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Does   
WHOLE BLOOD  

need to be ABO type specific 

What is whole blood ??? 

Risks of hemolysis due to anti-A and anti-B caused by the 
transfusion of blood or blood components containing ABO-
incompatible plasma 
Olle Berséus, Kjell Boman, Shawn C Nessen and Lars A Westerberg 
                                                          Transfusion 2013;53:114S-123S 



Some often forgotten fundamentals 
  

      BLOOD is a livning free flowing tissue inside the  
      vessel system. 

      BLOOD differs in it´s composition between healthy 
      individuals and the composition may change with  
      the physiological status of the individual.  

      Mental awareness of a coming blood donnation 
      may change the composition of the circulating 
      blood in a way that is easily analyzed in the lab. 
 

BLOOD COMPOPNENTS ARE NOT BLOOD 
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The Red cell 
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TRAUMAPACK  (Örebro) 
”BLOOD” reconstituted from blood 

components 
4 Ery-SagM (packed RC) + 4 Fresh frozen plasma  
           +  Platelet pack  (250-300x109 plts)  
Additive solutions: 
4x63 mL CPD + 4x100mL SagM             110 mL SSP+ 

            1  TRAUMAPACK  
 ”equivalent” to 1800 mL (4x450 mL) BLOOD 
          Total volyme 2560 mL 
     (1800 mL blod + 760 mL tillsatslösning) 
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Adverse patient effects from transfusion 
of ABO-incompatible plasma  (1) 

Immediate 
effects 

•     Formation of  A-/B-immuncomplexes 

•     Agglutination and hemolysis of the red cells 

•     Activating mononuclear cytotoxic cells 

•     Formation and release of acute phase 
      reactants   (complement factors, cytokines) 

•     Activation and aggregation of platelets 

•     Activation of the coagulation system  (DIC?) 

Delayed effects 

Late effects 
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Adverse patient effects from transfusion 
of ABO-incompatible plasma  (2) 

Delayed 
effects 
within 2h 
(up to 4 days) 

•     Febrile reactions    

•     Increased osmotic fragility of the red cells 

•     Persistent heme induced activation of 
          the inflammatory respone 

•     Persistent thrombocytopenia  

•     Coagulopathies and increased fibrinolysis 

•     Part in the pathogenesis of transfusion 
          related acute lung injury (TRALI) 

•     Immunomodulation in the recipient 
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Adverse patient effects from transfusion 
of ABO-incompatible plasma  (3) 

Late  
effects 
(>50 years) 

•    Possibility of an increased incidence of  
    persistent microchimerism 
 

     Donor white cells can be found in the 
     circulation of the recipient in about  
     50%  of transfused patient with a  
     major trauma and massive bleeding 

          No effect of leucocyte reduction  
            of the transfused blood unit 
                                            Utter GH. Transfusion 2012; 52: 926-8 
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Levels of blood group immunization (1) 

   

      Age 

 0 – 3 months        No blood group antibodies 
                                   present 

 3 months –            Bacterial A and B blood group 
                                   substances from the normal 
                                   intestinal bacterial flora induce 
                                   the formation of A- and or B- 
                                   antibodies of the IgM-class  
                                   (the ”natural antibodies”) 
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Levels of blood group immunization (2) 
 

    After                        Active immunization with the 
 pregnancy              production of specific blood group  
 or                             antibodies of both IgM and IgG class  
 transfusion  
 of a  
 blood product 
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Vaccination mediated A and B immunization 

Elevated levels of both IgM and IgG class anti-A and/
or anti-B have been reported after vaccinations with 
bacteria or virus derived vaccines against: 
tetanus, typhoid, diphteria, plague, 
meningococcus, hemophilus influenza, 
influenza virus A/B 
The stimulative activity varies with the different brands 
of the same vaccine 

Very high levels of IgM and IgG class anti-B has been 
described in a group A donor after per oral intake of a 
commercial probiotic containing lactobacillus 
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Direct agglutination  
of red cells by  
IgM /-G antibodies 

IgM antibodies with 
molecular weight 900 
kD easily agglutinates 
antigen positive red 
cells. 

IgG antibodies with 
molecular weight 150  
kD cannot agglutinate 
antigen positive red cells 



Complement activating IgM molecule  
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Complement activating IgG molecule 



Reports of hemolytic reactions by transfusion 
 of group O blood to non-group O recipients  

1911 Ottenberg proposes group O blood donors as 
”universal donors” 

1945-1986  15 non military publications with case reports 
of severe hemolytic reactions after a transfusion of group 
O blood or plasma to non-group O recipients has been 
found and reviewed.  

Antibody titres varied from 16 to >8000   (IgM / IgG) 

Volume of infused plasma varied from 25 mL to 800 mL 

All patients recovered except for 2 fatalities 
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Military experiences of the transfusion of 
group O blood to non-group O recipients  

 World War II             

•   Group O blood used universally in US armed forces  

•   In 1944 reports of haemolytic reactions in blood 
   units with high titres anti-A/B.  
   Only ”low titre”* group O blood units are being sent 
   to military hospitals. 

•   No further reports of haemolytic reactions with 
   more than 500.000 transfusions during last years 
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* Anti- A and or anti-B saline titre < 250 



Military experiences of the transfusion of 
group O blood to non-group O recipients  

World War II            Group O blood used universally  
After 1944 only ”low titre” group O blood is sent to 
military hospitals and > 500.000 transfusions  
No further reports of hemolytic reactions 

Korean War        Only ”low titre” group O blood 
used 
1952   >60000 transfusions.  No hemolytic reactions 
 

Severe IHTR after return to recipient´s blood group. 
After massive transfusion continue group O blood. 
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Military experiences of the transfusion of 
group O blood to non-group O recipients  

Vietnam war             
”Low titre” group O blood used universally.  
 

From 1965 all blood groups used at major military 
hospitals, group O blood in the periphery 
 

1967-69   >230000 transfusions 

 Only 1 report of an IHTR from transfusion with 
 group O blood 
(A high titre unit by mistake released from hospital 
 the patient had uneventful recovery) 
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Platelet transfusions containing  
ABO-incompatible plasma 

Summary of 25 case reports (30 pat.)   1975 – 2009: 

 21 patients with systemic malignacies    2 fatalities 
 4   surgical patients                                 0 fatalities 
 5   other                                                   0 fatalities 
 In all patients but one the transfused plasma the anti-A / 
 anti-B titres were above 100 (saline) and 400 (antiglobulin). 

 All patients with less than 200 mL transfused plasma  
 had anti-A / anti-B titres above 1000 (antiglobulin). 

                                             Berséus et al, Transfusion 2013;53. 114S-23S 
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Quantification of anti-A and anti-B 

Titration:       in a saline medium              (only IgM) 
                       with antiglobulin        (IgG and/or IgM) 

Technique:    agglutination, in test tubes 
                       agglutination,  separation in gel tubes 

Flow                specific quantification of antibody 
cytometry:      technically complicated, expensive 
                                 ”Gold standard”                                
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Quantification of anti-A and anti-B 

Titration:     in a saline medium           (only IgM antibodies) 
                       with antiglobulin method  (IgG and/or IgM antibodies) 

                       Technique:   agglutination in test tubes 
                                             agglutination and separation in gel tubes 

Flow cytometry:    specific quantification of the antibody 
                                      technically complicated and  expensive 
                                      ”Gold standard” 

                                

No functioning standardization or reference value 

No generally recognized method for routine 
laboratory work 
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Regional Blood 
                Centre Military 

Section 

Swedish 
Special Forces  Registered 

donors 

Medics trained in 
blood collection. 

Organization of WALKING BLOOD BANK 

+ 

Ordinary registered donor when not deployed 
(thus all operators remain continously prescreened 
and the screening is checked before deployment) 
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+
Special 
Forces in mission 

+

After contact with  SMO the medic 
selects a donor, collects the blood 
unit, performes the transfusion. 
 

This unit becomes a regular unit 
prepared by the Military Section. 



”WALKING BLOOD BANK” 
    in the armed forces 
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+ 
Military 
deployment 

+

Deployment of  120 persons (100 male, 20 female) 

80% registered and prescreened donors can give > 400 bloodunits/year 
about 8 units of fresh whole blood per week 



”WALKING BLOOD BANK” 
    in the armed forces 
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+ 
Military 
deployment 

+

Deployment of  120 persons (100 male, 20 female) 
80% registered and prescreened donors can give > 400 bloodunits/year 

about 8 units of fresh whole blood per week 

The use of an automated 
cellseparator gives the 

capacity for the production of   
packed red cells 

  platelet concentrates 
   plasma  

 All components with ”civilian” 
quality and storage 



”WALKING BLOOD BANK” 
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High titres of anti-A and anti-B in group 
O donors at the Örebro Blood Center  

Regular plt-apheresis donors       (11/248)   4,4 % 

Regular active military personnel     (1/33)     3  % 

Swedish Special Forces                                27  % 

      Titration of aniti-A resp. anti-B with gel-technique  
      in saline medium (IgM) and with antiglobulin (IgG) 
      Cut off value for IgM  1/100 and for IgG  1/400 
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In emergency life saving support the risks for an IHTR or 
other adversive effects from the transfusion of group O 
blood or plasma to a non-group O recipient constitutes a 
minor risk which with  good margins is outweighed by the 
benefit. 

Whenever possible all “universal” donors should be 
screened for low titres of anti-A and anti-B preferably for 
antibodies of both IgM (saline technique) and IgG 
(antiglobulin technique). 

For non emergency situation the above mentioned 
screening for anti-A and anti-B of both IgM and IgG 
classes should be mandatory.  
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Conclusion: 


