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Abstract
Background. The detection of clinically significant antibodies to red blood cell antigens is important for 
the selection of compatible blood for patients. The conventional test tube technique (CTT) is commonly used 
as the gold standard test, but manual testing and visual detection of hemagglutination may produce errors. 
A more recently developed method, the column agglutination technique (CAT), facilitates ease of testing.

Objectives. To investigate the specificity and sensitivity of the CAT compared to the CTT for the screening 
of clinically significant antibodies from the Rh blood group.

Materials and methods. Standard antibodies to the Rh blood group, anti-D, -C and -E, were used as ex-
amples of clinically significant antibodies in transfusion science. The antibodies were serially diluted by two-
fold, then reacted with screening cells with different antigen expression. The hemagglutination reaction 
was investigated using both techniques, and the grades and scores of the reactions were used to analyze 
the sensitivity and specificity of the CTT and CAT.

Results. The CAT had a better sensitivity than the CTT. The lowest antibody dilution of 1:8192 could be 
detected using CAT, while a dilution of only 1:2048 could be detected with CTT. However, the CTT and CAT 
were equal in specificity. The 2 techniques specifically detected all antibodies to the screening cells.

Conclusions. Both the CAT and CTT showed 100% specificity. However, the CAT exhibited more sensitivity 
than the CTT, and can be used in substitution of, or in parallel with, the CTT technique for red blood cell 
phenotyping, antibody screening, identification, and crossmatching.
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Background

Antibody screening in blood banking is used to detect 
unexpected antibodies to red blood cell antigens other than 
ABO antibodies, known as clinically significant antibodies.1 
These unexpected antibodies include minor blood groups 
antibodies, such as anti-Rh, -MNS, -P, -Lewis, -Kell, -Kidd, 
-Duffy, and -Diego.2 According to the AABB standard for 
Blood Bank and Transfusion Service, antibody screening 
is performed in 2 situations. First, it is used to screen do-
nor blood in order to prevent the passing of unexpected 
antibodies to patients and subsequent hemolytic transfu-
sion reactions (HTRs). Second, antibody screening is used 
pre-transfusion to test a transfusion recipient’s sample.3 
Positive antibody screening results in a donor’s plasma lead 
to the rejection of the plasma unit and, if the transfusion re-
cipient has unexpected antibodies, antibody identification 
and confirmation tests are necessary to select the antigen  
negative blood donor for compatibility testing.4

Unexpected antibodies can be divided into 2 types ac-
cording to the source of  immunization. Alloantibodies 
are produced by patient’s immunization by foreign red 
blood cell antigens encountered through blood transfu-
sion or pregnancy.5 Autoantibodies are produced after 
a patient’s immune system loses tolerance for self-antigens, 
which can occur with age and is associated with several 
diseases.6 Depending upon how immunization occurs, 
unexpected antibodies can also be divided into immune 
type and naturally occurring antibodies. Immune antibod-
ies, such as anti-Rh, -Kidd or -Duffy, are produced after 
immunization through blood transfusion or pregnancy.7 
These antibodies are mostly of the immunoglobulin G 
(IgG) type and react best at body temperature (37°C). 
Naturally occurring antibodies (e.g., anti-Lewis, -P) are 
not produced by immunization by red blood cell antigens, 
but by antigens that are structurally similar to those on red 
blood cells.8 These antibodies are mostly of the IgM type 
and react best at temperatures below body temperature 
(4–22°C). Clinically significant unexpected antibodies are 
also characterized according to their impact on donor red 
blood cells after blood transfusion. Highly significant IgG 
antibodies, such as anti-Rh, react at body temperature, and 
can strongly induce HTRs and produce hemolytic disease 
of the fetus and newborn (HDFN).9 The other type of un-
expected antibodies, IgMs such as anti-I, -M and -N, react 
at low temperatures and normally cause a positive result 
in the direct antiglobulin test without hemolysis.10

Antibody screening is performed by reacting patient’s 
or donor’s serum/plasma with screening cells made from 
pooled Type O cells that have different minor red blood 
cell antigens.11 Unexpected antibodies in the sample will 
bind to the corresponding antigens on the red blood cells 
and directly cause hemagglutination. For the IgG class 
of unexpected antibodies, the addition of secondary anti-
human globulins (AHG) is needed to crosslink the nearby 
sensitized red blood cells.

Different techniques can be used for antibody identifica-
tion and an ideal technique must be able to detect low levels 
of clinically significant antibodies, be easy to perform, and 
have a short turnaround time. The conventional test tube 
technique (CTT) uses a glass test tube as a container for 
the reaction. For this test, the serum sample is mixed with 
screening cells, incubated at room temperature (20–22°C) 
for the detection of IgM antibodies, and then incubated 
at body temperature (37°C) with AHG for the detection 
of IgG antibodies. The CTT is considered the gold stan-
dard for antibody screening, as it is easy to perform and 
it is cost effective.12 However, the grading of hemaggluti-
nation by eye and shaking the test tube by hand requires 
expertise, and false positive and false negatives can occur 
easily depending on individual techniques. The column 
agglutination technique (CAT) is an alternative method 
for antibody screening that uses a  microcolumn gel 
card as a container for the reaction. For this technique, 
the serum sample and cells are transferred and mixed 
in a column gel card, incubated at 37°C, and spun to read 
the hemagglutination reaction by visual inspection or use 
of an automated analyzer. The CAT is easier to carry out, 
more accurate and more precise than the CTT technique.13 
However, due to increased costs and the need for specific 
equipment, the CAT method is typically not used by small 
community hospitals.

Objectives

The aim of this study is to compare the CTT and CAT 
in terms of specificity, accuracy and precision for antibody 
screening. In order to find a suitable technique for the de-
tection of low antibody titers, clinically significant anti-
bodies of the Rh system (anti-D, -C, -E) were investigated.

Materials and methods

Reagents and equipment

Standard antibodies for Rh blood groups, anti-D, anti-C 
and anti-E, and antibody screening cells (lot: 62061) were 
purchased from the  National Blood Centre (Thai Red 
Cross Society, Bangkok, Thailand). The expression of Rh 
antigens on the antibody screening red blood cells used 
in this study is shown in Table 1. The column agglutination 
platform and the AHG/LISS gel cards were commercially 
purchased (Diagnostic Grifols, Barcelona, Spain).

Antibody dilution  
and antibody screening cells

Standard antibodies for Rh blood groups (anti-D, anti-C 
and anti-E) were two-fold diluted up to 1:16384. A total 
of  500  µL of  the  antibodies were serially diluted with 
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an equal volume of 0.9% NaCl (normal saline solution 
(NSS)) using glass test tubes and a mechanical automatic 
pipette. The types of screening cells used were based upon 
expression of the Rh blood group antigens on the cell sur-
face (Table 1). For the inspection of anti-D and anti-C, 
O1 or O2 screening cells were used. For the inspection 
of anti-E, only the O2 screening cells were used.

Antibody screening by CTT

The CTT for antibody screening was performed using 
the indirect antiglobulin test. First, 2 drops of diluted an-
tibody were added to a 10 × 75 mm glass test tube. Next, 
1 drop of a 3% screening cells suspension was added, and 
the solution was mixed and incubated at room temperature 
for 5 min. The tube was then centrifuged at 3000 rpm for 
15 s and gently shaken for the visual inspection of hemag-
glutination. The solution was then further incubated at 37°C 
for 30 min, centrifuged for 15 s, and inspected again for hem-
agglutination. Incubated screening cells were then washed 
3 times with NSS and the supernatant was completely dis-
carded. Two drops of AHG (Thai Red Cross Society) were 
added to the tube to crosslink antibody-sensitized screening 
cells. The solution was then centrifuged for 15 s for the in-
spection of hemagglutination in the AHG phase. The re-
actions were graded and scored according to the standard 
AABB guidelines.14

Antibody screening by CAT

The  antibody screening using CAT was performed 
according to  the  manufacturer’s instructions. Using 
an AHG/LISS microcolumn gel card, 50 µL of 1% screening 
cells in NSS were added, followed by 25 µL of diluted anti-
body. The solution was then incubated at 37°C for 15 min 
in a gel card incubator. The gel card was then centrifuged 
at 900 × g for 9 min using a specific gel card centrifuge. 
Hemagglutination was visually graded, scored and com-
pared with control.

Statistical analyses

This study compared the titer of antibodies that can be 
detected by antibody screening. The antibody titer range 
was the range of the two-fold diluted antibody. The mean 
titer was calculated by averaging the reacted antibody ti-
ters. The mean reaction score was calculated by averaging 
the reaction scores of the antibody tests for the screening 
of D, C or E antigens on screening red blood cells.

The Gaussian distribution of all data sets from the an-
tibody screenings were analyzed with column statistics 
using the D’Agostino–Pearson omnibus normality test. 
The antibody titers detected with the CTT and CAT were 
compared using paired t-tests (parametric, Gaussian dis-
tribution) or Wilcoxon matched-pairs signed-rank tests 
(non-parametric, non-Gaussian distribution). Correlations 
between the CTT and CAT were analyzed using Pearson’s 
correlations (parametric) or Spearman’s correlations (non-
parametric). The correlations between the CTT and CAT 
in the screening of unexpected antibodies were further 
analyzed with 2nd order polynomial (quadratic) to maxi-
mize the goodness of fit of the analyzed data. All statistical 
analyses were performed with a 95% confidence interval, 
p = 0.05, using GraphPad Prism v. 6.01 (GraphPad Soft-
ware, San Diego, USA).

The  sensitivity, specificity, accuracy, and precision 
of the CTT and CAT in the screening of anti-D, anti-C 
and anti-E were calculated using a confusion matrix.15

All methods and results are reported in agreement with 
the Standards for Quality Improvement Reporting Excel-
lence (SQUIRE) guidelines.16

Results

Specificity, accuracy and precision  
of CTT and CAT for antibody screening

The testing of the CTT and CAT for antibody screen-
ing was done by reacting diluted antibodies with screen-
ing cells. The screening cells expressed different antigens 
of  the  Rh blood group, with O1 cells expressing only 
D and C antigens and O2 cells expressing D, C and E an-
tigens (Table 1). The specificity of the antibody screen-
ing techniques was analyzed using the reaction between 
the screening cells and specific antibodies. The CTT and 
CAT both gave positive results for reactions between 
the O1 or O2 cells and anti-D and anti-C (Tables 2,3). 
The 2 techniques also gave negative results for the reac-
tion of O1 and positive results for the reaction of O2, when 
testing with anti-E (Table 4). These results show that both 
the CTT and CAT have equal specificity in the screening 
of clinically significant antibodies to D, C and E antigens. 
Due to the use of E antigen-negative cells in the screening 
test, the specificity of anti-E was also calculated (Table 5). 
The precision of the antibody screening results performed 
by the CAT was consistent when compared to the CTT and 
showed a high accuracy for all tested antibodies (Table 5).

Table 1. Expression of Rh antigens on antibody screening red blood cells

Screening cells
Rh

Wiener D C E c e

O1 R1R1 + + 0 0 +

O2 R1R2 + + + + +
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Table 2. Reaction gradings and scores of anti-D screening using CTT and CAT

Anti-D

Dilution 
(titer 

range)

conventional test tube technique
(CTT)

column agglutination technique
(CAT)

reaction grading score reaction grading score

O1 O2 O1 O2 O1 O2 O1 O2

1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd

1:2 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12

1:4 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12

1:8 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12

1:16 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12

1:32 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12

1:64 3+ 4+ 3+ 3+ 4+ 3+ 10 12 10 10 12 10 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12

1:128 2+ 2+ 2+ 3+ 4+ 3+ 8 8 8 10 12 10 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12

1:256 2+ 2+ 2+ 2+ 4+ 3+ 8 8 8 8 12 10 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12

1:512 2+ 1+ 2+ 2+ 2+ 2+ 8 5 8 8 8 8 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12

1:1024 2+ 1+ 2+ 1+ 1+ 1+ 8 5 8 5 5 5 3+ 4+ 3+ 3+ 4+ 4+ 10 12 10 10 12 12

1:2048 1+ 1+ 1+ 1+ 1+ 1+ 5 5 5 5 5 5 3+ 3+ 3+ 3+ 3+ 3+ 10 10 10 10 10 10

1:4096 0 0 0 0 0 0 2 2 2 2 2 2 2+ 2+ 2+ 2+ 2+ 2+ 8 8 8 8 8 8

1:8192 0 0 0 0 0 0 2 2 2 2 2 2 1+ 1+ 1+ 1+ 1+ 1+ 5 5 5 5 5 5

1:16384 0 0 0 0 0 0 2 2 2 2 2 2 0 0 0 0 0 0 2 2 2 2 2 2

Sum 113 109 113 112 120 114 Sum 143 145 143 143 145 145

Average 111.7 ±2.3 115.4 ±4.2 Average 143.7 ±1.2 144.3 ±1.2

Total (mean reaction score) 227.0 ±2.0 Total (mean reaction score) 288.0 ±2.0

Table 3. Reaction gradings and scores of anti-C screening using CTT and CAT

Anti-C

Dilution 
(titer 

range)

conventional test tube technique
(CTT)

column agglutination technique
(CAT)

reaction grading score reaction grading score

O1 O2 O1 O2 O1 O2 O1 O2

1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd

1:2 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12

1:4 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12

1:8 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12

1:16 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12 4+ 4+ 4+ 4+ 4+ 4+ 12 12 12 12 12 12

1:32 4+ 3+ 3+ 2+ 2+ 2+ 12 10 10 8 8 8 4+ 4+ 4+ 4+ 3+ 4+ 12 12 12 12 10 12

1:64 3+ 4+ 3+ 2+ 1+ 2+ 10 12 10 10 5 8 4+ 4+ 4+ 4+ 3+ 4+ 12 12 12 12 10 12

1:128 2+ 2+ 2+ 1+ 1+ 1+ 8 8 8 5 5 5 4+ 4+ 4+ 2+ 3+ 2+ 12 12 12 8 10 8

1:256 2+ 2+ 1+ 1+ 1+ 1+ 8 8 5 5 5 5 3+ 4+ 3+ 1+ 2+ 2+ 10 12 10 5 8 8

1:512 1+ 2+ 1+ w+ 1+ 0 5 8 5 4 5 2 2+ 3+ 3+ 0 1+ 0 8 10 10 2 5 2

1:1024 w+ 1+ w+ w+ 0 0 4 5 4 4 2 2 1+ 2+ 2+ 0 1+ 0 5 8 8 2 5 5

1:2048 0 0 0 0 0 0 2 2 2 2 2 2 0 0 0 0 0 0 2 2 2 2 2 2

1:4096 0 0 0 0 0 0 2 2 2 2 2 2 0 0 0 0 0 0 2 2 2 2 2 2

1:8192 0 0 0 0 0 0 2 2 2 2 2 2 0 0 0 0 0 0 2 2 2 2 2 2

1:16384 0 0 0 0 0 0 2 2 2 2 2 2 0 0 0 0 0 0 2 2 2 2 2 2

Sum 103 107 98 92 86 86 Sum 115 122 120 97 104 103

Average 102.7 ±4.5 88.0 ±3.5 Average 119.0 ±3.6 101.3 ±3.8

Total (mean reaction score) 190.7 ±5.7 Total (mean reaction score) 220.3 ±7.4

w+ – weakly positive.
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Sensitivity of CTT and CAT  
for antibody screening

The screening of antibodies using CTT and CAT was 
performed according to the AABB standard protocols.4 
The  reaction of hemagglutination was visually graded 
as negative (0), weakly positive (w+) or positive (1+, 2+, 
3+, 4+). The same reaction was also scored as negative (2), 
weakly positive (4) or positive (5, 8, 10, 12).

The CTT detected anti-D, anti-C and anti-E at the lowest 
dilutions of 1:2048, 1:1024 and 1:2048, respectively. The re-
action scores for the  lowest dilutions of anti-D, anti-C 
and anti-E were 5, 4 and 4, respectively. The total scores 
for hemagglutination for anti-D, anti-C and anti-E were 

227.0 ±2.0, 190.70 ±5.70 and 138.30 ±2.50, respectively 
(Tables 2–4).

The CAT detected anti-D, anti-C and anti-E at the lowest 
dilutions of 1:8192, 1:1024 and 1:4096, respectively. Reac-
tion scores for the lowest dilutions of anti-D, anti-C and 
anti-E were all at 5. The total scores for hemagglutination 
for anti-D, anti-C and anti-E were 288.0 ±2.0, 220.3 ±7.4 
and 152.7 ±4.9, respectively (Tables 2–4).

Column statistics were calculated and the Gaussian dis-
tribution of all data sets was tested. Data from the anti-D 
screening with CTT, and the anti-E screening with CTT 
and CAT, were normally distributed (Table S1). Data from 
the anti-D screening with CAT, and the anti-C screen-
ing with CTT and CAT, were not normally distributed 

Table 4. Reaction gradings and scores of anti-E screening using CTT and CAT

Anti-E

Dilution 
(titer 

range)

conventional test tube technique
(CTT)

column agglutination technique
(CAT)

reaction grading score reaction grading score

O1 O2 O1 O2 O1 O2 O1 O2

1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd

1:2 0 0 0 4+ 4+ 4+ 2 2 2 12 12 12 0 0 0 4+ 4+ 4+ 2 2 2 12 12 12

1:4 0 0 0 4+ 4+ 4+ 2 2 2 12 12 12 0 0 0 4+ 4+ 4+ 2 2 2 12 12 12

1:8 0 0 0 4+ 4+ 4+ 2 2 2 12 12 12 0 0 0 4+ 4+ 4+ 2 2 2 12 12 12

1:16 0 0 0 4+ 4+ 4+ 2 2 2 12 12 12 0 0 0 4+ 4+ 4+ 2 2 2 12 12 12

1:32 0 0 0 4+ 4+ 3+ 2 2 2 12 12 10 0 0 0 4+ 4+ 4+ 2 2 2 12 12 12

1:64 0 0 0 4+ 3+ 3+ 2 2 2 12 10 10 0 0 0 4+ 4+ 3+ 2 2 2 12 12 10

1:128 0 0 0 3+ 2+ 2+ 2 2 2 10 8 8 0 0 0 3+ 4+ 3+ 2 2 2 10 12 10

1:256 0 0 0 2+ 2+ 2+ 2 2 2 8 8 8 0 0 0 3+ 4+ 3+ 2 2 2 10 12 10

1:512 0 0 0 1+ 2+ 2+ 2 2 2 5 8 8 0 0 0 2+ 3+ 2+ 2 2 2 8 10 18

1:1024 0 0 0 1+ 2+ 1+ 2 2 2 5 8 5 0 0 0 1+ 2+ 1+ 2 2 2 5 8 5

1:2048 0 0 0 w+ 1+ 1+ 2 2 2 4 5 5 0 0 0 1+ 1+ 1+ 2 2 2 5 5 5

1:4096 0 0 0 0 0 0 2 2 2 2 2 2 0 0 0 1+ 1+ 1+ 2 2 2 5 5 5

1:8192 0 0 0 0 0 0 2 2 2 2 2 2 0 0 0 0 0 0 2 2 2 2 2 2

1:16384 0 0 0 0 0 0 2 2 2 2 2 2 0 0 0 0 0 0 2 2 2 2 2 2

Sum 28 28 28 110 113 108 Sum 28 28 28 119 128 127

Average 28.0 ±0.0 115.3 ±2.5 Average 28.0 ±0.0 124.7 ±4.9

Total (mean reaction score) 138.3 ±2.5 Total (mean reaction score) 152.7 ±4.9

w+ – weakly positive.

Table 5. Sensitivity, specificity, accuracy, and precision of CTT and CAT in the screening of anti-D, anti-C and anti-E

Measure
Conventional test tube technique (CTT) Column agglutination technique

(CAT)

anti-D anti-C anti-E anti-D anti-C anti-E

Sensitivity 0.7857 0.6786 0.7857 0.9286 0.6667 0.8571

Specificity – – 1 – – 1

Accuracy 0.8757 0.6786 0.8929 0.9286 0.6667 0.9286

Precision 1 1 1 1 1 1

Matthews correlation coefficient – – 0.8044 – – 0.866
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(Table S1). Thus, parametric tests were used for data sets 
from the anti-E screenings, while non-parametric tests 
were applied to data sets from anti-D and anti-C screenings.

The  results indicated that CAT had a  significantly 
higher sensitivity than CTT (0.0313 compared to 0.0285, 
respectively, p = 0.0078; Fig. 1A–Fig. 3A).

Titer range, mean titer and mean  
reaction scores of antibodies detected 
using CTT and CAT

The  sensitivity of  the CTT and CAT was compared 
by examining the mean reaction scores, titer ranges and 
the mean titers of detectable antibodies. The CTT had 

mean reaction scores for the screening of anti-D, anti-C 
and anti-E of 227.0 ±2.0, 190.70 ±5.70 and 138.30 ±2.50, 
respectively. The  antibody titer ranges detected using 
CTT for anti-D, anti-C and anti-E were all at 0–16387 
(Tables 2–4). The  CAT had mean reaction scores 
in the screening of anti-D, anti-C and anti-E of 288.0 ±2.0, 
220.3 ±7.4 and 152.7 ±4.9, respectively. The antibody titer 
ranges detected with CTT for anti-D, anti-C and anti-E 
were all at 0–16387 (Tables 2–4). The column agglutination 
technique had a better sensitivity in antibody screening 
than CAT (Fig. 1B–Fig. 3B).

Fig. 1. Sensitivity comparison of the conventional test tube (CTT) and column agglutination techniques (CAT) in the screening of anti-D. Anti-D was  
two-fold diluted from 1:2 to 1:16348 and then screened with O1 and O2 cells using CTT and CAT. The hemagglutination of each reaction was scored. 
A. Sensitivity of CTT and CAT was compared with Wilcoxon matched-pairs signed-rank test; B. Antibody titers ranging from 1-16384 for anti-D detection 
using CTT and CAT were used; C. Correlation between CTT and CAT was analyzed with Spearman’s correlation and non-linear curve fitting

Rs – Spearman’s correlation coefficient; Y – correlation curve in screening of anti-D; R2 – coefficient of determination.

Table S1. Statistical analyses of reaction score in screening of anti-D, anti-C and anti-E using conventional tube test technique (CTT) and column 
agglutination technique (CAT)

Parameter
Scrn. of anti-D Scrn. of anti-C Scrn. of anti-E

CTT CAT CTT CAT CTT CAT

Mean 8.107 10.29 6.810 7.869 7.881 8.905

Standard deviation 4.029 3.148 4.186 4.389 3.986 3.960

Standard error of mean 1.077 0.8414 1.119 1.173 1.065 1.058

Lower 95% CI of mean 5.781 8.468 4.392 5.335 5.579 6.618

Upper 95% CI of mean 10.43 12.10 9.227 10.40 10.18 11.19

D’Agostino–Pearson omnibus normality test

K2 3.087 13.12 6.095 6.398 3.269 3.136

p-value 0.2136 0.0014 0.0475 0.0408 0.1950 0.2085

Passed normality test? (alpha = 0.05) yes no no no yes yes

p-value summary ns ** * * ns ns

Coefficient of variation 49.69% 30.61% 61.48% 55.77% 50.58% 44.47%

* p < 0.05; ** p < 0.01; ns – not significant; Scrn. – screening.
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Differences between CTT and CAT 
in screening for unexpected clinically 
significant Rh antibodies

Differences in the screening of anti-D, anti-C and anti-E 
were observed, as CAT has a higher sensitivity than CTT. 
The screening of anti-D using CAT was significantly dif-
ferent from screening with CTT, with a p-value of 0.0078, 
a Spearman’s rank correlation coefficient of 0.8711 and 
a R-square of 0.8541 (Table 6, Fig. 1C). The screening 
of  anti-C using CAT was significantly different from 
screening with CTT, with a p-value of 0.0313, a Spearman’s 

rank correlation coefficient of  0.9988 and a  R-square 
of 0.9913 (Table 6, Fig. 2C). The screening of anti-E using 
CAT was significantly different from screening with CTT 
with a p-value of 0.0285, a Pearson’s correlation coefficient 
of 0.9234 and a R-square of 0.8919 (Table 6, Fig. 3C).

Discussion

The  CTT is  considered the  gold standard for tests 
in the blood bank laboratory, including for ABO, Rh typing, an-
tibody screening, antibody identification, and crossmatching.5 

Fig. 3. Sensitivity comparison of conventional test tube (CTT) and column agglutination techniques (CAT) in the screening of anti-E. Anti-E was two-fold 
diluted from 1:2 to 1:16348 then screened with O1 and O2 cells using CTT and CAT. The hemagglutination of each reaction was scored. A. Sensitivity of CTT 
and CAT was compared by matched-pairs t-test; B. Antibody titers ranging from 1 to 16384 for anti-E detection using CTT and CAT were used; C. Correlation 
between CTT and CAT was analyzed with Pearson’s correlation and non-linear curve fitting

Rs – Spearman’s correlation coefficient; Y – correlation curve in screening of anti-C; R2 – coefficient of determination.

Fig. 2. Sensitivity comparison of the conventional test tube (CTT) and column agglutination techniques (CAT) in the screening of anti-C. Anti-C was  
two-fold diluted from 1:2 to 1:16348 then screened with O1 and O2 cells using CTT and CAT. The hemagglutination of each reaction was scored. 
A. Sensitivity of CTT and CAT was compared with Wilcoxon matched-pairs signed-rank test; B. Antibody titers ranging from 1 to 16384 for anti-C detection 
using CTT and CAT were used; C. Correlation between CTT and CAT was analyzed with Spearman’s correlation and non-linear curve fitting

Rs – Spearman’s correlation coefficient; Y – correlation curve in screening of anti-C; R2 – coefficient of determination.
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This technique uses only basic equipment, is cost-effective 
and gives significant results in the reading of the reaction. 
In addition, antibodies of both the IgM and IgG classes can 
be detected in a single tube at different temperature phases. 
However, the CTT technique depends on manual testing and 
reading by the eyes, which may be subject to human error, 
especially under a high workload. Moreover, the techniques 
used for tube shaking to resuspend the red cell pellet for ob-
serving agglutination may vary among laboratory staff.

In 1985, Lapierre et al. developed a new technique, CAT, 
for detection of the reaction between red blood cell anti-
gens and antibodies for red blood cell phenotyping.17 This 
method uses a microcolumn packed with gel particles, spe-
cific antibodies, LISS buffer, and Coombs/AHG reagent. 
The Food and Drug Administration (FDA) issued the first 
gel technology license in 1994 to Micro Typing System un-
der the product name ID-MTS Card. The implementation 
of this technique in hospital laboratories and transfusion 
services within 5 years after the release of the first report 
indicated widespread satisfaction with the test.18,19 The CAT 
is particularly useful as it can eliminate many of the vari-
ables associated with manual testing and provides stable 
endpoint agglutination. The CAT also minimizes sample 
preparation as can be performed using an automated ana-
lyzer, and the results can be repeatedly verified.5

The implementation of the CAT for pretransfusion test-
ing was also reported in a community hospital, and indi-
cated an increase in the overall number of antibodies and 
clinically significant antibodies detected with CAT, as com-
pared to CTT, without significant differences in non-specific 

reactions.20 Earlier studies also compared the CAT with 
the  CTT in  terms of  ABO, Rh phenotyping, antibody 
screening, and crossmatching. A strong correlation between 
the CAT and CTT results for both anti-A and anti-B IgG 
titers was reported, but these authors suggested that the re-
lationship between CTT and CAT for the titration of other 
kinds of antibodies should be further analyzed.21 Another 
study also indicated that CAT results showed a high degree 
of concordance with the CTT, suggesting that the CAT could 
be brought into routine use. However, proper training and 
standardization are needed prior to the use of the CAT.22 
In addition, the costs associated with the CAT are increased 
compared to the CTT. In the current study, the cost per test 
for these 2 methods was calculated for a comparison, based 
on the estimated number of tests per day (10 tests/day) per-
formed by a blood bank in a general or community hospital 
(Table 7). Interestingly, the estimated cost for CAT is 100% 
higher than that for CTT. Thus, CAT should not be recom-
mended for routine use in the laboratory. However, using 
the CAT in parallel with the CTT for specific cases, as in-
dicated in Fig. 4, is suggested to reduce the adverse effects 
of transfusion due to the secondary immunization of alloan-
tibody (e.g., delayed hemolytic transfusion reaction (DHTR)).

Although many previous studies have reported 
on the advantages of using the CAT for detecting unex-
pected antibodies in terms of sensitivity and specificity, 
our study showed gaps in the antibody titers that can be 
detected with these methods. Frequently detectable an-
tibodies to the Rh blood group antigens, anti-D, anti-C 
and anti-E, were used as model antibodies, which can be 

Table 6. Differences between conventional test tube technique (CTT) and column agglutination technique (CAT) in screening of unexpected clinically 
significant Rh antibodies

Parameter
Screening of unexpected antibody

anti-D anti-C anti-E

Pared t-test

p-value – – 0.0285

t-statistic – – 2.463

Degrees of freedom (df ) – – 13

Mean of differences – – –0.5119

95% confidence interval – – –0.9608 to –0.06297

R-square – – 0.3182

Pearson correlation coefficient (r) – – 0.9234

p-value – – <0.0001

Wilcoxon matched-pairs signed-rank test

p-value 0.0078 0.0313 –

Sum of positive 0.0 0.0 –

Negative ranks –84.0 –69.0 –

Sum of signed ranks –84.0 –69.0 –

Median of differences –2.0 0.0 –

98.71% confidence interval –5.0 to 0.0 –2.5 to 0.0 –

Spearman’s rank correlation coefficient (Rs) 0.8711 0.9988 –

p-value <0.0001 <0.0001 –
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Fig. 4. Suggested guidelines for using column agglutination technique (CAT) in parallel with conventional tube test technique (CTT) in specific case 
of blood requesting

no

check
transfusion

history

yes column agglutination
technique (CAT)

conventional tube test
technique (CTT)

blood request
for patient

antibody screening

blood grouping

unexpected
antibody

antibody identi�cation

select donor blood
component

crossmatchingblood issuing
and record

yes

no

compatible

incompatible

Table 7. Cost comparison analysis of antibody screening by conventional tube test technique (CTT) and column agglutination technique (CAT)

Equipment/
reagent

CTT CAT

system cost*
[USD/year] system cost*

[USD/year]

Reaction 
container

10 × 75 Glass Test Tube (reusable)
(PYREX VISTA, Corning Inc., Glendale, USA)

(1000 tubes)

380
(0.38/Tube)

AHG/LISS Microcolumn (Disposable) 
(8 reactions/card, 50 cards/box)

(DG Gel Coombs, Grifols, S.A., Barcelona, Spain)
(19 boxes)

5947
(313/Box)

Screening cell
O1, O2 (25 µL/test, 10 mL/bottle/month)

(National Blood Centre, Bangkok, Thailand)
(12 bottles O1, 12 bottle O2)

28.8
(1.2/Bottle)

O1, O2 (25 µL/test, 10 mL/bottle/month)
(National Blood Centre, Bangkok, Thailand)

(12 bottles O1, 12 bottle O2)

28.8
(1.2/bottle)

Anti-human 
globulin reagent

AHG/Coomb’s (50 µL/test, 10 mL/bottle)
(National Blood Centre, Bangkok, Thailand)

(37 bottles)

118.4
(3.2/Bottle)

– –

Low ionic 
strength solution

LISS (100 µL/test, 10 mL/bottle)
(National Blood Centre, Bangkok, Thailand)

(74 bottles)

236.8
(3.2/Bottle)

– –

Incubator
Heat Block

(DVT-2B, BioVision Inc., Milpitas, USA)
360

Microcolumn Card Incubator
(DG Therm, Grifols, S.A., Barcelona, Spain)

1625

Centrifuge
Serofuge

(EBA 280 Serology Decanting Package 5, Andreas 
Hettich GmbH & Co. KG, Tuttlingen, Germany)

4481
Microcolumn Centrifuge

(DG Spin, Grifols, S.A., Barcelona, Spain)
5063

Tube cleaning 
cost

every week (48 ×10 USD) 480 – –

Total 7300 tests/year 6085 7300 tests/year 12663.8

Cost per 1 test 0.83 per 1 test 1.73

Difference
CTT compared to CAT 208.12%

CAT compared to CTT 48.05%

Cost analyzed from product supplied in Thailand. * 10 tests of antibody screening (O1, O2) per day, 7300 tests for 1 year.
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applied in the investigation of DHTR and HDFN in real-life 
situations. While the CAT was significantly comparable 
to the gold standard technique CTT (p < 0.01), the CAT had 
a higher sensitivity than the standard CTT, and the mean 
titer of CAT in the detection of anti-D, anti-C and anti-E 
was significantly higher than CTT (p < 0.01).

Thus, the use of CAT instead of CTT may be better in 
detecting lower-titer antibodies, especially for the clinically 
significant antibodies. In addition, to prevent DHTRs, CAT 
should be carried out for the detection of low-titer antibod-
ies that have been previously detected in a patient, but where 
no agglutination appeared with the CTT. Nevertheless, IgM 
class unexpected antibodies cannot be detected using CAT, 
as this technique does not have the ability to detect anti-
bodies at room temperature. Therefore, in the case of cold 
alloantibody detection, the use of CAT in pre-transfusion 
compatibility testing or crossmatching should be performed 
in parallel with CTT or using the neutral Gel card. Column 
agglutination technique has been reported to estimate anti 
A/B titer in an ABO incompatible kidney transplant, which 
indicated a sensitivity approx. 2.5-fold higher than CTT.23 
However, CAT was not suggested to determine a critical 
titer for anti-D titration, since it showed significantly higher 
titers than the CTT in all samples studied.24

Limitations

The  current study indicates the  superior sensitivity 
of the CAT technique with a wide-gap titer in the detec-
tion of commercially available antibodies to the Rh sys-
tem, compared with the CTT. However, applying the CAT 
to detect the presence of significant unexpected antibodies 
in clinical samples is needed to confirm the advantages 
of the CAT over the CTT. The simpler CAT technique 
minimizes turnaround time and workload while main-
taining standard operation and results, and can easily be 
performed by blood bank laboratory technologists.

Conclusions

The CAT can be used in substitution of, or in parallel 
with, the CTT for the screening of clinically significant 
antibodies (especially those with a low titer) to avoid sec-
ondary immunization of antibodies to minor red blood 
cell antigens after transfusion.
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