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ABSTRACT
The objective of this study was to explore the efficacy of a new enhanced medium in indirect antiglobulin test
by optimized gel method. Anti-IgG+ C3d and anti-IgG antiglobulin gel cards, and samples from three blood group
systems: Rh, Kidd and MNSs were used. The new enhanced medium was incubated at 37°C for 5 minutes, low
ionic strength solution (LISS) for 15 minutes, saline solution for 30 minutes, respectively. The sensitivity and
specificity of blood group antibodies were then compared. The results showed that the specificity and sensitivity
of the new enhanced medium incubated for 5 minutes were consistent with those of LISS and saline solution for
15 minutes and 30 minutes, respectively. The results suggest that the new enhanced medium be able to accelerate
the binding of erythrocyte antibodies with antigens, reduce incubation time and optimize the detection process of
indirect antiglobulin test by gel method.
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INTRODUCTION
The cross matching blood test is an item which is
definitely required to be examined in the Technical
Specification for Clinical Blood Transfusion. When
cross matching results show incompatible, antibody
screening testing must be carried out according to relevant guidelines. This ensures blood transfusion safety, improves therapeutic effects and reduces adverse
reactions [1-4]. The microcolumn gel method is the
most commonly used one in antiglobulin test, being
the gold standard for the detection of IgG antibodies
at present, while the indirect antiglobulin test is an
effective method to detect IgG antibodies[5-6]. The
enhanced solution used in this method is low ionic
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strength solution(LISS). Using LISS cuts the incubation time to 15 minutes (conventional saline solution
at 37°C ranges from 30 to 60 minutes), however this
still seems too long for clinical diagnosis, especially
in emergency situations. In this paper, a new type of
enhanced medium was developed to replace LISS
in the antiglobulin test with gel card. By comparing with LISS and saline solution, the sensitivity and
specificity for this new method were evaluated.

MATERIALS AND METHODS
Reagents and instruments
Reagent red blood cells for irregular antibody
screening(Lot.#201711012),blood cross matching
(anti - IgG) card (microcolumn gel immunoassay)
(Lot.#201703006), coombs(anti - IgG+ C3d) card
(microcolumn gel immunoassay) (Lot.#201711004),
LISS(Lot.#201708014)were all provided by Jiangsu LiBO medicine biotechnology Co., Ltd.
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China. The IgM anti-D antibodies (Lot. #GGF1602),
IgM anti - Jkb antibodies (Lot.#BEG1601A,), IgG
anti - N antibodies (Lot.#NAC1601A), IgG antiM antibodies (Lot.#NEB1601A), anti - IgG antiglobulin reagents (Lot.#20161107)were all
purchased from Millipore(U.K.) . IgG anti - Jkb
antibodies(Lot.#MJkbM075, CE),new enhanced
medium(key components: KH2PO4, Na2HPO4, NaCl,
Glycine), BSA, humanized IgG anti - D serum and
O type plasma were made by Jiangsu LIBO medicine biotechnology Co., Ltd., China. The Kubota
centrifuge(KUBOTA Corporation, Japan), incubator and centrifuge(Jiangsu Yuanbo co., Ltd., China)
were used in the above experiments.
Preparation of cell suspensions from different
media
The phenotypic red blood cellsrequired for the
test, including D antigen positive, D antigen negative, Jkb antigen positive, Jkb antigen negative, M
antigen positive, M antigen negative cells, were
washed once with 0.9% NaCl solution. The 0.9%
NaCl solution,LISS and new enhanced medium were
used to prepare 0.8%~1.0% cell suspensions, respectively.
Specificity detection
The blood cross matching(anti-IgG) card (microcolumn gel immunoassay), coombs (anti-IgG+C3d)
card (microcolumn gel immunoassay)were marked
"D+","D-", "Jkb+","Jkb-", "M+", "M-", "N+", "N-"
respectively, and further labeled antibody property
'IgM/IgG,"antibody"anti - D/anti - Jkb/anti - M/antiN" respectively, and incubation time "5 min/15 min/
30 min." The corresponding cell suspension and antibody or plasma were added, mixed slightly, and incubated at 37 °C for 5 minutes, 15 minutes and 30 minutes.The results were observed after centrifugation.
Sensitivity detection
The blood cross matching (anti - IgG) card (microcolumn gel immunoassay) and coombs (antiIgG+C3d) card (microcolumn gel immunoassay)
were marked 1 to 10 respectively, then labeled with
the IgG antibody name "D/Jkb/M/N." The corresponding cell suspension and antibody or plasma

were added, mixed slightly, incubated at 37°C for
5 minutes, 15 minutes and 30 minutes. The results
were observed, the antibody titers were confirmed
and the agglutination strength scores were evaluated
after centrifugation.
Antibody doubling dilution, titer determination and agglutination strength score
The methods followed Experimental Techniques
of Transfusion Immunology and Hematology[6]. The
criteria for agglutination reaction are shown in Table 1.
Table 1

Criteria for the determination of red cell
agglutination
Observed results

cell button remains in one clump
cell button dislodges into several clumps
cell button dislodges into many small clumps of equal size
cell button dislodges into finely granular, but definite,
small clumps
cell button dislodges into no visible clumps

Symbol Score
4+
3+
2+

12
10
8

1+

5

0

0

RESULTS
IgG antibody specificity
The specificity results of cell suspensions diluted
with different media and IgG blood group antibodies in coombs (anti-IgG+C3d) card (microcolumn gel
immunoassay) at different incubation time at 37 °C
are shown in Table 2. The cell suspension diluted
with different media reacted with the mixed plasma
of three individuals (all without the O blood type irre
gular antibody) and all results were negative.
IgM/IgG specificity
The specificity results of cell suspensions diluted
with different media and IgM/IgG blood group antibodies in blood cross matching (anti-IgG) card (microcolumn gel immunoassay) at different incubation
time at 37°C are shown in Table 3.
IgG anti-D, anti-JKb titer and agglutination
strength score
The sensitivity results of cell suspensions diluted
with different media and IgG antibody in coombs
(anti-IgG+C3d) card (microcolumn gel immunoas-

Table 2 Specific reaction of IgG anti-D and anti-Jkb in different media and different incubation time
Incubation
time(min)
5
15
30

0.9%NaCl solution
Anti-D(IgG)
Anti-Jkb(IgG)
D+
DJkb +
Jkb 1+
0
0
0
3+
0
1+
0
3+
0
1+
0

LISS
Anti-D(IgG)
Anti-Jkb(IgG)
D+
DJkb +
Jkb 2+
0
0
0
3+
0
1+
0
3+
0
1+s
0

New enhanced medium
Anti-D(IgG)
Anti-Jkb(IgG)
D+
DJkb +
Jkb 3+
0
1+
0
3+
0
1+
0
3+
0
1+s
0
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Table 3

Specific reactions of different antibodies in
different media and different incubation time

Diluent

Antibody name

Incubation time(min)

/ property
0.9% NaCl solution Anti-D(IgM)
D+
DAnti-Jkb(IgM) Jkb +
Jkb Anti-M(IgG)
M+
MAnti-N(IgG)
N+
NLISS
Anti-D(IgM)
D+
DAnti-Jkb(IgM) Jkb +
Jkb Anti-M(IgG)
M+
MAnti-N(IgG)
N+
NNew enhanced medium Anti-D(IgM)
D+
DAnti-Jkb(IgM) Jkb +
Jkb Anti-M(IgG)
M+
MAnti-(IgG)
N+
N-

5
3+
0
±
0
2+
0
3+
0
3+
0
±
0
3+
0
3+
0
3+
0
1+
0
4+
0
4+
0

15
4+
0
1+
0
3+
0
3+
0
4+
0
2+
0
3+
0
4+
0
4+
0
2+s
0
4+
0
4+
0

30
3+
0
1+w
0
2+
0
3+
0
3+
0
1+s
0
3+
0
3+
0
3+
0
2+
0
3+
0
3+
0

say)at different incubation time and different dilution
degree in 37°C incubator are shown in Table 4.
Table 4
Diluent

Titer and score of IgG anti-D and anti-Jkb in
different incubation time of three media
Incubation

time(min)
0.9% NaCl solution
30
LISS
15
New enhanced medium 5
15

Anti-D(IgG)
titer
512
1 024
1 024
1 024

score
82
93
93
96

Anti-Jkb(IgG)
titer
32
64
64
64

score
37
45
45
45

IgG anti - M, anti- N titer and agglutination
strength score
The agglutination strength results of cell suspensions diluted with different media and IgG antibody
in blood cross matching (anti-IgG) card (microcolumn gel immunoassay) at different incubation time
and different dilution in 37°C incubator are shown in
Table 5.
Tables 4 and 5 show that the comprehensive ranking of titer and score in the new enhanced medium
was: 5 min > LISS 15 min > 0.9% NaCl solution 30
min. The titer of LISS and new reinforcement medium was similar, however the new enhanced medium had a higher score and less incubation time than
LISS. Repeated experiments showed results consistent with the above phenomena.

Table 5
Diluent
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Titer and score of IgG anti-M and anti-N at
different incubation time in three media
Incubation

time(min)
0.9% NaCl solution
30
LISS
15
New enhanced medium 5

Anti-M(IgG)
titer
32
32
64

score
34
50
55

Anti-N(IgG)
titer
128
256
256

score
63
71
83

DISCUSSION
The antiglobulin test is used to detect clinically
significant irregular antibodies. Antiglobulin antibodies act as a bridge to connect specific antibodies
bound to erythrocyte surface antigen and agglutinate
erythrocytes. The traditional tube method is limited
in its clinical application because it requires manual
operation and incubation time as long as 30 to 60
minutes. Also the red blood cells need to be washed
three times after incubation. At present, the most
commonly used method is the microcolumn gel antiglobulin method. Erythrocytes and serum are added
to the reaction cavity of the microcolumn gel containing antiglobulin reagent, with results observed
directly by centrifugation after incubation [7]. The
incubation time can be shortened to 15 minutes by
using LISS as the enhancement fluid[8-10], however
the incubation time is still long which affects the efficiency of clinical pre- transfusion test. Therefore
making it difficult to screen for antibodies and crossmatching in a clinical emergency.
The results of this study show that the new enhanced medium can be used to detect not only IgG
antibodies but also IgM antibodies when incubated
at 37 °C with the antiglobulin card. The antibody
specificity test showed the results of incubation
of the new enhanced medium for 5 and 15 minutes
were consistent with those of LISS for 15 minutes
and 0.9% NaCl solution for 30 minutes. The antibody
sensitivity test showed the antibody titer of 5 minutes
incubated with new enhanced medium was slightly
different from that of 15 minutes, and the agglutination strength score of the new enhanced medium for 5
minutes was higher than that of LISS for 15 minutes
and 0.9% NaCl solution for 30 minutes. These results
suggest that the new enhanced medium developed and
prepared in this paper can reduce the incubation time.
Under the premise of ensuring sensitivity and specificity, the incubation time can be shortened to 5 minutes at 37 °C for pre-transfusion detection, so the appropriate therapeutic blood can be selected in a shorter
time.
There may be three reasons why the new enhanced
medium can shorten the incubation time at 37 °C
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while still ensuring specificity and sensitivity. One
reason is that the new enhancer contains BSA, which
has positive charges, can neutralize the negative
charge on the cell surface, reduce the surface charge
of red blood cells, reduce the repulsive force between
red blood cells, and shorten the distance between red
blood cells. Secondly, BSA also has strong hydrophilicity, which can destroy the hydrophilic layer on
the surface of red blood cells and reduce the spatial
rejection effect when antibodies bind to red blood
cell antigen. Thirdly, the new enhanced medium is a
kind of low-ion liquid, which is able to provide a low
ion environment that can increase the chance of collision between positive and negative charged antibodies to produce a specific combination of antigenantibody complexes, promote the binding efficiency
of antibody and antigen, and shorten the binding time of
antigen and antibody.The above three aspects can accelerate the binding of antibodies to the corresponding
antigens on red blood cells, at the same time, enhance
the reaction intensity between antigens and antibodies
(especially in IgG) and further reduce the incubation
time and improve the agglutination effect.
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