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Autoimmune haemolytic anaemia (AIHA) is a rare autoimmune disease characterised 
by haemolysis associated with the presence of immunoglobulins and/or components 
of the complement system on red blood cells (RBCs). It is classified into warm or cold 
antibody-mediated AIHA according to the temperature at which autoantibodies bind 
optimally to RBCs. Clinicians should be familiar with the procedural tests used for a 
complete laboratory investigation of AIHA. Good collaboration between clinicians 
and laboratory specialists with correct sample handling and an exact diagnostic 
work-up is extremely important for the correct classification and proper therapeutic 
management of AIHA. Specialised serological test procedures are very complex. 
Problems with serological testing may be excluded with the molecular testing, which 
has now become a gold standard to predict a patient’s phenotype in order to secure 
the right antigen-matched blood for AIHA patients. More recently, genotyping has been 
used instead of serological typing and complex adsorption tests. This paper offers a 
description of various tests for differentiating between types of AIHA. A diagnostic 
algorithm and the problems of laboratory investigation are also presented, and an 
application of molecular methods for the blood group typing in AIHA is elaborated.
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Introduction
Autoimmune haemolytic anaemia (AIHA) is a rare autoimmune disease characterised by 
haemolysis associated with the presence of immunoglobulins (Ig)G, IgM, or IgA and/or 
components of the complement system on red blood cells (RBCs), usually demonstrated by 
a positive direct antiglobulin test (DAT). DAT alone does not define AIHA; it may be positive 
in up to 0.1% of healthy individuals1 as well as in many conditions without haemolysis, and 
may also remain positive in patients with AIHA in remission2.
The annual incidence of AIHA is estimated to be 1-3 in 100,000 of the population3. 
Depending on the presence of any underlying disorder, AIHA can be subdivided into 
two types: primary and secondary. It is classified into warm or cold antibody-mediated 
AIHA according to the temperature at which autoantibodies bind optimally to RBCs. 
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Classically, warm AIHA is characterised by the IgG class 
of the autoantibody optimally reactive at 37ºC, while cold 
agglutinin disease (CAD) is caused by the IgM class of the 
autoantibody with optimal reactivity at 4ºC. In mixed 
type AIHA, both IgG reactive at 37ºC and IgM reactive 
≥30ºC are present. In paroxysmal cold haemoglobinuria 
(PCH), IgG biphasic haemolysin is reactive when 
conditions at 4°C, and then at 37°C are met. Atypically, in 
AIHA patients, DAT may be negative4,5. Most of the time, 
laboratory investigation of AIHA is very complex and 
time-consuming, and there are many pitfalls associated 
with the diagnostic work-up in AIHA patients6,7. Exact 
diagnostic work-up and the detection of the right type of 
the autoantibody involved is very important for the correct 
classification and the therapeutic management of AIHA. 
Patients with AIHA frequently have severe anaemia 
that requires blood transfusion. Serum autoantibodies, 
that are detected by a positive indirect antiglobulin test 
(IAT), are often pan-reactive, making it impossible to 
find compatible blood. They may mask the presence of 
clinically significant alloantibodies, potentially resulting 
in a haemolytic transfusion reaction (HTR). Patients 
with AIHA who are chronically transfused are constantly 
exposed to risk of RBC alloimmunisation. The rate of 
alloimmunisation in this group of patients is reported 
to range from 12 to 40%8-10, which is comparable to other 
chronically transfused patients, including patients with 
sickle cell disease (SCD) and thalassaemia. Adsorption 
tests are special compatibility test procedures used 
to detect and identify alloantibodies in patients with 
autoantibodies; however, these tests are labour-intensive 
and not always efficient. Transfusion of the prophylactic 
antigen-matched blood has been suggested to avoid and 
replace complex adsorption testing10, particularly for 
patients in whom complete phenotype is determined. 
However, serological phenotyping may be incorrectly 
performed in DAT-positive patients with antiglobulin-reactive 
antisera, and not all RBC antigens can be determined 
with direct agglutinating sera (monoclonal reagents). 
In addition, mixed-field reaction caused by the prior 
transfusion may be easily interpreted as positive11. These 
problems may be excluded with molecular typing. In 
recognising its advantages over serological phenotyping, 
genotyping is now becoming a gold standard for testing 
AIHA patients12,13. Transfusion of antigen-matched 

blood based on genotyping is increasingly preferred to 
serological phenotyping14,15. 
This paper offers a description of various tests for 
differentiating between types of AIHA. The importance of 
the collaboration between the laboratory and the clinic for 
proper diagnostics, and of timely and correct therapeutic 
management, is emphasised. A diagnostic algorithm 
and the problems of laboratory investigation are also 
presented, and an application of molecular methods for 
blood group typing in AIHA is elaborated. 

Type of autoimmune haemolytic anaemia 
Type of AIHA is determined by the serological 
characteristics of the autoantibodies detected on the 
patient’s RBCs and/or in the patient’s serum. Tests to be 
considered by clinicians for the purpose of differentiating 
between types of AIHA are presented in Table I. 

Warm autoimmune haemolytic anaemia
In warm AIHA, autoantibodies show optimal reactivity 
at 37°C. In most cases, they are of the IgG class, and are 
usually directed against antigens of the Rhesus blood group 
system. However, other antigens may be implicated, such 
as: Wra, Kpb, Jka and U3. IgG is attached to RBCs usually in 
combination with C3d, or it is present with RBCs alone.  
IgG is also detected in the serum and eluate by the IAT 
(Table I). Warm AIHA is the most common type of AIHA 
(65-70%) and is usually associated with lymphoproliferative 
and autoimmune diseases. In the majority of warm AIHA 
cases, RBC destruction is extravascular. RBCs coated with 
IgG autoantibodies are phagocytosed primarily in the 
spleen because of the phagocyte’s expression of receptors 
for the Fc region of the IgG. Incomplete phagocytosis 
results in spherocytosis, which characterises the transition 
from a biconcave to a spherical shape of the cell, and its 
vulnerability to destruction during subsequent passages 
through the spleen. When RBCs are heavily coated with 
IgG autoantibodies, the classical complement pathway 
may be activated. Depending on the IgG subclass (where 
IgG3 is a more potent complement activator than IgG1), 
C3b-opsonised RBCs are further phagocytosed by Kupfer 
cells in the liver16. Cases of warm AIHA are often mild, and 
they are typically presented with symptoms of anaemia17. 
In rare atypical cases, warm autoantibodies can be of 
the IgM or IgA class. Rarely, only C3d (10%), and, very 
rarely (1%), IgM or IgA may be present on RBCs, often in 
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association with IgG and/or complement18. Low affinity 
IgM autoantibodies often detach from the RBCs during 
washing procedures and usually only C3d is detected 
on RBCs. The IgM autoantibodies involved, which are 
often detached from the RBCs, may also explain severe 
cases with IgA autoantibodies19,20. Cases with warm IgM 
autoantibodies have been also presented as DAT-negative 
AIHAs21. Warm IgM autoantibodies show optimal 
reactivity at 37°C (and at 30°C) by a direct agglutination in 
the serum and eluate, and they have a low titre (<64) at 4°C 
(Table I). Warm IgM autoantibodies are good activators of 
the complement system and primarily cause intravascular 
RBC destruction, which is described in detail below (see 
CAD). There are only a few reports of warm IgM-mediated 
AIHA, and most of them have been associated with severe 
haemolysis and immune disorders22-25. 

Cold agglutinin disease 
Cold autoantibodies (also referred to as cold agglutinins, 
because of the direct agglutination they cause), that 
characterise CAD, react better at 4°C, but may also react 
in warmer conditions. Almost in all cases, they are of the 
IgM class, and are directed against the I/i blood group. 
Cases with CAD make up 20-25% of all AIHA cases 
and usually have an underlying lymphoproliferative 

disease. But recent studies have led to the conclusion 
that patients with CAD must have a distinct clonal B-cell 
lymphoproliferative disorder26,27. With the involvement of 
cold IgM autoantibodies, RBC destruction can be either 
extravascular (usually in stable cases) or intravascular 
(in the acute phase of the disease). RBCs coated with IgM 
autoantibodies are sequestered and phagocytosed in the 
liver. IgM is a strong complement activator which binds 
C1q and initiates the classical complement pathway upon 
C3b formation step. Complement activation may proceed 
beyond C3b formation and result in a membrane attack 
complex (MAC) formation and intravascular haemolysis. 
Due to regulatory proteins CD55 and CD59, complement 
activation is usually not sufficient to produce clinically 
significant activation of the terminal complement 
pathway16. Cold autoantibodies bind to RBCs at lower 
temperatures in the peripheral circulation and activate 
complement, but as RBCs circulate to warmer areas, IgM 
dissociates and C3d remains bound. Therefore, only C3d is 
usually attached to RBCs. The monospecific DAT can also be 
weakly positive for IgG in up to 20% of patients with CAD28. 
The clinical significance of serum cold autoantibody 
is determined by the cold antibody titre and thermal 
amplitude of the cold autoantibody. Titration values can 

Table I - Tests for differentiating types of autoimmune haemolytic anaemia

Warm IgG AIHA Warm IgM AIHA Warm IgA AIHA CAD Mixed AIHA PCH DAT negative 
AIHA

Ig IgG IgM IgA IgM IgG+IgM IgG IgG, IgA, IgM

DAT poly + - - + + + -

DAT mono anti-IgG + - - - or + + - -

DAT mono 
anti-C3d

+ or - + or - + or - + + + -

DAT mono anti-IgM - + or - - - + or - - + or -

DAT mono anti-IgA + or - - + - + or - - + or -

Eluate IgG IgM IgA - IgG (IgM) - IgG (IgM) or -

DAggT - + - + + - -

IAT + - - - + - -

Thermal 
amplitude 

Optimally at 
37°C

Optimally at 
37°C

Optimally at 
37°C

Optimally at 4°C Usually
≥30°C

Biphasic
4°C→ 37°C

Optimally at 
37°C

Cold antibody titre NA <64 NA ≥64 ≥64 (<64) <64 NA

Donath-
Landsteiner test

NA NA NA NA NA + NA

Other tests* NA NA NA NA NA NA +

*Enzyme-linked antiglobulin test, radiolabelled anti-IgG tests, flow-cytometry, monocyte monolayer assay, concentrated eluates, mitogen-stimulated-DAT. 
AIHA: autoimmune haemolytic anaemia; CAD: cold agglutinin disease; DAggT: direct agglutination test; DAT mono: direct antiglobulin test monospecific;  
DAT poly: direct antiglobulin test polyspecific; NA: not applicable; IAT: indirect antiglobulin test; Ig: immunoglobulin; PCH: paroxysmal cold haemoglobinuria. 
+positive; - negative.
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provide information about the relative amount of the 
antibody present in serum. The titre of an antibody is 
usually determined by testing two-fold serial dilution of 
the serum against selected RBCs. Results are expressed 
as the reciprocal of the highest serum dilution that shows 
macroscopic agglutination29. The thermal amplitude test is 
performed to determine the reactivity of cold autoantibody 
at varying temperatures: 4°C, 22°C, 30°C, and 37°C. The 
thermal amplitude of the cold autoantibody, defined as the 
highest temperature at which autoantibody binds to RBCs, 
most accurately predicts the severity of the disease. Cold 
autoantibodies that are reactive at temperatures >30°C 
have the potential to be clinically significant regardless of 
the cold antibody titre30. Temperature amplitude testing is 
quite time-consuming, and is, in most cases, not required 
for diagnosis because cold antibody titres are usually 
higher than the minimum titre required. Nevertheless, 
it is useful in some situations to rule out normally 
occurring cold autoantibodies in cases with low titres31. 
In addition, the pathogenicity of cold autoantibodies is 
more dependent on the thermal amplitude than on the 
antibody titer31. Clinically significant cold autoantibody 
is determined with a titre of ≥64 at 4°C (although it is 
usually >1,024) or thermal amplitude >30°C32 (Table I). 
Although cold autoantibodies are normally seen in healthy 
individuals, they are present at low titres (<64) and they 
have no reactivity at temperatures >30°C. 

Mixed-type autoimmune haemolytic anaemia
Mixed-type AIHA is characterised by the presence of both 
warm IgG and cold IgM autoantibodies. Mixed-type AIHA 
is rare (8-10%) and is usually associated with systemic 
lupus erythematosus or lymphoma. Patients with mixed 
AIHA often present with severe haemolysis33-38.
Both C3d and IgG are usually attached to RBCs; however, 
C3d, IgG or IgA alone may be detected on the RBCs18. 
Warm IgG is also detected in the serum and eluate by the 
IAT. Cold IgM autoantibody has a thermal range of at least 
up to 30°C; it usually has a cold antibody titre of >1,024, but 
may have a low antibody titre (<64) (Table I). 

Paroxysmal cold haemoglobinuria
Paroxysmal cold haemoglobinuria (PCH), also known 
as Donath-Landsteiner syndrome is activated by 
IgG biphasic autoantibodies or Donath-Landsteiner 
haemolysins. IgG biphasic autoantibodies are usually 
directed against the P antigen. PCH is very rare (1%), 

and is often detected in paediatric cases characterised 
with frequently severe attacks of haemolysis following 
a viral illness39,40. Biphasic IgG autoantibodies bind to 
RBCs and fix complement in colder areas of the body, 
but they activate complement and dissociate from RBCs 
when blood circulates to warmer areas. This is also the 
principle of a diagnostic test used for the diagnosis of 
biphasic haemolysins, termed the Donath-Landsteiner 
test. Only C3d is usually attached to RBCs, or a DAT is 
negative. IgG biphasic autoantibodies are not reactive above 
4°C, so antibody screening test by IAT is usually negative29. 
Cold antibody titre is low and is rarely >16 (Table I).

Direct antiglobulin test-negative autoimmune 
haemolytic anaemia
On rare occasions (5%), DAT may be negative in patients 
with haemolysis, which is explained with the very low 
quantity of RBC-bound IgG, or an immunoglobulin not 
tested in IgA- or IgM-only AIHA6,41,42. Another possible 
reason for the absence of a positive DAT might be the 
low IgG affinity. The majority of DAT-negative cases 
are severe and refractory, and may be fatal5,43. The 
threshold for the IgG detection by DAT varies with the 
commercial antiglobulin reagent used, ranging from 150 
to 500 IgG molecules/RBC. However, as shown from the 
earlier studies of Gilliland using the complement-fixing, 
antibody consumption test for quantification of IgG 
molecules bound to RBCs, fewer than 150 molecules/RBC 
may induce haemolysis44,45. Kamesaki et al. analysed the 
quantity of RBC-bound IgG molecules in DAT-negative 
AIHA cases by using an immunoradiometric assay. They 
concluded that IgG levels on RBCs should be measured for 
the diagnosis of DAT-negative AIHA, and a cut-off of 78.5 
IgG molecules/RBC should be used to distinguish AIHA 
from non-specific DAT-positive cases46. 
Monospecific antisera (IgG, IgA, IgM) or more sensitive 
tests (e.g., enzyme-linked antiglobulin test, radiolabelled 
anti-IgG tests, f low-cytometry, monocyte monolayer 
assay, concentrated eluates, mitogen-stimulated-DAT) 
than traditional DAT tube, microcolumn and solid-phase, 
may detect autoantibodies in these cases7,47,48 (Table I). In 
most cases with warm IgM where only C3d bound to RBCs 
is detected, IgM may be detected with the Dual Direct 
Antiglobulin Test, which is based on the agglutination 
of the non-agglutinable RBCs coated with low IgM 
concentration using a second antiglobulin reagent49. Most 
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laboratories do not have these tests or reagents available; 
they are only available at referral laboratories. 

Laboratory investigation 
Clinicians need to be familiar with the procedural tests 
used for a complete laboratory investigation of AIHA and 
understand the principles of the tests, the complexities of 
specialised serological procedures to remove interferences 
caused by autoantibodies, and the required duration 
of the tests. Serological findings need to be clearly 
communicated to clinicians so they can decide on the 
therapeutic management. 
For the patients with a suspected AIHA, routine tests 
requested by clinicians are DAT and antibody screening 
test by IAT. Should clinical and laboratory signs of 
haemolysis be confirmed, patients should undergo 
further investigation to exclude hereditary or other 
acquired haemolytic disorders. Firstly, a positive 

polyspecific DAT indicates that IgG and/or C3d are present 
on RBCs. Monospecific DAT further indicates which 
immunoglobulin class (IgG, IgM, IgA) of the autoantibody 
and/or the component of the complement system (C3c, 
C3d) is present on the RBCs. At least a monospecific DAT 
for anti-IgG and C3d is suggested. A positive IAT detects 
IgG auto- and/or alloantibodies present in serum and/or 
eluate. According to the preliminary results, additional 
complex testing can be performed to characterise 
the type of autoantibody involved. An algorithm for 
laboratory investigation of AIHA is proposed in Figure 1.  
The type of AIHA determined according to the results of 
serological investigation is shown in Table II.
Should DAT be IgG±C3d (rarely IgA) positive, the IAT 
will usually detect and identify IgG autoantibodies in 
serum and eluate at 37ºC. When DAT is C3d positive, a 
DAggT performed at room temperature is suggested for 

Figure 1 - Diagnostic algorithm for the investigation of autoimmune haemolytic anaemia
AA: autoantibodies; AIHA: autoimmune haemolitic anaemia; BH: biphasic haemolysins;  CA: cold autoantibodies; CAD: cold agglutinin disease; 
DAggT: direct agglutinin test; DAT: direct antiglobulin test; DL: Donath-Landsteimer test; IAT: indirect antiglobulin test; PCH: paroxysmal cold 
haemoglobinuria.
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the detection of serum IgM autoantibodies. If positive, 
the clinical significance of autoantibodies is then 
determined by a cold antibody titre performed at 4°C, and 
a temperature amplitude reading at 4°C, 20°C, 30°C, and 
37°C. DAT is seldom C3d±IgM positive, or DAT may be 
even negative, and warm IgM autoantibodies, optimally 
reactive at 37°C, are detected by a direct agglutination 
in serum and eluate, with a cold agglutinin titre <64. 
Warm IgG, IgA, or IgM autoantibodies characterise warm 
AIHA. In addition to warm IgG, cold IgM autoantibodies 
(reactive at 20°C) may also be present, but they are not 
clinically significant (Figure 1).
In cases in which DAT is only C3d positive and DAggT at 
room temperature is positive, CAD is confirmed when the 
titre of the cold antibody is ≥64 and/or thermal amplitude 
of autoantibodies is ≥30°C. However, when DAT is C3d 
positive and haemoglobinuria is also present, but a DAggT 
at room temperature is negative or the cold antibody titre 
is <64, a positive Donath Landsteiner test will confirm 
PCH. When the criteria for the presence of both, warm 
AIHA and CAD are met, mixed-type AIHA is confirmed. 
(Figure 1). 

Problems with serological testing 
Autoantibodies may interfere with standard 
pre-transfusion testing primarily related to blood group 
typing and detection of clinically significant alloantibodies. 
Therefore, in order to avoid any interference with warm 

or cold autoantibodies, specialised sample handling and 
serological testing procedures are required.  
A phenomenon called "spontaneous agglutination" is 
usually observed from the sample in which patient’s 
RBCs are heavily coated with IgM or IgG autoantibodies. 
If cold autoantibodies are involved, it may be sufficient 
to collect, maintain, and separate the sample at 37°C so 
that IgM is detached from the RBCs. The problem may be 
further managed by washing the patient’s RBCs several 
times with 37ºC saline, or by treating RBCs with 0.01 M 
dithiothreitol (DTT), or 2-mercaptoethanol (ME) reagent, 
which denature bound IgM. More complex problems 
with warm autoantibodies may be resolved in a variety 
of ways: (i) by washing RBCs several times; (ii) by using 
low-protein antisera (monoclonal reagents that do not 
require an IAT) for the phenotyping; or (iii) by adopting 
methods to dissociate IgG from RBCs, such as treatment 
with ZZAP (a combination of DTT and papain), chloroquine 
diphosphate (CPD) and EDTA glycine acid. 
Patients with warm serum autoantibodies present a 
challenge in standard pre-transfusion testing. Warm 
autoantibodies will most likely react with all RBCs 
tested thus masking the presence of clinically significant 
alloantibodies. Alloantibodies, if undetected, may cause 
increased HTR, which may then be falsely attributed 
to autoantibodies. Specialised serological testing used 
for the detection of clinically significant alloantibodies 
when autoantibodies are also present includes adsorption 
studies and phenotyping. Adsorption tests remove 
the autoantibody from the patient’s serum leaving 
alloantibodies in the adsorbed serum where they can 
be detected and identified. Phenotyping is useful to 
predict which clinically significant alloantibodies could 
potentially be present in the patient’s serum50. 
Detecting alloantibodies in patients with warm 
autoantibodies includes autologous or allogeneic warm 
adsorptions. Autologous adsorption is the best procedure 
for detecting alloantibodies. Prior to the procedure, 
patient’s RBCs are first treated with ZZAP, chloroquine 
diphosphate or EDTA glycine acid, in order to free 
bound IgG, but these procedures are demanding and not 
always successful51. The main limitation of testing is that 
autologous adsorption test may only be performed if the 
patient has not recently been transfused and when there 
are enough of the patient’s RBCs available. For allogeneic 

Table II - Types of autoimmune haemolytic anaemia according to 
laboratory investigation

Type of AIHA Laboratory investigation

Warm AIHA DAT IgG±C3d (rarely IgA, IgM) positive, and IgG reactive by 
IAT in serum and eluate, or rarely DAT C3d±IgM positive 
(or negative), IgM optimally reactive at 37°C in serum and 
eluate, and a cold antibody titre <64 at 4°C

CAD DAT C3d positive (IgG negative or weakly positive), DAggT 
positive, and a cold antibody titre ≥64 at 4°C

Mixed AIHA DAT IgG±C3d (rarely IgA, IgM) positive, IgG reactive by IAT 
in serum and eluate by warm technique using anti-IgG, and 
IgM with a thermal amplitude ≥30°C, and a cold antibody 
titre ≥64 at 4°C (but may be <64) 

PCH DAT C3d positive, DAggT negative, a cold antibody titer <64 
at 4°C, and a Donath-Landsteiner test positive

DAT negative 
AIHA

DAT IgG or C3d negative, DAT IgA, IgM positive or negative, 
IgG reactive by IAT in eluate, or IgG, IgA, IgM detected by 
more sensitive tests

AIHA: autoimmune haemolytic anaemia; CAD: cold agglutinin disease;  
DAggT: direct agglutination test; DAT: direct antiglobulin test; IAT: indirect 
antiglobulin test; PCH: paroxysmal cold haemoglobinuria
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warm adsorption, phenotype-matched RBCs should be 
used if the patient’s profile is known; otherwise, if this is 
not the case, antigen combinations (CcEe, K, Jka, Jkb) must 
be chosen. There are certain limitations connected with 
an allogeneic adsorption test because alloantibodies to 
high-prevalence antigens will be adsorbed and not 
detected50. The main problem with adsorption tests is that 
they take many hours to complete, causing significant 
delays in the patient being transfused, and they may also 
be comprimised by incomplete adsorption, autoantibodies 
mimicking alloantibodies, or weak alloantibodies. 
Strong cold autoantibodies may also interfere with 
standard pre-transfusion testing and mask the presence 
of underlying clinically significant alloantibodies. 
Interferences with cold antibodies may be avoided by 
using a pre-warming method. Here, RBCs and patient’s 
plasma are warmed to 37°C separately before testing 
so that cold antibodies are prevented from binding 
once the test RBCs and plasma are combined; this 
allows clinically significant antibodies that bind at 37°C 
and/or at antihuman-globulin (AHG) phase to be 
identified. Anti-IgG is preferred instead of AHG serum to 
avoid reactions with RBCs-bound complement52. However, 
caution is needed because weak alloantibodies and 
alloantibodies that activate the complement system might 
not be detected29. On rare occasions, a cold autologous or 
allogeneic adsorption test must be performed in order 
to remove cold autoantibodies, while leaving clinically 
significant alloantibodies in the plasma for their detection 
and identification at 37°C by the IAT53. 
Warm sample collection, transport and handling 
until serum and RBCs are separated is required in a 
diagnostic workup of cold AIHA to investigate the clinical 
significance of cold autoantibodies. In this way, IgM 
autoantibodies are detached from the RBCs so true titre 
or thermal amplitude of IgM can be determined. It is also 
important to handle the sample in conditions as close as 
possible to the physiological temperature of 37°C to avoid 
haemolysis. This is not common practice in the clinic, 
but the importance of providing a warm sample is worth 
remembering and should be recognised by clinicians in 
order to obtain precise test results. Alternatively, if the 
sample is warmed at 37°C for 10-15 minutes, adsorbed 
antibody to RBCs may be released back into plasma29. 
This may be hard to achieve in cases of strongly reacting 

cold autoantibodies, even with longer incubation times. 
Such cases of cold autoantibodies may affect the thermal 
amplitude by carrying over autoantibody agglutination. 
This interference can be avoided by carrying out titrations 
with separate sets of tubes at different temperatures, 
instead of moving tubes from one temperature to another 
(37°C, 30°C, 20°C, and 4°C)29. 
In mixed-typed AIHA, cases of strongly reacting cold 
autoantibodies, or those with a broader range of reactivity, 
may interfere with the reactivity of warm autoantibodies. 
Reactivity at all phases is tested, so serological testing 
for warm autoantibodies must be carried out by a 
pre-warming method using anti-IgG, or, more rarely, a 
cold adsorption test must be performed to detect both the 
warm and the cold autoantibodies separately.
Rarely, in cases with a negative DAT or in a case of PCH, 
autoantibodies cannot be detected by standard testing. In 
DAT-negative AIHA cases, washing RBCs at 4°C or with 
low ionic strength solution allows low affinity IgG to be 
detected49. In PCH, antibody screening by IAT is usually 
negative and only components of complement are bound 
to RBCs. Biphasic IgG may only be detected if RBCs are 
washed with cold saline and tested with a cold reagent18. 
A Donath-Landsteiner test is suggested to detect the 
biphasic IgG autoantibody, but false negative results may 
be caused by low levels of complement present, so the 
addition of the complement is crucial for testing54. Since 
there are great variabilities in test results, testing is best 
performed in reference laboratories. 

Application of molecular methods in 
blood group typing
Determination of the patient’s complete or extensive 
phenotype (CcEe, K, Jka, Jkb, Fya, Fyb and Ss) or a blood 
group genotype is recommended prior to transfusion 
in highly alloimmunised chronically transfused 
patients with SCD and thalassaemia. In order to prevent 
alloimmunisation, prophylactic antigen-matched blood 
is suggested for their transfusion55,56. Shirley et al. 
suggested a similar transfusion management in AIHA 
patients to prevent alloimmunisation, but also to avoid 
complex and expensive adsorption studies10. In addition, 
patients with warm autoantibodies are transfused with 
incompatible blood and therefore they have a greater risk 
of HTR. Although extensive antigen-matched blood is 
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preferred for their transfusion, if unavailable, or if only 
a patient’s partial phenotype (CcEe, K) is known, partial 
antigen-matched blood units must be selected, 
and adsorption studies must be performed prior to 
transfusion. 
Precise serological phenotyping is not always possible 
in AIHA patients since AHG-reactive antisera are not 
suitable for DAT-positive patients. In addition, methods 
applied to free bound IgG from the patient’s RBCs are 
not always successful, and direct agglutination typing 
sera (monoclonal reagents) are not available for all RBC 
antigens (e.g., Fya, Fyb, s and k). Often, these patients are 
also frequently transfused, so mixed-field reaction caused 
by the donor RBCs may easily be interpreted as positive11. 
Likewise, the capillary tube method which may be used 
to distinguish between the patient’s and donor’s RBCs 
depends on the percentage of the patient’s reticulocytes, 
and can also give false results57. Furthermore, if depressed, 
some antigens may be serologically phenotyped as 
negative in AIHA patients: AnWj, Co3, Ena, Ge3, JMH, Jka, 
Jkb, Kpb, LW, Rh, Sc1, Sc3, U and Vel58. 
By understanding the molecular mechanism behind the 
blood group antigens, most of the blood group systems have 
been sequenced and assays for blood group genotyping to 
predict the phenotype have been developed. The molecular 
methods currently in use predict the blood group antigen 
phenotype by detecting blood group polymorphisms and 
rare alleles, which determine the expression of blood group 
antigens. However, caution is needed in interpretating 
these results since the presence of a particular genotype 
does not guarantee expression of this antigen on RBCs 
(e.g., in the case of a null allele or a hybrid gene).
Today, molecular testing has become the gold standard 
for complex problems at reference laboratories, including 
suspected variants of blood group antigens, and 
phenotypes obscured by recent transfusions, or a positive 
DAT12. With the application of mass-scale genotyping, 
molecular testing has become routine for identifying 
donors with rare phenotypes or rare combinations of 
a large number of antigen-negative types to secure the 
availability of rare blood units in the inventory59,60. 
As soon as molecular methods were applied into 
blood transfusion, differences between the molecular 
and serological typing were detected in chronically 
transfused patients with SCD and thalassaemia, and 

molecular blood group phenotype prediction has been 
proven to be superior to serological phenotyping for the 
prevention of alloantibody formation in these groups of 
patients61-64. Patients who were switched to the correct 
antigen-matched RBCs had better RBC survival after 
transfusion65,66. Except for multiply-transfused patients, 
its application is preferable in DAT-positive patients with 
AIHA, whose RBCs are coated with IgG and who, therefore, 
cannot be typed for antigens if direct agglutinating 
sera are not available. An additional advantage of 
molecular typing in patients with autoantibodies is that 
it can show the patient’s status for some high-prevalence 
antigens, as these may be missed with allogeneic 
adsorption. Genotyping is also preferable when antigen 
expression on RBCs is depressed, such as may be the 
case in AIHA patients. Results of genotyping may not be 
immediately available, but they are useful for any future  
antigen-matched transfusions. In addition, in urgent 
cases, genotyping facilitates the selection of compatible 
blood for transfusion of AIHA patients13. 
Although blood group genotyping is recognised to be 
beneficial and cost efficient for chronically transfused 
patients with SCD, thalassaemia and AIHA, its more 
widespread use will only be achieved with higher and 
faster high throughput at a lower cost60. Next generation 
sequencing will allow even more accurate blood group 
predictions in both donors and patients to be obtained, 
while it may detect variants that are not predefined by the 
assays in the molecular methods currently in use15,67, 68. 

Conclusions
Good collaboration between clinicians and laboratory 
specialists with correct sample handling and an exact 
diagnostic work-up is extremely important for the correct 
classification and proper therapeutic management 
of AIHA. There are certain limitations in the routine  
pre-transfusion testing. Specialised serological test 
procedures are very complex. Molecular blood group 
typing has now become a gold standard to predict 
a patient’s phenotype in order to secure the right  
antigen-matched blood for AIHA patients. More recently, 
genotyping has been used instead of serological typing 
and complex adsorption tests. 
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