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Background
A combination of the LISS/Coombs and enzyme methods is recommended for identifying 
unexpected antibodies. However, many laboratories in which tests are to be performed 
within the limits of medical fees covered by insurance, use only the LISS/Coombs method 
because the permissible medical fee is low as compared to the price of reagents required 
for both methods. The NaCl/Enzyme gel is used as a secondary assay when the 
LISS/Coombs gel test yields inconclusive results. We compared the frequency of un-
expected antibody identified by LISS/Coombs gel with that obtained by the conditional 
combination of LISS/Coombs and NaCl/Enzyme gels. We aimed at establishing evi-
dence-based guidelines for antibody testing.

Methods
From June 2007 to June 2012, antibody screening was performed for 69,986 samples; 
subsequently, antibodies were identified in samples showing positive screening results. 
These initial screenings and identifications were performed using the LISS/Coombs gel. 
We considered the results “inconclusive” when specific antibodies were not identified 
or reactions were too weak for accurate interpretation. For the inconclusive samples, we 
subsequently used NaCl/Enzyme gels. 

Results
The overall detection rate of unexpected antibodies was 1.23%. Among the samples ana-
lyzed using NaCl/Enzyme gels, 40.2% showed results different from those obtained using 
LISS/Coombs gels. Moreover, 41.9% of samples with nonspecific reactions in 
LISS/Coombs gels showed clinically significant Rh or Kidd antibodies with NaCl/Enzyme 
gels. 

Conclusion
Considering both patient safety and cost effectiveness, we recommend the use of condi-
tional combination of LISS/Coombs and NaCl/Enzyme gels for antibody detection, espe-
cially in laboratories that must perform tests within an established budget.
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INTRODUCTION

All red cell antibodies other than naturally occurring an-
ti-A and anti-B antibodies are defined as “unexpected 
antibodies.” There are 2 types of unexpected antibodies: al-
loantibodies and autoantibodies. Production of alloantibodies 
may result from pregnancy, transfusion, transplantation, or 
injections of immunogenic material [1]. In Korea, alloanti-

bodies have been reported in 0.3%–1.73% of patient samples 
depending on the study group, sensitivity, and test methods 
used [2-8].

The gel test is a commonly used column agglutination 
technique for unexpected antibody detection. Advantages 
of this test are that the readings are less prone to technical 
variation and more convenient to obtain than conventional 
tube methods, and multiple individuals can read the stable 
final reaction phase [9, 10]. To accurately identify unexpected 
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Fig. 1. Test flow according to the 
results of antibody screening and 
identification tests. 

antibodies, the use of a combination of the LISS/Coombs 
and NaCl/Enzyme gel tests is recommended. However, many 
laboratories in Korea perform antibody screening and identi-
fication tests using only the LISS/Coombs gel test because 
the coverage of related medical fees by insurance programs 
is too low as compared to the price of reagents required 
for both methods. Since June 2007, our laboratory has final-
ized the NaCl/Enzyme gel as a secondary test to be used 
only when the LISS/Coombs gel test result is inconclusive. 

In this study, we compared the frequency of unexpected 
antibodies identified by the LISS/Coombs gel test only with 
the frequency of antibodies identified by the conditionally 
combined use of the LISS/Coombs and NaCl/Enzyme gel 
tests. We also analyzed the characteristics of the antibodies 
additionally identified by the NaCl/Enzyme gel test. Our 
results collectively provide evidence-based guidelines for un-
expected antibody testing in Korea to maximize patient safety 
and cost effectiveness.

MATERIALS AND METHODS

From June 2007 to June 2012, pretransfusion antibody 
screening tests were performed for 69,986 samples from 
transfusion candidates at Soonchunhyang University Hospit-
al, Korea. We performed antibody identification tests on 
samples that showed positive screening test results. All initial 
screening and identification tests were carried out using the 
LISS/Coombs gel assay (DiaMed AG, Cressier sur Morat, 
Switzerland).

Briefly, a 50-μL sample of 0.8% screening or identification 

cell reagent (DiaMed AG) was added to the microtube of 
each gel card along with 25 μL of patient serum. After 15 
min of incubation at 37oC, the card was centrifuged for 
10 min at 910 rpm, and the agglutination reactions were 
examined macroscopically. An autocontrol was performed 
simultaneously by conducting a reaction between the pa-
tient’s serum and 0.8% red blood cells, instead of reagent 
cells, from the same patient.

An antibody screening result was considered positive if 
one or both of the reagent cells agglutinated with the patient’s 
serum in the LISS/Coombs gel test. An antibody was 
“identified” if all reactions in the 11 wells were consistent 
with the manufacturer’s identification table and “negative” 
if no agglutination reaction occurred in any of the 11 wells 
[11]. Results were “inconclusive” when a specific antibody 
was not identified or the test reactions were too weak to 
interpret accurately. NaCl/Enzyme gel (DiaMed AG) was 
added for additional antibody identification if the results 
of the LISS/Coombs gel test were inconclusive (Fig. 1).

RESULTS

Frequency of unexpected antibodies and patient character-
istics

Among the 69,986 samples, 861 (1.23%) showed positive 
results in antibody screening tests. The final identification 
results of these samples are shown in Table 1. Briefly, anti-E 
was the most commonly identified antibody (202 of 861 
samples, 20.3%), and anti-Lea was the second most-com-
monly identified (128 of 861 samples, 14.9%). Autoantibodies 
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Table 1. Antibodies identified in 861 samples showing positive 
results with Ab screening test.

Antibodies identified  N (%)

E 202 (23.5)
Lea 128 (14.9)
Unidentified non-specific Ab 110 (12.8)
Autoantibody 101 (11.7)
Leb   61 (7.1)
E+c   36 (4.2)
D   28 (3.3)
M   27 (3.1)
P1   24 (2.8)
C+e   23 (2.7)
S   22 (2.6)
Jka   12 (1.4)
Ab to high-incidence Ag   11 (1.3)
C   10 (1.2)
Lea+Leb   10 (1.2)
Fyb     8 (0.9)
Xga     6 (0.7)
K     5 (0.6)
e     3 (0.3)
Jkb+Lea     3 (0.3)
Jkb     2 (0.2)
Jka+Jkb     2 (0.2)
Jka+Fyb     2 (0.2)
Jka+s     2 (0.2)
Jka+M     2 (0.2)
c     2 (0.2)
Leb+M     2 (0.2)
Leb+Xga     2 (0.2)
P1+Xga     2 (0.2)
s     2 (0.2)
N     2 (0.2)
Lea+P1     1 (0.1)
Lea+M     1 (0.1)
E+c+Fyb     1 (0.1)
Leb+N     1 (0.1)
D+P1     1 (0.1)
M+P1     1 (0.1)
S+P1     1 (0.1) 
Fya     1 (0.1)
E+c+Jka     1 (0.1)
Total 861 (100)

Table 2. Distribution of patients with antibodies in their blood 
samples reported by each clinical department.

Department  N (%)

General surgery 175 (20.3)
Gastroenterology 162 (18.8)
Nephrology   97 (11.3)
Orthopedic surgery   85 (9.9)
Obstetrics/gynecology   55 (6.4)
Neurosurgery   58 (6.7)
Hematology   36 (4.2)
Pulmonology   27 (3.1)
Pediatrics   24 (2.8)
Cardiology   22 (2.6)
Opthalmology   21 (2.4)
Otolaryngorhinology   21 (2.4)
Emergency medicine   11 (1.3)
Plastic surgery   10 (1.2)
Urology   10 (1.2)
Neurology     9 (1.0)
Family medicine     8 (0.9)
Chest surgery     8 (0.9)
Infection     7 (0.8)
Rehabilitation     6 (0.7)
Endocrinology     5 (0.6)
Others     4 (0.5)
Total 861 (100)

Table 3. Distribution of patients with antibodies in their blood 
samples according to their clinical diagnoses.

Diagnosis   N (%)

Cancer 126 (14.6)
Chronic renal failure 105 (12.2)
Infectious disease   71 (8.2)
Pregnancy   54 (6.3)
Benign neoplasm   52 (6.0)
Bone fracture & tendon injury   46 (5.3)
Intestinal disorder   38 (4.4)
Liver cirrhosis   32 (3.7)
Cerebrovascular accident   32 (3.7)
Hematologic disease   28 (3.3)
Hepatobiliary disease   28 (3.3)
Spine disorder   24 (2.8)
Heart disease   23 (2.7)
Diabetes mellitus   15 (1.7)
Arthritis   13 (1.5)
Pulmonary disease   11 (1.3)
Acute appendicitis   11 (1.3)
Head injury   10 (1.2)
Autoimmune disease     6 (0.7)
Others 136 (15.8)
Total 861 (100)

were present in 101 (11.7%) samples. The specificity of the 
antibodies could not be determined in 110 (12.8%) samples 
(Table 1).

Of the 861 positive samples, 516 (59.9%) were from female 
patients and 345 (40.1%) were from male patients. The age 
distribution was as follows: 0–10 yr, 10 (1.2%); 11–20 yr, 
38 (4.4%); 21–30 yr, 56 (6.5%); 31–40 yr, 108 (12.5%); 41–50 
yr, 145 (16.8%); 51–60 yr, 184 (21.4%); 61–70 yr, 168 (19.5%); 
71–80 yr, 113 (13.1%); 81–90 yr, 35 (4.1%); and 90–100 
yr, 4 (0.5%).

The distribution of patients with antibodies in their blood 
samples grouped according to clinical department and their 
diagnoses are shown in Tables 2 and 3, respectively. The 
highest numbers of patients were admitted to the general 
surgery department, followed by the gastroenterology 
department. Cancer and chronic renal failure were the most 
frequent diagnoses among patients with antibodies in their 

blood samples.

Different results between LISS/Coombs gel and NaCl/Enzyme 
gel tests in samples

Of the 861 samples that were subjected to antibody identi-
fication with the LISS/Coombs gel test, 361 (41.9%) showed 
inconclusive results. The NaCl/Enzyme gel test was then 
performed on these samples, and 216 showed the same results 
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Table 4. Red cell antibodies showing different results between 
LISS/Coombs and NaCl/Enzyme gel tests.

Antibodies identified by
N (%)

LISS/coombs gel test Enzyme gel test

Unidentified non-specific Ab E   32 (22.1)
E+c     6 (4.1)
E+c+Jka     1 (0.7)
C     2 (1.4)
E     2 (1.4)
C+e     5 (3.4)
D     5 (3.4)
D+P1     1 (0.7)
Jkb     1 (0.7)
Lea   48 (33.1)
Leb   13 (8.9)
Lea+Leb     2 (1.4)
P1   13 (8.9)

E E+c     1 (0.7)
E+Fyb E+c+Fyb     1 (0.7)
C C+e     6 (4.1)
Jka Jka+Jkb     2 (1.4)
Jka+Lea Lea     1 (0.7)
Lea Lea+Leb     1 (0.7)

Lea+P1     1 (0.7)
Leb Lea+Leb     1 (0.7)
Total 145 (100)

as the LISS/Coombs test. Among the remaining 145 samples 
showing different results between the 2 tests, 131 samples 
that previously showed nonspecific reactions on the LISS/ 
Coombs gel tests now showed specific antibodies on the 
NaCl/Enzyme gel test, and 55 (41.9%) of these samples 
showed clinically significant antibodies such as Rh and Kidd 
(Table 4). In the remaining 14 samples, specific antibodies 
were identified in the LISS/Coombs gel, but their reactivity 
was weak. The NaCl/Enzyme gel test showed strong re-
activities for these samples, and additional antibodies were 
identified in all but 1 sample; in this last sample, Jka and 
Lea antibodies were detected by LISS/Coombs, but only the 
Lea antibody was detected on NaCl/Enzyme gel (Table 4). 

DISCUSSION

Clinically significant, unexpected, red blood cell anti-
bodies can cause hemolytic transfusion reactions, secondary 
to accelerated destruction of a significant proportion of trans-
fused red blood cells. Therefore, screening for unexpected 
antibodies should be part of all pretransfusion testing, with 
subsequent antibody identification in the event of a positive 
screening result [11, 12]. The 2 principal techniques for 
unexpected antibody detection are the indirect antiglobulin 
and enzyme methods; combining the 2 methods is recom-
mended for exact identification. Treating red blood cells 
with proteolytic enzymes enhances their reactivity with anti-
bodies in the Rh, P, I, Kidd, and Lewis systems, but destroys 
or weakens reactivity with other antibodies, most notably 

those in the Duffy and MNS systems [13]. In the commonly 
used column agglutination technique, indirect antiglobulin 
and enzyme methods correspond to the LISS/Coombs and 
NaCl/Enzyme gel tests, respectively.

In laboratory management, cost-effectiveness should be 
considered for most tests. This is especially true in Korea, 
where health insurance is a compulsory social system that 
covers the whole population; therefore, laboratory tests must 
be performed within the limits of the medical fees covered. 
Owing to these economic limitations, we cannot always per-
form the full range of tests required for maximum accuracy. 
For example, the running costs of antibody screening, anti-
body identification by LISS/Coombs gel, and antibody identi-
fication by NaCl/Enzyme gel tests are KRW 1,857 ($1.7), 
KRW 9440 ($8.5), and KRW 8633 ($7.8), respectively. 
However, the medical fees provided by the National Health 
Insurance System are KRW 6220 ($5.6) for antibody screen-
ing and KRW 14,590 ($13.2) for antibody identification. 
Although performing the antibody identification test with 
both LISS/Coombs and NaCl/Enzyme gel tests is ideal, the 
permitted fee is calculated on the assumption that a single 
method (LISS/Coombs or NaCl/Enzyme) is performed. Per-
forming antibody screening and identification tests with both 
methods, combined with the personnel expenses of labo-
ratory doctors or technicians, would exceed the medical 
fees covered by insurance.

Some researchers, however, have argued that the clinical 
significance of antibodies that react only with enzyme tech-
niques is questionable [13-15], and as such, routine use of 
enzyme techniques instead of the LISS/Coombs method is 
not recommended.

Based on the data collected from these tests in our hospital 
since 2007, we concluded that, to ensure both patient safety 
and cost effectiveness, the NaCl/Enzyme gel test should be 
used at least when the antibody identification test results 
by LISS/Coombs gel are inconclusive. The overall detection 
rate of unexpected antibodies in our study was 1.23%, which 
is similar to the results of previous studies in Korea [2-8]. 
Among the samples for which additional NaCl/Enzyme gel 
tests were performed, 40.2% showed results different from 
those of the LISS/Coombs test. Moreover, 41.9% of samples 
that showed nonspecific reactions in LISS/Coombs gel tests 
had clinically significant Rh or Kidd antibodies. Therefore, 
clinically significant antibodies that could cause hemolytic 
transfusion reactions could likely be missed with the use 
of only the LISS/Coombs gel test.

One of the possible limitations of our study is that we 
did not perform the antibody identification tests by LISS/ 
Coombs and NaCl/Enzyme gels simultaneously on all samples 
with positive screening results. Therefore, further study using 
NaCl/Enzyme gel tests for samples showing obvious results 
with LISS/Coombs gel tests is required to determine how 
many additional significant antibodies can be detected by 
the NaCl/Enzyme gel tests. According to Lee et al. [16], 
the number of samples identified only by NaCl/Enzyme gels 
and showing negative results by LISS/Coombs gels were only 
4 of 79 (5.1%). Additionally, in their study, the number 
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of samples showing inconclusive results by LISS/Coombs 
gel tests was 36 of 79 (45.6%), a value similar to that found 
in our study.

In conclusion, considering both patient safety and cost 
effectiveness, we recommend the use of a conditional combi-
nation of LISS/Coombs gel and NaCl/Enzyme gel tests for 
unexpected antibody identification, especially in laboratories 
that need to perform the tests within a prespecified budget. 
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