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Abstract Objectives Detection of red cell bound immunoglobulins and/or complement by direct
antiglobulin test (DAT) is a crucial serological assay in the diagnosis of autoimmune
hemolytic anemia (AIHA). However, DAT may be positive in a variety of clinical conditions
withor without hemolysis.Weaimedat evaluating the clinical and serological correlationof
positiveDATbycategorizing theclinical conditionsassociatedwithpositiveDAT, estimating
the presence of in vivo hemolysis in case of positive DATwith polyspecific andmonospecific
antisera and correlating the strength of positive DAT with the presence of hemolysis.
Materials and Methods The prospective observational study was performed on 200
samples that were positive for DAT with polyspecific antiglobulin reagent as the
baseline investigation. These samples were further tested with anti-immunoglobulin
G and anti-C3monospecific DATreagents to evaluate the type of protein responsible for
positive DAT. The antiglobulin tests were performed by tube technique. DAT positivity
was graded (1þ to 4þ ) in each patient. Autocontrol test was included. The patients
with positive polyspecific DAT were categorized into different clinical conditions. The
presence or absence of in vivo hemolysis was evaluated in all clinical categories and also
for each grade of positivity with polyspecific and monospecific antiglobulin reagents.
Statistical Analysis Binomial logistic regression and Mann–Whitney U test were applied
to between the group analyses. For categorical variables, Fisher’s exact test and relative risk
were used. The qualitative data were expressed in numbers and percentages.
Results The highest number of patients (75/200, 37.5%) belonged to the autoimmune
diseases group. Tuberculosis and hepatitis C were the main infectious diseases associated
with positiveDAT.Out of 200DAT-positive patients, 98 (49%) had in vivo hemolysis and 102
(51%) did not have hemolysis. AIHA (22) and systemic lupus erythematosus (18) were the
commonest clinical conditions associated with in vivo hemolysis. All the 11 samples that
showed positivity with only anti-C3 reagent did not show any hemolysis. There was
statistically significant increase in the incidence of in vivo hemolysis with increasing grades
of DAT positivity with all the three antihuman globulin reagents.
Conclusion Therearedifferentdisease conditionswhich showpositiveDATwithor without
hemolysis. So, it is important to clinically and serologically correlate positive DAT results.
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Introduction

Antiglobulin test is one of the commonest immunohemato-
logical investigations performed in the blood bank. The
indirect antiglobulin test (IAT) detects the presence of free
antibodies in the plasma as in prenatal testing of pregnant
women as a part of hemolytic disease of fetus and newborn
(HDFN) and in compatibility testing prior to blood transfu-
sion. The direct antiglobulin test (DAT) detects immunoglob-
ulin G (IgG) antibodies and complement components bound
to red blood cell (RBC) antigens in vivo.1,2

The DAT is used primarily in the investigations of im-
mune-mediated hemolysis such as hemolytic transfusion
reactions, HDFN, autoimmune hemolytic anemia (AIHA),
and drug-induced immune hemolysis. A positive DAT is
almost always seen in association with AIHA and forms the
hallmark of the diagnosis.3 Detection of red cell bound
immunoglobulins and/or complement by DAT remains cru-
cial serological assay in the diagnosis of AIHA. AIHA is
characterized by increased red cell destruction due to auto-
antibodies directed against self-antigens on red cells.4

However, the mere existence of red cell bound immuno-
globulins does not always indicate the presence of hemolysis.
A combination of clinical and laboratory evidences of hemo-
lysis is necessary to ascertain the diagnosis of autoimmune
hemolysis.2 Studies have reported a high percentage of
positive DAT in patients with a variety of acute illnesses.
An incidence of positive DAT was observed in 1 to 15% of
hospitalized patients without obvious features of hemoly-
sis.5 Treatment with drugs, including intravenous immuno-
globulins (IVIGs) and antithymocyte globulin is also known
to be associated with positive DAT.6

Additionally, positive DAT, with no clear correlation with
anemia, has been noted on red cells of patients with sickle cell
disease, renal failure, and multiple myeloma. Thus, the inter-
pretation of positive DAT should include patient’s history,
clinical data, and results of other laboratory investigations.2

The association of DAT with different clinical conditions
has been described in several studies.1,2,5,7,8 However, none
of these studies is from India. The correlation of DATstrength
with presence of hemolysis has been reported only in a few
studies published in the literature. The two Indian studies
addressing this correlation are from the northern part of the
country.4,9 None has been reported from the western region
of the country. All the above-mentioned studies have indi-
vidually characterized either clinical or serological features
in case of a positive DAT or AIHA emphasizing the need of a
comprehensive study that discusses both clinical and sero-
logical characteristics of positive DAT in detail.

Hence, a prospective observational studywas undertaken to
evaluate the clinical and serological correlation of positive DAT
as theoverall goal. The specificobjectiveswere to categorize the
clinical conditions associatedwith positive DAT, to estimate the
presence of in vivo hemolysis in case of positive DAT with
polyspecific and monospecific antisera and to correlate the
strength of DAT positivity with the presence of hemolysis.
The study also discusses the causes of false-positive, false-
negative tests, as well as preanalytical factors related to DAT.

Materials and Methods

Study Setting and Ethical Approval
It was a prospective observational study performed in the
Department of TransfusionMedicine of a tertiary care center
inwestern India. In our blood bank, we receive approximate-
ly 800 samples annually for DAT testing. Considering our
institution to be a tertiary care hospital with superspecialty
services, positive DAT results have been observed in variety
of clinical conditions with or without hemolysis. The study
was conducted from August 2016 to December 2017. Ethical
approval was granted by the Institutional Ethics Committee
(as per letter no IEC(I)/OUT/1022/2016 dated July 30, 2016).

Sample Selection and Sample Size
The studywas performed on those samples that were sent by
the clinicians to the Department of Transfusion Medicine for
DAT investigation and were tested DAT positive. The DAT-
positive samples of neonates and the samples of patients
who did not consent to participate were excluded from the
study. The total sample size was 200.

Methodology
The baseline DATwas performed on blood samples collected
in ethylenediaminetetraacetic acid (EDTA) by tube technique
using polyspecific antiglobulin reagent (Eryclone Antihuman
Globulin, Tulip Diagnostics (P), Ltd, India) which contained
antibodies to IgG and to C3d complement component. The
test was performed using 3 to 5% suspension of red cells of
the patient as per the manufacturer’s instructions and
Technical Manual, American Association of Blood Banks.10

The test was examined for agglutination. Test showing
macroscopic agglutination was considered DAT positive.
All the negative tests were confirmed to be true negative
by using anti-D-coated DAT-positive control cells. The posi-
tive reactions were graded from 1þ to 4þ as per the
Technical Manual. The patients with positive DAT were
enrolled after their informed consent was obtained to par-
ticipate in the study. Additional EDTA and nonanticoagulated
samples, if required, were collected from patients for further
laboratory work-up including monospecific DAT, hemoglo-
bin, autologous control, and other biochemical parameters to
assess hemolysis as mentioned later. DAT was further per-
formed using monospecific antiglobulin antisera that con-
tained antibodies to IgG (Erybank, Tulip Diagnostics (P), Ltd)
and antibodies to C3d complement component (Eryclone,
Tulip Diagnostics (P), Ltd) to detect whether red cells were
coated with IgG or C3d or both. The tests were performed as
per the manufacturer’s instructions and the methods in the
TechnicalManual.10 The grades of positivity (1þ to 4þ ) with
both the monospecific antisera were recorded. Autologous
control which tests the patient’s serum with his or her own
red cells was performed on all 200 positive DAT samples at
4°C, 22°C, and 37°C. The testing was performed by tube
technique as per the Technical Manual.10

The clinical details were recorded including clinical exami-
nation, transfusion history, drug history, and other laboratory
parameters. The patients were evaluated for the presence of
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hemolysis. Hemolysis was documented if at least three of the
criteria were fulfilled: hemoglobin (< 9g/dL), corrected retic-
ulocyte count (> 2%), total serum bilirubin (> 2mg/dL), and
lactate dehydrogenase (LDH) (> 500 IU/mL).4,11

Total 200 samples that showed positivity with polyspe-
cific antiglobulin reagent were further categorized based on
the presence or absence of in vivo hemolysis. The clinical
diagnoses of DAT-positive patients were reviewed and fur-
ther grouped into broad clinical categories. Additionally, the
presence or absence of hemolysis was assessed in each
clinical category. The samples that tested positive with
anti-IgG and/or anti-C3dmonospecific antiglobulin reagents
were also categorized into two groups based on whether
hemolysis was present or absent in these samples. The
presence or absence of hemolysis was further assessed for
each grade (strength) of positivity with polyspecific and
monospecific reagents.

Statistical Analysis
Descriptive statistics were applied to all the variables. Sta-
tistical analysis was done by IBM SPSS version 25. A p-value
of less than 0.05 was considered statistically significant.
Binomial logistic regression and Mann–Whitney U test
were applied to between the group analyses. For categorical
variables, Fisher’s exact test and relative risk were used. The
qualitative datawere expressed in numbers and percentages.

Results

Total 200 patients participated in the study. Out of them, 129
patients (64.5%) were in the age group 20 to 50 years, while
the overall range was 3 to 74 years. Among 200 patients, 82
were females and 118 were males.

The clinical diagnoses of the DAT-positive patients
grouped into broad clinical categories are shown in ►Table

1. Maximum number of patients, 75 of 200, belonged to
autoimmune disease group which constituted 37.5% of the
total. Out of 75 patients, 31 had underlying systemic lupus
erythematosus (SLE), while 18 had rheumatoid arthritis
(RA). The chief infectious conditions associated with DAT
positivity included tuberculosis (13/37) and hepatitis C

infection (10/37). Acute myeloid leukemia and ovarian car-
cinoma were the commonest hematological and nonhema-
tological malignancies, respectively. The nonmalignant
hematological disorders associated with positive DAT were
thalassemia major, idiopathic thrombocytopenic purpura,
and thrombotic thrombocytopenic purpura.

Out of 200 DAT-positive patients, 98 (49%) had in vivo
hemolysis and 102 (51%) did not have hemolysis. The pres-
ence or absence of in vivo hemolysis in different disease
categories is shown in ►Table 2. In 18 out of 44 patients of
autoimmune diseases with hemolysis, diagnosis of SLE was
established. Thus, 18 of total 31 SLE patients had in vivo
hemolysis. Four patients with hemolysis had RA as their
diagnosis. The diagnosis of primary AIHAwas established in
the remaining 22 of patients.

The commonest infectious disease associated with hemo-
lysis was multidrug-resistant tuberculosis. Thalassemia ma-
jor, chronic lymphocytic leukemia, and hepatocellular
carcinoma were among the other principal clinical condi-
tions associated with hemolysis.

►Table 3 shows the results of testing the samples with
monospecific antiglobulin antisera and presence or absence
of hemolysis in each category. Thus, 189 samples showed
positivity with anti-IgG reagent and 88 samples showed
positivity with anti-C3d reagent.

The grades of positivity with all the three categories of
antiglobulin reagents were correlated with the presence or
absence of hemolysis. ►Tables 4–6 show the grades of
positivity with polyspecific, monospecific anti-IgG, and
monospecific anti-C3d reagents, respectively. The number
of samples showing presence or absence of hemolysis for
each grade of positivity is also shown in these tables. On
binomial logistic regression analysis, it was found that there
was statistically significant increase in the incidence of in
vivo hemolysis with increasing grades of DAT positivity.
This was observed with all the three reagents: polyspecific,
monospecific anti-IgG, and monospecific anti-C3d, the
p-values being 0.00, 0.027, and 0.001 respectively. For
anti-C3, only those samples which showed positivity with
both anti-IgG and anti-C3 were considered because the
samples with only C3 positivity did not show hemolysis.

Table 1 Disease categories of DAT-positive patients

Clinical category Number of patients Percentage of total (%)

Autoimmune disorders 75 37.5

Infectious diseases 37 18.5

Malignancies (hematological and nonhematological) 35 17.5

Nonmalignant hematological disorders 25 12.5

Liver diseases (alcoholic and nonalcoholic hepatic cirrhosis) 7 3.5

Cardiac diseases (valvular and coronary heart diseases) 6 3

Miscellaneous diseases 15 7.5

Total 200 100

Abbreviation: DAT, direct antiglobulin test.
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Table 2 Disease categories with presence or absence of in vivo hemolysis

Clinical category Number of patients With in vivo
hemolysis (n)

Without in vivo
hemolysis (n)

Autoimmune disorders 75 44 31

Infectious diseases 37 11 26

Malignancy 35 18 17

Nonmalignant hematological disorders 25 18 7

Liver diseases 7 4 3

Cardiac diseases 6 1 5

Miscellaneous diseases 15 2 13

Total 200 98 102

Table 4 Grade of positive polyspecific DAT and presence of in vivo hemolysis

Grade of positive
DAT with polyspecific AHG

Number of samples
(gradewise)

Number of
samples in the grade
with in vivo hemolysis

Number of samples
in the grade without
in vivo hemolysis (gradewise)

1þ 27 01 26

2þ 98 33 65

3þ 61 50 11

4þ 14 14 00

Total 200 98 102

Abbreviations: AHG, antihuman globulin; DAT, direct antiglobulin test.

Table 3 DAT positivity with in vivo hemolysis

DAT reagent used Samples showing positive
result, n (% of total)

In vivo hemolysis

Present, n (% of all
hemolysis cases)

Absent, n (% of all
non-hemolysis cases)

Monospecific anti-IgG 112 (56) 44 (39.3) 68 (66.7)

Monospecific anti-IgG and monospecific anti-C3 77 (38.5) 54 (60.7) 23 (22.5)

Monospecific anti-C3 only 11 (5.5) 00 (00) 11(10.8)

Polyspecific reagent (total samples) 200 98 102

Abbreviations: DAT, direct antiglobulin test; IgG, immunoglobulin G.

Table 5 Grade of positive anti-IgG DAT and presence of in vivo hemolysis

Grade of positive
DAT with anti-IgG AHG

Number of
samples (gradewise)

Number of
samples in the
grade with in vivo hemolysis

Number of
samples in the grade
without in vivo hemolysis
(gradewise)

1þ 27 04 23

2þ 118 57 61

3þ 40 33 07

4þ 04 04 00

Total 189 98 91

Abbreviations: AHG, antihuman globulin; DAT, direct antiglobulin test; IgG, immunoglobulin G.
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On Mann–Whitney U test, there was statistically signifi-
cant difference (< 0.001) in the scores of polyspecific grade,
anti-IgG grade, and anti-C3d grade for hemolysis groups
(►Table 7).

On investigating medication history, a history of IVIGwas
present in two patients with Guillain–Barre’s syndrome.
These two patients showed positive DAT with anti-IgG that
was not associatedwith hemolysis. One patient with chronic
myeloid leukemia with in vivo hemolysis was on antineo-
plastic drug—imatinib which is associated with drug-in-
duced AIHA—drug-dependent antibody type. There was no
specific drug history in other patients with in vivo hemolysis
so as to associate it with drug-induced hemolysis.

History of RBC transfusionwas present in 82 patientswith
positive DAT. Of them, 63 patients had in vivo hemolysis. Of
these 63 patients, 29 had received red cell transfusions
within the past 3 months, while 34 had received it before
3 months. Using Fisher’s exact test, there was statistically
significant association between transfusion history and
presence of in vivo hemolysis irrespective of timing of
transfusion (p<0.00001).

Autocontrol was positive (grades 2þ to 4þ) in 81 out of 98
cases with hemolysis which included all 44 cases of autoim-
mune diseases. The remaining 37 cases included 14 cases of
nonmalignant hematological, 11 with malignant diseases, 9
cases of infectious diseases, and 3 cases with liver diseases.
Forty-nine of 83 samples were DAT positive with both anti-
IgG and anti-C3d and 36 with anti-IgG alone. Of these 85
samples, 51 were positive only at 37°C, 29 were positive at

37°C and 22°C, and 5 were positive at all the three phases. Of
102 cases without hemolysis, 33 cases showed positive
autocontrol (grades 1þ to 3þ) at 4°C and 22°C. These
included all 11 cases with DAT positivity only with anti-
C3d. The rest 22 samples showed positivity with both anti-
IgG and anti-C3d (15 cases) and with anti-IgG only (7 cases).
The clinical conditions associated with these 33 cases were
seen predominantly in autoimmune diseases (14), infectious
diseases (9), malignant diseases (6), and other miscellaneous
conditions (4).

Discussion

DAT is one of the most commonly performed investigations
to rule out or rule in immune etiology as a part diagnostic
work-up for anemia. It is a simple, quick, and inexpensive
test. However,mere presence of positiveDATdoes not always
indicate the presence of immune hemolysis. Hence, the
present study was undertaken with the primary aim of
evaluating the clinical and serological correlation of positive
DAT.

The sample sizewas 200 DAT-positive patients. On group-
ing these patients into different disease conditions based on
their clinical and laboratory features, it was found that 75/
200 (37.5%) patients belonged to autoimmune disease cate-
gory (31 patients with SLE and 18 patients with RA). Earlier
studies have shown DAT positivity in the presence of con-
nective tissue disorders.12,13 In a study performed by Skare
et al, DAT was positive in 12.8% of SLE patients.14 Xu et al

Table 6 Grade of positive anti-C3d DAT and presence of in vivo hemolysis

Grade of positive DAT
with anti-C3d AHG

Number of
samples (gradewise)

Number of
samples in the
grade with in vivo
hemolysis

Number of samples
in the grade without
in vivo hemolysis (gradewise)

1þ 30 06 24

2þ 36 26 10

3þ 19 19 00

4þ 03 03 00

Total 88 54 34

Abbreviations: AHG, antihuman globulin; DAT, direct antiglobulin test.

Table 7 Difference in mean grades between hemolysis and nonhemolysis groups with polyspecific, monospecific IgG, and
monospecific C3d reagents

Reagent Hemolysis
present

Hemolysis
absent

p-Value of
difference in grade
between hemolysis
and nonhemolysis groups

Polyspecific grade Mean grade 2.79 1.85 < 0.001

Anti-IgG grade Mean grade 2.38 1.63 < 0.001

Anti-C3d grade Mean grade 1.30 0.43 < 0.001

Abbreviation: IgG, immunoglobulin G.
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found that the presence of rheumatoid factor (RF) in plasma
can lead to both false decreases and false increases in IAT and
DAT. The interference effects are related to the RF content
relative to the IgG-sensitized RBCs.15 In the present study,
hepatitis C infection (16) and tuberculosis (11) were the
commonest infectious diseases showing DAT positivity. Hep-
atitis C infection is known to be associated with positive
DAT.16 In a study by Lai et al to evaluate DAT in human
immunodeficiency virus (HIV)-infected individuals, hepati-
tis C virus coinfection was shown to confer an increased risk
for DAT positivity.17 The patientswith hepatitis C infection in
the present study were not on any treatment. High immu-
noglobulin levels have been shown to be associated with
positive DAT. In patients with a higher level of IgG, the
treatment of the concomitant disease resulted in normaliza-
tion of the IgG level and led to a negative DAT test.18

Tuberculosis is known to be associated with polyclonal
gammopathy. This could be the cause for positive DAT.

On further categorizing the DAT-positive samples based
on the presence or absence of hemolysis, 98 (49%) samples
showed hemolysis and 102 (51%) samples did not show
hemolysis. Studies have shown positive DAT in hospitalized
patients in the settings of acute illnesses who do not have
overt signs of hemolysis or clearly evident etiology.2,5,19

In 18 out of 44 patients of autoimmune diseases with
hemolysis, the diagnosis of SLE was established. Thus, 18 of
total 31 SLE patients had in vivo hemolysis. Autoimmune
hemolysis (defined as evidence of hemolysis, such as retic-
ulocytosis, low haptoglobin, elevated indirect bilirubin or
elevated LDH, and a positive DAT) is one of the classification
criteria for SLE.20 Also, a study by Hanaoka et al has shown
that a positive DAT in the absence of hemolytic anemia
predicts high disease activity and poor renal response in
SLE.21 In the study by Skare et al as mentioned earlier, DAT
was positive in 12.8% of SLE studied sample and 54.3% of
them had hemolytic anemia.14

Four patients with hemolysis had RA as their diagnosis.
The diagnosis of primary AIHA was established in the
remaining 22 of patients.

Six patients out of 11 with hemolysis in infectious disease
category had hepatitis C infection. Thus, out of 10 patients
with hepatitis C, 6 had hemolysis. There are reports of DAT
positivity and hemolytic anemia in associationwith hepatitis
C infection.16,17,22 In vivo hemolysis of autoimmune etiology
was detected in 4 out of 13 patients with tuberculosis. They
all had disseminated tuberculosis. AIHA has been reported in
cases of tuberculosis.23 Five patients with HIV positivity
were shown to have positive DAT, and the association has
been described in studies.24,25Hemolysis seen in the remain-
ing one casewas due to plasmodium falciparummalaria. Out
of 18 malignant conditions with hemolysis, 6 had chronic
lymphocytic leukemia, 5 had Hodgkin’s lymphoma, while 2
each had acute myeloid leukemia and prostatic cancer. The
association of positive DATwith chronic lymphocytic leuke-
mia and Hodgkin’s disease has been described and hemolysis
is known to occur in these conditions.26–28Out of 18 patients
with hemolysis, in the disease category of nonmalignant
hematological disorders, 11 had transfusion-dependent

thalassemia. Thalassemia itself being a hemolytic anemia
with patients being on regular blood transfusions, they are
prone to develop alloantibodies and autoantibodies to red
cell antigen.

Monospecific antisera were used further to determine
whether positive DATwas due to IgG or complement or both
coating on the RBCs. In a study of patients with warm-type
AIHA, the frequency of IgG alone ranged from 18 to 64%; that
of IgG and C3, from 34 to 65%; and that of complement alone,
from 10 to 33%.29 In our study, none of the patients with DAT
positivity due to C3 alone had in vivo hemolysis. Of 112
samples with only anti-IgG positivity, 44 (39.3%) showed
hemolysis and 68 (60.7%) did not show hemolysis. Of 77
sampleswith both anti-IgG and anti-C3 positivity, 54 (70.1%)
showed hemolysis and 23 (29.9%) did not show hemolysis. A
study done by Zupanska et al revealed that the level of RBC
sensitizationwith IgGwas an important positive predictor of
in vivo hemolysis.30

The increasing grades of positivity and presence of hemo-
lysis are reported to have statistically significant association.
The grades of reaction have been reported to be predictive of
hemolysis.8,31 In general, warm-type AIHA has been
reported to have at least 3þ grade. The amount of coated
immunoglobulins determines the degree of hemolysis. In the
present study, grades of DAT positivity were correlated with
the presence or absence of hemolysis. The severity of hemo-
lysis was not taken into consideration.

Various drugs have been known to be associated with
positive DAT and in vivo hemolysis.2,6 In the present study,
two patients with Guillain–Barre’s syndrome had received
IVIGs and the DAT was positive with anti-IgG reagent.
However, they did not experience hemolysis. Positive DAT
in patients on IVIG has been reported.32 Though most
patients do not have clinically significant hemolysis, clini-
cians should be aware of this potentially serious complica-
tion. Antineoplastic drug imatinib that used in patient with
chronic myeloid leukemia is known to be associated with
drug-induced hemolysis and positive DAT.33

One case of acute myeloid leukemia had received out-of-
group (O blood group) single donor platelet transfusion 3
days before the anti-IgG positive DAT test. There was in vivo
hemolysis which is known if the donor has high-titer ABO
hemagglutinins.34

Thalassemiamajor, connective tissue disorders, AIHA, and
infectious diseases were the main clinical conditions that
constituted the group of 63 patientswith hemolysis who had
history of red cell transfusions. Though a statistically signifi-
cant association was found between history of transfusion
and in vivo hemolysis, the anemia associated with these
clinical conditions could be the reason for red cell transfusion
requirement in these patients.

In our study, autocontrol was positive in 85 out of 98 cases
with hemolysis. It was positive at 37°C in all cases with or
without positivity at 4°C and 22°C, indicating the presence of
warm antibody in most cases responsible for in vivo hemo-
lysis. Both warm and cold antibodies associated with hemo-
lysis were observed in cases of infectious diseases and
lymphoproliferative malignancies. These observations
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corroborate the earlier mentioned facts that SLE and other
autoimmune diseases are associated with warm and mixed
type of autoimmune hemolytic anemias.14,15 Chronic lym-
phocytic leukemia and hepatitis C infection are known to be
associated with cold agglutinin syndrome causing hemoly-
sis.16,17Development of autoantibody aswell as alloantibody
is known to occur in transfusion-dependent thalassemia
major.35 In the patients who had received blood transfusion
in the past 3 months, alloantibody directed against the
transfused red cells is likely to be associated with positive
DAT and positive autocontrol. In other patients with hemo-
lysis with negative autocontrol, a drug-induced hemolysis
needs to be investigated further. In patients without hemo-
lysis, positive autocontrol was observed at lower temper-
atures indicating the presence of cold autoantibodies, not
capable of causing hemolysis. In patients without hemolysis
and negative autocontrol, conditions such as nonspecific
autoagglutinins, IVIG treatment, polyclonal gammopathy,
and high immunoglobulin levels need to be considered.1,2

Thus, autoantibodieswere themajor cause of positive DAT
with or without hemolysis as in other studies.4,5,36 The
autoantibody specificity was not determined in our study.

Out of 200 patients, 129 patients (64.5%) were in the age
group 20 to 50 years. There were 118 males and 82 females.
However, 69 out of 75 cases of autoimmune disorders
associated with positive DAT, and 41 of 44 cases of autoim-
mune disorders with hemolysis were females. Thesefindings
are consistent with other studies that autoimmune disorders
are more common in females.36,37 Also, 66 of 75 cases of
autoimmune disorders were found in age group above 40
years of age consistent with other studies.

DAT and autocontrol test were performed by the gold
standard conventional tube technique. The technique is
inexpensive and simple to perform and interpret. However,
the results cannot be stored for later reference. In addition,
the tube technique is fraught with false-positive and false-
negative reactions. Under-washing or under-centrifugation
of the samples, failure to add antihuman globulin (AHG)
reagent or addition of inactive AHG reagent, and delay in test
performance are some of the causes of false-negative DAT.38

False-positive results may be due to nonspecific binding of
the DAT reagents, over-centrifugation of sample, clotted
sample, and reagent contamination.38 Higher level of IgG
antibodies coated onto red cells of healthy individuals is an
important confounding factor giving rise to positive DAT in
these individuals. Patient-related preanalyical factors need
considerations while interpreting DAT test result. Patients
who are on IV medications containing colloid solutions lead
to rouleaux formation that may result in false-positive DAT.
False-negative DAT results may occur in instances of severe
hemolysis where a great number of red cells are cleared so
rapidly that only a few circulating sensitized RBCs are
available for detection. In 5 to 10% of patients with immune
hemolytic anemias, DATmay be negative if the number of IgG
molecules bound to red cells are below the threshold limit of
detection, or if hemolysis is mediated by IgA antibody.5

Considering all the aforementioned aspects associated
with DAT, it can be said that DAT constitutes one of the
first-line investigations in patients with hemolysis and in
patients with history of transfusion to rule out underlying
antibodies to ensure safer transfusion practices. It is impor-
tant to investigate all DAT-positive samples further, to rule
out underlying alloantibodies. A positive DAT must be inter-
preted in the light of medication history and clinical diagno-
sis. The pitfalls and preanalytical factors must be kept in
mind.

Limitations of the Study

The specificity of autoantibodies could not be determined
due to limited resource available. Sample inadequacy, severe
anemia, and limited resources were the reasons for inability
to perform elution/absorption studies required to evaluate
and characterize alloantibodies.

Conclusion

Summarizing the results of this study, it can be concluded
that there are various disease conditions which show posi-
tive DAT with or without hemolysis. So, it is important to
clinically and serologically correlate positive DAT results to
exclude false-positive reactions which may misguide the
clinician. A pretransfusion DAT is recommended in multi-
transfused patients.

Note
The study was presented at a CME at Kokilaben Dhirubhai
Ambani Hospital, Mumbai on August 29, 2019.
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