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ABSTRACT

Aim: Autoimmune hemolytic anemia (ATHA) is characterized by the production of antibodies directed against red blood
cells. We aimed to describe the clinical presentation, hematologic and biochemical profiles, treatment modalities, underlying
diseases and outcomes in children suffering from ATHA.

Material and Method: In a retrospectively manner, we consecutively recrutied 62 children (aged 1 month-18 years) with
ATHA who had been followed in Erciyes University Child Hospital between January, 2000 and November, 2017.

Results: The mean age at time of diagnosis was 61.9+51.9 months (range:1-192) in 62 children including 28 girls and 34 boys. The
most common complaints included fatigue and fever while the most common findings were jaundice and hepatosplenomegaly.
In 22 children (35.4%), there was a comorbid, active, non-specific infection (upper respiratory tract infection, lower respiratory
tract infection, diarrhea, urinary tract infection). At time of diagnosis, mean hemoglobin (Hb) level was 6.9£2.5 g/dL (range:
5-9). The glucocorticoid therapy was given in majority of the patients while no medical treatment was given to 4 patients. Of
the patients with primary AIHA, 6 patients were unresponsive to the treatment while one patient responded partially. It was
found that there were underlying risk factors in 36 patients with secondary ATHA, as immunodeficiency and autoimmune
disorders being the most common risk factors.

Conclusion: The immunodeficiencies were highly prevalent in children included. By advance of whole exome sequencing
technology, we believe that primary immunodeficiencies was the most common underlying disease in our study detected quite
high in presented children.
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INTRODUCTION

Autoimmune hemolytic anemia (AIHA) is characterized by
the production of antibodies directed against red blood cells,
in which the red cell lysis occurs either by the mononuclear
phagocytic system or by the complement system. The
ATHA prevalence is still unknown at childhood, but it
likely increases by advancing age as for most autoimmune
disorders. In some studies, the AIHA prevalence was
estimated as 0.2-0.8per in 100,000 person-years (1,2).

In infantile period, it mostly develops due to viral and
bacterial infections or vaccination. However, in teenagers
and young adults, there is an increased association
with an underlying systemic illnesses, most commonly
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with immunodeficiency, malignancy and autoimmune
disorders (systemic lupus erythematosus (SLE), collagen
vascular diseases) (3).

The AIHA diagnosis generally depends on clinical
features, positive direct anti-globulin test (DAT) /
Coombs test, laboratory analysis for hemolysis,anemia,
hyperbilirubinemia, reticulocytosis. (4).

In hemodynamically stable patients with Hb level <7 g/
dL, the erythrocyte transfusion is based on the American
Association of Blood Banks (AABB) guidelines. If an ATHA
patient has severe anemia and cardiopulmonary symptoms
due to anemia,erythrocyte transfusion is required (5).
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In general, glucocorticoids are first-line treatment
options due to their immunosuppressive effect. The
additional treatment options may include intravenous
immunoglobulin (IVIG) therapy, splenectomy, danazol,
or immunosuppressive agents (6).

In this study, we aimed to describe the clinical
presentation,hematologic and biochemical profiles,
treatment options, underlying diseases and outcomes
in children suffering from AIHA in Kayseri, Central
Anatolia, Turkey

MATERIAL AND METHOD

We retrospectively reviewed children (aged 1 months-18
years) who were diagnosed as AIHA at Pediatric
Hematology and Oncology Department of Erciyes
University, Medicine School between January 2000 and
November 2017. From medical records and outpatient
clinic database, we initially searched data regarding
history and physical examination, first-line tests including
hemogram, White blood cell (WBC), peripheral smear
for red cell morphology for hemolysis, reticulocyte
count and reticulocyte smear, biochemical hemolysis
parameters (DAT, haptoglobin, lactate dehydrogenase
(LDH), indirect bilirubin), blood typing, hepatic and
renal function tests, and urinalysis. In addition, we also
searched data regarding second-line tests including viral
markers (hepatitis B, C and HIV, EBV, CMV, Parvovirus
B19, HSV serology), immune-hematological parameters
(C3, C4, CH50, autoimmune markers including thyroid
auto-antibodies, immunoglobulin class, lymphocyte
subpopulation, double-negative T cells, immune disease
panel) in patients diagnosed ATHA.

The patients with clinical findings and laboratory results
of ATHA such as anemia (including elevated reticulocyte
count and blood smear with hemolysis), positive DAT, low
haptoglobin levels, increased indirect bilirubin and LDH
levels were reviewed. For all records reviewed, the study
was carried out with the permission of Erciyes University
Faculty of Medicine Clinical Researchs Ethics Committee
(Date: 16.06.2017, Decision No: 2017/348). All procedures
were carried out in accordance with the ethical rules and
the principles of the Declaration of Helsinki.

The AIHA classification was made based on different
serological antibodies (IgG, IgM, IgA, C3, and/or
combinations) for different serological types, disease
severity and treatment outcome. Patients diagnosed
with AIHA were classified as primary and secondary
ATHA according to associated and potentially causative
disorders including infections, autoimmune disorders,
and malignancies. Whole exome sequencing (WES)
was performed in the patients diagnosed with ATHA, in
whom etiology could not be determined.
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The children aged 1 month < or > 18 years were excluded
from the study because of unique features. The patients
with transfusion-related AIHA, during bone marrow
transplantation or those congenital hemolytic disorders
were also excluded.

For treatment response, the complete response was
defined as achieving Hb concentration > lower limit of
normal for age with no signs of hemolysis, i.e. normal
reticulocyte count and bilirubin concentration while the
partial response was defined as an increase in Hb level
by >2 g/dLbut not reaching a normal value for age. No
response was defined as an increase in Hb level by<2 g/
dL and/or dependence on transfusions (7).

Statistical Analysis

To summarize data, descriptive statistics were given
in tables as mean * standard deviation or median and
interquartile range for continuous variables according
to the distribution. The categorical variables were
summarized as counts and percent. In comparisons
between categorical variables, if the values observed in
2x2 tables are 5 and above, Pearson Chi-Square was used
while Fisher Exact test was used cases where it is below
5. The RxC tables were used in Fisher's Freeman Halton
Test. The statistical analyses were performed using Jamovi
project software [(2018, Version 0.9.2.8), (Computer
Software), (Retrieved from https://www.jamovi.org)].
The significance level was set as 0.05 (p value).

RESULTS

The study included 62 patients who were diagnosed as
ATHA between 2000 and 2017. Of the patients included,
34 (54.8%) were boys and 28 (45.2%) were girls. The
mean age at time of diagnosis was 61.9+51.9 months
(range: 1-192).

There was comorbid, active, non-specific infection
(upper respiratory tract infection, lower respiratory tract
infection, diarrhea, urinary tract infection) in 22 patients
(35.4%). Table 1 summarizes clinical features of the
patients. The patients were classified into two groups as
primary and secondary AITHA according to the etiologic
causes. When groups were compared regarding age,
gender, blood groups, complaints on admission, physical
examination findings, relapsefrequency and frequency
of accompanying diseases, no significant difference was
found.

When the complete blood counts and biochemical
parameters were compared between the patients with
primary and secondary hemolytic anemia, no significant
difference was found inWBC, Hb level, platelet count,
reticulocyte percentage, lymphocyte count, eosinophil
count, neutrophil/lymphocyte rate, haptoglobin level,
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Table 1. Mean values of some demographic characteristics,
complaints, physical examination findings and some blood values

for all patients

Age, month (Range: 1-192 months) 61.9+51.9
Gender
Male 34 (54.8%)
Female 28 (45.2%)
AIHA
Primary 26(41.9%)
Secondary 36(49.1%)
Complaints
Fatigue 12 (19.4)
Fever 5(8.1)
Concentrated urine 4 (6.5)
Uneasiness 3 (4.8)
Loss of appetite 2(3.2)
Diarrhea 1(1.6)
Vomiting 1(1.6)
Pain 1(1.6)
Convulsion 1(1.6)
Physical examination findings
Icterus 34 (54.8)
Hepatosplenomegaly 33 (53.2)
Paleness 31 (50)
Murmur 17 (27.4)
Tachycardia 7 (11.3)
Splenomegaly 6(9.7)
Hepatomegaly 3(4.8)
Microcephaly 1(1.6)
Oral moniliasis 1(1.6)
Laboratory results of ATHA patients
WBC ( 10°/pL) 11855.8+7379.5
Hgb (g/dL) 6.942.5
PLT ( 10°/uL) 335400+186080.7
% RTC 10.8+7.5
NEU ( 10%/pL) 5972.145534.1
LYMP ( 10¥/yL) 3802.9+2634
EOS (10%/uL) 176.1+186.4
NEU/LYMPH (%) 2+1.8
Monocyte (10°/L) 598.2+601.1
Total bilirubin (mg/dL) 4.4+4.4
Free bilirubin(mg/dL) 0.8+1.3
Haptoglobulin (g/L) 16.9+36.9
LDH (u/L) 698.3+872.1

and LDH level. When the neutrophil counts were
compared between groups, it was found that neutrophil
count was significantly lower in patients with secondary
ATHA than in patients with primary ATHA (p<0.05). It
was found that total and free bilirubin levels were higher
in patients with primary AIHA compared to those with
secondary ATHA (p<0.05).

DAT was performed in all the patients for the presence
of antibody. A significant difference was found between
DAT positivity and Hb level in patients with both primary
and secondary ATHA. When the distribution of antibody
types was evaluated in 32 cases (51.6%), the DAT was
positive for IgG and negative for C3d,while in 19 cases
(30.7%) both were positive. Distributions of AIHA
groups, DAT positivity scores, mean treatment durations
and response conditions to treatment according to Hb
levels were given in Table 2.

As the first-line treatment, 12 patients (19.4%) received
IVIG therapy while 31 patients (50%) received high-dose
steroid treatment (10-30 mg/kg/day), and 15 patients
(24.2%) received low-dose steroid treatment (2 mg/kg/
day). No medical treatment was given to 4 patients (6.4%).
The patients unresponsive to IVIG were given high-dose
steroid treatment (10-30 mg/kg/day) or low-dose steroid
treatment (2 mg/kg/day). Only one patient achieved
remission with IVIG treatment. Regarding treatment
response, there was no significant difference between the
two groups received low-dose steroid treatment (2 mg/kg/
day) and high-dose steroid treatment (10-30 mg/kg/day).
Eleven patients (17.7%) did not respond to the treatment.
One of the patients died. The relapse was seen in 8 patients
(29.6%) in the group received IVIG and/or low-dose steroid
(2 mg/kg/day) whereas in 5 patients (16.1%) in the group
received high dose steroid (10-30 mg/kg/day). There was
no significant difference in relapse between groups. The
combined treatments were often used in treatment. Apart

Table 2. Distributions of the groups with ATHA, DAT positivity scores, mean treatment durations and response to treatment conditions

according to hemoglobin levels

Hemoglobin level (gr/dL) p
0-4 4-8 8-12 Total
AIHA 0.166*
Primary 1(2.9) 24 (70.6) 9 (26.5) 34
Secondary 4(14.3) 14 (50) 10 (35.7) 28
DAT 0.028*
+ 0(0) 1(50) 1(50) 2
++ 2(12.5) 5(31.3) 9(56.3) 16
. 3(13) 16(69.6) 4(17.4) 23
++++ 0(0) 16(76.2) 5(23.8) 21
Duration of treatment (day) 180 (30-180) 142.5 (90-280) 40 (10-75) - <0.001**
Response to treatment 0.104*
CR 4(8.3) 29(60.4) 15(31.3) 48
NR 1(9.1) 9(81.8) 1(9.1) 11
PR 0(0) 0(0) 1(100) 1
No treatment 0(0) 0(0) 2(100) 2

Remission, NR:Non response, PR: Poor Response

* Fisher's Exact Test was used. Descriptive statistics were given as numbers (%). ** Kruskal-Wallis H Test was used. Descriptive statistics were given as median (IQR). CR:Complet
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from corticosteroid and IVIG treatments, 7 patients who
were refractory or not responding to the treatment or with
relapse received cyclosporine treatment while 3 patients
received mycophenolate mofetil (MMF) treatment, 2
patients received rituximab (RTX), 3 patients underwent
plasma exchange and 4 patients underwent splenectomy.
No relapse was observedin patients who received RTX
and plasmapheresis. Relapses were seen all 3 patients who
underwent splenectomy.The duration of treatment in
patients underwent RTX and plasmapheresis was longer
than those received steroid or IVIG treatment as first-line
treatment.

However, in group with DAT ++ results, the most patients
had Hb levels between 8-12 mg/dL (high), indicating
a significant difference (p=0.028). When duration of
treatment was evaluated, it was significantly shorter in
the group with high level of Hb compared to the other
groups (p<0.001), which was an expected condition as
high severity of anemia would cause low levels of Hb
and require longer duration of treatment. There was no
significant difference in treatment response according to
Hb levels.

The mean number of erythrocyte transfusions was
3.4+6.2 in the group with primary AIHA while it was
2+1.8 in the group with secondary AIHA, indication
to significant difference. Of the patients with primary
ATHA, 6 (54.5%) were unresponsive to the treatment,
and one patient responded partially. Of the patients
with secondary AIHA, 5 (45.5%) were unresponsive
to the treatment. There was no significant difference in
treatment response between the groups with primary
and secondary ATHA .

The rate of drug-related side effects was 44.4% in
low-dose steroid group and  32.3% in high-dose
steroid group, indicating no significant difference
between groups. The most common side effects were
gastrointestinal complaints, increased appetite, stria
formation, hypertrichosis, Cushingoid appearance, and
thrombosis. In our study, one patient had cortical venous
sinus thrombosis induced by steroid treatment which
was previously reported (8).

When the underlying diseases were assessed in patients
who were treated for secondary AIHA, it was found
that there was immunodeficiency in 14 (38.9%), Evans
syndrome in 6 (16.6%), Hodgkins lymphoma in 3
(8.3%), SLE in 4 (11.1%), diabetes mellitus (DM) in one,
autoimmune hepatitis in one and infection secondary
ATHA in 4 patients. Table 3 presents immunodeficiencies
detected in patients who were followed up due to
secondary ATHA.

Relapse was seen in 13 patients (21.0%) while 29 patients
(46.8%) had a disease that had already been followed up.
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Table 3. Diseases found in patients diagnosed with secondary
AIHA

n (%)
PrimaryATHA 26 (41.9)
Secondary ATHA 36 (49.1)
Autoimmune Diseases
Evanssyndrome 6(9.7)
SLE 4 (6.5)
Autoimmune hepatitis 1(1.6)
Type-1 Diabetes mellitus 1(1.6)
Hashimoto’s thyroiditis 1(1.6)
Autoimmune neuropathy 1(1.6)
Immunodeficiencies
SCID (undefined) 3(4.8)
SCID (defined) 7 (11.2)
PGM3 mutation 2(3.2)
LRBA deficiency 2(3.2)
RAG 1 deficiency 1(1.6)
ZAP 70 deficiency 1(1.6)
XLF-2 deficiency 1(1.6)
CVID 2(3.2)
ALPS 2(3.2)
Malignancies
Hodgkins lymphoma 3 (4.8)
Infection
HBV 1(1.6)
HEV 1(1.6)
Varicella 1(1.6)
Tuberculosis 1(1.6)
CVID: Common variable immunodeficiency,SCID:Severe combined
immunodeficiency

DISCUSSION

The ATHA causes erythrocyte destruction as a result of
autoantibodies binding to erythrocyte surface membrane.
Its incidence is higher than that of aplastic anemia. The
primary AIHA is seen in young children. Although mean
age varies according to the regions in recent studies, it
was reported as 5.3 years in a study performed in Turkey;,
11 years in a study in India, 3.8 years in a study in France
and 10 years in a study by Mayo Clinic (USA) (9-12).

A mild fever may be seen in children. Paleness and scleral
icterus are commonly seen in patients. Anemia-induced
systolic murmur, tachycardia and hepatosplenomegaly
are commonly seen physical examination findings. In
agreement with pediatric series in literature, the most
common complaints on admission were fatigue, fever
and concentrated urine while paleness, jaundice and
hepatosplenomegaly were the most common physical
examination findings in our patients (11). Apart from
expected clinical presentations, we also had patients who
presented with life-threatening heart failure caused by
severe anemia. Life-threatening hemolytic complications
may be seen during erythrocyte transfusions to the
patients with ATHA (13,14). We generally had cross-
matching problems in our patients requiring erythrocyte
transfusion and no serious hemolytic reaction transfusion
was observed.
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In children, the warm AIHA is generally provoked
by viral infections and hemolysis may occur. In the
literature, warm AIHA cases caused by basic viral
infections such as mycoplasma, parvovirus, HBV and
HCV, cytomegalovirus, varicella, toxoplasma and
Ebstein-Barr virus were reported (3,9,15-18). While
non-specific infections were detected in most of our
patients, 1 had varicella, 1 had HBV, 1 had HEV and 1
had tuberculosis infection. Patients who were admitted
with ATHA presentation must be questioned for previous
infections and serological and microbiological studies
must be performed on patients with an active infection
in order to reveal a potential agent.

Neutrophil count was significantly lower in the
patients diagnosed secondary AIHA than those in
patients with primary AIHA. Total bilirubin level was
higher in patients with primary AIHA than those in
patients with secondary AIHA. When the patients
with primary and secondary AIHA were compared
regarding hemogram and biochemical parameters, no
difference was found. High DAT positivity (+++/++++)
was higher in patients with primary AIHA than in
patients with secondary AIHA. We considered that
low neutrophil count in patients with secondary ATHA
may be due to the underlying immunodeficiency and
auto-inflammatory disease. DAT positivity and clinical
findings suggest the presence of AIHA, however, it
should be kept in mind that DAT may be positive in
chronic liver diseases, malignancies, patients who
frequently undergo transfusion due to drug use and in
patients who have underwent bone morrow or organ
transplantation. Moreover, DAT may also be positive
in auto-inflammatory diseases (SLE, rheumatoid
arthritis, etc.) and immunodeficiencies (autoimmune
lymphoproliferative disease (ALPS), SCID, etc.) (19-26).
DAT may be found as negative in approximately 3-11%
of the patients with AIHA.20,25 Patients with negative
DAT result, patients who underwent transfusion and
patients who underwent a transplantation were excluded.

ATHA caused by warm antibodies is the most common
type of AIHA seen in children and occurs with IgG-
typeantibodies activated at room temperature or 370C.
In cold ATHA, there are IgM-type antibodies typically
binding to erythrocytes at temperatures between 0oC and
370C. Similar to the series in literature and as expected,
the positivity rate of IgG-type antibodies was high. In
patients with high positive results of DAT, low levels of
Hb were found while need for transfusion was higher;
the duration of the treatment was longer; response to
the treatment lasted longer; and prognoses were worse.
Moreover, DAT positivity was higher in patients with
primary AIHA than in patients with secondary ATHA
(3,9,11,12).

ATHA may result in death. The therapeutic decisions
should be made according to the growth rate and severity
of anemia. The recommended treatments rely on patient-
based individual experiences. Observation may be
sufficient in a patient with moderate level of anemia due
to a viral infection. The treatment should be initiated in
patients with more severe anemia and in patients with
rapid decrease in Hb level (1-4). If the patient has a
serious intravascular hemolysis, renal blood flow and the
amount urine should be carefully monitored. In children
with warm antibody-related ATHA, the treatment should
start with monitoring, erythrocyte transfusion and
corticosteroid. Intravenous immunoglobulin, plasma
exchange in chosen patients, and RTX as targeted
treatment can be added to the treatment (4,27). We tried
to prefer corticosteroid treatments as first-line treatment
in our patients diagnosed with AIHA. In cases (patients
with active reactions, etc.) in which corticosteroid therapy
could not be used, we preferred IVIG treatment as second
option. In patients who were refractory to the treatment
or who relapsed, we used other immunosuppressive
treatments (MMF, cyclosporine, and RTX), splenectomy
and recently plasma exchange. Cushing’s syndrome,
stria, hypertrichosis, and gastrointestinal side effects
were observed secondary to corticosteroid treatment.
Venous sinus thrombosis secondary to high-dose
steroid treatment was found in one patient and IVIG
treatment was carried on. In cyclosporine treatment,
hirsutism, and high blood pressure were found. MMF
had fewer side effects and its use was more readily than
cyclosporine. Side effects occurring due to the drugs and
insufficient treatments affected our treatment alterations.
No complication was observed in patients who received
RTX. In our study, one patient received 4 doses (375 mg/
m2) while another patient received 6 doses (375 mg/m2).
Among 4 patients, one underwent 4 plasma exchange
sessions whereas 3 underwent 3 plasma exchange sessions.
When the literature is reviewed, high-dose steroid, IVIG,
cyclosporine, MMF and splenectomy were performed
in previous studies while RTX and plasmapheresis have
become treatments preferred (28,29). In patients who
develop complications due to corticosteroid, RTX ,
cyclosporine and MMF, immunosuppressive drugs such
as azathioprine and campath-1H and chemotherapeutics
such as 6-merkaptopurin and cyclophosphamide can
be used. Autologous stem cell transplantation may be
performed in refractory ATHA (30).

Secondary AIHA is a condition that occurs secondary to
inflammatory or autoimmune diseases such as Sjogren’s
syndrome, scleroderma, dermatomyositis, ulcerative
colitis, Crohn’sdisease, and autoimmune thyroid; however
it is most commonly seen in SLE (31). In the study from
Mayo Clinic and in the largest pediatric study by Aladjiji
et al, autoimmune/inflammatory diseases were the
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most commonly detected secondary diseases in patients
diagnosed with AIHA (11,12). Similarly, the most
common causes of ATHA were autoimmune diseases in the
study by Vaglio et al. (32) SLE, autoimmune hepatitis, anti-
phospholipid syndrome, primary sclerosing cholangitis,
Evans' syndrome and rheumatoid arthritis were main
autoimmune diseases detected. In the study by Aladjiji
et al. (11), secondary AIHA incidence was 63% whereas
it was 11% for autoimmune disorders. In our study,
secondary AIHA was found in 58% of the patients. The
most commonly detected causes of secondary AIHA were
immunodeficienciesand autoimmune diseases. Evans
syndrome and SLE were the most common autoimmune
diseases. While some of our patients were followed
up with autoimmune/auto-inflammatory diseases,
immunodeficiency was diagnosed in their follow-ups.

In malignancies such as chronic myeloid, leukemia,
lymphoma, multiple myeloma and myelodysplasia,
ATHA may develop before or during the disease. In
the study from Mayo Clinic, one patient had chronic
myeloid leukemia but notlymphoma. Three patients had
non-Hodgkin lymphoma in the study by La Sapienza
and 8 patients had a malignancy (breast cancer, thyroid
cancer, lymphoma, colon cancer and acute myeloid
leukemia) in the study by Aladjiji etal. (11). In our study;,
Hodgkins lymphoma developed in 3 patients. Two of
the patients in whom Hodgkin’s lymphoma was detected
were observed to have been followed up with ATHA
secondary to ALPS and 1 patient with Evans syndrome.
It may also be seen with congenital immunodeficiencies
accompanied by immune cytopenia. It is particularly
seen in immunodeficiency syndrome that often changes
and in Wiskott-Aldrich syndrome. AIHA may also be
seen in acquired immunodeficiencies occurring after
human immunodeficiencyvirusor organ transplantation
(33). In our study, immunodeficiency was found in
19% of the patients diagnosed with AIHA and in about
43% of the patients diagnosed with secondary AIHA.
PMG3 mutation, LRBA deficiency, RAG1 deficiency,
ZAP70 deficiency and XLF-2 deficiency were primary
immunodeficiencies that can be typed with the use of
examinations of all genes-analysis. As a result of WES,
LRBA deficiency was found in 2 patients followed up
with AIHA secondary to ALPS and ZAP70 deficiency
was found in one patient followed up with AIHA
secondary to SLE. We had patients followed with
immunodeficiency that could not be typed in the era
where WES technology was unavailable. In the study
by Aladjiji et al (11), humoral immunodeficiency
was detected in 17 patients, non-identified primary
immunodeficiency in 5, combined immunodeficiency
in 2, adenosine deaminase deficiency in 2 and HLA
class 2 deficiency in 1 patient.
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Evans syndrome and ALPS that should be considered
in the distinctive diagnosis of organomegaly,
lymphadenopathy, and immunodeficiencies (34,35).
Evans syndrome was found in 99 patients in a French
study, in 20 patients in the study of Junjie Fan et al. (36)
and in 6 patients in the study of Naithani et al. (11, 37).
In our study, Evans syndrome was found in 6 patients.

Although immune hemolytic anemia caused by drugs is not
common in children. methyldopa, penicillin, cephalosporin,
tetracycline, erythromycin, ribavirin, acetaminophen and
ibuprofen may also be the cause of hemolytic anemia (38).
Paroxysmal nocturnal hemoglobinuria (PNH) which is
rarely seen in children should be considered (39,40). In our
study, PNH was rarely seen in childhood, and no AIHA
caused by drugs was observed.

In conclusion, ATHA may be either primary or secondary
to underlying diseases such as autoimmune diseases,
malignancies, infections and immunodeficiencies. In
our study, the rate of patients with immunodeficiency
was quite high. By advent of WES technology, we believe
that primary immunodeficiencies may be the most
common underlying diseases in patients especially with
autoimmune-induced AIHA. Patients diagnosed with
AIHA should be examined for immunodeficiencies.
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