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A R T I C L E I N F O

Article history:

Received 16 August 2023

Accepted 1 April 2024

Available online 8 May 2024

A B S T R A C T

Objective: To clinically and laboratory characterize patients with a positive direct antiglobu-

lin test (DAT) treated at the Hospital das Clínicas of the Federal University of Goi�as (HC-

UFG).

Methods: A retrospective, descriptive, cross-sectional study was carried out collecting data

from medical records of patients with a positive DAT who were treated at HC-UFG between

August 2021 and August 2022.

Results: Eighty-four patients with positive polyspecific DAT results were screened in the

clinical laboratory. Fifty-four patients had a laboratory profile compatible with autoim-

mune hemolytic anemia (AIHA), however, among these, 16 patients already had a diagno-

sis of AIHA in their medical records. The most common symptoms present among AIHA

patients were pallor, asthenia, fatigue and dyspnea. For the remaining patients, the most

common symptoms were severe thrombocytopenia, anemia, renal dysfunction, fever,

myalgia, headache, thrombosis, asthenia, hematuria and joint pain. Only one patient had

primary AIHA, that is, he had no evident underlying disease. The majority of AIHA patients

(75 %) underwent corticosteroid therapy with 60 % having a positive response. For patients

without AIHA, prednisone was the most frequently prescribed medication in 17 (25 %)

patients, followed by hydroxychloroquine (14 patients - 20.1 %).

Conclusion: It is essential to evaluate patients with positive DAT in detail in order to under-

stand the real clinical case. The DAT serological result alone does not arrive at a conclusive

diagnosis of AIHA, and so it must be evaluated in conjunction with both clinical data and

other laboratory tests, such as hemoglobin concentration and hemolysis tests (reticulo-

cytes, lactate dehydrogenase and/or haptoglobin).
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Introduction

The direct antiglobulin test (DAT) consists of searching for

autoantibodies, alloantibodies or complement fractions

adsorbed on the erythrocyte surface in vivo. Many diseases

and drugs can lead to the production of these immunoglobu-

lins which promote early hemolysis causing anemia. Techni-

cally, it is based on the fact that the antibodies that cover red

blood cells can be identified by the addition of anti-human

globulin antibodies, the so-called Coombs Serum. When posi-

tive, the test indicates the presence of antibodies adhered to

the red blood cells, forming bridges, leading to a visible phe-

nomenon of agglutination.1,2

Initially produced by Coombs, Mourant and Race in 1945,

human antiglobulin serum was obtained by injecting human

serum into rabbits; this process was fundamental for the

introduction of the antiglobulin test for blood group serology

[2]. Since it, was also possible to detect several incomplete

antibodies that did not cause agglutination of red blood cells

in saline, for example, antibodies to the Rh(D) system

involved in hemolytic disease of newborns and autoimmune

hemolytic anemia (AIHA).3

Antiglobulin sera can be polyspecific, containing antibod-

ies that bind to the crystallizable fragment portion of human

immunoglobulin G (IgG) and antibodies against the comple-

ment C3 fractions (C3b and/or C3d), or monospecific, that is,

anti-IgG antibodies or antibodies for specific complement

components such as C3b or C3d.4

In routine immunohematology tests, the DAT is used

when results are discordant or positive; for example, this test

is used for positive irregular antibody testing during pre-

transfusion tests, when the donor red blood cell concentrate

is crossed with the patient’s serum/plasma in situations of a

discrepancy in Rh(D) typing. There are other situations in

which the DAT is also used, such as in clinical conditions that

can result in coverage of red blood cells with antibodies and/

or complement system, such as in AIHA, drug-induced hemo-

lytic anemias, hemolytic disease of the fetus and newborn

and hemolytic transfusion reactions.5,6

Antibodies against various drugs and additives can also

cause positive antibody test results. The drugs can result in a

wide variety of hematologic abnormalities, including a posi-

tive DAT. The most common cause of these positive reactions

is the formation of autoantibodies.7

The interpretation of a DAT requires knowledge of the

patient’s laboratory and clinical evaluations, assessment of

medications being used, pregnancy and transfusion history,

as well as information on the presence of AIHA. The DAT

serological result alone does not give a definitive diagnosis of

AIHA, and must be evaluated together with clinical data and

other laboratory data, such as hemoglobin, bilirubin, hapto-

globin and reticulocyte measurements. A positive DAT does

not mean that the patient has hemolytic anemia. DAT is

sometimes positive in hematologically normal individuals. In

some situations false positive reactions occur, the causes of

which are, in most cases, due to incorrect processing and

interpretation of the test.1,2

Due to the high number of positive DATs observed and the

fact that the results do not correspond to a characteristic

picture of AIHA, the objective of this study was to clinically

and laboratory characterize patients with a positive DAT

treated at Hospital das Clínicas from the Federal University of

Goi�as (HC-UFG).

Materials andmethods

Study design

This is a retrospective, descriptive, cross-sectional study car-

ried out by collecting data from medical records of patients

with a positive DAT who were treated at HC-UFG between

August 2021 and August 2022.

Ethical aspects

The work was submitted to and approved by the Research

Ethics Committee of the institution (# 4243,912).

Sample selection

Patients were initially identified by visiting the HC-UFG clini-

cal analysis laboratory and accessing the electronic informa-

tion system to check the positive DATs list in the evaluated

period, as well as to locate each patient’s medical record. The

medical records were analyzed and, the following variables

were extracted: age, sex, ethnicity, and municipality of resi-

dence, results of laboratory tests, underlying disease, and

medications used before the positive DAT and currently in

use, therapeutic approach adopted and response to treat-

ment. Data such as the clinical picture, presented at the most

recent consultation, blood transfusions, use of chemotherapy

drugs and any causes of death were also noted.

Studies estimate that from 5 to 10 % of patients with AIHA

have a negative DAT result, thus patients were divided into

two groups for better characterization. Group A comprised

patients with a laboratory profile compatible with AIHA, that

is, a positive DAT, hemoglobin concentration below the refer-

ence value, a positive hemolysis test and a diagnosis con-

firmed by the medical team. Group B comprised patients with

a laboratory profile incompatible with AIHA and/or a diagno-

sis not confirmed or not described in the medical record by

the medical team.

Experimental procedures

The HC-UFG laboratory routinely performs only the direct pol-

yspecific antiglobulin test. A direct monospecific DAT was

also performed for patients with AIHA, to identify the type of

antibody produced (IgG or IgM, or both), for patients whose

blood samples were found in the HC-UFG laboratory. No addi-

tional blood was collected to carry out this research.

The monospecific DAT was performed using gel card tech-

nology (Grifols) to identify the specific class (IgG or IgM). The

principle of the method is based on the gel technique

described by Lapierre for detecting red blood cell agglutina-

tion reactions.8
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Patients with a history of transfusion were not analyzed

using monospecific DAT, in order to rule out the presence of

irregular antibodies bound to the surface of recently trans-

fused red blood cells, which could mimic a positive DAT reac-

tion, with or without the presence of hemolysis.

Statistical analysis

The data obtained were tabulated using Microsoft Excel� soft-

ware. The mean was used as a measure of central tendency,

in addition to calculating standard deviation and percentage.

Results

During the period from August 2021 to August 2022, 84

patients with a positive result for polyspecific DAT were regis-

tered and screened in the HC-UFG clinical laboratory. Based

on the results of other laboratory tests, 54 patients had a labo-

ratory profile compatible with AIHA, but among these, 16

patients already had a diagnosis of AIHA recorded in their

medical records (Figure 1).

After the initial evaluation, Group A comprised 16 patients

(19 %) and Group B included 68 (81 %) patients. The social

demographic characterization of the groups is described in

Table 1.

Regarding the clinical picture, the most common symp-

toms in Group A were pallor, asthenia, fatigue and dyspnea.

Some patients also reported jaundice, splenomegaly, and

hematomas, with the first two related to increased hemolysis

and the last related to thrombocytopenia. For Group B, the

most common symptoms were severe thrombocytopenia,

anemia, renal dysfunction, fever, myalgia, headache, throm-

bosis, asthenia, hematuria and joint pain.

The hemolysis markers are shown in Table 2. Patients in

Group A have low hemoglobin and reticulocyte levels and a

high Lactate dehydrogenase (LDH) level different to all the

patients in Group B.

Table 3 describes the underlying diseases presented by

patients in both groups. Only one patient of Group A had no

underlying disease and thus had primary AIHA.

Additional to the diseases described in Table 3, Group B

reported single cases of viral liver cirrhosis, refractory ascites,

cardiorespiratory failure, neurosyphilis, tuberculosis, Chagas

disease, inflammatory bowel disease, Wegener’s granuloma-

tosis and hairy cell leukemia.

The majority of patients in Group A (75 %) underwent

treatment with corticosteroid therapy, with 60 % having a

positive response. For patients refractory to the use of cortico-

steroids as monotherapy, second-line choices were other

immunosuppressants and human immunoglobulin, which

significantly increased the response rate. Corticosteroid ther-

apy lost its effectiveness in three patients due to prolonged

treatment, and splenectomy was performed. In another three

Figure 1 – Identification of patients with a positive direct antiglobulin test and definition of Groups A and B that constitute the

participants in this study. AIHA: autoimmune hemolytic anemia.

Table 1 – Social demographic characterization of Groups
A and B.

Variable Group A Group B

n % n %

Sex

Female 10 62.5 40 58.8

Male 6 37.5 28 41.2

Age range (years)

10−19 3 18.75 6 8.82

20−29 2 12.5 13 19.11

30−39 3 18.75 11 16.18

40−49 3 18.75 9 13.23

50−59 2 12.5 12 17.64

> 60 3 18.75 17 25

Color/Ethnicity

White 1 6.25 28 41.2

Mixed 12 75 31 45.6

Undeclared 3 18.75 9 13.2

Housing Municipality

Goiânia 8 50 33 48.5

Aparecida de Goiânia 2 12.5 3 4.4

Others 6 37.5 32 47.1
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cases, it was not possible to identify the therapeutic approach

used.

Prednisone and methylprednisolone, as continuous use

and administered as pulse therapy, respectively, were the

most reported corticosteroids used to treat autoimmune dis-

eases. Regarding other immunosuppressants, azathioprine

was also mentioned, mostly in patients with systemic lupus

erythematosus (SLE), as were the use of rituximab and eculi-

zumab.

During the study period, two (12.5 %) patients received

injectable chemotherapy to treat lymphoproliferative dis-

eases and eight (50 %) patients required blood transfusions.

Four (25 %) deaths were recorded with AIHA being listed as

one of the causes of death in only one.

Prednisone, prescribed to 17 (25 %) patients, was the most

frequently used medication in Group B followed by hydroxy-

chloroquine for 14 (20.1 %) patients. The medical records

reported prescriptions for diuretics, such as spironolactone

(10 - 14.7 % patients), furosemide (10 - 14.7 % patients) and los-

artan (8 - 11.7 % patients). Hydroxyurea was prescribed to five

(7.3 %) patients as well as metformin.

Regarding immunosuppressants, four patients took aza-

thioprine. Other medications prescribed for Group B were pro-

pranolol, allopurinol, melphalan, thalidomide, cefepime,

citoneurin, levothyroxine sodium and simvastatin. During

the study period, ten (14.7 %) patients, underwent injectable

chemotherapy to treat lymphoproliferative disease, 18 (26.5

%) patients required blood transfusions, six (8.8 %) patients

underwent hemodialysis and five (7.3 %), underwent

pulse therapy. A total of 16 (23.5 %) deaths were recorded in

Group B.

Of the 16 patients with AIHA, seven (43.75 %) blood sam-

ples were found in the laboratory to perform themonospecific

DAT allowing the identification of immunoglobulin isotypes

in Group A (Table 4).

Discussion

The results agree with previous Brazilian studies on patients

diagnosed with AIHA, in relation to the predominance of

females and the high rate of association of the disease with

underlying causes capable of altering immune activity.9,10

Regarding the social demographic data, there was no predom-

inant age group in this study. However, it is clear that the dis-

ease occurs more often in women between 10 and 39 years of

age and that, among the six male patients, five were over

40 years old.

The associated symptoms in most cases were asthenia,

fatigue and dyspnea, with jaundice and splenomegaly occur-

ring in more severe cases. The clinical picture of AIHA is het-

erogeneous among those affected, and can vary between mild

or compensated anemia with the patient being asymptomatic

to severe hemolytic crises that are life-threatening.11

The laboratorial profile of patients diagnosed with AIHA in

this study, took into account three parameters: hemoglobin,

reticulocyte count and LDH. Hemoglobin is the marker of clin-

ical severity in hemolytic diseases and may indicate ane-

mia.12 Furthermore, increases in reticulocytes are caused by

the high production of immature cells in the bone marrow in

response to autoimmune destruction of circulating erythro-

cytes.13 In hemolytic conditions, LDH may be elevated and is

used to distinguish extravascular hemolysis from intravascu-

lar hemolysis, with in the former the LDH is slightly increased

and the latter it is four to five times higher than the normal

value.12 Therefore, the presence of mild to moderate anemia,

reticulocytosis and high LDH observed in the patients in this

study (Table 2) is correlated with AIHA.

Primary AIHA was diagnosed in one of the 16 patients.

This individual was diagnosed in 2009 and underwent contin-

uous treatment with corticosteroids for around 11 years,

eventually developing type 2 diabetes mellitus because of the

Table 2 – Laboratorial profile of patients in Groups A and B.

Laboratorial tests Group A
Mean § Standard deviation

Group B
Mean § Standard deviation

Reference values

Hemoglobin (g/dL) 8.9 § 1.5 9.27 § 2.34 12−15

Reticulocytes (%) 3.68 § 2.5 3.64 § 2.79 0−1.5

Lactate dehydrogenase (U/L) 433.6 § 284.3 287.96 § 142.79 120−240

Table 3 – Classification of underlying diseases and other
comorbidities of patients in Groups A and B.

Subgroups Group A
n (%)

Group B
n (%)

Underlying disease

SLE 5 (31.25) 17 (25.00)

Lymphoproliferative diseases 4 (25) 15 (22.00)

Other autoimmune diseases 3 (18.75) 1 (1.50)

Evans syndrome 3 (18.75) 0

PNH 1 (6.25) 0

Sickle cell anemia 0 7 (10.30)

Chronic kidney disease 0 6 (8.80)

COPD 0 3 (4.40)

Comorbidities

Arterial hypertension 3 (18.75) 23 (33.90)

Diabetes mellitus 3 (18.75) 8 (11.70)

SLE: Systemic lupus erythematosus; PNH: Paroxysmal nocturnal

hemoglobinuria; COPD: Chronic obstructive pulmonary disease.

Table 4 – Prevalence of immunoglobulin isotypes in
Group A.

Immunoglobulin isotype n %

IgG 2+/4+ and C3d 2+/4+ 1 14

IgG 3+/4+ and C3d +/4+ 1 14

IgG 4+/4+ and C3d +/4+ 1 14

IgG 2+/4+ 2 29

IgG +/4+ 2 29
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use of corticosteroids. Due to the decreased effectiveness of

this treatment and a recurrence of hemolytic crises, the medi-

cal team recommended splenectomy in 2020. The patient had

a positive response to surgery and progressed with compen-

sated disease. The main characteristic of these patients is the

appearance of AIHA in isolation with the clinical picture hav-

ing a good response to treatment.10,14,15

There was a predominance of AIHA secondary to other dis-

eases in this study. SLE was the most prevalent of the under-

lying causes reported, characterizing a similar scenario as in

other retrospective studies.10,16 AIHA occurs in approximately

10 % of patients with SLE17 and generally precedes the appear-

ance of other clinical manifestations of the disease.18 This

subgroup of patients is more likely to develop life-threatening

lupus characteristics; therefore, the presence of AIHA indi-

cates a more aggressive course of lupus.19 Although the path-

ophysiological mechanism that links SLE and AIHA is not yet

completely understood, it is known that the anti-erythrocyte

antibodies are generally hot-type IgG.20

Patients with lymphoproliferative diseases were also iden-

tified in this study. There are publications that highlight the

predisposition of those affected by chronic lymphocytic leu-

kemia (CLL) to develop autoimmune complications; around 7

−10 % of these may present AIHA.21,22 The pathogenesis is

mainly associated with the action of CLL B cells, which

assume a role similar to antigen-presenting cells and activate

autoreactive helper T cells, which can induce an imbalance of

T cell subsets, favoring autoreactive B cells that produce anti-

erythrocyte autoantibodies.22

Three patients were diagnosed with Evans syndrome, a

condition defined as the concomitant or sequential associ-

ation of AIHA with immune thrombocytopenic purpura,

that is, it is an autoimmune cytopenia with decreases in

red blood cells and platelets.23 Recent molecular theories

explaining the pathophysiology of Evans syndrome include

deficiencies of CTLA-4, LRBA, TPP2, and a decreased CD4/

CD8 ratio.24

Also noteworthy is the patient with paroxysmal nocturnal

hemoglobinuria (PNH), a clonal disease of hematopoietic

stem cells characterized by the presence of hemolytic anemia,

thrombosis and bone marrow failure.25 PNH is caused by

somatic mutations that result in failure to control the process

of inhibition of the complement system with the treatment of

choice for these patients being eculizumab, a complement-

inhibiting monoclonal antibody.26

Furthermore, even though there are no reports in our

series, it is important to comment that bacterial and viral

infections are also associated with secondary AIHA, with

molecular mimicry being one of the main mechanisms asso-

ciated with the induction of autoimmunity by these patho-

gens.14 This mechanism is based on the structural similarity

between a pathogen or metabolite and the structure of the

element in question. The similarity could be expressed as the

sharing of amino acid sequences or a similar conformational

structure between a pathogen and a self-antigen, causing an

autoimmune reaction.27

Regarding patients adherence to treatment, the study

identified that within the group treated with corticosteroids,

the majority responded positively to monotherapy, however,

a portion required associated second-line therapy using

other immunosuppressants or human immunoglobulin. This

fact can be justified by the high prevalence of patients with

AIHA secondary to autoimmune diseases and lymphoproli-

ferative diseases, since the chosen therapeutic line must be

individualized in order to avoid decompensation of the

underlying disease.13,14 Splenectomy was effective in con-

trolling AIHA in the three cases in which it was performed in

this study, supporting the fact that, even though it is recom-

mended as a last resort, the procedure is effective to control

AIHA.28,29

In agreement with what is described in the literature, the

IgG antibody was the most frequent immunoglobulin isotype

in patients with AIHA, despite the small sample size.30,31 IgG

antibodies in AIHA patients suggest a warm AIHA subtype, in

which autoantibodies react more easily at body temperature

(37 °C). It is responsible for around 70−80 % of all cases of

AIHA, which, although it can occur at any age, it is more com-

mon in adult women.

In this case, the destruction of red blood cells occurs by

phagocytosis.30 However, the eluate test was not performed

because patients with AIHA already had a defined diagnosis

in their medical records with monospecific DAT just being a

way of identifying the antibody involved. Therefore, it could

not be proven that the majority of AIHA patients had the

warm subtype of the disease.

AIHA is secondary in about 25 % of cases triggered by anti-

bodies. Its association has been described in association

with lymphoid neoplasms, SLE, rheumatoid arthritis and

immunodeficiencies. It may also be secondary to the use of

medications such as cephalosporins, levodopa, methyldopa,

penicillin, quinidine and non-steroidal anti-inflammatory

drugs.31

Within this immunohematological context, it is notewor-

thy that the choice of DAT as a screening method to select

patients is related to the fact that the test highlights the pres-

ence of immunoglobulins and complement proteins linked to

red blood cells, being the gold standard for the diagnosis of

AIHA.32 However, DAT positivity can also be influenced by

other situations that cause erythrocyte sensitization, such as

transfusion reactions, drug-mediated reactions, infectious

processes and other autoimmune conditions.33

The context of the COVID-19 pandemic should not be

ignored either, since while this study was ongoing a signifi-

cant number of individuals were hospitalized for COVID-19.

Case reports demonstrate a high percentage of positive DAT

among patients with COVID-19.34−36 Therefore, although the

DAT is a sensitive test, its positive result does not necessarily

indicate a hemolytic condition and must be interpreted

appropriately within the patient’s clinical condition.

The interpretation of a positive DAT requires knowledge of

the patient’s diagnosis, assessment of medications being

used, pregnancy and transfusion history, as well as informa-

tion on the presence of AIHA. The serological result of the test

alone does not represent a conclusive diagnosis and must be

evaluated together with both clinical data and other labora-

tory data, such as hematocrit, bilirubin, haptoglobin and retic-

ulocyte count.2

Delays in carrying out the test can cause false results, as

samples stored for a long time and in conditions other than

ideal tend to naturally elute antibodies that were initially
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linked to the red blood cell. Moreover, inadequate centrifuga-

tion can promote false results.1

In view of the above, it is understood that AIHA is a rare

clinical condition that may have idiopathic causes or be trig-

gered by other pathologies, and does not have a suggestive

clinical picture, requiring a precise investigation by doctors

until a diagnosis is reached. There is a shortage of national

publications on this topic, mainly in the State of Goi�as. The

characterization of patients diagnosed with AIHA is relevant

for developing protocols, documenting the effectiveness of

the treatments used and designing intervention strategies,

therefore, this type of research provides support so that

health departments can understand the situation and dis-

seminate information to the population.

Furthermore, it is necessary to understand that the labora-

tory profile does not always confirm the diagnosis of AIHA, as

was seen in this study. Not all patients with a positive DAT,

hemoglobin below the reference value and a positive hemoly-

sis test were diagnosed with this disease.
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