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Abstract
The direct antiglobulin test (DAT) is used to detect immunoglobulin and/or complement on the surface of red blood cells (RBCs). The DAT is valuable in the 
investigation of autoimmune hemolytic anemia, drug-induced immune hemolysis, hemolytic disease of newborn, hemolytic transfusion reactions, and passenger 
lymphocyte syndrome. There are several limitations of DAT, such as sensitivity, false positive and false negative. The patient's clinical history, diagnoses, and other 
laboratory test results should also take into consideration for DAT interpretation. 
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Introduction
The direct antiglobulin test (DAT), also known as ' direct Coombs’ 

test', was found more widespread notoriety after been described in 1945 
by Cambridge immunologist Robin Coombs. The DAT is used to detect 
immunoglobulin, complement, or both on the surface of red blood 
cells (RBCs). The indirect antiglobulin test (IAT) is used to detect red 
cell antibodies in patient serum. In certain diseases or conditions, their 
RBCs are coated with immunoglobulin. Complement proteins may 
subsequently bind to the bound antibodies. 

There are many clinical conditions with a positive DAT. A positive 
DAT does not mean decreased RBC lifespan. The incidence of a positive 
DAT in normal blood donors is in the range of 1:1000 to 1:36,000, and 
is higher in older donors than in younger ones [1,2]. 

Limitations of DAT
The sensitivity of the direct antiglobulin test

The DAT are usually performed by conventional tube technique, 
gel microcolumn DAT, affinity microcolumn DATs. There are several 
“enhanced” DATs (e.g. 4°C Low-ionic-strength saline wash or 
polybrene) that can be performed [3].The immunoradiometric assay 
(IRMA) [4], the complement fixation antibody consumption test [5] 
and the enzyme-liked immunoassay test (ELAT) [6], as well as the 
enzyme-linked immunosorbent assay (ELISA) [7] are representative 
methods to quantitatively detect RBC-IgG. Flow cytometric DAT [8] 
and the gel microcolumn DAT [9] are semiquantitative methods. Flow 
cytometry is a precise, reliable, and sensitive method of detecting RBC-
bound autoantibodies [10]. Flow cytometric DAT is a complementary 
test for diagnosing AIHA [8]. 

Most DATs are routinely performed by conventional tube technique 
with a polyspecific reagent capable of detecting both IgG and C3d. The 
concentration of IgG antibody on the RBCs that is required for a positive 
DAT is quite variable. Hughes-Jones et al. have observed minimally 
detectable agglutination by antiglobulin test with IgG concentrations 
ranging from 100 to 500 molecules per RBC [11]. The conventional 
tube DAT has the disadvantage of low sensitivity. 

Gel microcolumn DATs were more sensitive than tube agglutination 
and affinity microcolumn DATs [12]. Gel microcolumn DAT is a 
better alternative to conventional tube DAT for detecting red cell 
bound antibodies in various clinical conditions [13]. The sensitive gel 
technology has enabled the hematologist not only to diagnose some 
AIHA patients with negative DAT, but also to characterize red cell 
bound autoantibodies with regard to their class, subclass and titer in a 
rapid and simplified way [14]. 

Fabijanska-Mitek et al. [15] evaluated a gel-DAT and ELAT in 
the laboratory diagnosis of autoimmune hemolytic anaemia (AIHA). 
They studied 106 samples collected from 65 patients with clinical 
symptoms of AIHA. He found that the ELAT was positive in 100 
samples (94%), 87 samples for tube-DAT (82%); and the gel-DAT was 
therefore not fully specific and detected IgG on red cells of patients with 
hypergammaglobulinaemia. 

The interpretation of the significance of a direct antiglobulin test 
result should take into consideration the patient's clinical history (drug, 
pregnancy, transfusion and transplantation history), diagnoses, and 
other laboratory test results (including evidence of hemolysis). 

Relationship of antibody concentration and IgG subtype to 
rate of hemolysis

The rate of RBC destruction is generally related to the concentration 
of RBC-bound antibody [16]. But there was considerable overlap in the 
respective ranges of percent fluorescence of RBCs from patients with 
and without immune hemolytic anemia (IHA). It was not possible to 
define a clear quantitative threshold differentiating patients with IHA 
from those without [17].
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The ability of the anti–erythrocyte antibody to bind to the 
erythrocyte antigen at specific temperatures is fundamental to the 
diagnosis in terms of whether it is designated as warm (reacts maximally 
at 37°C) or cold (reacts maximally at 4°C) AIHA. The pathologic and 
clinical features of AIHA relate to the autoantibody class, thermal 
amplitude, and their efficiency in activating complement.

Warm AIHA is generally IgG dependent but can also (rarely) be 
immunoglobulin M (IgM) or immunoglobulin A (IgA) dependent, 
or there could also be more than 1 immunoglobulin class present 
simultaneously (eg, IgM/C3 together with IgG on the RBC membrane) 
[30]. 

The presence of an IHA with a DAT result that is negative for IgG 
and positive for C3 should prompt the consideration for a cold AIHA. 
The category of cold hemolysins includes 2 distinct disease entities: 
cold agglutinin syndrome and paroxysmal cold hemoglobinuria 
(PCH), either of which should demonstrate a DAT positive only with 
C3 antisera [30]. Cold agglutinin syndrome antibodies tend to be IgM 
with specificity for I/i class of antigens, or much less commonly, an IgG 
or IgA with specificity for Pr antigens [31]. PCH is caused by a biphasic 
hemolysin referred to as the Donath-Landsteiner antibody, which most 
often has anti-P specificity [31]. The antibody is a cold-reacting IgG that 
reacts with RBCs in the periphery cold area. The Donath-Landsteiner 
antibody is an IgG class antibody that binds at low temperatures, where 
it fixes complement to the RBCs, then the cells are hemolyzed at warmer 
temperatures owing to the opsonization with complement. 

AIHA can also be categorized into idiopathic and secondary with 
underlying infectious, malignancies, autoimmune disorders, and drug-
induced [32,33]. Secondary AIHA may be treated in a way similar 
to primary AIHA, by immunosuppressants or by treatment of the 
underlying disease [33]. There is evidence of a significantly increased 
risk of cancer for blood donor with positive DAT, especially hematologic 
malignancies [34]

DAT-negative AIHA 

Between 2% and 10% of all AIHA patients are DAT negative [35]. 
DAT-negative AIHA is characterized by laboratory evidence of in vivo 
hemolysis, together with a negative DAT performed by conventional 
tube method in AIHA patients. 

The most common causes of the absence of a positive DAT in 
AIHA cases are: RBC bound IgG below the detection threshold of the 
DAT, low affinity IgGs that are removed by preparatory washes, and 
red cell sensitization by IgA alone, or rarely (monomeric) IgM alone, 
but not accompanied by complement fixation, and thus not detectable 
by a routine antiglobulin reagent that contains anti-IgG and anti-C3 
[36]. A diagnostic algorithm for DAT-negative AIHA has not yet been 
established. Kamesaki and Kajii [37] report a detailed laboratory analysis 
of patients with DAT-negative AIHA and found that the estimated 
relative fractions of patients with DAT-negative AIHA resulting from 
RBC-bound IgA or IgM, low-affinity IgG autoantibodies, and RBC-
bound IgG autoantibodies under the threshold level of positive DAT 
were approximately 5, 15, and 80%, respectively.

To achieve greater sensitivity, alternative DAT methods have been 
developed, such as the micro-column (gel), solid-phase, polybrene, 
and flow cytometry methods, as well as enzyme-linked antiglobulin, 
immunoradiometric, and mitogen-stimulated tests [38]. There are 
many other DAT methods, and it is a challenge to choose which 
combination of methods to use. Moreover, we should keep in mind 
that these tests for DAT-negative AIHA have a low predictive value, and 

Fabijanska-Mitek et al. [18] found that laboratory signs of hemolysis 
were present in 65.7% of blood samples with a small amount of red 
cell-bound autoantibody (< 200 IgG molecules/red blood cell) and in 
70.4% of blood samples with moderately coated red blood cells (200-
1000 molecules/red blood cell). Hemolysis was demonstrated in 87.9% 
samples with > 1000 IgG molecules/red blood cell. The numbers of red 
blood cell-bound autoantibody molecules were small in those patients 
who were recovering from AIHA, whereas strongly sensitized red blood 
cells were found at the beginning of the disease. The results confirmed 
the relationship between the number of IgG molecules on RBC and the 
severity of AIHA. 

However AIHA severity might be also dependent on some 
qualitative features of autoantibodies, such as the variety of subclasses 
of IgG, presence of IgG3 on red blood cells [19]. Singh et al. [20] 
observed a statistically significant (p < 0.005) association of hemolysis 
with increasing anti-IgG titer, and statistically significant (p < 0.005) 
association of subclass of IgG (IgG1, IgG3) coating the red blood cells 
with intravascular hemolysis. Constantoulakis et al. demonstrated 
that the rate of hemolysis depends more on the characteristics of the 
individual’s antibody than on the antibody concentration per RBC 
[21]. There is a synergistic effect of the red blood cell-bound IgG and 
complement in predicting hemolysis [8].

Causes of false positive or false negative DAT

DAT can be positive in patients without AIHA. Reasons for a false 
positive reaction could be the following: (1) improper sample (clotted 
cells), (2) spontaneous RBC agglutination, (3) elevation of serum 
immunoglobulin [22,23], (4) administration of intravenous immune 
globulin [24], (5) elevated serum globulin and blood urea nitrogen 
levels [25], (6) over centrifugation [26]. There is a significant correlation 
between a positive DAT result and serum IgG concentrations, and that 
the higher the elevated serum IgG, the more frequently the positive 
DAT result is observed [27]. 

Causes of false negative DAT includes: (1) improper cell washing, 
(2) delay in adding antiglobulin reagent after the washing step, (3) 
inactive, or forgotten, antiglobulin reagent, (4) improper specimen 
agitation at the time of result interpretation [26].

Clinical Applications of DAT
Diagnosis and classification of autoimmune hemolytic 
anemia

AIHA is caused by autoantibodies against patients’ own RBCs 
leading to hemolytic anemia. The key findings that suggest hemolytic 
anemia are increase in the reticulocyte count, increased serum lactate 
dehydrogenase (LDH) and indirect bilirubin, decreased serum 
haptoglobin, and spherocytes on the peripheral blood smear. The 
diagnosis of AIHA is usually based on the presence of hemolytic anemia 
and serologic evidence of anti-RBC autoantibodies by the DAT, which 
can be performed with various methods with different sensitivity [28]. 
AIHA can be classified as warm, cold [cold agglutinin disease (CAD)] 
or mixed, and paroxysmal cold hemoglobinuria (PCH), depending on 
the thermal range of the autoantibody [28].

It is worth recommending to perform the test with monospecific 
antisera and to determine the presence of IgG and/or complement on 
red blood cells (RBCs) [29]. In AIHA, three patterns of reactivity may 
be found on a direct antiglobulin test: IgG alone, complement alone, 
or both.
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thus the results must be interpreted based on the clinical status of the 
patients [39]. Many clinicians clinically diagnosed DAT-negative AIHA 
by the presence of hemolysis, denial of other hemolytic diseases, and 
responsiveness to steroid treatments. 

DAT positivity needed a certain number of antibody molecules 
sensitizing red blood cells, therefore AIHA with a lower quantity of 
autoantibodies may present with negative DAT [40]. It is postulated 
that the properties of the antibody in conjunction with the sensitivity 
of the reticuloendothelial system for antibody-coated cells account for 
hemolytic anemia occurring with such low concentrations of antibody 
[41].

Drug-induced immune hemolytic anemia
More than 150 drugs have been implicated in causing drug-

induced immune hemolytic anemia. It can be due to drug-independent 
auto-antibodies (methyldopa, procainamide, ibuprofen, diclofenac, 
fludarabine, cladribine), and drug-dependent ("hapen type" or 
"immune complex type") antibodies (ceftriaxone, cefotetan, penicillin, 
piperacillin, β-lactamase inhibitors, and other antibiotics) [28,42]. 

In drug-independent IHA, the drug may alter antigens on the red 
cell, resulting in the production of antibodies that cross-react with the 
unaltered antigen. Such antibodies do not need drug to be present 
to obtain in vitro reactions.The prime example is that induced by 
methyldopa [43]. DAT is positive with anti-IgG antisera and usually 
negative with anti-C3 antisera. 

In drug-dependent IHA, the drug may associate with structures on 
the red cell and thus be part of the antigen in a haptenic reaction. The 
DAT was positive, and an immune reaction could be demonstrated in 
vitro in which the drug was a necessary part. Two syndromes result: one 
in which the drug is firmly bound to the membrane (penicillin type) 
[44], and one in which the drug is only loosely bound to the membrane 
glycoprotein (the immune complex type). An example of the immune 
complex type is AIHA caused by the antibiotic ceftriaxone. All of the 
affected patients had red cells reactive with anti-C3; 47 percent of those 
tested in the authors’ lab were reactive with anti-IgG, 22 percent with 
anti-IgM, and 6 percent with anti-IgA [45]. Drug-dependent antibodies 
are investigated by testing drug-treated RBCs or by testing RBCs in the 
presence of a solution of drug [46].

Hemolytic disease of the newborn

During pregnancy, red blood cells from the fetus can cross into 
the mother's blood through the placenta. Hemolytic disease of the 
newborn occurs when the mother’s alloantibodies bind paternally 
inherited antigens present on fetal but absent on maternal RBCs, 
resulting in a positive DAT and hemolysis. Most cases of hemolytic 
disease of the newborn (HDN) are caused by alloimmunization to 
antigens in Rh blood group. However, there are still many other blood 
group incompatibilities, for example, antibodies against the Kell, Duffy, 
Kidd, and the MNS blood group system, that may be the cause of HDN. 
HDN can also be caused by an incompatibility of the ABO blood group. 
It arises when a mother with blood type O has a fetus with a different 
blood type (type A, B, or AB). High maternal IgG anti-A or –B titres 
are consistent with an increased risk of HDN [47]. Blood tests done on 
the newborn baby has positive DAT. Blood tests done on the mother 
has positive IAT. The use of routine antenatal anti-D prophylaxis has 
sharply decreased the incidence of and mortality from HDN due to 
RhD allosensitization. The ability to identify pregnancies/fetuses at 
risk of HDN has significantly improved due to paternal molecular 
RHD zygosity testing, and non-invasive fetal molecular diagnostics for 

detecting putative antigen(s) (notably RhD) in fetuses utilizing cell-free 
fetal DNA in maternal plasma [48].

Investigation of hemolytic transfusion reactions 

After transfusion, the patient's developing alloantibodies coat 
transfused RBCs, resulting in a positive DAT result. A Delayed serologic 
transfusion reactions (DSTRs) was defined by the posttransfusion 
finding of a positive DAT and a newly developed alloantibody specificity 
without hemolysis. A delayed hemolytic transfusion reactions 
(DHTR) was defined as a DSTR case that showed clinical and/or 
laboratory evidence of hemolysis [49]. They can be caused by irregular 
alloantibodies against a lot of RBC antigens, most commonly of the 
Rhesus, Kidd, Duffy, Kell, and MNSs system. DHTR should always be 
in the differential diagnosis whenever a patient presents with decreasing 
hemoglobin approximately 5–10 days following a transfusion of RBC.

Passenger lymphocyte syndrome

The passenger lymphocyte syndrome (PLS) occurs when donor 
lymphocytes transferred with the transplanted organ produce 
antibodies toward host relevant RBC antigens. It results in positive DAT 
and hemolysis. Passenger lymphocyte mediated hemolysis is frequent 
in minor mismatched liver and kidney transplantation [50]. Risks for 
PLS include highly lymphoid grafts, past sensitization of the donor 
against relevant RBC antigens, and donor lymphocyte escape of host 
immune clearance [51].

No use of routine DAT during pretransfusion testing

The DAT had a low predictive value when used to detect the early 
manifestations of an immune response to recently transfused red cells 
[52]. Due to a low frequency of positive DAT during pretransfusion 
testing, its cast and the fact that patients had no clinical signs of immune 
hemolysis, we advocate no use of a routine DAT during pretransfusion 
testing [53]. Eluate testing should be restricted to cases in which 
immune hemolysis is suspected clinically [54].

Transfusion for AIHA patients
The difficulties with ABO and Rh typing and cross matching tests 

are common in AIHA samples. The autoantibody in the patient's serum 
frequently reacts with all normal red blood cells. It may be almost 
impossible to find a fully matched unit to transfuse these patients. 
Communication between clinicians and laboratory personnel are 
important to review the urgency of transfusion and the compatibility 
test methods used to select the optimal unit of red blood cells for 
transfusion [55]. Specialized techniques such as elution, alloadsorption 
or autoadsorption should be established in all transfusion services.[14] 
The end goal is to identify clinically significant alloantibodies in order 
to provide antigen negative, compatible red blood cells, which reduces 
the risk of transfusion related reactions [56].

It is essential to exclude these autoantibodies because they can also 
mask the detection of alloantibodies. For patients with warm AIHA, the 
most effective compatibility testing rely on autoadsorption techniques 
to remove the autoantibody and to allow detection of clinically 
significant alloantibodies. Moreover, if the patient has already received 
transfusions in the past, the most suitable procedure will then consist 
in adsorption using allogeneic RBCs of different known phenotypes. 

The determination of the most complete phenotype (including Rh, 
Kell, Duffy, Kidd, and MNS system antigens) coupled with transfusion 
with antigen-matched donor units has been proposed as an alternative 
method to the adsorption techniques [57]. RBC genotyping techniques 
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for patients with AIHA allow selecting antigen-matched units without 
adsorption procedures [58].

For patients with cold agglutinin disease, the blood should be 
transfused slowly through a blood-warmer and patient should be kept 
in warm condition to avoid in-vivo hemolysis due to high titer of cold 
agglutinin.

Conclusion
DAT is used to detect antibodies (autoantibodies or alloantibodies) 

and complement on RBCs. A positive DAT result may or may not be 
associated with hemolysis. The DAT is best interpreted with regard 
to levels of RBC-bound immunoglobulins and the various clinical 
situations that can lead to a false-positive result. Clinical conditions 
that can result in positive DAT include AIHA, drug-induced hemolytic 
anemia, HDN, investigation of hemolytic transfusion reactions, and 
PLS. Positive DAT is the diagnostic hallmark of AIHA; however, it may 
be absent in some cases. DAT is typically positive with anti-IgG antisera 
in warm AIHA. A patient with CAD shows a positive Coombs' test for 
anti-C3D and negative for IgG antisera.

Interpretation of the significance of DAT requires knowledge of the 
patient’s diagnosis, drug therapy, recent transfusion, transplantation 
and pregnancy history, limitations of DAT (sensitivity, specificity), and 
other laboratory data. 
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