antigens being from "rare blood systems", 
and being separate from the ABO system. Irregular 
antibodies have been widely investigated in immuno-
hematology since their presence in blood donors may 

residing outside Guangdong (P<0.01) (Table 4).

The distribution of agglutination intensity
The agglutination intensity of irregular antibody re-

action is shown in Table 5. The agglutination intensity 
of "+" and below "+" was found in 201 cases (65.12%), 
which was higher than the proportions of "++", "+++" 
and "++++" agglutination intensity (P<0.01). The cu-
mulative frequency below "++" reached to 87.02%.

Agglutination 
intensity

n Frequency (%) Cumulative frequency(%)

+ 201 63.61 65.12
++ 74 23.41 87.02
+++ 26 8.23 95.25
++++ 15 4.75 100.00
Total 316 100.00

Table 5  The intensity distribution of irregular anti-
body agglutination

χ2=6.75，P<0.05.

Antibody type
Nationality

         Han              Minorities                                        
    (197,272)           (10,732)       

Native place
   Guangdong   Not Guangdong           
     (68,049)           (139,955)       

Rh system 73 1 1.48 >0.05 21 53 0.63 >0.05
  anti-D 12 0 0.02 >0.05 0 12 4.44 <0.05
  anti-E 57 1 0.78 >0.05 20 38 0.08 >0.05
  anti-c 3 0 0.81 >0.05 1 2 0.35 >0.05
  anti-Ce 1 0 1.00 >0.05 0 1 0.13 >0.05
MNSs system 36 6 5.40 <0.05 17 25 1.73 >0.05
  anti-M 31 6 7.11 <0.01 14 23 0.44 >0.05
  anti-S 2 0 1.60 >0.05 2 0 1.62 >0.05
  anti-Mur 3 0 0.80 >0.05 1 2 0.35 >0.05
Lewis system 110 8 0.63 >0.05 56 62 11.64 <0.01
  anti-Le(a) 108 8 0.71 >0.05 54 62 10.08 <0.01
  anti-Le(b) 2 0 1.60 >0.05 2 0 1.65 >0.05
anti-P1 9 1 0.00 >0.05 7 3 0.486 >0.05
anti-Fy(b) 4 1 0.24 >0.05 1 4 0.017 >0.05
anti-Di(a) 1 0 1.00 >0.05 0 1 0.13 >0.05
anti-Jk(a) 1 0 1.00 >0.05 1 0 0.13 >0.05
anti-Kpa 1 0 1.00 >0.05 1 0 0.13 >0.05
anti-LU(a) 1 0 1.00 >0.05 0 1 0.13 >0.05
IgM alloantibody 3 1 0.44 >0.05 2 2 0.04 >0.05
IgG alloantibody 36 0 1.04 >0.05 16 20 2.25 >0.05
Total 275 18 0.57 >0.05 256 38 16.17 <0.01

Table 4 The relationship of alloantibody distribution frequency between nationality and native place

χ2 P χ2 P

lead to difficulties in blood typing, blood crossmatch-
ing, or their side effects in inducing hemolytic trans-
fusion reactions. According to the characteristics of 
antibodies, they can be divided into IgM type or IgG 
type. IgM type antibodies are cold-reactive antibodies 
(of which most are autoantibodies) and are generally 
known as non-clinically significant antibodies. IgG 
type antibodies are mostly clinically significant, and 
are mostly generated by immune stimulation, such 
as blood transfusions, pregnancy and/or organ trans-
plantation. IgG type irregular antibodies can sensitize 

erythrocytes, which may lead to delayed hemolytic 
transfusion reactions. In Europe, the United States 
and other developed countries, generally, donors are 
screened for irregular antibodies. Blood services in 
Hong Kong and Taiwan also screen for irregular anti-
bodies as a routine. Plumbley et al.[2] reported a posi-
tive rate of 0.04% for irregular antibodies from U.S. 
military donors, with only 0.02% testing positive for 
clinically significant irregular antibodies. Tiwari et 
al.[3] reported that the percentage of positive irregular 
antibodies from Indian donors was 0.09%, which were 
mainly from anti-M in the MNSs system. Garg et al.[4] 
reported that a total of 46 donors showed the presence of 
alloantibodies (46/47,450), yielding only a prevalence 
of 0.09%. Most frequent alloantibodies identified were 
of the MNSs blood system. Pahuja et al.[5] reported 
that 4 cases of alloantibodies were found in 7,768 
blood donors from Teheran, with a positive rate of 
only 0.05%, 2 of them were anti-C, 1 was anti-Lea 
and 1 was autoantibody. The relative frequencies 
of irregular antibodies in donors were about 0.3% 
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(0.2%-0.8%) worldwide, 0.19% in Latin America and 
Costa Rica and 0.34% in Brazil[6]. In order to study the 
necessity irregular antibody screening on blood donors 
for development electronic crossmatching in China, 
we retrieved Chinese literatures published in recent 
years from CNKI, about 4,390,318 cases irregular 
antibody screen from 10 articles; where 545 cases be-
ing positive, at a total positive rate of 0.012%, which 
was lower than that of France, New Delhi, USA, Latin 
America and Brazil. This was also significantly lower 
than the range of 0.2%-0.8% found in the frequency 
for donors worldwide. We speculated that perhaps the 
blood acquired from Chinese individuals is more ho-
mogenous than those from western countries, resulting 
in a lower frequency of irregular antibodies. However, 
Li et al. [7] reported that in a total of 36,287 blood 
samples tested, 571 samples were irregular antibody 
positive, with a positive ratio of 1.574% (571/36,287), 
which is much higher than in previous Chinese lit-
erature. This may have something to do with different 
regions. In this report, from Apr 17, 2014 to Dec 31, 
2017, all samples of blood donors were screened for 
irregular antibodies in the Dongguan Blood Center. 
A total of 208,004 cases were involved; 316(0.157%) 
were positive, of which autoantibodies accounted for 
23 cases, accounting for 0.011% of the total. Among 
all positive cases, 12 anti-D were all female, with 45 
cases of anti-E were females, the frequencies were 
significantly higher than those in males (P<0.01). 
60.16% of all clinically significant alloantibodies be-
longed to the Rh blood system, of which 81.08% of 
the irregular Rh blood system antibodies were found 
in female donors. This is consistent with reports of 
McAdams et al.[8]. In previous reports the irregular 
antibody frequency of Rh group system was the high-
est in female patients, and showed that the Rh group 
system (of alloantibody origin) is related to preg-
nancy[9,10]. In support of this, the frequency of irregu-
lar antibody in Rh blood system in married donors 
was also significantly higher than unmarried donors 
(P<0.01), showing pregnancy as the reason for ir-
regular antibodies in females. The frequencies of anti-
M and anti-Lea in females were higher than those in 
males (P<0.01). Because these were IgM type, males 
may be more exposed to variances in blood type ma-
terial than females. The frequency of anti-M in the 
Han population was higher than in ethnic minorities 
(P<0.01), which may be due to certain genetic and 
geographical factors.

The reagents and equipment of irregular antibody 
screening in this study were supplied by the Sanquin 
Company in the Netherlands. The Sanquin system has 
a high sensitivity. Due to limitations in panel cells, the 

identification of antibody specificity was also lim-
ited. Therefore, there were some uncertain antibody 
specificity (mostly IgG type) but their agglutination 
intensity was weak, with an in consistent reaction in-
tensity when compared to the panel cells. According 
to the type of irregular antibody, 197 cases of IgM 
type irregular antibodies and 119 cases of IgG type ir-
regular antibodies were detected, at the ratio of 1.65:1. 
A cumulative study of Chinese literature reported that 
193 positive cases were detected in 572,959 donors, 
of which 182 were IgM type irregular antibodies, ac-
counting for 94.3% of positive cases, and 11 were IgG 
irregular antibodies, accounting for 5.7% of positive 
cases, meaning that the positive rate of IgM type ir-
regular antibodies was much higher than that of IgG 
type irregular antibodies. IgM type irregular antibod-
ies are complete antibodies, which activate the com-
plementary system - leading to acute hemolytic trans-
fusion reactions. Chen et al.[11] detected 164 times of 
irregular antibodies in 121 cases of hemolytic transfu-
sion reactions, of which 157 (95.73%) were caused by 
IgG type irregular antibodies and 7 (4.27%) were IgM 
type. Therefore, it is showing that in most cases ir-
regular antibodies lead to hemolytic transfusion reac-
tions.

According to the agglutination intensity, 15 cases 
were "++++", 26 cases were "+++", 74 cases were 
"++", and 201 cases were "+". In positive plasma, 
65.12% of the irregular antibody agglutination inten-
sity was weaker than "+" and 87.02% of the irregu-
lar antibody agglutination intensity was weaker than 
"++". Due to the extremely low frequency of irregular 
antibodies and most of them being non-clinically 
significance, some scholars believe it is not neces-
sary to detect irregular antibodies for donors as a rou-
tine. China blood services supply frozen plasma and 
fresh frozen plasma for hospital, but acute hemolytic 
transfusion reactions caused by irregular antibodies 
transfused have not been reported. Acute hemolytic 
transfusion reactions usually occur in the ABO group 
system. And since IgG irregular antibodies generally 
cause delayed hemolytic transfusion reactions, they 
are easily ignored in clinic or masked by the original 
disease. Additionally, considering that RBC com-
ponents (with irregular antibodies) would be diluted 
after transfusion, it is unlikely that they would cause 
the recipient a detectable problem. Even then, if the 
blood was transfused as fresh-frozen plasma, eryth-
rocyte units, platelets, or cryoprecipitate, they would 
be diluted by the recipient's circulatory system, and 
unlikely to cause recipient hemolysis. Studies have 
shown that irregular antibodies targeting Duffy (Fya), 
Kidd (Jka) and MNS (M, s) antigens in autoimmune 
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patients suggest a loss of immune tolerance to these 
erythrocyte antigens[12].

In summary, the rate of donors testing for irregular 
antibodies is very low, with most of these showing 
IgM type antibodies, which are generally considered 
to be non-clinically significant. IgG type irregular 
antibodies can cause RBC sensitization, however, 
as 87.02% of the antibody titers found in our study 
are below "++". So, even if the recipients contain the 
corresponding antigen for the antibody, the num-
ber of antigen-antibody reactions would be limited, 
and would not be enough to cause delayed hemo-
lytic transfusion reactions. On clinic, the chances of 
hazardous hemolytic transfusion reactions caused by 
plasma testing positive for irregular antibodies from 
donors are very low. Therefore, from the perspective 
of clinical value and economic benefits, we do not 
believe it is a necessity for donors to be screened for 
irregular antibodies, or for female donors to be per-
formed identification of anti-D and anti-E.
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