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Hemagglutination is the gold standard method for antigen typing in the blood bank as it is inexpensive, quick and easy to perform, requires little equipment, and has an appropriate sensitivity and specificity for providing care to a majority of transfusion patients (Reid 2009).  However, there are several limitations to using hemagglutination tests.  The test is subjective and may be interpreted differently by various technologists.  Typing patients that have been recently transfused or have a positive direct antiglobulin test (DAT) can be challenging (Reid 2009).  Hemagglutination is somewhat labor-intensive, limiting the number of donors as well as the number of antigens that can be tested.  This in turn limits the amount of antigen-negative donor units available.  Hemagglutination does not reliably predict zygosity in Rh-positive patients or directly identify a fetus at risk for hemolytic disease of the fetus and newborn (HDFN) (Reid 2009).  Reagent antisera used in hemagglutination is increasing in cost and some antibodies are very limited, react weakly, or may not even be available (Reid 2009).  Due to developments in gene sequencing, molecular methods can now be used to overcome the limitations of hemagglutination and provide better patient care by resolving serological typing problems and allowing transfusion patients to be precisely matched to donor units (Reid and Denomme 2011).
	There are more than 300 red blood cell antigens belonging to 30 blood group systems.  The genes of 29 of these 30 blood groups have been identified and sequenced, allowing blood group antigens to be determined by genotype rather than agglutination (Reid 2009).  Almost all available molecular techniques use polymerase chain reaction (PCR)-based methods to amplify and sequence specific genes to identify the antigens that may be present on red blood cells (Moulds 2010).  
Molecular methods can be used to resolve discrepancies that may arise during tube agglutination, to distinguish an alloantibody from an autoantibody, to identify null or variant alleles, to determine zygosity, and to identify a fetus at risk of HDFN (Anstee 2009).  DNA-based assays are helpful in typing a patient that has been recently transfused, has had an allogenic stem cell transplant, is DAT positive, or who has weak antigen expression (Reid 2009). These methods can also be helpful when typing for antigens whose antisera are weak or unavailable.  Molecular techniques can be useful when typing blood donors as well.  The capability to mass screen donors can increase the inventory of antigen-negative blood, help to find donors whose red blood cells lack high-prevalence antigens, and can allow the typing of donors for reagent red blood cells, such as antibody screening cells and antibody identification panels (Reid and Denomme 2011).
There are several other benefits of using molecular methods in the blood bank.  One is that high-throughput assays are possible due to automation.  Results can be interpreted and documented by computerized software, and the data can then be transferred to the patient’s chart or a donor database.  By using high-throughput automated systems, transfusion patients can be more closely matched to donor units.  This is especially important in patients who receive chronic transfusions and are more likely to produce alloantibodies, such as patients with sickle cell disease or severe anemic disorders (Moulds 2010).  Another benefit is that special reagents, such as those needed for hemagglutination, are not required.  The reagents used for DNA-based methods are readily available (Reid 2009).  Automation increases efficiency in the blood bank by decreasing the hands-on time required of the technologists, thereby allowing them to perform other important tasks.
While there are advantages to using molecular techniques, they do not come without limitations.  First, molecular techniques only predict red blood cell phenotypes, which is why it is recommended that antigen-negativity be confirmed by hemagglutination (Reid and Denomme 2011).  There is the possibility that an allele is detected, however, there is a silencing effect present and the antigen is not expressed on the red blood cell.  Another limitation is that these methods can take hours to complete, making them unsuitable for any STAT tests.  It is also unlikely that all alleles in all ethnic populations have been identified (Reid 2009).  Many alleles may give rise to a single phenotype, especially in ABO, Rh, and null phenotypes, and it may be impractical to test for all of them (Reid and Denomme 2011).  If a patient is heterozygous for an antigen, it is possible that one allele will be preferentially amplified during PCR.  Hybrid alleles, such as those that may occur in the MNS or Rh systems, may produce inaccurate results (Reid and Denomme 2011).  There may be instances in which an allele is not detected due to a mutation, yet the antigen is still expressed on the red blood cell.  The molecular basis of several antigens is not known, including Vel, Lan, Jra, Ata, MAM, and AnWj (Anstee 2009).  Antibodies to these antigens are rare, but clinically significant; therefore they can cause severe hemolytic transfusion reactions and HDFN.  Currently, there are no molecular methods that are US FDA-approved for red blood cell genotyping, and many of the available commercial kits are sold for research purposes only (Moulds 2010).
Traditional hemagglutination methods have served the blood bank well as the gold standard, but have limitations that DNA-based methods can help to overcome.  However, since molecular techniques also have limitations, they will not be able to completely replace hemagglutination, and will instead be used as an adjunct to serological methods.  Using molecular methods and hemagglutination in tandem can offer new approaches to solving complex problems in the blood bank and providing transfusion patients with better care.
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