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Case Report

Introduction

Deficiency of adenosine deaminase 2 (DADA2) is an autoin-
flammatory disorder characterized by various forms of vas-
culitis and is rarely manifesting as pure red cell aplasia 
(PRCA) or neutropenia. Very few reports in the literature 
document these associations. We, therefore, report two dif-
ferent novel mutations in the ADA2 (also known as cat eye 
syndrome chromosome region 1 gene) in two different 
patients that result in DADA2 and presented with pure red 
cell aplasia in the first reported patient and persistent neu-
tropenia in the second one. PRCA is normocytic normochro-
mic anemia with severe reticulocytopenia and markedly 
reduced erythroid precursors in the bone marrow. It can be 
inherited as in Diamond-Blackfan anemia (DBA) or 
acquired.1 The latter can be further classified into parvovi-
rus-associated PRCA, drug-induced, primary idiopathic 
which is frequently antibody-mediated autoimmune disor-
der, or secondary PRCA that can be due to collagen vascu-
lar disorders, autoimmune diseases, lymphoproliferative 
disorders, or malignancies.2 On the other hand, persistent 

neutropenia can result from different disorders such as 
malignancy, hematologic disorders, metabolic disorders, or 
infectious causes. Determining the cause of neutropenia is 
critical in defining a successful plan for treatment.

Case Presentation

Case 1

This is a 5-year-old Saudi girl who presented with general-
ized weakness, easy fatigability, pallor, and poor oral intake, 
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Abstract
Recent progress in laboratory techniques, particularly, identification of novel disease-causing genes, has led to the detection 
of different gene mutations that might be implicated in the pathogenesis of different hematological disorders like pure red 
cell aplasia (PRCA) and neutropenia. An autoinflammatory disorder known as deficiency of adenosine deaminase 2 (DADA2) 
has been recently noticed to present with variable hematologic abnormalities. We report 2 patients who presented with 
hematologic abnormalities in which 2 ADA2 gene mutations were detected. The first case is a 5-year-old girl who presented 
with severe PRCA and autoimmune hemolytic anemia without any other manifestation of DADA2 that resulted from a 
novel CECR1 c.714_738dup, p. (Ala247Glnfs*16) homozygous variant. The second case is a 10-year-old boy, known to have 
Hodgkin lymphoma and was under follow-up for 6 years; he presented with persistent neutropenia and was discovered to 
be homozygous for ADA2 c.1447_1451del, p. (Ser483Profs*5). In conclusion, we report two different novels ADA2 variants 
in two children; the first presented with PRCA and the second presented with persistent neutropenia. This report aims to 
raise the concerns regarding the use of genetic testing in different hematologic diseases with indefinite etiology, as it will lead 
to the best therapeutic strategies without the need for unnecessary interventions.
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O2 saturation 97%, and the patient was hemodynamically 
stable. She was admitted to the neonatal intensive care unit 
(NICU) at birth when her first blood count showed hemoglo-
bin (Hb) of 4 gm/dL for which she received a blood transfu-
sion. Initial investigation included a normal flow cytometry, 
that ruled out malignancy or immunologic disorders, and 
molecular genetics that confirmed a diagnosis of α-
thalassemia trait which had no clinical implications. Further 
investigations were planned but the patient was lost to fol-
low-up. For 5 years till the current presentation, the child did 
not follow up at any medical center, and the parents clarified 
that the child had a normal life with no reported manifesta-
tions of medical concern. Both parents are consanguineous 
with no medical history of concern. She had no history of 
recurrent infection, no history of blood transfusions, hyper-
tension, diabetes, or other conditions of medical concerns, no 
history of previous surgeries, and no history of drug aller-
gies. Developmental history was compatible with her age 
and vaccination was up to date. On examination, she looked 
pale, fatigued, and not dysmorphic; cardiac examination 
showed a hemic systolic murmur at the apex; there was no 
organomegaly, no dermatologic manifestations, no signs of 
skin inflammation or vasculitis; and neurologic examination 
and other systems review were unremarkable. Subsequently, 
she was admitted to the hospital for further investigation and 
supportive treatment. Her initial blood works showed Hb of 
3.8 gm/dL, reticulocytopenia, slightly elevated serum 

bilirubin, and glucose-6-phosphate dehydrogenase (G6PD) 
deficiency. She had a positive direct antiglobulin test 
(DAT++) and was given packed red blood cells (PRBCs) 
with good improvement (Table 1). The initial impression 
was autoimmune hemolytic anemia with reticulocytopenia, 
so the child started on trials of intravenous immunoglobulin 
(IVIG) 1 gm/kg/day for 2 days and prednisolone 2 mg/kg/
day for 1 month and tapering over 2 weeks with no apparent 
response. Bone marrow aspirate and biopsy were performed 
and showed reduced erythropoiesis that is consistent with 
PRCA. Parvovirus and Epstein-Barr virus (EBV) DNA by 
polymerase chain reaction (PCR) were not detected. The 
patient was kept under close follow-up at the clinic while 
preparing for the bone marrow transplantation process. She 
has a human leukocyte antigen (HLA)-matched sibling 
donor. Meanwhile, whole exome sequencing (WES) was 
requested aiming at a final solid diagnosis. During that time, 
the patient required weekly blood transfusion, as the HB 
level was dropping so fast reaching down to 2 gm/dL in some 
reports. Sequence analysis using the Blueprint Genetics 
(BpG) Whole Exome Plus identified CECR1 c.714_738dup, 
p. (Ala247Glnfs*16) a homozygous variant and a heterozy-
gous missense variant G6PD c.563C>T, p. (Ser188Ph). 
Following the diagnosis, we aimed to start the patient on 
anti-tumor necrosis factor agents; however, the parents 
refused this type of therapy, so we are currently preparing the 
patient for bone marrow transplantation; she is clinically 

Table 1. Laboratory Results of the Two Patients.

Test P1 P2 Normal value

Urea nitrogen 3.7 3.4 1.6-4.6 mmol/L
Creatinine 43 31 20-70 μmol/L
Total protein 83 67 64-86 g/L
Albumin 36 43 38-56 g/L
Aspartate aminotransferase 19 28 15-37 U/L
Alanine aminotransferase 16 18 24-49 U/L
Total bilirubin 18 9 0-14 μmol/L
White blood cell 8.2 2.7 (5.0-13.0) 103/μL
Hemoglobin 3.8 11.8 11.5-14 g/dL
Mean corpuscular volume (MCV) 72.9 62.7 75-88 fL
Platelets 477 216 180-400 103/μL
Lactate dehydrogenase (LDH) 285 250 129-222 U/L
Cytomegalovirus-IgG Reactive Reactive Negative
Cytomegalovirus-IgM Non-reactive Non-reactive Negative
Hepatitis B core antibody-IgM Non-reactive Non-reactive Negative
Hepatitis B surface antigen Non-reactive Non-reactive Negative
Hepatitis C virus Non-reactive Non-reactive Negative
ds DNA Elisa 63.9 191 0-200 IU/mL
Anti-nuclear antibody Negative Negative Negative
Immunoglobulin A Not-done 0.75 0.7-2.3 g/L
Immunoglobulin G Not-done 12.9 6.7-14 g/L
Immunoglobulin M Not-done 1.1 0.4-1.5 g/L
Cholesterol 1.8 Not-done <5.2 mmol/L
Triglycerides 1.71 Not-done <1.7 mmol/L
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well, with reduced blood transfusion requirements (every 3-4 
weeks).

Case 2

The second case is a 10-year-old Saudi boy, known to have 
Hodgkin’s lymphoma (HL), who ended chemoradiotherapy 
6 years ago. He presented with fever, decreased activity, and 
poor oral intake; oxygen saturation was 98% room air, blood 
pressure was normal (120/80), and there was mild tachycar-
dia (115 beats/min). Both parents are consanguineous with 
no medical history of concern. He had no history of hyper-
tension, diabetes, or other conditions of medical concerns, no 
history of previous surgeries, and no history of drug aller-
gies. His developmental history was up to his age, and his 
vaccination was up to date. On examination, he looked ill, 
fatigued, and not dysmorphic; the cardiac examination was 
normal, there was no organomegaly nor lymphadenopathy, 
ENT examination was unremarkable, the neurologic exami-
nation was normal, there were no dermatologic manifesta-
tions, and there were no signs of skin inflammation or 
vasculitis. He was admitted to the hospital for further inves-
tigation and supportive treatment. His initial blood works 
showed Hb of 10 gm/dL, white blood cells 7000, and the 
absolute neutrophil count (ANC) was 0.5. Liver enzymes 
and electrolytes were within the normal range. The initial 
impression was infection-induced bone marrow suppression, 
and the child was treated as a case of fever in immunocom-
promised patient using intravenous antibiotics. The episodes 
of fever and neutropenia recurred more than once, so the 
patient was further investigated for the cause of neutrope-
nia. Other investigations including peripheral blood film, 
antinuclear antibody, anti-ds DNA antibodies, immuno-
globulin level, and virology screening (HIV, EBV, CMV, 
hepatitis) were reported as normal (Table1). Furthermore, 
we requested bone marrow aspirate and biopsy that showed 
no apparent malignancy nor clonal proliferation. Moreover, 
a molecular panel study for congenital neutropenia was 
also reported as normal. WES was requested as a possible 
diagnostic tool and showed a homozygous ADA2 mutation 
c.1447_1451del, p. (Ser483Profs*5). The patient is under 
close follow-up at the clinic while preparing to start anti-
tumor necrosis factor (TNF) agents.

Discussion

The whole-exome plus identified two different mutations 
in our two reported cases. In the first case, CECR1 
c.714_738dup, p. (Ala247Glnfs*16) a homozygous frame-
shift variant and a heterozygous missense variant G6PD 
c.563C>T, p. (Ser188Phe) were identified, and to the best 
of our knowledge, this is the first time to report this CECR1 
mutation. The second patient was homozygous for ADA2 
c.1447_1451del, p. (Ser483Profs*5), and this mutation  
has been reported only once before, by Alabbas et al3 

Hematological manifestations have been identified in asso-
ciation with DADA2 in several reports. One hundred fifty-
three patients were reviewed who are included in 28 
publications for patients with deficiency of DADA2, where 
their presentation included one or more hematological mani-
festations. One hundred two patients (66.6%, female n=52) 
presented with hematologic manifestations. The median 
onset of disease was at 5 years of age, range 1 month to 52 
years. It was noticed that different types of anemia including 
autoimmune hemolytic anemia, Evans syndrome, pure red 
cell aplasia, anemia, and Diamond-Blackfan anemia like fea-
tures were the most frequent presentation occurring in 53% 
of patients, in which PRCA constitutes 12.7%, autoimmune 
hemolytic anemia 3.9%, Evans syndrome 1.96%, anemia 
14.7%, and DBA was 18.6%. This was followed by lympho-
penia and organomegaly (splenomegaly ± hepatomegaly), 
32% each. Of particular concern, our first patient has PRCA 
which was the main presentation in 12 patients with atypical 
features of Diamond-Blackfan anemia. Our second patient 
presented with neutropenia and previously treated HL know-
ing that HL has been reported in 2 cases only from the total 
of 102 patients. Four patients were successful on hematopoi-
etic stem cell transplant (HSCT), 2 on anti-TNF, 2 failed on 
corticosteroids, and 2 failed on anti-TNF, whereas other 
patients are maintained on blood transfusion, corticosteroids, 
or monthly immunoglobulins. Table 2 summarizes DADA2 
that presents with hematologic manifestations.

The diagnosis of pure red cell aplasia (PRCA) depends on 
the presence of severe anemia with peripheral blood reticulo-
cytopenia and absent or reduced erythroblasts in the bone 
marrow. Our first patient did not have any feature that sug-
gests the congenital DBA form. She presented at age of 5 
years which is not usual for patients with DBA, and she did 
not have any growth retardation or developmental defects. 
Trials of steroids and immunoglobulin did not improve her 
anemia; moreover, she had a positive DAT that made it dif-
ficult to find compatible blood every time she needed a 
transfusion.

Subsequently, we preferred to perform more extensive 
investigations including WES rather than trying other thera-
peutic options without a solid clear diagnosis. PRCA has 
been reported a few times in association with DADA2.4,6-8 
However, our first case represents a novel ADA2 mutation 
which is c.714_738dup, p. (Ala247Glnfs*16) a frameshift 
variant, that duplicates 25 base pairs causing a frameshift, 
resulting in a premature stop codon at position 16 in a new 
reading frame in exon 5 (of 10 total exons). Protein trunca-
tion or nonsense-mediated mRNA decay are supposed to 
result in a loss of normal protein function. To our knowledge, 
this mutation has never been identified or published in the 
medical literature.

Our second patient presented with persistent neutrope-
nia and was known to have HL who have been treated 
using chemoradiotherapy and was under follow-up for the 
past 6 years. HL is a specific type of lymphoma with 
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Table 2. Published Reports and Abstracts of 153 Patients With DADA2 Deficiency and Hematological Manifestations.

Study Number of cases Hematological manifestation Comment

Hashem et al4 1/1 1 PRCA PRCA as a current DADA2 appearance and bone 
marrow transplantation was used to treat the 
patient

Zhou et al5 7/9 6 HSM, 2 pancytopenias,  
3 leukopenia, 1 lymphopenia,  
1 Evans syndrome.

The first report describes DADA2 and early-onset 
stroke as their manifestation

Van Montfrans 
et al6

2/2 2HSM, 1 neutropenia (cytopenia),  
1 lymphopenia, 1 PRCA

First successful HSCT reduce macrophage activation 
and endothelial disruption in DADA2

Ben-Ami et al7 5/5 2 PRCA, 1 AIHA, 2 HSM Hematological manifestation with no evidence of 
vasculitis

Sasa et al8 2/2 2 PRCA PRCA as a new feature of DADA2
Gizem et al9 1/1 1 PRCA PRCA as a new feature of DADA2
Nanthapisal 

et al10
6/15 6 Lymphopenia For patients with familial vasculitis, recalcitrant 

polyarteritis nodosa (PAN), or early-onset PAN-
like disease, genetic screening and measurement of 
ADA2 enzyme activity should be considered

Michniacki 
et al11

2/2 2 cytopenia, 2 bone marrow 
hypocellularity

Successful treatment with anti-TNF

Ekinci et al12 1/1 1 HSM, 1 cytopenia Successful treatment with etanercept
Lee et al13 15/15 5 PRCA, 8 anemia,  

4 lymphopenias, 9 neutropenia,  
3 thrombocytopenia, 11 HSM.

HSCT should be considered early as treatment with 
anti-TNF might be refractory

Van Eyck 
et al14

2/2 2 HSM, 2 lymphopenias,  
1 pancytopenia, 1 profound 
anemia, 1 lymphadenopathy,  
1 neutropenia.

Clinical heterogeneity associated with DADA2 and 
effectiveness of HSCT

Trotta et al15 8/9 5 splenomegaly, 1 
lymphadenopathy, 2 AIHA, 3 
neutropenia, 4 thrombocytopenia, 
4 lymphopenias, 1 myelofibrosis,  
1 DBA at birth, 1 Evans syndrome

Extended phenotypic heterogeneity associated with 
DADA2

Sundin et al16 1/1 1 immune thrombocytopenia Recurrent thrombocytopenia after treatment 
suggests a differential diagnosis rather than immune 
thrombocytopenia

Fellmann et al17 2/2 2 splenomegaly, 1 neutropenia Rule of WGS in immunodeficiency, and identifies IL17 
receptor-A (IL17 RA) deficiency and DADA2 in 
siblings with inflammation and recurrent infection

Cipe et al18 1/1 1 sever neutropenia The first patient with severe neutropenia associated 
with DADA2

Hsu et al19 1/1 1 neutropenia, anemia, GATA2 
deficiency

Total ADA2 loss, as in this case, may result in serious 
cytopenia rather than vasculopathy

Claassen et al20 1/1 1 hypoplastic anemia,  
1 autoimmune cytopenia

DADA2 as an appreciated etiology for hypoplastic 
anemia

Ghurye et al21 2/6 2 neutropenia, 1 lymphopenia,  
2 bone marrow hypocellularity

DADA2 consideration in unexplained cytopenia, 
especially with pan-hypogammaglobulinemia

Rama et al22 4/13 3 lymphopenias, 1 HSM Propose a DADA2 genetic diagnosis preliminary 
decision tree

Alsultan et al23 1/1 1 ALPS Successful treatment with anti-TNF
Alabbas et al3 2/2 2 Hodgkin lymphoma First reported ADA2 mutation in a patient with 

malignancy Hodgkin lymphoma
Barzaghi et al24 1/1 1 ALPS Successful treatment with HSCT
Batu et al25 2/6 1 MAS, 1 myelofibrosis Response to mycophenolate mofetil or fresh frozen 

plasma
Uettwiller 

et al26
2/2 1 anemia, 2 lymphopenia Consideration of CECR1 in atypical presentation of 

inflammatory disease

(continued)
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distinct behavior and clinical characteristics.31 In classical 
HL, diagnosis depends on the histologic demonstration of 
Reed-Sternberg cells that comprise 1% to 2% of the total 
tumor cell mass with a background of mixed inflammatory 
cells.32 Initial investigations of our patient ruled out HL 
relapse, and the patient was found to have a specific ADA2 
mutation. Persistent neutropenia was the only presentation of 
our patient. Neutropenia has been reported several times in 
association with ADA2 deficiency.13,15,19 We needed to rule 
out the relapse as the cause of neutropenia before proceeding 
with more sophisticated investigations. HL has been reported 
only once in association with ADA2 deficiency in 2 sib-
lings,3 and interestingly, ADA2 mutation in these 2 siblings 
was similar to our patient. Knowing that ADA2 deficiency 
has been also reported with various lymphoproliferative dis-
orders, this raises a high concern that ADA2 deficiency 
might have a direct causative effect on developing HL. 
However, a direct correlation between the two conditions has 
not been established up until now.

Corticosteroids and possible transfusion support are the 
mainstays of treatment for congenital PRCA and DBA; how-
ever, the only curative modality is stem cell transplant.2 For 
acquired PRCA, it is essential to identify patients with 
myelodysplastic syndrome, drug-induced PRCA, and B19 
parvovirus-associated PRCA as these situations necessitate a 
syndrome-specific therapeutic approach. For other causes of 
primary and secondary acquired PRCA, the treatment of 
choice is immunosuppression. Cyclosporine A, with or with-
out steroids, is regarded as the single most effective immuno-
suppressive agent.1

On the other hand, the treatment options for DADA2 pre-
viously included steroid therapy, which was associated 
with relapses upon tapering, tocilizumab showed success 
in some patients; however, its use was associated with recur-
rent strokes. It was recently believed that anti-TNF agents 
are an effective treatment. Michniacki et al reported 

successful treatment with TNF inhibitor in a patient with 
DADA2 associated with bone marrow failure.11 Also, suc-
cessful use of etanercept, immunoglobulin, and low-dose 
steroids with complete resolution of cytopenia was reported 
by Ekinci et al.12 However, it was concluded in one study that 
complete loss of function in ADA2 seen in hematologic dis-
ease is not in favor of anti-TNF treatment, whereas there is a 
promising response to TNF inhibition in case of vasculitis 
due to a subtotal loss of function.13 Thalidomide has been 
used with better results but was complicated with neurologic 
toxicities.33 Hematopoietic stem cell transplant is the defini-
tive treatment, especially when reversal of cytopenia and 
immunodeficiency are desired. The first successful HSCT 
was reported by Van Montfrans et al in 2014.6 Hashem et al 
reported a successful HSCT treatment of PRCA associated 
with DADA2 after failing multiple lines of treatment.4 In 
addition, in a multicenter study, it was noted that all patients 
who had HSCT were cured and doing well at an 18-month 
follow-up.34

Conclusion

We report two different DADA2 variants in two children; the 
first presented with PRCA and the second presented with 
persistent neutropenia. DADA2 is extending phenotypically 
beyond its known manifestations to include various hemato-
logic presentations. We emphasize the utilization of genetic 
testing that can lead to a better understanding of different 
hematologic disorders with improved detection and diagno-
sis, which will ultimately offer different therapeutic options 
and prevent unnecessary interventions.

Authors’ Note

The article was presented in abstract form at the annual hematology 
transfuse cell therapy meeting held in Turkey, October 2020.

Study Number of cases Hematological manifestation Comment

Sahin et al27 4/8 3 lymphopenia, 1 pancytopenia In DADA2 patients, anti-TNF alpha treatment appears 
to be successful and life-saving

Schepp et al28 7/11 5 lymphopenia, 4 anemia,  
3 thrombocytopenia,  
1 neutropenia

Hematopoietic stem cell transplantation should be 
considered in patients with serious cytopenia and 
bone marrow failure

Özen et al29 10/24 9 DBA-like features, 1 leukopenia Suggest a relationship in which dimerization domain 
mutations are linked to a PAN-like phenotype 
and catalytic domain mutations to hematological 
manifestations

Ulirsch et al30 9/9 9 /DBA-like features The genetic landscape of 472 patients with DBA and 
implemented WES

Our cases 2/2 1 PRCA, 1 AIHA, HL, neutropenia Novel DADA2 mutations

Abbreviations: DADA2, deficiency of adenosine deaminase 2; PRCA, pure red cell aplasia; HSM, hepatosplenomegaly; AIHA, autoimmune hemolytic  
anemia; TNF, tumor necrosis factor; HSCT, hematopoietic stem cell transplant; DBA, Diamond-Blackfan anemia; WGS, whole genome sequencing;  
ALPS, autoimmune lymphoproliferative disorder; MAS, macrophage activation syndrome; CECR1, cat eye syndrome receptor1; WES, whole exome 
sequencing; HL, Hodgkin lymphoma; G6PD, glucose-6-phosphate dehydrogenase.

Table 2. (continued)
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