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The original research article in this month's Transfusion by Angelika Reil and colleagues1

is the third in a series of landmark articles that represent a major advancement in the field of
neutrophil immunology. This same group of investigators has recently characterized the
molecular basis of the human neutrophil antigen (HNA)-3 system. They found that HNA-3a
and HNA-3b result from a single nucleotide polymorphism in the choline transporter-like
protein-2 gene2 and their results have been confirmed by Curtis and colleagues.3 The
manuscript in this issue of Transfusion described a HNA-3a and -3b genotyping method
using sequence-specific primers (SSP) and PCR and measured HNA-3a and -3b gene
frequencies in a large number of Caucasians. It also assessed the risk of alloimmunization
associated with pregnancy. These three publications mark the completion of the
characterization of the 5 described neutrophil antigen systems: HNA-1, -2, -3, -4, and -51,4–8

and will likely lead to improvements in HNA genotyping and antibody detection
methodologies.

For many Human Leukocyte Antigen (HLA) applications, molecular genotyping and solid
phase antibody detection assays have replaced cellular phenotyping and antibody screening.
These advances in testing methodology have led to the development of highly automated
genotyping and solid phase antibody detection assays that lend themselves to high
throughput, low cost testing and have resulted in more precise and rapid typing. Similar
advances will likely take place for HNA testing.

HNA antigens were initially characterized on a serological level using cellular assays. These
cellular assays are, however, difficult and laborious to perform. Genotyping assays are now
available for HNA-1, HNA-3, HNA-4 and HNA-5 systems.9–11 Although HNA-2a has been
found to be located on CD177, HNA-2a antigen is an isoantigen and the lack of expression
of HNA-2a is the result of gene misplicing7 and a simple genotyping method for HNA-2a is
not yet available. However, CD177 monoclonal antibodies specific to HNA-2a are
commercially available which can be used to detect antigen null subjects.

Typing of all HNA antigens can now be readily performed and in the future HNA antibody
detection methods will likely be widely available. The availability of monoclonal antibodies
to the glycoproteins bearing HNA antigens permits the use solid phase assays to detect
antibodies specific to these antigens. These monoclonal antibodies can be used in the
monoclonal antibody immobilization of neutrophil antigens assay (MAINA) and to isolate
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the glycoprotein bearing HNA antigens in order to develop ELISA and related solid phase
alloantibody detection assays. In addition to CD177, monoclonal antibodies are also
available to CD16, CD11b and CD11a which carry HNA-1, HNA-4 and HNA-5 antigens
respectively.4,8 The availability of these monoclonal antibodies make solid phase testing of
HNA-1, -2, -4 and -5 antigen possible, but prior to the molecular characterization of HNA-3,
solid phase testing for antibodies specific to HNA-3a was not possible.

Traditionally, HNA-3a antibodies have been detected by testing samples against freshly
isolated neutrophils from phenotyped donors in cellular assays: Granulocyte Agglutination
(GA) and Granulocyte Immunoflourescence (GIF) assays. HNA-3a phenotyping is best
preformed with GA.12 These assays, however, require highly trained staff and are laborious
to perform. Phenotyping of the panel donors is also problematic because the availability of
anti-HNA-3a for phenotyping is limited and anti-HNA-3b is very difficult to obtain. A
method for determining HNA-3 genotypes is now available thus eliminating the need for
HNA-3 alloantisera and, hopefully, monoclonal antibodies will soon be available that are
directed to the choline transporter-like protein-2 to facilitate its isolation for solid phase
HNA-3a alloantibody detection assays. Monoclonal antibodies specific to the choline
transporter-like protein-2 could be used by reference laboratories for MAINA assays to
detect antibodies specific for HNA-3a and -3b on a small scale or by companies to isolate
the choline transporter-like protein-2 to produce HNA-3a and -3b antibody detection kits
that could used on standard platforms and would allow for high throughput testing.
Commercial solid phase assays that detect antibodies specific to HNA-1a, -1b, -1c, -2a, -3a,
-4a, and -5a are under development and are going through the final regulatory requirements
for release, but it may be several months or even longer before these assays are available.

The availability of the HNA-3a/b genotyping assay described by Reil1 and a solid phase
anti-HNA-3a detection assay are of particular importance for transfusion reaction evaluation
and prevention. HNA antibodies are an important cause of alloimmune neonatal
neutropenia, autoimmune neutropenia, and transfusion reactions, but antibodies specific to
HNA-1a, HNA-1b, and HNA-2a are most often responsible for alloimmune neonatal
neutropenia13,14 and those specific to HNA-1a and HNA-1b for autoimmune
neutropenia.15–17 Antibodies specific for HNA-1a, -1b, -2a and -3a can all cause transfusion
reactions but the transfusion of products containing large volumes of plasma with anti-
HNA-3a seems to be an especially important cause of transfusion related acute lung injury
(TRALI). Case reports, series of case reports and look-back studies suggest that among all
leukocyte antibodies, anti-HNA-3a may be the most potent at causing severe and fatal
TRALI.18–21 Hopefully, the molecular characterization of HNA-3a will provide needed
information about the immunologic properties and mechanisms associated with this unique
antigen.

A recent survey of US blood centers found that 91% have implemented measures to reduce
the incidence of TRALI associated with the transfusion of plasma products.22 To reduce the
risk of TRALI due to transfusion of plasma products most centers are using male only whole
blood to manufacture plasma for transfusion, male only apheresis plasma, predominantly
male plasma, or male and never pregnant female plasma. For TRALI risk reduction
associated with the transfusion of platelet components 41 of 47 centers have implemented a
strategy to reduce the risk of TRALI. The most commonly used strategy is to increase the
number of apheresis platelets collected from male donors (70%). The second most common
method is to test platelet donors for HLA antibodies (43%). No centers are testing donors for
HNA antibodies.

It is likely that the lack of availability of high throughput solid phase assays of detecting
HNA antibodies accounts for the lack of use of HNA antibody screening as a TRALI risk
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reduction measure. However, the new understanding of the molecular basis of HNA-3a and
-3b will lead to advances that make anti-HNA-3a screening and confirmation assays more
precise and reliable. As a result, the current practice of not testing platelet apheresis donors
for anti-HNA-3a and other HNA antigens will become unsupportable. If a reagent is added
to a commercial HLA antibody screening assay that allows for the detection of antibodies to
HNA-3a, then centers collecting platelets from female donors should consider testing for
HNA antibodies. If reagents are available that permit reliable testing of other HNA antibody
implicated in TRALI, donors should also be tested for these antibodies.

Female platelet donors could be tested for both HNA and HLA antibodies. However, if a
center can only test for either HNA or HLA antibodies, it may be better to test female
donors for HNA antibodies rather than HLA antibodies since relative to HLA antibodies the
prevalence of HNA antibodies in female donors is very low and the TRALI risk associated
with the transfusion of HNA antibodies is high compared to HLA antibodies. Although
antibodies to HNA are more potent at causing transfusion reactions, it is not certain if the
portion of TRALI reactions that are caused by HNA antibodies is larger or smaller than
those caused by HLA antibodies. It may well be that more reactions are due to HNA
antibodies than HLA antibodies. In any case, transfusion safety would be improved by
eliminating HNA antibodies from plasma containing blood products, especially anti-
HNA-3a.

While it is still not practical to screen platelet donors for anti-HNA-3a or other HNA
antibodies, the genotyping assays described by Reil1 will allow centers to screen platelet
donors in order to identify those homozygous for HNA-3b and hence who could produce
anti-HNA-3a. Multiparous donors could be genotyped for HNA-3a and -3b and those
homozygous for HNA-3b could be excluded from donating. Excluding HNA-3b
homozygous multiparous females would lead to the loss of 5.5% of those tested.1 The
number of donors deferred could be reduced by testing for anti-HNA-3a since Reil1 found
that the immunization rate for HNA-3a during pregnancy was only 7%.

It is not yet time to begin to screen donors for HNA antibodies, however, the work by Reil
and colleagues provides new tools for eliminating donors who could produce a clinically
important neutrophil antibody, anti-HNA-3a.

References
1. Reil A, Wesche J, Greinacher A, Bux J. Geno- and phenotyping and immunogenicity of HNA-3.

Transfusion. Jun 18.2010
2. Greinacher A, Wesche J, Hammer E, Furll B, Volker U, Reil A, Bux J. Characterization of the

human neutrophil alloantigen-3a. Nat.Med. Jan; 2010 16(1):45–8. [PubMed: 20037594]
3. Curtis BR, Cox NJ, Sullivan MJ, Konkashbaev A, Bowens K, Hansen K, Aster RH. The neutrophil

alloantigen HNA-3a (5b) is located on choline transporter-like protein 2 and appears to be encoded
by an R>Q154 amino acid substitution. Blood. Mar 11; 2010 115(10):2073–6. [PubMed: 20040764]

4. Ory PA, Clark MR, Kwoh EE, Clarkson SB, Goldstein IM. Sequences of complementary DNAs that
encode the NA1 and NA2 forms of Fc receptor III on human neutrophils. J.Clin.Invest. Nov; 1989
84(5):1688–91. [PubMed: 2478590]

5. Bux J, Stein EL, Bierling P, Fromont P, Clay M, Stroncek D, Santoso S. Characterization of a new
alloantigen (SH) on the human neutrophil Fc gamma receptor IIIb. Blood. Feb 1; 1997 89(3):1027–
34. [PubMed: 9028335]

6. Kissel K, Santoso S, Hofmann C, Stroncek D, Bux J. Molecular basis of the neutrophil glycoprotein
NB1 (CD177) involved in the pathogenesis of immune neutropenias and transfusion reactions.
Eur.J.Immunol. May; 2001 31(5):1301–9. [PubMed: 11465086]

7. Kissel K, Scheffler S, Kerowgan M, Bux J. Molecular basis of NB1 (HNA-2a, CD177) deficiency.
Blood. Jun 1; 2002 99(11):4231–3. [PubMed: 12010833]

Stroncek and Clay Page 3

Transfusion. Author manuscript; available in PMC 2011 April 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



8. Simsek S, van der Schoot CE, Daams M, Huiskes E, Clay M, McCullough J, van Dalen C, Stroncek
D, dem Borne AE. Molecular characterization of antigenic polymorphisms (Ond(a) and Mart(a)) of
the beta 2 family recognized by human leukocyte alloantisera. Blood. Aug 15; 1996 88(4):1350–8.
[PubMed: 8695853]

9. Kissel K, Hofmann C, Gittinger FS, Daniels G, Bux J. HNA-1a, HNA-1b, and HNA-1c (NA1, NA2,
SH) frequencies in African and American Blacks and in Chinese. Tissue Antigens. Aug; 2000
56(2):143–8. [PubMed: 11019914]

10. Sachs UJ, Reil A, Bauer C, Bux J, Bein G, Santoso S. Genotyping of human neutrophil antigen-5a
(Ond). Transfus.Med. Apr; 2005 15(2):115–7. [PubMed: 15859977]

11. Clague HD, Fung YL, Minchinton RM. Human neutrophil antigen-4a gene frequencies in an
Australian population, determined by a new polymerase chain reaction method using sequence-
specific primers. Transfus.Med. Jun; 2003 13(3):149–52. [PubMed: 12791082]

12. Bux J, Chapman J. Report on the second international granulocyte serology workshop.
Transfusion. Sep; 1997 37(9):977–83. [PubMed: 9308648]

13. Bux J, Jung KD, Kauth T, Mueller-Eckhardt C. Serological and clinical aspects of granulocyte
antibodies leading to alloimmune neonatal neutropenia. Transfus.Med. Jun; 1992 2(2):143–9.
[PubMed: 1284978]

14. Han TH, Chey MJ, Han KS. Granulocyte antibodies in Korean neonates with neutropenia.
J.Korean Med.Sci. Aug; 2006 21(4):627–32. [PubMed: 16891804]

15. Bux J, Behrens G, Jaeger G, Welte K. Diagnosis and clinical course of autoimmune neutropenia in
infancy: analysis of 240 cases. Blood. Jan 1; 1998 91(1):181–6. [PubMed: 9414283]

16. Bruin M, Dassen A, Pajkrt D, Buddelmeyer L, Kuijpers T, de HM. Primary autoimmune
neutropenia in children: a study of neutrophil antibodies and clinical course. Vox Sang. Jan; 2005
88(1):52–9. [PubMed: 15663723]

17. Taniuchi S, Masuda M, Hasui M, Tsuji S, Takahashi H, Kobayashi Y. Differential diagnosis and
clinical course of autoimmune neutropenia in infancy: comparison with congenital neutropenia.
Acta Paediatr. 2002; 91(11):1179–82. [PubMed: 12463315]

18. Kopko PM, Marshall CS, MacKenzie MR, Holland PV, Popovsky MA. Transfusion-related acute
lung injury: report of a clinical look-back investigation. JAMA. Apr 17; 2002 287(15):1968–71.
[PubMed: 11960539]

19. Muniz M, Sheldon S, Schuller RM, Young NS, Klein HG, Leitman SF, Stroncek DF. Patient-
specific transfusion-related acute lung injury. Vox Sang. Jan; 2008 94(1):70–3. [PubMed:
18171330]

20. Davoren A, Curtis BR, Shulman IA, Mohrbacher AF, Bux J, Kwiatkowska BJ, McFarland JG,
Aster RH. TRALI due to granulocyte-agglutinating human neutrophil antigen-3a (5b)
alloantibodies in donor plasma: a report of 2 fatalities. Transfusion. May; 2003 43(5):641–5.
[PubMed: 12702187]

21. Reil A, Keller-Stanislawski B, Gunay S, Bux J. Specificities of leucocyte alloantibodies in
transfusion-related acute lung injury and results of leucocyte antibody screening of blood donors.
Vox Sang. Nov; 2008 95(4):313–7. [PubMed: 19138261]

22. Kleinman S, Grossman B, Kopko P. A national survey of transfusion-related acute lung injury risk
reduction policies for platelets and plasma in the United States. Transfusion. Apr 27.2010

Stroncek and Clay Page 4

Transfusion. Author manuscript; available in PMC 2011 April 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


