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ABSTRACT

A compatibility test as part of a pre-transfusion test is mandatory to ensure blood compatibility between patients and 

donors. Diamed-ID as the first gel-based product is commonly used as a reference for the compatibility test. The presence of 

new products such as DG Gel Coombs encourages research to compare them with reference methods. This study aimed to 

analyze the suitability of DG Gel Coombs to Diamed-ID in the compatibility test with the same sample. This cross-sectional 

analytic observational study was conducted during November 2017-February 2018 at the Blood Transfusion Unit Dr. 

Soetomo Hospital, Surabaya using blood samples (n=40), which met the inclusion and exclusion criteria. Simultaneous 

testing of the two products was according to the manufacturing requirements of each product (using different LISS reagents 

for red blood cell suspensions and centrifugation arrangements). The suitability of results was tested with Cohen's kappa 

and significant differences with McNemar. There was a minimum suitability of DG Gel Coombs to Diamed-ID for major 

compatibility tests, κ 0.307 (95% CI: -0.029-0.643), significance 0.007 (p < 0.05) and moderate for minor, κ 0,678 (95% CI: 

0.454-0.903), significance <0.0001 (p < 0.05). McNemar's significance was 0.016 (p < 0.05) for major compatibility test and 

0.031 (p < 0.05) for minor. Referring to Diamed-ID's results, false negatives were found on DG Gel Coombs for major 

compatibility tests (n=7) and minor (n=6). The suitability of results from DG Gel Coombs and Diamed-ID is not strong for 

compatibility testing.
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INTRODUCTION

       

In the current era of modern medicine, blood 

transfusion is an important component in the clinical 

management of patients, especially as a life-saving 

management in various life-threatening health 
1conditions.  Blood transfusions have become a 

routine procedure in a wide variety of cases, 

including blood loss replacement during major 

surgery, childbirth, major accidents, anemia 

unresponsive to treatment (uncompensated), and it 

also helps the treatment of congenital blood 
1-3disorders such as Thalassemia or Sickle cell anemia.

Dr. Soetomo Hospital, Surabaya as one of the 

referral center hospitals in Indonesia carries out daily 
4blood transfusion.  The Hospital Blood Transfusion 

Unit (UTDRS) conducts compatibility tests on 

demand for transfused blood and its components as 

part of the pre-transfusion test to ensure the 

compatibility between donor blood and patient 
4-7blood.

Compatibility testing procedures must be 

performed before a blood transfusion to prevent 

hemolysis, agglutination, and even death due to 
1,5,8-10 severe hemolytic anemia in patients. The 

compatibility test must be carried out although the 

test itself is unable to prevent the immunization 

process in the patient body and does not fully 

guarantee the normal survival of donor's red blood 

cells in the patient's body and unable to detect all 
11unexpected antibodies in the patient's serum.

Compatibility test at UTDRS Dr. Soetomo 

Hospital, Surabaya uses the gel method replacing 
4the conventional tube method.   The gel method was 

first introduced by Lapierre in 1998 with more 

advantages over the tube method, such as easy, 

simple method without washing steps, shorter 

inspection time, less sample volume, and better 

safety for workers because sample exposure can be 

reduced despite costs. This test is relatively more 
12-15 expensive.

D iamed- ID  (D iamed GMBH,  Cress ie r ,  

Switzerland) is the first product to use the gel 

method and is widely used as a reference by several 

referral laboratories and blood banks worldwide, 
12,16,17 such as PMI (Indonesian Red Cross). DG Gel 
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Coombs, a new product with the exactly same 

method (Diagnostic Grifols S.A., Barcelona, Spain), is 

present as an alternative in daily use of compatibility 
13testing.   Several studies are present to examine the 

quality of DG Gel Coombs products against 
13,16,17reference products, such as Diamed-ID.  The 

study by Cid et al. on the accuracy of the pre-

transfusion test diagnosis between DG Gel Coombs 

and Diamed-ID concluded that both products had a 

high estimation of diagnostic accuracy, and DG Gel 

Coombs provides more advantage with 8 

microtubes on each panel, which can increase the 
13number of tests in each cycle.   Taylor et al. study of 

the suitability of the pre-transfusion test results 

between DG Gel Coombs and Diamed-ID also 

showed good compatibility between the two 
16products.   In contrast to the two studies Hustinx    

et al., found mismatched pre-transfusion test results 

between DG Gel Coombs and Diamed-ID in a larger 
17number of samples.  Each laboratory can have its 

policy on the use of certain products by considering 

the sensitivity, specificity, cost-effectiveness, time, 
13sample volume, or other matters as needed.  

UTDRS Dr. Soetomo Hospital, Surabaya is 

currently using DG Gel Coombs for routine 

compatibility testing. Research on the suitability of 

the pre-transfusion test results, a compatibility test 

with the gel method between DG Gel Coombs and 

Diamed-ID as a reference product remained limited 

and showed varying results, including in Dr. Soetomo 

Hospital. This research is important to determine 

whether the DG Gel Coombs product can be used as 

a choice in routine compatibility testing. Based on 

the description above, the authors performed aimed 

to perform a compatibility test between DG Gel 

Coombs and Diamed-ID by comparing the results of 

both methods.

This study aimed to analyze the suitability of the 

Diagnostic Grifols (DG) Gel Coombs product with 

Diamed-Identification (ID) in the compatibility test 

with the same sample.

METHODS

This research was an analytical observational study 

with a cross-sectional design and, was performed in 

the period of November 2017-February 2018 at 

UTDRS Dr. Soetomo  Hospital, Surabaya.

The target population was inpatients of Dr. 

Soetomo Hospital, Surabaya who needed a blood 

transfusion. Accessible population was all inpatients 

who requested transfusion blood and its 

components at the UTDRS Dr. Soetomo Hospital, 

Surabaya. The samples in this study were blood 

samples from patients and donors who were asked 

for compatibility tests at the UTDRS Dr. Soetomo 

Hospital, Surabaya. There were 40 samples in this 

study it had met the requirement of sample size in 
18 this study. The inclusion criteria were blood samples 

from patients and donors who requested for the 

compatibility testing for transfusion purposes at the 

UTDRS Dr. Soetomo Hospital, Surabaya, patients' 

blood collected in EDTA tubes and donors' blood in 

bags containing CPDA-1 anticoagulant and must be 

freshly collected or collected in less than 3x24 hour. 

The exclusion criteria were hemolyzed samples or 

samples contaminated with intravenous fluids 
5-7,9 during blood collection.

The patient's blood sample was collected in the 

EDTA tube and the donor sample was collected in a 
5-7blood bag containing the anticoagulant CPDA-1.   

Patients' and donors' blood were centrifuged at 3000 

rpm (1500g) for ten minutes to separate red blood 

cells and serum. The red blood cell suspension was 

then made with Low Ionic Strength Solution/LISS 

reagent. DG Gel Sol is a LISS reagent on DG Gel 

Coombs and ID-Diluent 2 on Diamed-ID. A one 

percent red blood cell suspension (a mixture of 10 µL 

patient and donor red blood cells in 1 mL DG Gel Sol) 

was used for the Coombs DG Gel procedure and 

0.8% suspension (a mixture of 10 µL patient and 

donor red blood cells in 1 mL ID-Diluent 2) for 
19-21 Diamed-ID.

A major compatibility test was carried out by 

inserting 50 µL of donors' cell suspension in the first 

tube and adding 25 µL of patients' serum in the same 

tube. A minor compatibility test was carried out by 

inserting 50 µL of the patient's cell suspension in the 

second tube and adding 25 µL of donor serum in the 

same tube. The gel card was incubated and 

centrifuged in the incubator and centrifuge kit (DG 

Therm, DG Spin for DG Gel Coombs and                 

ID-Incubator, ID-Centrifuge for Diamed-ID) 

according to the manufacturing requirements of 

each product. Incubation was carried out for 15 
0minutes at 37 C and centrifugation was set at 990 

rpm (128.1 g) for 9 minutes for DG Gel Coombs and 
20,211030 rpm (85 g) for 10 minutes for Diamed-ID.

The results of the major and minor compatibility 

tests performed on these two products were 

qualitatively assessed in this study based on the 

presence of red blood cell agglutination along the gel 

column. A formation of a clear red blood cell deposit 

at the bottom of the microtube and the gel on top of 

the clear red blood cell deposit with no agglutination 

was reported negative. Contrastingly, if agglutination 

of red blood cell formed along the gel column was 
20,21reported positive as shown in Figure 1.  
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20,21Figure 1. Interpretation of compatibility testing results with gel method.

Positive and negative test results with DG Gel 
Coombs were compared with test results with 
Diamed-ID for the same sample. The compatibility 
between DG Gel Coombs and Diamed-ID was 
calculated with Cohen's kappa coefficient. Kappa 
coefficient value of 0.21-0.39 was categorized as 
minimum suitability, 0.40-0.59 was categorized as 
weak suitability, 0.60-0.79 was categorized as 
moderate suitability, and 0.80-0.90 was categorized 
as strong suitability. The difference in the proportion 
of positive values of compatibility testing results 
between DG Gel Coombs and Diamed-ID was 

18,22determined using the Mc Nemar test with p <0.05.

This study was approved by the Health Research 
Ethics Committee of Dr. Soetomo Hospital, Surabaya 
with ethical number 25/Panke.KKE/I/2018.

RESULTS AND DISCUSSIONS

Results of major and minor compatibility testing 
with DG Gel Coombs can be seen in Table 1. 

Table 1. Results of compatibility testing with DG Gel 

Coombs

 

Result 

Compatibility Testing 

Coombs  

with DG Gel  

 

Major Minor 

Positive 2 (5%) 11 (27.5%) 

Negative 38 (95%) 29 (72.5%) 

Total 40 (100%) 40 (100%) 

 
The same sample was tested with Diamed-ID and 

the results of major and minor compatibility testing 
can be seen in Table 2.

The compatibility analysis between the results of 
the major compatibility testing with DG Gel Coombs 
and Diamed-ID showed positive results in two 
samples (22.2%) and negative results in 31 samples 
(100%) with both DG Gel Coombs and Diamed-ID as 
shown in Table 3.  

Table 2. Results of compatibility testing with 

Diamed-ID

 

Result 

Compatibility Testing 

Diamed-ID

with  

 

Major Minor 

Positive 

Negative 

Total 

 

9 (22.5%)

31 (77.5%)

40 (100%)

17 (42.5%)

23 (57.5%)

40 (100%)

Table 3. Compatibility of major compatibility testing 

results

Mayor DG Gel 
Coombs  

Mayor Diamed - ID  
Total 

Positive Negative 

Positive 2 (22.2%) 0 (0%) 2 (5%) 

Negative 7 (77.8%) 31 (100%) 38 (95%) 

Total 9 (100%) 31 (100%) 40 (100%) 

The McNemar test to determine the difference in 

the proportion of positive values of the DG Gel 

Coombs major compatibility testing results with 

Diamed-ID showed a significance value of 0.016      

(p < 0.05), suggesting that the significant difference 

in the proportion of positive values between the 

results of the DG Gel Coombs major compatibility 

testing and Diamed-ID was not by chance. The 

Cohen's kappa test to determine the strength of the 

conformity of the major compatibility test results 

between DG Gel Coombs and Diamed-ID       

showed a Kappa coefficient value of 0.307 (95%                      

CI: -0.029-0.643), which was categorized as minimum 

conformity with a significance value of 0.007             

(p < 0.05). The significance value below α indicates 

minimal compatibility between DG Gel Coombs and 

Diamed-ID. This minimal conformity indicates that 

only a few results from the DG Gel Coombs major 

compatibility test match the reference product 
18,22(Diamed-ID).
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The compatibility analysis between the DG Gel 

Coombs and Diamed-ID minor showed positive 

results in 11 samples (64.7%) and negative results in 

23 samples (100%) with both DG Gel Coombs and 

Diamed-ID as shown in Table 4.

Table 4. Compatibility of minor compatibility testing 

results

Minor DG Gel 
Coombs  

Minor Diamed - ID  
Total 

Positive Negative 

Positive 

Negative 

Total 

11 (64.7%)
6 (35.3%)
17 (100%)

0 (0%)
23 (100%)
23 (100%)

11 (27.5%)
29 (72.5%)
40 (100%)

The McNemar test to determine the difference in 

the proportion of positive values of the DG Gel 

Coombs minor compatibility testing results with 

Diamed-ID showed a significance value of 0.031      

(p < 0.05), indicating that the significant difference in 

the proportion of positive values between the results 

of the DG Gel Coombs minor compatibility testing 

with Diamed-ID was not by chance. The Cohen's 

kappa test to determine the conformity strength of 

the minor compatibility test results between DG Gel 

Coombs and Diamed-ID showed a Kappa coefficient 

value of 0.678 (95% CI: 0.454-0.903), which was 

categorized moderate conformity with a significance 

value of <0.0001 (p < 0.05). The significance value 

below α indicates that there is a moderate 

conformity for the results of the minor compatibility 
18,22testing between DG Gel Coombs and Diamed-ID.

Diamed-ID as the first gel-based product for    

pre-transfusion testing has been recognized for its 

superiority over conventional tube methods and is 
12-15currently a reference product in many laboratories.   

Swarup et al. reported the superiority of the gel 

method (Diamed-ID) over the conventional tube 

method for compatibility testing and Bromilow et al. 

and Knight de Siva, reported for the antibody 

screening. The study concluded that the gel method 

was a better substitute for the conventional tube 

method with several advantages as previously 
9,12-15mentioned.  

DG Gel Coombs as a new product with the         

gel method is present as a choice in routine               

pre-transfusion testing including compatibility 

testing. There have been several studies aimed to 

analyze the compatibility of the pre-transfusion test 

results between DG Gel Coombs and Diamed-ID as a 
13,16,17reference method.

Cid et al. reported strong compatibility of the  

pre-transfusion test results (antibody screening) 

between DG Gel and Diamed-ID in 3019 samples 

13from a total of 3024 samples.  Taylor et al. also 

reported strong compatibility of pre-transfusion test 

results (ABO/D grouping, antibody screening, Rh 

phenotyping, K antigen determination, antibody 

identification, DAT, and ABO/D tests in neonates) 

between DG Gel and Diamed-ID in 4182 out of total 
164281 samples.   The compatibility of the DG Gel 

Coombs results with the reference product  

(Diamed-ID) from those studies concluded that 

equipment and reagents of DG Gel Coombs were 

reliable to be used in routine immunohematological 
13,16laboratory tests, especially pre-transfusion tests.   

In contrast to the studies of Cid et al., Taylor et al., 

and Hustinx et al. found a discrepancy in the results 

of pre-transfusion tests (antibody screening and 

antibody identification) between DG Gel Coombs 

and Diamed-ID in 10 samples from a total of 200 
17samples.

This study also aimed to analyze the compatibility 

of the pre-transfusion test results between DG Gel 

Coombs and Diamed-ID. In contrast to the results of 

previous studies, which showed strong compatibility 

between DG Gel Coombs and Diamed-ID, this study 

showed weak or minimum compatibility between  

DG Gel Coombs and Diamed-ID for major 

compatibility tests and moderate compatibility for 

minor compatibility tests. Referring to the Diamed-ID 

results as a reference method, there were also     

false-negative results on DG Gel Coombs in seven 

samples for major compatibility tests and six samples 

for minor compatibility tests, respectively. Several 

factors such as constant affinity, pH, ionic strength, 

temperature, incubation time, and the ratio of serum 

to red blood cells can interfere with the strength of 

the antigen-antibody binding in the product of the 

gel method, resulting in false positive and negative 
23results for reference products.  This false-negative 

result contributes to the compatibility of the results 
13between the two products.  

Taylor et al., stated some manufacturing 

requirements for each product such as the use of LISS 

reagents in the manufacture of red blood cell 

suspensions and different centrifugation settings 
16also influence the results of pre-transfusion tests.   A 

study by Gray et al. showed that the high conductivity 

of the LISS reagent used in the manufacture of       

red blood cell suspensions can be the cause of         

false-negative results in some cases. Increasing the 

conductivity of the LISS reagent will increase the ionic 

strength, which in turn causes suboptimal antibody 
23binding during incubation for a short time.  Cid et al. 

reported that the conductivity of DG Gel Sol is 5.09 
13mScm-1.  Philips and Bebbington, reported that this 
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value was not within the acceptable range of 3.7±0.3 

mScm-1. Contrastingly, the ID-Diluent 2 conductivity 
23value was known to be in an acceptable range.  

Different centrifugation settings to the 

manufacturing requirements for each product also 
16affect the compatibility of the results.   The use of DG 

Spin as a centrifuge for DG Gel Coombs, which was 

set at 990 rpm (128.1 g) for 9 minutes gives the 

possibility of a higher sedimentation rate compared 

to the use of ID-Centrifuge for Diamed-ID, which was 
16,20,21,23,24set at 1030 rpm (85 g) for 10 minutes.   The 

increase in Relative Centrifugal Force (RCF) is known 

to increase the sedimentation rate, which causes the 

accumulation of sediment in the bottom of the gel. 

This increases the likelihood of a false negative result 
16,24on DG Gel Coombs.

The limitation of this study was no validation of 

positive results on both products by screening and 

antibody identification. Therefore, further research 

was needed to include both stages of the test in 

analyzing the compatibility of the results of both 

products.

CONCLUSIONS AND SUGGESTIONS

There was minimum compatibility of the major 

compatibility testing results with the gel method 

between DG Gel Coombs and Diamed-ID and 

moderate compatibility for minor compatibility tests. 

Researchers suggested further research by adding 

screening tests and antibody identification to 

analyze the compatibility of the results of both 

products.
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