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Abstract
Autoimmune hemolytic anemia (AIHA) is a common disease entity among adults; however, it is rare among the pediatric age 
group. Evidence is scarce regarding pediatric AIHA in the literature. The objective of this study is to assess the frequency of AIHA 
and describe the clinical and laboratory characteristics and treatment outcomes of a cohort of children with AIHA in Egypt. A 
retrospective study was conducted on 50 children with AIHA who were registered and followed up at the New Children’s Hospital 
in Cairo, Egypt, between January 2010 and January 2021. The study group comprised 60% females and 40% males. Their median 
age was 8.25 years. All patients showed low hemoglobin levels with a mean of 5.40 ± 1.34 g/dl and a median reticulocyte count 
of 10 (IQR: 8–15). Twelve (24%) patients were diagnosed with Evans syndrome, and a positive Coombs test was detected in 46 
patients (92%). The frequency of primary AIHA was 40%, whereas it was 60% for secondary AIHA. The first line of therapy for 
acute attacks was high-dose IV steroids which responded well in 38 (76%) patients. Secondary AIHA was more common among 
our children (60%). AIHA is more prevalent in females (60%). The clinical and laboratory characteristics matched previous reports.
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Introduction

Autoimmune hemolytic anemia(AIHA) is a rare blood 
disorder  characterized by autoantibodies that bind to the 
erythrocyte surface  membrane and lead to premature red 
cell destruction. Though it can occur at any age, it is scarce 
in infancy and childhood, and its estimated incidence is 0.2 
per 100,000/year [1]. The diagnosis is based classically on 
the clinical and biological signs of hemolysis and the direct 
antiglobulin test  (direct Coombs test) [2, 3].

Most children suffer from pallor, jaundice, tiredness, or 
dark urine. Less commonly, there will be fever or abdominal 
pain, and 3% of children presented with collapse, coma, or 
acute renal insufficiency  due to sudden and severe anemia 
[4]. Positive Coombs test (DAT) is the diagnostic hallmark 
of AIHA; however, it may be absent in some pediatric cases 
with a frequency ranging from 6 to 23% [5].

Classification of AIHA is pathophysiologically based and 
divides AIHA into warm, mixed, or cold-reactive subtypes. 
This thermal-based classification is based on the optimal 
autoantibody-RBC reactivity temperatures. AIHA is further 
subcategorized into idiopathic and secondary, associated with 
several underlying infectious, neoplastic, and autoimmune 
disorders [6].

Corticosteroids are used as first-line therapy of warm AIHA, 
and 70–80% of patients show improvement after 3 weeks of 
treatment; intravenous immunoglobulins may be indicated as 
adjunctive therapy to steroids in more severe cases [7].

For refractory and relapsed cases, the choice may be 
between splenectomy and rituximab, which is becoming 
the preferred second-line treatment [8]. Some authors 
prefer rituximab to splenectomy  as a second-line treatment 
for children with AIHA due to the higher risk of infective 
complications following this practice in younger children 
[9]. In this study, we aimed to assess the frequency, clinical 
features, and treatment outcomes of primary and secondary 
AIHA among Egyptian children.
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Patients and methods

This retrospective study included fifty AIHA patients 
registered at hematology and/or rheumatology clinics at 
New Children’s Hospital, Cairo, Egypt, from January 2010 
to January 2021. Patients were 30 (60%) females and 20 
(40%) males with female sex predominance; m/f ratio is 
2:3. Their ages ranged from 1.1 to 14 years with a median 
of 8.25 years. Age at diagnosis ranged from 0.9 to 12 years 
with a median of 5.5 years, and they were diagnosed as 
AIHA based on conventional clinical and hematologic 
criteria [10]. Patients with AIHA are further subcategorized 
into idiopathic and secondary depending on a recognized 
underlying cause, such as immunodeficiency, infections, 
medications, or malignancy [6]. Primary and secondary 
AIHA of both sexes aged 18 years old or under were included 
in the study. Patients with laboratory evidence of other 
hemolytic disorders, e.g., hereditary spherocytosis; patients 
younger than 3 months; those with laboratory evidence of 
autoimmune lymphoproliferative syndrome; and patients 
with incomplete follow-up information at the time of data 
collection were excluded. Informed consent was obtained 
from the patients or their legal guardians before enrollment in 
the study. Data confidentiality and informants’ identity were 
maintained throughout the study and were coded and accessed 
by the investigators only. The Ethical Committee of Cairo 
University approved the study protocol with reference number 
MS-432-2021, according to the Institutional Committee for 
the Protection of Human Subjects and following the 18th 
World Medical Assembly, Helsinki, Finland.

Data were retrieved by reviewing medical records and 
directly interviewing all the patients and their legal guardians. 
Clinical and laboratory data were recorded at the first presen-
tation (baseline). The collected clinical data included demo-
graphics, preceding illnesses, symptoms, blood transfusion 
history, and drug therapy. The collected laboratory studies 
included complete blood count, reticulocyte count, and DAT 
(Coombs test). Virology screening for Epstein-Barr virus, 
hepatitis, HIV, cytomegalovirus , and the systemic lupus ery-
thematosus (SLE) panel (C3, C4, ANA, and anti dsDNA) 
was carried out for all patients once diagnosed as AIHA, and 
data were collected. Patients suspected of having autoim-
mune hepatitis were investigated for ANA, AMA, ASMA, 
and LKMA. Bone marrow examination was conducted for 
patients with associated thrombocytopenia to exclude under-
lying malignancy or lymphoproliferative disorder. Results of 
any additional diagnostic tests were collected (e.g., a renal 
biopsy was performed for SLE patients diagnosed).

Follow‑up data  Patients’ follow-up information, including 
clinical and laboratory response data, were obtained from 
outpatient records. The last available laboratory results were 

collected, including complete blood count, reticulocyte 
count, and DAT. Any relapses data were collected.

Treatment data

First‑line treatment  As per our local treatment protocol, this 
line includes corticosteroids with or without intravenous 
immunoglobulin (IVIG):

I.	 Corticosteroids:

○ For the most severely affected patients, such as those 
with rapidly evolving and severe hemolysis, pulse high-dose 
methylprednisolone, a dose of 30 mg/kg with a maximum 
dose of 1 g once daily for 3 days, was applied [11, 12].

○ Children with mild or moderate anemia (e.g., 
hemoglobin ≥7 to 8 g/dL) and appropriate reticulocytosis 
can be initially treated with oral predn​isone 2 mg/kg per day 
in two or three divided doses [13].

○ Oral predn​isone, 2 mg/kg per day, was used as the 
initial maintenance treatment in all patients upon discharge 
from the hospital. Withdrawal of prednisone was carried out 
during the follow-up visits. Adding a second-line/third-line 
therapy was guided by the patient’s response.

	 II.	 Intravenous immunoglobulin IVIG was combined with 
steroids in severe and refractory cases (i.e., patients with 
rapid hemolysis and very severe anemia or complex cases 
such as Evans syndrome) at 1g/kg/day for 2 days.

	 III.	 Plasmapheresis was considered in patients who 
showed ongoing hemolysis after receiving combined 
IVIG and steroids.

Second‑line therapy  It was indicated in patients with relapsed 
AIHA and those with resistant AIHA who showed initial poor 
response to steroids. Second-line therapy includes the following:

	 I.	 Azathioprine: An immunosuppressive agent that pri-
marily affects T lymphocyte helper function, thereby 
diminishing autoantibody synthesis and exerting a 
steroid-sparing effect. It was given at 3–4 mg/kg/day.

	 II.	 Cyclosporine A: Another immunosuppressive agent 
that primarily affects T lymphocytes; it should only 
be used in children with refractory AIHA. The rec-
ommended starting oral dose is 1 to 3 mg/kg daily, 
divided into two doses 12 h apart [14].

	 III.	 Mycophenolate  mofetil (MMF): This immunosuppres-
sive agent has been used in patients with relapsed, resistant 
AIHA, including those who have had a solid organ or stem 
cell transplant or who have Evans syndrome, acquired 
pure red cell aplasia, and/or ALPS [15, 16]. The recom-
mended dose is 600 mg/m2 orally divided every 12 h.

https://www.medilib.ir/uptodate/show/12725
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Third‑line therapy  It was indicated in children with refrac-
tory AIHA who have failed with second-line therapy [13].

	 I.	 Splenectomy: It is typically reserved for patients who 
fail medical therapy [17].

	 II.	 Rituximab: Rituximab is an anti-CD20 monoclo-
nal antibody used for children with AIHA who are 
refractory to or dependent on glucocorticoids [18].

	 III.	 Cyclophosphamide: It has been reported in a few 
refractory cases. The recommended dose is 500 mg/
m2 intravenously every 4 weeks for three doses.

	 IV.	 Response criteria were classified as follows:
		    ○ Complete remission: Clinical symptoms dis-

appeared, with normalized erythrocyte count, hemo-
globin level, reticulocyte count, bilirubin level, and 
negative DAT.

		    ○ Partial response: Clinical symptoms controlled, 
with hemoglobin level more than 8 g/dL, reticulocyte 
count less than 5%, bilirubin less than 3.4 mg/dL, as 
well as a negative or reducing titer of DAT.

		    ○ No response: The case was assigned as non-
responsive when anemia or the persistence of symp-
toms of hemolysis and the laboratory criteria did not 
achieve a partial response [19].

Statistical methods

Data were coded and entered using the statistical package 
SPSS version 21, IBM, USA. Data were summarized using 
the range, mean, standard deviation (SD), median, frequen-
cies (number of cases), and percentages when appropriate. A 
comparison of numerical variables between the study groups 
was performed using a t-test for independent samples when 
comparing two groups. For comparing categorical data, a chi-
square χ2 test was performed. An exact test was used when 
the expected frequency was less than 5. Repeated measures 
ANOVA and Friedman tests were used to compare laboratory 
data at three different time points. Results were considered 
statistically significant at a p-value of less than or equal to 0.05.

The sample size was calculated using the GPower® ver-
sion 3.1.9.4 program [20]. The statistical calculator is based 
on a 95% confidence interval, and the power of the study is 
90% with α error of 5%. According to a previous study [5], 
the sample size was calculated, and a minimal sample size 
of 30 cases was enough to find a difference.

Results

Most cases were of non-consanguineous marriages 29 (58%) 
and 2 (4%) patients had similar diseases in the family. The 
most common presenting symptom was pallor 49 (98%), 

followed by dark urine 41 (82%). Other features are listed 
in Table 1. Laboratory-documented viral infections, drug 
history, and comorbidities preceding the onset are shown 
in Table 1.

Patients were divided into two subgroups according to 
their classification into primary (idiopathic) AIHA (n=20) 
and secondary AIHA (n=30). The underlying etiology in 
secondary AIHA is illustrated in Fig. 1.

Laboratory investigation at 1st presentation

Labs at the first presentation of 50 AIHA cases are shown 
in Table 2. Hemoglobin level showed a mean of 5.40 ± SD 
1.34 g/dl, mean platelets 240.92 ± SD 131.79 (103/cc), mean 
TLC 8.73 ± SD 4.13 (103/cc), and median (IQR) of retics 
was 10 (8–15) with a range of 4–23. Twelve (24%) patients 
have associated thrombocytopenia at first presentation and 
were diagnosed with Evans syndrome. Among 50 patients 
with AIHA, 46 (92%) cases had Coombs test positive, and 
the rest of the cases, 4 (8%), showed negative tests.

All cases in our study were screened for rheumatologi-
cal diseases, especially SLE. The results are illustrated in 
Table 2. Regarding the lupus profile, C3 was consumed in 
19 (38%) cases, C4 in 18 (36%) cases, ANA positive in 21 
(42%) cases, and anti-dsDNA positive in 18 (36%) cases.

Hb hemoglobin, MCV mean corpuscular volume, MCH 
mean corpuscular hemoglobin, Hct hematocrit, TLC 
total leucocyte count, C3 complement component 3, C4 

Table 1   The frequency of occurrence of different symptoms of 50 
children with AIHA

Presenting symptoms No. %

Pallor 49 98.0%
Jaundice 38 76.0%
Dark urine 41 82.0%
Fever 10 20.0%
Muscle pain 9 18.0%
Headache 8 16.0%
Nausea/vomiting 2 4.0%
Bleeding from any orifices 7 14.0%
Viral infection preceding the attack No. %
CMV 9 18.0%
EBV 6 12.0%
Hepatitis 6 12.0%
Rubella 1 2.0%
Drug history
Penicillins 3 6.0%
Cephalosporins 1 2.0%
Acetaminophen 1 2.0%
Ibuprofen 1 2.0%
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complement component 4, ANA anti-nuclear antibody, Anti-
dsDNA anti double-stranded DNA

Other investigations were performed for special groups 
that had another association with AIHA. In twelve patients 
(24%) who had thrombocytopenia, BMA was conducted and 
revealed hypercellular marrow in 8 (16%) and normocellular 
in 4 (8%). Renal biopsy was performed for 10 (20%) patients 
who were diagnosed with SLE, and there were lupus nephri-
tis class 4 in 6 (12%) patients, lupus nephritis class 2 and 3 

were equal, and each was found in 2 (4%) patients. ASMA, 
AMA, and LKMA profile was performed in 4 (8%) patients 
suspected of having autoimmune hepatitis, and it was posi-
tive in the other 2 (4%) patients. HCV-PCR was performed 
in 3 (6%) patients, and it was positive in 2 (4%) and nega-
tive in 1 (2%) patient. CMV-PCR was conducted in 6 (12%) 
patients, and all were negative. Fibroscan was performed 
for 2 (4%) patients with hepatitis associated with AIHA and 
showed fibrosis grade 1 in both patients.

Treatment at 1st presentation

Blood transfusion was required in all patients with a median 
transfusion frequency of 2 (IQR: 1–2; range 1–8). The recur-
rent mismatch was found in 44 (88%) cases. All children 
(n = 50) received IV steroids as the first line of treatment 
with a mean duration of 11.74 (± 5.77) days (range: 3 to 20 
days). Thirty-eight (76%) patients were responders and did 
not show hemolysis afterward. Twelve (24%) showed ongo-
ing hemolysis after the first line. They were rescued with 
IVIG (n =11) and plasmapheresis (n = 5).

Maintenance treatment after the first line included ster-
oids in 38 (76%) patients. Mycophenolate mofetil (MMF) 
was added in 11 (22%) patients, and a combination of oral 
steroids, Mycophenolate mofetil, and Prograf (tacrolimus) 
in 1 (2%) patient.

Forty-one (82%) patients showed a good response to 
treatment, and 9 (18%) patients showed frequent relapses 
during the withdrawal of steroids.

A comparison of laboratory parameters at presentation, 
after first-line treatment, and at follow-up is presented in 
Table 3. Mean hemoglobin level and mean platelet count 
were significantly increased. Median reticulocyte counts 
dramatically decreased (p < 0.05) (Table 3).

Fig. 1   The underlying etiologies 
in secondary AIHA (n=30)
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Table 2   Laboratory investigation of 50 patients at first presentation

Labs at presentation No. = 50
Mean ± SD Range

Hb  (gm/dl) 5.40 ± 1.34 2.5–8
MCV (fl) 72.49 ± 10.01 45–100
MCH (pg) 26.08 ± 4.62 17–38
Hct (%) 20.20 ± 5.38 9–33
Platelets (103/cc) 240.92 ± 131.79 6–558
TLC (103/cc) 8.73 ± 4.13 2–25
Retics (%) 10 (8 – 15) 4–23
Lupus profile No. %
C3
  Normal 31 62.0%
  Consumed 19 38.0%
C4
  Normal 32 64.0%
  Consumed 18 36.0%
ANA
  Negative 29 58.0%
  Positive 21 42.0%
Anti-dsDNA
  Negative 32 64.0%
  Positive 18 36.0%
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Comparison of primary and secondary AIHA

Children with primary AIHA were predominantly males 
(p < 0.0001); they were younger (p < 0.0001) and had a 
lower age at diagnosis (p = 0.001). Details are illustrated in 
Table 4. All primary AIHA patients had jaundice and dark 
urine at presentation, while jaundice was seen in 60% and 
dark urine in 70% of secondary AIHA patients (p = 0.001 
and 0.007, respectively). Associated symptoms, including 
fever, muscle pain, and headache, were reported only among 
the secondary AIHA (33.3%, 30%, and 26.7%, respectively). 
Weakness and tiredness were more prevalent in the second-
ary type (66.7% vs. 35%, p = 0.05). Five patients with pri-
mary AIHA (5/20, 25%) had associated thrombocytopenia 
versus 6 (6/30, 20%) with secondary AIHA (p = 0.676). 
Other laboratory parameters at presentation were compara-
ble between primary and secondary AIHA patients.

During the withdrawal of steroids, the relapse rate among 
patients with primary AIHA was 10% (2 out of 20 patients) ver-
sus 23.3% in secondary AIHA (p=0.2), as illustrated in Fig. 2.

Patients with relapses (n=9)

The median age of non-responders was 9 years (IQR: 
8.5–11.8). Their median duration of follow-up was 42 

months (IQR: 18–66). Five (55.6%) had a history of positive 
consanguinity, and 1 (11.1%) had a similar condition in his 
family. Details of clinical and laboratory data are illustrated 
in Table 5.

All patients in this relapse group had received IV 
steroids as first-line therapy for a duration ranging 
from 15 to 20 days with a mean of 15.89 (± 1.83) days. 
Ongoing hemolysis after the first line of treatment 
was reported in 4 (44.4%) patients who received adju-
vant therapy (IVIG). Two (22.2%) patients addition-
ally needed plasmapheresis to achieve control of their 
hemolysis.

Treatment of relapses

IV steroids were used in 5 (10%) patients, 2 (4%) patients 
resumed full dose oral steroids with mycophenolic acid, 
1 (2%) patient started mycophenolate mofetil only, and 
another patient (2%) required IV steroids + azathioprine. 
Regarding maintenance treatment after the relapse, 6 
(12%) received full dose oral steroids + mycophenolate 
mofetil, one (2%) patient resumed full dose oral steroids 
+ azathioprine, one (2%) patient started only mycophe-
nolate mofetil, and one (2%) just resumed to full dose 
oral steroids.

Table 3   Laboratory parameters 
at presentation, after first-line 
treatment, and at follow-up (n = 50)

Hb hemoglobin, MCV mean corpuscular volume, TLC total leucocyte count, PLT platelet count
*p-value less than or equal to 0.05 is considered statistically significant

Labs At presentation After 1st line Last follow-up p-value
No. = 50 No. = 50 No. = 50

Hb (gm/dl) Mean±SD 5.40 ± 1.34 10.07 ± 1.59 11.44 ± 1.32 <0.05*
Range 2.5–8 7.5–14.5 9–14.5

PLT (103/cc) Mean±SD 240.92 ± 131.79 280.06 ± 120.41 328.36 ± 114.83 <0.05*
Range 6–558 45–546 71–750

TLC (103/cc) Mean±SD 8.73 ± 4.13 10.53 ± 3.13 11.63 ± 3.02 >0.05
Range 2–25 5–20 5–18

Reticulocyte count (%) Median (IQR) 10 (8–15) 2 (1–3) 0.8 (0.5–1.5) <0.05*
Range 4–23 0.5–9 0.4–7

Table 4   Differences in primary 
(n = 20) and secondary AIHA 
(n = 30)

Type of AIHA p-value Sig.

Primary AIHA Secondary AIHA

No. = 20 No. = 30

Gender
  Male 14 (70.0%) 6 (20.0%) <0.0001 HS
  Female 6 (30.0%) 24 (80.0%)
Age (years) Median (IQR) 4.25 (2.3–6) 11 (8–12) <0.0001 HS
Age at diagnosis (years) Median (IQR) 3.55 (1.65–5) 9.5 (3.6–11) 0.001 HS
Duration of follow-up (months) Median (IQR) 11 (6–12) 12 (6–24) 0.145 NS
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Discussion

The study group comprised 30 (60%) females and 20 (40%) 
males. Their age ranged from 1.1 to 14 years, with a median 
of 8.25 years. These findings are consistent with the evi-
dence of literature highlighting a higher incidence of auto-
immune diseases among females with a higher prevalence 
of AIHA among females [3, 21].

However, these findings are inconsistent with the Mayo 
Clinic experience, highlighting a higher incidence of AIHA 

among males, 65.7% [2]. The largest cohort of pediatric 
AIHA patients from France showed that males were pre-
dominant over females in all study groups (AIHA alone, 
AIHA/Evan’s syndrome, and total cohort) [22].

In our study, the median age at diagnosis (IQR) was 5.5 
(2–10) years with a range of 0.9–12 years which is approxi-
mately similar to Weli et al., which was 4.5 years [23].

In the present study, 42% of cases were of children of 
consanguineous marriage, and only two patients (4%) had a 
positive family history of autoimmune disease. These find-
ings are similar to ones reported by Aladjidi et al. when 
8% of the included patients had a positive family history of 
malignancies and autoimmune illnesses [22].

The primary distinction in childhood AIHA is the 
possibility of developing Evans syndrome (ES). ES was 
first classified as an autoimmune illness in which AIHA, 
immune thrombocytopenia, and/or immune neutropenia 
develop concurrently or sequentially without any under-
lying cause. ES has been reported to occur in 13–73% of 
children with AIHA [24-26].

In the current study, 12 (24%) patients have associated 
thrombocytopenia and were diagnosed with Evans syn-
drome. This is lower than reported by Tantawy et al., who 
stated that Evans syndrome was reported in 50% of cases [3].

In the present work, 46 (92%) of cases had Coombs test 
positive, and the rest of the cases, 4 (8%), showed nega-
tive tests. These findings are consistent with a published 
report that revealed 11% of AIHA patients showed negative 
Coombs tests [27, 28].

In the current study, 40% had primary AIHA versus 60% 
had secondary AIHA. These findings are similar to many 
reports, which indicated the prevalence of idiopathic or 
primary AIHA approaching 40% compared to secondary 
AIHA [22].

Fig. 2   Comparison of the 
relapse rate among patients with 
primary and secondary AIHA
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Table 5   Clinical and laboratory data of patients with relapses (n = 9)

No. (n=9) %

Other systems affection 4 44.4%
Neurological
Rheumatologic disease
Gastrointestinal tract

2 22.2%
1 11.1%
1 11.1%

Recurrent mismatch 9 100.0%
Coombs test
  Negative 0 100.0%
  Positive 9 0.0%
Type of AIHA
  Primary 2 22.2%
  Secondary 7 77.8%
  Secondary to viral infection 6 66.7%
  Secondary to autoimmune disease 

(SLE)
1 11.1%

Associated thrombocytopenia
  No 4 44.4%
  Yes 5 55.6%
Response criteria
  Partial remission 5 55.6%
  Complete remission 4 44.4%
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In the current study, patients diagnosed with secondary 
AIHA to autoimmune diseases such as SLE were 24%, those 
secondary to drugs with autoimmune disease were 4%, and 
those secondary to viral infection with autoimmune disease 
were 8%. These findings are consistent with many studies 
in the literature which demonstrated that secondary AIHA 
is most frequently caused by autoimmune illnesses such as 
SLE and juvenile idiopathic arthritis, and infections, gener-
ally viral in nature [10]. In our study, there were no cases of 
underlying malignancy [2].

Transfusion is a key player in the management of AIHA; 
it is frequently indicated for symptomatic or fast-progressing 
anemia, leading to life-threatening status, but the limitations 
of blood transfusion are mainly transfusion reactions and 
recurrent mismatch [13].

Our data showed that blood transfusion was required in 
all patients with a median transfusion frequency of 2 (IQR: 
1–2; range 1–8) units/week. The recurrent mismatch was 
found in 44 (88%) cases. These findings are markedly higher 
than those reported by Zhu et al., who reported the rate of 
repeated ABO mismatch by 31.6; in addition, all cohorts 
were highly reactive for the indirect agglutination test [29]. 
Others reported 12–40% of transfused patients developed 
clinically significant alloantibodies inducing rapid hemolysis 
and causing hemolytic transfusion reactions [30, 31].

In the current study, IV steroids were used as a first-line 
treatment among the included patients. Thirty-eight (76%) 
cases responded, while 12 (24%) were non-responders. They 
were rescued, and the treatment for non-responders was 
IVIG used in 11 (22%) as adjuvant therapy or plasmapher-
esis applied in 5 (10%) cases. These findings are consistent 
with international guidelines, confirming a response rate 
of 80% for steroids as a first line in treating AIHA among 
pediatrics [10, 32]. Our findings are also similar to those 
reported by Tantawy et al., as the response rate for steroids 
was 94% [3].

We found that secondary AIHA showed female sex pre-
dominance while primary AIHA patients were predomi-
nantly male. Our children with secondary AIHA were older 
at the presentation. These findings are consistent with the 
cohort presented by Naithani et al., who reported a higher 
prevalence of secondary AIHA among females who were 
older at presentation with a median age of 11 years (range 
0.2–17) [33]. On the contrary, the data published from 
other centers reported a younger age at presentation, with a 
median age of 2 years [34] and 8 years [35].

At the onset, all patients with primary AIHA had jaundice 
and dark urine, while jaundice was seen in 60% and dark 
urine in 70% of the secondary group (p = 0.001 and 0.007, 
respectively). These findings are consistent with the study 
conducted by Naithani et al. who reported that jaundice was 
much more prevalent in primary cases (70%) than in second-
ary (44%) [33].

Our results found that relapse occurred in 9 cases, 2 
cases with 1ry AIHA, and seven patients with secondary 
AIHA. However, Naithani et al., in 2007, showed relapse 
in 4 patients only; all belonged to the idiopathic (primary) 
group [33].

In the current study, 41 (82%) patients showed improve-
ment during the withdrawal of steroids, while 9 (18%) 
patients relapsed during the withdrawal of steroids. These 
findings are consistent with the study conducted by Dus-
sadee et al., who reported relapse rates among children 
with AIHA were significantly higher among patients with 
a shorter period of steroid tapering [36]. Moreover, Mayo 
Clinic reported a relapse rate of 22.8% among a cohort of 
35 AIHA patients [2].

Availability of supporting data  Not available

Funding  Open access funding provided by The Science, Technology & 
Innovation Funding Authority (STDF) in cooperation with The Egyp-
tian Knowledge Bank (EKB).

Declarations 

Ethics approval  The Ethical Review Committee of the Faculty of 
Medicine at Cairo University revised and approved the study protocol 
with reference number MS-432-2021. Informed consent was obtained 
from all patients to be included in the study. Written informed consent 
from the mother of each patient was obtained after proper orientation 
regarding the study’s objectives. Data confidentiality and informants’ 
identity were maintained throughout the study and were coded and 
accessed by the investigators only.

Consent to participate  All authors read, approved the final manuscript, 
and approved to participate.

Consent for publication  All authors read and approved the final manu-
script and approved to send it for publication.

Conflict of interest  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Becheur M, Bouslama B, Slama H, Toumi NE (2015) Anémie 
hémolytique auto-immune de l’Senfant [Autoimmune hemolytic 
anemia in children]. Transfus Clin Biol 22(5-6):291–298

http://creativecommons.org/licenses/by/4.0/


1694	 Annals of Hematology (2023) 102:1687–1694

1 3

	 2.	 Sankaran J, Rodriguez V, Jacob EK, Kreuter JD, Go RS (2016) 
Autoimmune hemolytic anemia in children: Mayo Clinic Experi-
ence. J Pediatr Hematol Oncol 38(3):e120–e124

	 3.	 Tantawy AA, Al-Tawil MM (2014) Spectrum and outcome of 
autoimmune hemolytic anemia in children: single-center experi-
ence in 10 years. Egypt J Heamatol 39:20–24

	 4.	 Hill QA, Stamps R, Massey E, Grainger JD, Provan D, Hill A et al 
(2017) The diagnosis and management of primary autoimmune 
haemolytic anaemia. Br J Haematol 176(3):395–411

	 5.	 Fan J, He H, Zhao W, Wang Y, Lu J, Li J et al (2016) Clinical fea-
tures and treatment outcomes of childhood autoimmune hemolytic 
anemia: a retrospective analysis of 68 cases. J Pediatr Hematol 
Oncol 38(2):e50–e55

	 6.	 Bass GF, Tuscano ET, Tuscano JM (2014) Diagnosis and clas-
sification of autoimmune hemolytic anemia. Autoimmun Rev 
13(4-5):560–564

	 7.	 Ladogana S, Maruzzi M, Samperi P, Condorelli A, Casale M, Giordano 
P et al (2018) Second-line therapy in paediatric warm autoimmune 
haemolytic anaemia. Guidelines from the Associazione Italiana Onco-
Ematologia Pediatrica (AIEOP). Blood Transfus 16(4):352–357

	 8.	 Kamesaki T (2017) Progress in diagnosis and treatment of autoim-
mune hemolytic disorders. Rinsho Ketsueki 58(4):329–335

	 9.	 Miano M (2016) How I manage Evans Syndrome and AIHA cases 
in children. Br J Haematol 172(4):524–534

	10.	 Voulgaridou A, Kalfa TA (2021) Autoimmune hemolytic anemia 
in the pediatric setting. J Clin Med 10(2):216

	11.	 Barros MM, Blajchman MA, Bordin JO (2010) Warm autoimmune 
hemolytic anemia: recent progress in understanding the immunobi-
ology and the treatment. Transfus Med Rev 24(3):195–210

	12.	 Jaime-Pérez JC, Rodríguez-Martínez M, Gómez-de-León A, 
Tarín-Arzaga L, Gómez-Almaguer D (2013) Current approaches 
for the treatment of autoimmune hemolytic anemia. Arch Immu-
nol Ther Exp (Warsz) 61(5):385–395

	13.	 Zanella A, Barcellini W (2014) Treatment of autoimmune hemo-
lytic anemias. Haematologica 99(10):1547–1554

	14.	 Arora S, Dua S, Radhakrishnan N, Singh S, Madan J, Nath D (2021) 
Autoimmune hemolytic anemia in children: clinical presentation and 
treatment outcome. Asian J Transfus Sci 15(2):160–165

	15.	 Acquazzino MA, Fischer RT, Langnas A, Coulter DW (2013) 
Refractory autoimmune hemolytic anemia after intestinal trans-
plant responding to conversion from calcineurin to mTOR inhibi-
tor. Pediatr Transplant 17(5):466–471

	16.	 Lauro A, Stanzani M, Finelli C, Zanfi C, Morelli MC, Pasqualini 
E et al (2014) Alemtuzumab plus cyclosporine treatment of the 
autoimmune hemolytic anemia in an adult bowel transplant. Case 
Rep Transplant 2014:1–14. https://​doi.​org/​10.​1155/​2014/​262953

	17.	 Audia S, Grienay N, Mounier M, Michel M, Bonnotte B (2020) 
Evans’ syndrome: from diagnosis to treatment. J Clin Med 9(12):3851

	18.	 Gobert D, Bussel JB, Cunningham-Rundles C, Galicier L, Dechartres 
A et al (2011) Efficacy and safety of rituximab in common variable 
immunodeficiency-associated immune cytopenias: a retrospective 
multicentre study on 33 patients. Br J Haematol 155(4):498–508

	19.	 Zhang ZN, Shen T (2008) Standard of diagnosis and therapeutic 
effect of hematopathy. Science Press, Beijing

	20.	 Erdfelder E, Faul F, Buchner A (1996) G-power: a general power 
analysis program. Behav Res Methods, Instrum Comput 28:1–11

	21.	 Ware RE, Despotovic JM (2018) Autoimmune hemolytic anemia 
(AIHA) in children: classification, clinical features, and diagnosis. 

Up to date. https://​www.​medil​ib.​ir/​uptod​ate/​show/​5934. Accessed 20 
Feb 2023

	22.	 Aladjidi N, Leverger G, Leblanc T, Picat MQ, Michel G, Bertrand 
Y et al (2011) New insights into childhood autoimmune hemolytic 
anemia: a French national observational study of 265 children. 
Haematologica 96(5):655–663

	23.	 Weli M, Ben Hlima A, Belhadj R, Maalej B, Elleuch A, Mekki N 
et al (2020) Diagnosis and management of autoimmune hemolytic 
anemia in children. Transfus Clin Biol 27(2):61–64

	24.	 Mathew P, Chen G, Wang W (1997) Evans syndrome: results of 
a national survey. J Pediatr Hematol Oncol 19(5):433–437

	25.	 Aladjidi N, Fernandes H, Leblanc T, Vareliette A, Rieux-Laucat 
F, Bertrand Y et al (2015) Evans syndrome in children: long-term 
outcome in a prospective French national observational cohort. 
Front Pediatr 29:3–79

	26.	 Jaime-Pérez JC, Aguilar-Calderón PE, Salazar-Cavazos L, 
Gómez-Almaguer D (2018) Evans syndrome: clinical perspec-
tives, biological insights and treatment modalities. J Blood Med 
9:171–184

	27.	 Segel GB, Lichtman MA (2014) Direct antiglobulin ("Coombs") 
test-negative autoimmune hemolytic anemia: a review. Blood 
Cells Mol Dis 52(4):152–160

	28.	 Kalfa TA (2016) Warm antibody autoimmune hemolytic anemia. 
Hematology Am Soc Hematol Educ Program 2016(1):690–697

	29.	 Zhu JY, Lan JC, Hu LY, Meng QB, Luo HQ (2004) Study on 
blood ABO typing in patients with autoimmune hemolytic ane-
mia. Zhongguo Shi Yan Xue Ye Xue Za Zhi 12(4):525–527

	30.	 Laine EP, Leger RM, Arndt PA, Calhoun L, Garratty G, Petz 
LD (2000) In vitro studies of the impact of transfusion on the 
detection of alloantibodies after autoadsorption. Transfusion 
40(11):1384–1387

	31.	 Das SS, Zaman RU, Safi M (2014) Incompatible blood trans-
fusion: challenging yet lifesaving in the management of acute 
severe autoimmune hemolytic anemia. Asian J Transfus Sci 
8(2):105–108

	32.	 Ladogana S, Maruzzi M, Samperi P, Perrotta S, Del Vecchio 
GC, Notarangelo LD et al (2017) Diagnosis and management of 
newly diagnosed childhood autoimmune haemolytic anaemia. 
Recommendations from the Red Cell Study Group of the Pae-
diatric Haemato-Oncology Italian Association. Blood Transfus 
15(3):259–267

	33.	 Naithani R, Agrawal N, Mahapatra M, Kumar R, Pati HP, 
Choudhry VP (2007) Autoimmune hemolytic anemia in children. 
Pediatr Hematol Oncol 24(4):309–315

	34.	 Moyo VM, Smith D, Brodsky I, Crilley P, Jones RJ, Brodsky RA 
(2002) High-dose cyclophosphamide for refractory autoimmune 
hemolytic anemia. Blood 100:704–706

	35.	 Duru F, Gurgey A, Cetin M, Kanra T, Altay C (1994) Chronic 
autoimmune hemolytic anemia in children: a report of four 
patients. J Med 25:231–240

	36.	 Dussadee K, Taka O, Thedsawad A, Wanachiwanawin W (2010) 
Incidence and risk factors of relapses in idiopathic autoimmune 
hemolytic anemia. J Med Assoc Thai 93(Suppl 1):S165–S170

Publisher’s note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1155/2014/262953
https://www.medilib.ir/uptodate/show/5934

	Autoimmune Hemolytic Anemia in the Pediatric Age Group: The Egyptian Experience
	Abstract
	Introduction
	Patients and methods
	Treatment data
	Statistical methods

	Results
	Laboratory investigation at 1st presentation
	Treatment at 1st presentation
	Comparison of primary and secondary AIHA
	Patients with relapses (n=9)
	Treatment of relapses

	Discussion
	Availability of supporting data 
	References


