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Background: Autoimmune hemolytic anemia (AIHA) 
is rare and characterized by hemolytic anemia with a 
positive direct antiglobulin test result after the exclusion 
of other causes. While adults often relapse within 1 year of 
first-line steroid therapy, children generally respond well. 
However, current treatment approaches lack substantial 
evidence and are primarily expert opinion-based.
Purpose: This study aimed to contribute our single-
center experience to pediatric AIHA treatment guidelines.
Methods: Between January 2012 and June 2024, 475 child
ren were diagnosed with anemia; of them, 18 had immune 
hemolytic anemia, including 6 with neonatal alloimmune 
hemolytic anemia, 2 who were treated at other centers, 
and 2 with transient bone marrow suppression due to a 
viral infection. Thus, this study retrospectively analyzed 
the treatment responses of 8 patients with AIHA.
Results: The median age at diagnosis was 5.2 years 
(range, 2.3–11.8 years); 62.5% (5 of 8) were male. Median 
hemoglobin (Hb) at diagnosis was 6.3 g/dL (range, 3.4–9.5 
g/dL), median reticulocyte index was 6.53% (range, 1.64%–
22.07%), median total bilirubin was 2.75 mg/dL (range, 
0.98–7.23 mg/dL), and median lactate dehydrogenase 
was 1,662 U/L (range, 790–2,921 U/L). All haptoglobin le
vels were <10 mg/dL. Treatments included steroids (8 of 
8), red blood cell transfusions (5 of 8), and intravenous 
immunoglobulins (2 of 8). Half of the steroid-treated pa
tients received intravenous methylprednisolone for 1–5 
days, while half received oral prednisolone (median, 
1.78 [range, 0.79–3.39] mg/kg/day). The median time to 
age-adjusted normal Hb levels was 16.5 days (range, 
9.0–22.0 days). Steroids were administered for a median 
37.5 days (range, 14.0–119.0 days). Excluding one patient 
later diagnosed with systemic lupus erythematosus, no 
relapses occurred during the 3- to 19-month follow-up 
period.

CEP Clin Exp Pediatr Vol. 68, No. 7, 522–529, 2025
https://doi.org/10.3345/cep.2024.02026

Conclusion: Patients with pediatric AIHA showed relapse-
free rapid hematological improvement and sustained 
steroid responses within 2 months, suggesting that sys
tematic steroid treatment is feasible and highlighting the 
need for multicenter trials to establish standardized guide
lines.
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Key message
Question: Can pediatric autoimmune hemolytic anemia 

(AIHA) be effectively managed using first-line steroids?
Finding: In this single-center study, pediatric patients 

with AIHA achieved normal hemoglobin levels within 
16.5 days (range, 9.0–22.0 days) of first-line steroid treat
ment and maintained effective responses for 2 months.

Meaning: These outcomes highlight the efficacy of steroid 
treatment in pediatric versus adult AIHA and underscore 
the need for multicenter trials to establish standardized 
treatment guidelines.

Introduction

Autoimmune hemolytic anemia (AIHA) is a rare disorder 
in both children and adults, characterized by hemolytic 
anemia caused by autoantibodies that destroy red blood 
cells (RBCs) and a positive direct antiglobulin test (DAT) 
after excluding other causes.1-3) The global incidence of 
AIHA is approximately 1–3 per 100,000 individuals. AIHA 
is classified into warm, cold, mixed, drug-induced, and 
atypical (DAT-negative) types.1,2,4) Warm antibody AIHA 
(wAIHA) represents more than 60%–80% of pediatric 
and adult AIHA cases.5-11) AIHA can be either primary 
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(idiopathic) or secondary, with primary cases constituting 
50% and secondary cases often linked to lymphoproli
ferative disorders, autoimmune diseases, infections, and 
tumors.6,10,12) Clinical manifestations vary widely, from 
gradual or compensated anemia to acute, life-threatening 
cases.4,6)

The diagnosis, prognosis, and treatment of AIHA present 
significant challenges, primarily because the pathophy
siology of the disease is not fully understood. This com
plexity arises from intricate interactions between auto
antigens, the complement system, and dysregulations 
in T- and B-cell functions.13,14) Current therapeutic ap
proaches for AIHA lack a robust evidence base and pre
dominantly depend on expert consensus and individual 
clinical expertise,15-18) with limited prospective therapeutic 
trials.19,20) Despite this, steroids remain the cornerstone 
of treatment, showing efficacy in 70%–80% of patients.4-9, 

13,16,20-23) The choice and sequence of second-line treatments 
remain debated, and no definitive predictors of outcome 
exist. Second-line treatment options include: (1) steroids 
combined with intravenous immunoglobulin (IVIg); (2) 
immunosuppressive/cytotoxic drugs; (3) rituximab, and 
(4) splenectomy. Additionally, transfusion requirements, 
plasma exchange, and erythropoietin administration are 
considered.2,4-6,10-12,14-16)

Most guidelines and experts for adult AIHA recommend 
an initial dose of 1.0–1.5 mg/kg/day of prednisolone (PD), 
14,15,24,25) although the optimal starting dose and taper 
schedule have yet to be established. The initial dose is 
usually maintained for 1–3 weeks until hemoglobin (Hb) 

levels exceed 10 g/dL. The response generally occurs by the 
second week. If there is minimal or no improvement by 
the third week, the therapy is deemed ineffective. After Hb 
stabilization, PD should be tapered gradually.12) Patients 
with rapid hemolysis and severe anemia, or complex 
cases like Evans syndrome (ES), may require high-dose 
corticosteroid or intravenous (IV) methylprednisolone 
(MP).26,27) While there is no established consensus on the 
initiation and duration of steroid maintenance therapy, 
studies have reported that patients receiving low-dose 
corticosteroids for over 6 months demonstrate a lower 
relapse rate and prolonged remission compared to those 
who discontinue treatment within 6 months.28) Further
more, early initiation of steroid therapy is linked to a 
decreased risk of relapse. Accordingly, in adults, treatment 
typically requires over 6 months, with a high rate of re
fractoriness to first-line therapy or relapse within one year. 
In contrast, pediatric cases respond well to short-term 
steroid therapy in nearly 80% of patients.23)

At the onset of therapy, monitoring Hb and reticulocyte 
levels over the initial weeks is advisable. Routine moni
toring of the DAT is standard, though a persistently posi
tive result does not necessarily indicate uncontrolled 
disease. If hemolysis persists but is well compensated after 
PD tapering, second-line treatment may not be required. 
2,14)

This study aims to analyze the clinical characteristics 
and treatment outcomes of pediatric patients diagnosed 
with AIHA at Chungnam National University Hospital over 
the past decade. By reviewing medical records, we intend 

CR
29.5 days (range, 16.0–120.0 days)

PR
4.0 days (range, 1-14 days)

Graphical abstract. Hemoglobin increase trends among pediatric patients with AIHA. The median 
time to achieve a CR was 29.5 days (range, 16.0–120.0 days). A PR was achieved within a median 4 days 
(range, 1–14 days). Steroid therapy continued for a median 37.5 days (range, 14.0–119.0). CR, complete 
response; PR, partial response.
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to evaluate the efficacy of steroids as a first-line therapy 
for pediatric AIHA and establish a systematic approach to 
managing these patients based on our findings.

Methods

1. Patients and data collection
From January 2012 to June 2024, 475 pediatric anemia 

patients were diagnosed at Chungnam National University 
Hospital, of whom 18 had immune hemolytic anemia. 6 
were diagnosed with neonatal alloimmune hemolytic 
anemia, 2 were treated at other centers, and 2 were ex
cluded as the primary cause was transient bone marrow 
suppression due to an acute viral infection. This study 
focused on 8 pediatric AIHA patients who were diagnosed 
and followed up at our center. In all patients, hereditary 
hemolytic disease was ruled out (Fig. 1).

This retrospective study analyzed medical records, 
encompassing clinical information, laboratory results, and 
other relevant data. The collected data included patient 
demographics, laboratory findings, and therapeutic inter
ventions such as medications and transfusions.

The study protocol was approved by the Institutional 
Review Board of Chungnam National University Hospital 
(IRB number: CNUH 2024-09-007). As the study involved 
only a review of existing medical records without any 
additional interventions, the requirement for written 
informed consent was waived.

2. Definitions
AIHA was defined as anemia accompanied by a positive 

DAT after excluding other causes. According to DAT results 
and the thermal characteristics of the autoantibody, 
patients were classified as wAIHA (DAT+ for IgG only or IgG 
plus C3d), cold agglutinin disease (CAD; DAT+ for C3d only, 
with cold agglutinins of I specificity at titer of 64 or higher), 
and mixed AIHA (DAT+ for IgG and C3d, with high-titer 
cold agglutinins).1-4)

Anemia was identified when Hb levels fell below the 5th 

percentile for each pediatric age group: less than 10.5 g/dL 
in children aged 6–23 months, less than 11 g/dL in children 
aged 24–59 months, less than 11.5 g/dL in children aged 5–11 
years, less than 12 g/dL in nonpregnant female and male 
children aged 12–14 years, and less than 13 g/dL in males 
aged 15 years and older.29)

In this study, severe AIHA was defined as cases where 
Hb levels corresponded to severe anemia based on age-
specific criteria: less than 7.0 g/dL in children aged 6–59 
months, less than 8.0 g/dL in children aged 5 years and 
older.29)

Treatment responses in AIHA are categorized as com
plete response (CR), partial response (PR), or no response. 
CR was defined as the normalization of Hb levels and the 
resolution of hemolysis parameters, such as reticulocyte 
index (RI) and lactate dehydrogenase (LDH), with a nega
tive DAT not being mandatory. The normal Hb indicates 
the absence of anemia, and standard RI was defined as 
1.5% or lower, which remains consistent across all age 
groups except for neonates.30) The thresholds for normal 
LDH levels were defined as 900 U/L or lower for children 
aged 0–12 months, 700 U/L or lower for children aged 1–3 
years, 640 U/L or lower for children aged 3–6 years, 600 U/L 
or lower for children aged 6–12 years, and 500 U/L or lower 
for adolescents aged 12–18 years.31,32) PR is characterized 
by persistent anemia with at least a 2 g/dL increase in Hb 
from baseline, with or without ongoing signs of hemolysis, 
and no requirement for transfusion. Relapse was defined 
as a recurrence of AIHA after the patient had initially 
responded to treatment.

3. Diagnosis and treatment
For patients suspected of AIHA, the primary evaluation 

included a complete blood count, blood smear, bilirubin, 
and hemolysis parameters such as reticulocytes, LDH, 
DAT, haptoglobin, plasma Hb, and urinalysis. Antinuclear 
antibody (Ab) and anti–double-stranded DNA tests were 
performed to investigate possible underlying disorders. 
A viral workup was also conducted, including tests for 
cytomegalovirus, Epstein-Barr virus (EBV), parvovirus 
B19, influenza virus, coronavirus disease 2019, and other 
respiratory viruses. Mycoplasma infection was additional
ly investigated.

IV MP was given to patients with the poor condition or 
difficulty with oral intake, while those able to take orally 
received PD. RBC transfusions were performed if severe 
anemia was present. Steroid treatment began at 1–3 mg/
kg/day of PD equivalent, with higher doses of MP at 7–8 
mg/kg/day used in cases of severe anemia with high fever. 
The initial dosage was maintained for 3–7 days, with the 
option to extend if PR was not achieved.

After achieving PR, the steroid dosage was tapered by 
Fig. 1. Flow chart of study population enrollment. AIHA, auto
immune hemolytic anemia
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treatment. Among these, 5 patients also underwent RBC 
transfusions at 10 mL/kg for 1–2 sessions, and 2 patients 
received IVIg:one at 0.5 g/kg/day for 4 days, and the other 
at 1.0 g/kg/day for 5 days. Of the steroid-treated patients, 
half (4 of 8) were initially administered IV MP for 1–5 
days, while the other half (4 of 8) started with oral PD. The 
median initial PD dose was 1.78 mg/kg/day (range 0.79–3.39 
mg/kg/day) (Table 1).

2. Treatment outcomes
Among the 8 patients who received steroid treatment, 7 

were initially hospitalized. Patients were discharged once 
PR was achieved after starting treatment.

All 8 patients achieved CR with first-line steroid therapy. 
The median time to achieve CR was 29.5 days (range, 
16–120 days). PR was reached in a median of 4.0 days 
(range, 1–14 days) (Graphical abstract). One patient was 
treated on an outpatient basis as their anemia and dark 
urine were already improving at the initial consultation, 
which led to a delayed response evaluation and likely 
an underestimation of the actual response timing. The 

25%–50% every 5–14 days and then reduced to below 1 mg/
kg/day, maintaining this for 2–6 weeks before discon
tinuation.

4. Statistical analysis
Statistical analyses were performed using R 4.4.0 (The R 

Foundation for Statistical Computing). Mann-Whitney U 
tests were used to compare continuous variables between 
the severe AIHA and nonsevere AIHA subgroups, while 
Fisher exact tests were applied to categorical variables. 
P values <0.05 were considered statistically significant. 
Kendall's rank correlation was used to analyze factors 
affecting steroid response and duration due to the small 
sample size and nonlinearity of the data.

 

Results

1. Clinical characteristics of patients
Among the 8 patients included in the study, 5 (62.5%) 

were male, with a mean age of 5.2 years (range 2.3–11.8 
years). None had a family history of hematologic or immu
nologic disorders. Initial symptoms included pallor (8 of 
8), fever (3 of 8), dark urine (3 of 8), and skin rash (1 of 8). 
While some patients experienced transient tachycardia 
associated with fever, there were no instances of vital 
instability, such as hypotension or decreased oxygen satu
ration. Regarding predisposing factors, Kawasaki disease 
(KD) (n=1), febrile illness (n=5), and idiopathic cases (n=2) 
were identified. Of the 2 idiopathic cases, one patient was 
diagnosed with systemic lupus erythematosus (SLE) 9 
months after initially being diagnosed with AIHA with 
thrombocytopenia. The patient presented with left knee 
pain and skin rash and had a positive antinuclear anti
body (Ab) (speckled, 1:320); anti-dsDNA Ab at 28.35 IU/
mL (reference <10.0); and anti-Smith Ab at 12.67 U/mL 
(reference <7.0); elevated anti-cardiolipin IgG (169.5 phos
pholipid units [PL-U]/mL; reference <10.0) and IgM (15.3 
PL-U/mL; reference <10.0); anti-β2-glycoprotein I IgG (40.6 
U/mL; reference <7.0) and IgM (37.2 U/mL; reference <20.0); 
reduced complement levels (C3: 27 mg/dL, reference 86–1 
60, and C4: 2 mg/dL, reference 17–45), confirming the dia
gnosis of SLE.

At the time of diagnosis, the median hematologic para
meters were as follows: Hb 6.3 g/dL (range 3.4–9.5 g/dL), 
RI 6.53% (range 1.64%–22.07%), total bilirubin 2.75 mg/
dL (range 0.98–7.23 mg/dL), direct bilirubin 0.49 mg/dL 
(range 0.22–0.63 mg/dL), LDH 1662.0 U/L (range 790–2,921 
U/L). Haptoglobin levels were <10 mg/dL in all patients. 
None met the criteria for autoimmune disease, and no 
active viral or mycoplasma infections were confirmed in 
any patients. All patients received steroids as the first-line 

Table 1. Patients' clinical characteristics (N=8)
Characteristic Value

Male sex 5 (62.5)
Age (yr) 5.2 (2.3–11.8)
Body weight (kg) 17.7 (11.1–47.5)
Presenting symptoms at diagnosis

Pallor 8 (100)
Fever 3 (37.5)
Dark urine 3 (37.5)
Skin rash 1 (12.5)

Initial laboratory findings
Hemoglobin (g/dL) 6.3 (3.4–9.5)
White blood cell (/μL) 11,570 (4,130–35,400)
Platelet (×103/μL) 345 (9–735)
MCV (fL) 85.55 (74.5–109.7)
MCH (pg) 29.35 (26.4–42.0)
Reticulocyte index (%) 6.53 (1.64–22.07)
Lactate dehydrogenase (U/L) 1,662.0 (790–2,921)
Total bilirubin (mg/dL) 2.75 (0.98–7.23)
Direct bilirubin (mg/dL) 0.49 (0.22–0.63)
Patients with haptoglobin <30 mg/dL 8 (100.0)
Plasma hemoglobin (mg/dL)a) 29.93 (14.96–162.69)

Initial treatments
Patients with steroids 8 (100)

Oral prednisolone 4 (50.0)
Initial prednisolone dose (mg/kg/day) 1.78 (0.79–3.39)

Intravenous methylprednisolone 4 (50.0)
Initial methylprednisolone dose (mg/kg/day) 5.30 (2.95–8.2)

Patients with intravenous immunoglobulin 2 (25.0)
Patients with red blood cell transfusion 5 (62.5)

Values are presented as number (%) or median (range).
MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin.
a)Reference range (all ages): 0–5.0 mg/dL.
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median time to normalize Hb levels was 16.5 days (range, 
9–22 days). Hemolysis parameters normalized at a median 
of 27.5 days (range, 16.0–75.0 days) for the RI and 22 days 
(range, 9–120 days) for LDH. The median time for DAT 
negativity was 47.0 days (range, 22–395 days), though one 
patient receiving alternate-day steroid therapy remains 
DAT positive. Steroid therapy lasted a median of 37.5 days 
(range, 14.0–119.0 days) in all 8 patients (Table 2) and 36.0 
days (range, 14.0–54.0 days) in 7 patients, excluding the 
one later diagnosed with SLE. Except for this patient, no 
relapses occurred during the 3- to 19-month follow-up 
period.

Among the 8 patients with AIHA, 5 were classified as 
severe, with 3 receiving initial IV MP and 4 undergoing 
RBC transfusions. In the nonsevere group of 3 patients, 1 
received initial IV MP, and 1 underwent RBC transfusion. 
In the severe AIHA group, 4 patients received RBC transfu
sions (mean, 17 mL/kg; range, 10–20 mL/kg) within the 
first 1–2 days of treatment, while 1 patient in the nonsevere 
group received 10 mL/kg on the first day of treatment. In 
group with severe AIHA, the time to achieve PR appeared 
shorter, likely due to the higher rate of RBC transfusions 
in this group. For the 2 patients who received IVIG, the 
median time to PR was 3 days (range, 2–4 days) and to CR 17 
days (range, 12–22 days), while in the 6 patients who did not 
receive IVIG, the median time to PR and CR was 4.5 days 
(range, 1.0–14.0 days) and 16.5 days (range, 9.0–35.0 days), 
respectively. Steroid therapy lasted a median of 49 days 
(range, 31–54 days) for severe AIHA and 34 days (range, 14–
119 days) for nonsevere AIHA (Table 2). However, the small 
sample size limited the ability to demonstrate statistical 
significance (Supplementary Table 1).

We performed a correlation analysis between the res
ponse to and duration of steroid treatment and the initial 
clinical parameters, but no significant results were found 
due to limitations such as the small sample size (Supple
mentary Table 2).

Discussion

AIHA is a rare condition, usually with a favorable clinical 
course, and is often viewed as benign, leading hematolo
gists to consider it less critical. Consequently, large-scale 
randomized controlled trials and clinical studies are 
scarce, and observational studies on biochemical profiles 
and treatment responses are limited. This has resulted in 
a lack of established clinical guidelines for the evaluation, 
diagnosis, and treatment of AIHA in both pediatric and 
adult populations. Nonetheless, a small subset of patients 
presents a significant medical challenge due to resistance 
to conventional treatments or the occurrence of life-
threatening acute complications.4,6) The largest study to 
date, conducted by the GIMEMA group across 8 Italian 
hematologic centers, involved 308 patients with a median 
age of 58 years, predominantly adults but also including 
10 pediatric patients. Nearly all patients received first-
line steroid therapy, with most not requiring second-
line treatment. However, thrombotic events occurred 
in approximately 10% of patients. Predictors of fatal out
comes included severe infections, ES, and the need for 
4 or more lines of treatment.4) The largest observational 
study in pediatric AIHA, conducted by 26 national pedi
atric CEREVANCE units with 265 patients, found that 60% 
presented with fever, 80% presented with dark urine, and 
severe complications occurred in 3% of patients. ES was 
diagnosed in 37% of patients. AIHA was postinfectious in 
10% of cases, immunological in 53%, and primary in 37%. 
First-line steroid therapy achieved complete remission 
in 58% of patients within the first month, though 45% 
required prolonged therapies. Overall, 90% reached CR, 
with 39% maintaining continuous remission. Positive IgG 
and IgG+C3d tests were linked to a lower chance of con
tinuous remission.6)

 There is ongoing controversy regarding the definition of 
severe AIHA. Some studies classify it based on the need for 
blood transfusion due to critically low initial Hb levels.4,33) 

Table 2. Treatment outcomes of severe versus nonsevere AIHA groups
Variable Total (N=8) Group with severe AIHA (N=5) Group with nonsevere AIHA (N=3)

Patients with Intravenous methylprednisolone 4 (50.0) 3 (60.0) 1 (33.3)
Patients with red blood cell transfusion 5 (62.5) 4 (80.0) 1 (33.3)
Days to partial response 4 (1–14) 4 (1–5) 9 (3–14)
Days to normal hemoglobin 16.5 (9.0–22.0) 21 (12–22) 14 (9–19)
Days to normal reticulocyte index 27.5 (16.0–75.0) 22 (19–75) 33 (16–51)
Days to normal lactate dehydrogenase 22 (9–120) 24 (14–120) 14 (9–33)
Days to complete response 29.5 (16.0–120.0) 26 (21–120) 33 (16–51)
Days to negative DAT 47 (22–390) 47 (22–390) 42 (33–51)
Duration of steroids (days) 37.5 (14.0–119.0) 39 (31–54) 34 (14–119)
Values are presented as median (range) or number (%).
AIHA, autoimmune hemolytic anemia; DAT, direct antiglobulin test.
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Hb levels in rapidly progressing anemia until specific 
treatments take effect. The decision to transfuse should 
be based on the patient's overall clinical status and co
morbidities rather than Hb levels alone, though it is 
generally advised when Hb drops below 6 g/dL. Effective 
management of transfusions in AIHA requires close co
ordination between clinicians and transfusion centers, 
with early steroid administration and careful monitoring 
during transfusion to reduce the risk of transfusion reac
tions.5,15,25) In our study, the median Hb level at the time of 
RBC transfusion was 6.0 g/dL (range, 3.4–8.4 g/dL).

Among the 8 patients who received steroid therapy, one 
initially presented with thrombocytopenia and positive 
antinuclear and anti-dsDNA Ab but was not diagnosed 
with another autoimmune disease. Given the potential for 
ES and the higher relapse rate associated with early steroid 
tapering in ES,40,41) this patient remained on prolonged 
low-dose PD therapy compared to others. The patient 
achieved CR within 16 days of treatment and maintained 
normal Hb levels thereafter. However, after tapering 
steroids, the RI increased, DAT remained strongly positive, 
and haptoglobin levels remained low. Despite receiving 
steroids for more than 119 days, there was no improvement 
in hemolysis parameters aside from Hb levels. 9 months 
after the initial diagnosis of AIHA with thrombocytopenia, 
the patient was ultimately diagnosed with SLE, and he
molytic anemia recurred. This case highlights the need for 
regular monitoring for underlying autoimmune diseases 
in patients with AIHA and thrombocytopenia or those 
experiencing worsening hemolysis parameters, such as an 
increasing RI, during steroid tapering or discontinuation.

Although we analyzed data collected over a relatively 
long period, the single-institution setting and lack of 
specialized personnel resulted in a small cohort size, limit
ing our ability to draw statistically significant trends. In 
more severe AIHA cases, aggressive early interventions 
such as IV MP and RBC transfusions were employed, but 
the lack of systematic treatment guidelines often necessi
tated reliance on clinician experience and judgment. 
Additionally, conclusions from retrospective or observa
tional studies on treatment efficacy are inherently less 
definitive than those from prospective studies.

In conclusion, pediatric AIHA patients showed rapid 
hematologic improvement, maintaining effective steroid 
responses within 2 months without any relapses—a clear 
contrast to typical adult responses. These findings high
light the potential for a systematic approach to manag
ing pediatric AIHA and developing tailored treatment 
strategies. With the advancement of prospective multi
center research and clinical trials, there is hope that 
standardized treatment guidelines for pediatric AIHA will 
be realized.

Similarly, in our study, we divided patients into severe 
and nonsevere AIHA groups using Hb thresholds of 7 or 8, 
depending on age, as the criteria for transfusion necessity.

The DAT, using both polyspecific and monospecific 
anti-human globulins (AHG), is the primary serological 
test for diagnosing AIHA. Initial testing should involve 
a polyspecific AHG containing anti-IgG and anti-C3d, 
followed by monospecific AHG testing to separately detect 
IgG and C3d if the initial DAT is positive. However, in our 
study, AIHA subtypes could not be definitively classified, 
as only polyspecific AHG was available. Diagnosing DAT-
negative AIHA, which requires testing for low-affinity 
IgG and IgA/IgM autoantibodies, was also not possible 
due to the unavailability of these tests at our institution. 
Nonetheless, wAIHA is the most common subtype, ac
counting for 60%–80% of pediatric AIHA cases.5-9) One 
study reported that 20% of wAIHA cases exhibit IgG+ C3d 
positivity, while 13% show only C3d positivity,34) suggesting 
that serologic findings do not always clearly distinguish 
AIHA subtypes. Excluding the patient later diagnosed 
with SLE, 5 patients had a preceding or concurrent febrile 
illness, and one classified as idiopathic was 2.3 years old 
at diagnosis, suggesting a prior acute infection. Based 
on 2 case reports of AIHA associated with KD,35,36) our 
patient, diagnosed with KD 6 days before AIHA, was also 
considered to have KD as a predisposing factor. However, 
the underlying pathophysiology of KD in relation to AIHA 
remains unclear.

Given that all patients in this study were pediatric 
and considering the identified predisposing factors, we 
initiated first-line steroid treatment in the absence of a 
clear etiology for CAD, such as bacterial or viral infections 
(e.g., Mycoplasma pneumoniae or EBV), malignancies, or 
other autoimmune disorders.5-9)

All 8 patients requiring therapeutic intervention ac
hieved CR with first-line steroid therapy, as evidenced 
by the normalization of Hb and hemolysis parameters. 
None required second-line treatment. Notably, CR was 
achieved within approximately one month, and except 
for the patient later diagnosed with SLE, the response 
was sustained without relapse despite the relatively short 
treatment duration of less than 2 months. This outcome 
contrasts with the typical adult AIHA treatment course, 
where at least 3-4 months of steroid therapy is often 
necessary to achieve similar results.12,14,15,22,24,25)

The efficacy of IVIg in AIHA is debated, but some studies 
suggest it may be effective in severe cases with pre-
treatment Hb levels below 6–7 g/dL,37,38) and it is particularly 
effective in pediatric patients with low toxicity.39) In our 
study, 2 patients with initial Hb levels of 3.4 and 6.1 g/dL 
received IVIg alongside steroids.

RBC transfusion is often needed to maintain adequate 



www.e-cep.org https://doi.org/10.3345/cep.2024.02026 528

Footnotes

Supplementary materials: Supplementary Tables 1-2 are 
available at 10.3345/cep.2024.02026.

Conflicts of interest: No potential conflict of interest rele
vant to this article was reported. 

Funding: This study received no specific grant from any 
funding agency in the public, commercial, or not-for-profit 
sectors.

Author Contribution: Conceptualization: YDK, YJL; Metho
dology: YDK, YJL; Validation: YDK, YJL; Formal analysis: 
YDK; Investigation: YDK, ESJ; Resources: YDK, ESJ; Data 
Curation: YDK, ESJ; Supervision: YJL; Writing—original 
draft: YDK; Writing review, and editing: ESJ, YJL

ORCID:
Young Dai Kwon iD https://orcid.org/0000-0001-9051-5937
Eun Sun Jung iD https://orcid.org/0000-0003-4274-254X
Yeon Jung Lim iD https://orcid.org/0000-0002-8815-333X

References

	 1.	 Jaime-Pérez JC, Rodríguez-Martínez M, Gómez-de-León A, 
Tarín-Arzaga L, Gómez-Almaguer D. Current approaches 
for the treatment of autoimmune hemolytic anemia. Arch 
Immunol Ther Exp (Warsz) 2013;61:385-95.

	 2.	 Hill QA, Hill A, Berentsen S. Defining autoimmune hemoly
tic anemia: a systematic review of the terminology used for 
diagnosis and treatment. Blood Adv 2019;3:1897-906.

	 3.	 Anguiano-Álvarez VM, Hernández-Company A, Hamdan-
Pérez N, Montante-M D, Zúñiga-Tamayo DA, Rodríguez-
Rodríguez S, et al. Splenic myeloid metaplasia in warm 
autoimmune hemolytic anemia (wAIHA): a retrospective 
study. Blood Res 2018;53:35-40.

	4.	 Barcellini W, Fattizzo B, Zaninoni A, Radice T, Nichele I, 
Di Bona E, et al. Clinical heterogeneity and predictors of 
outcome in primary autoimmune hemolytic anemia: a 
GIMEMA study of 308 patients. Blood 2014;124: 2930-6.

	 5.	 Voulgaridou A, Kalfa TA. Autoimmune Hemolytic Anemia 
in the Pediatric Setting. J Clin Med 2021;10:216.

	6.	 Aladjidi N, Leverger G, Leblanc T, Picat MQ, Michel G, 
Bertrand Y, et al. New insights into childhood autoimmune 
hemolytic anemia: a French national observational study of 
265 children. Haematologica 2011;96:655-63.

	 7.	 Vaglio S, Arista MC, Perrone MP, Tomei G, Testi AM, Coluzzi 
S, et al. Autoimmune hemolytic anemia in childhood: 
serologic features in 100 cases. Transfusion 2007;47:50-4.

	8.	 Sankaran J, Rodriguez V, Jacob EK, Kreuter JD, Go RS. 
Autoimmune hemolytic anemia in children: Mayo clinic 
experience. J Pediatr Hematol Oncol 2016;38:e120-4.

	 9.	 Sakamoto AS, Sequeira FS, Blanco BP, Garanito MP. Pedi

atric autoimmune hemolytic anemia: a single-center retro
spective study. Hematol Transfus Cell Ther 2024;46 Suppl 
5(Suppl 5):S181-8.

10.	 Gehrs BC, Friedberg RC. Autoimmune hemolytic anemia. 
Am J Hematol 2002;69:258-71.

11.		 Michel M. Classification and therapeutic approaches in 
autoimmune hemolytic anemia: an update. Expert Rev 
Hematol 2011;4:607-18.

12.	 Petz LD, Garratty G. Immune hemolytic anemias. 2nd ed. 
Philadelphia (PA): Churchill Livingstone, 2004.

13.		 Jaime-Pérez JC, Aguilar-Calderón P, Salazar-Cavazos L, 
Gómez-De León A, Gómez-Almaguer D. Treatment of 
autoimmune hemolytic anemia: real world data from a 
reference center in Mexico. Blood Res 2019;54:131-6.

14.		 Go RS, Winters JL, Kay NE. How I treat autoimmune hemoly
tic anemia. Blood 2017;129:2971-9.

15. Lechner K, Jäger U. How I treat autoimmune hemolytic 
anemias in adults. Blood 2010;116:1831-8.

16. Crowther M, Chan YL, Garbett IK, Lim W, Vickers MA, 
Crowther MA. Evidence-based focused review of the 
treatment of idiopathic warm immune hemolytic anemia 
in adults. Blood 2011;118:4036-40.

17. 	 Berentsen S, Tjønnfjord GE. Diagnosis and treatment of cold 
agglutinin mediated autoimmune hemolytic anemia. Blood 
Rev 2012;26:107-15.

18.	 Swiecicki PL, Hegerova LT, Gertz MA. Cold agglutinin 
disease. Blood 2013;122:1114-21.

19.		 Barcellini W, Zaja F, Zaninoni A, Imperiali FG, Battista ML, 
Di Bona E, et al. Low-dose rituximab in adult patients with 
idiopathic autoimmune hemolytic anemia: clinical efficacy 
and biologic studies. Blood 2012;119:3691-7.

20.	Birgens H, Frederiksen H, Hasselbalch HC, Rasmussen IH, 
Nielsen OJ, Kjeldsen L, et al. A phase III randomized trial 
comparing glucocorticoid monotherapy versus glucocor
ticoid and rituximab in patients with autoimmune hae
molytic anaemia. Br J Haematol 2013;163:393-9.

21.		 Alonso HC, Manuel AV, Amir CG, Sergio RR, Allan P, Xavier 
LK, et al. Warm autoimmune hemolytic anemia: experience 
from a single referral center in Mexico City. Blood Res 
2017;52:44-9.

22.	 Roumier M, Loustau V, Guillaud C, Languille L, Mahevas 
M, Khellaf M, et al. Characteristics and outcome of warm 
autoimmune hemolytic anemia in adults: New insights 
based on a single-center experience with 60 patients. Am J 
Hematol 2014;89:E150-5.

23.	 Naithani R, Agrawal N, Mahapatra M, Kumar R, Pati HP, 
Choudhry VP. Autoimmune hemolytic anemia in children. 
Pediatr Hematol Oncol 2007;24:309-15.

24.	Zanella A, Barcellini W. Treatment of autoimmune hemoly
tic anemias. Haematologica 2014;99:1547-54.

25.	 Packman CH. Hemolytic anemia due to warm autoanti
bodies. Blood Rev 2008;22:17-31.

26.	Meyer O, Stahl D, Beckhove P, Huhn D, Salama A. Pulsed 
high-dose dexamethasone in chronic autoimmune hae
molytic anaemia of warm type. Br J Haematol 1997;98:860-2.

27.		 Ozsoylu F. Megadose methylprednisolone for the treatment 
of patients with Evans syndrome. Pediatr Hematol Oncol 
2004;21:739-40.

28.	Dussadee K, Taka O, Thedsawad A, Wanachiwanawin 

https://doi.org/10.3345/cep.2024.02026


Kwon YD, et al. Clinical outcomes of autoimmune hemolytic anemia in Korea www.e-cep.org529

W. Incidence and risk factors of relapses in idiopathic 
autoimmune hemolytic anemia. J Med Assoc Thai 2010;93 
Suppl 1:S165-70.

29.	 World Health Organization. Guideline on haemoglobin 
cutoffs to define anaemia in individuals and populations. 
Geneva (Switzerland): World Health Organization; 2024.

30.	Arceci R, Hann IM, Smith OP. Pediatric hematology.Oxford: 
Blackwell Publishing, 2006.

31. 	 Delvin EE, Marcil V, Lambert M, O'Loughlin J, Paradis 
G, Levy E. Pediatric reference intervals for biochemical 
markers in a Caucasian population. Clin Chem Lab Med 
2011;49:1093-102.

32.	 Soldin SJ, Wong EC. Pediatric reference intervals. Washing
ton, DC: AACC Press, 2017.

33.	 Li BJ, Yuan X, Jiang YJ, Li N, Shu XW, Liu KL. Retrospective 
analysis of 30 severe autoimmune hemolytic anemia pa
tients treated by whole blood exchange transfusion. Trans
fusion 2015;55:2231-7.

34.	 Loriamini M, Cserti-Gazdewich C, Branch DR. Autoimmune 
hemolytic anemias: classifications, pathophysiology, diag
noses, and management. Int J Mol Sci 2024;25:4296.

35.	 Thakkar D, Radhakrishnan N, Pruthi PK, Sachdeva A. 
Kawasaki disease with autoimmune hemolytic anemia. 
Indian Pediatr 2015;52:245–6.

36.	 Kupelian C, Sathi B, Singh D. Autoimmune hemolytic 
anemia and immune thrombocytopenia: a unique pre
sentation of Kawasaki disease. Case Rep Rheumatol 2021; 
2021:6640006.

37.		 Michel M, Saïr M, Rivière E, Moulis G, Comont T, Costedoat-
Chalumeau N, et al. Intravenous immunoglobulin as a 
rescue therapy for severe adult autoimmune hemolytic 
anemia: results from a French multicenter observational 
study. Am J Hematol 2024;99:1616-9.

38.	 Flores G, Cunningham-Rundles C, Newland AC, Bussel JB. 
Efficacy of intravenous immunoglobulin in the treatment 
of autoimmune hemolytic anemia: results in 73 patients. 
Am J Hematol 1993;44:237-42.

39.	 Barcellini W, Zaninoni A, Giannotta JA, Fattizzo B. New 
insights in autoimmune hemolytic anemia: from patho
genesis to therapy stage 1. J Clin Med 2020;9:3859.

40.	Fan J, He H, Zhao W, Wang Y, Lu J, Li J, et al. Clinical features 
and treatment outcomes of childhood autoimmune he
molytic anemia: a retrospective analysis of 68 cases. J 
Pediatr Hematol Oncol 2016;38:e50-5.

41.	 Michel M, Chanet V, Dechartres A, Morin AS, Piette JC, 
Cirasino L, et al. The spectrum of Evans syndrome in adults: 
new insight into the disease based on the analysis of 68 
cases. Blood 2009;114:3167-72.

How to cite this article: Kwon YD, Jung ES, Lim YJ. 
Treatment and clinical outcomes of pediatric auto
immune hemolytic anemia: real-world single-center 
data from Korea. Clin Exp Pediatr 2025;68:522-9.


