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Deficiency of adenosine deaminase 2 (DADA2) is a 
monogenic autoinflammatory disease defined by 

features of autoinflammation, vasculitis, hematological 
involvement, lymphoproliferation, immunodeficiency, 

and autoimmunity in young children [1, 2]. DADA2 
is an autosomal recessive disease associated with loss 
of function pathogenic variants in ADA2, previously 
named CECR1 gene [1, 2].

ABSTRACT
OBJECTIVE: The aim of this study is to evaluate the clinical, laboratory, and radiological findings and prognosis of patients 
with adenosine deaminase 2 deficiency (DADA2) and to highlight the conditions that DADA2 should be considered in the 
differential diagnosis in patients with neurological findings.

METHODS: A case series of six DADA2 patients was presented in this retrospective, descriptive study. Clinical and laboratory 
data, treatment protocols, and prognosis of the patients were recorded. A diagnosis of DADA2 was established by ADA2 
enzyme activity assay and/or ADA2 gene sequencing.

RESULTS: Six patients with DADA2 were included in the study. The median age at symptom onset was 6.5 years (range 
3.5–13.5 years). The median time to diagnosis from the initial presentation was 9 (3–72) months. Consanguinity was present 
in the families of 4 cases. The skin, nervous system, and musculoskeletal system were the most commonly involved systems. 
Vasculitis mimicking polyarteritis nodosa (PAN) was the predominant phenotype (n=4) in our case series. Four patients with 
PAN-like features had neurological involvement. Ischemic strokes were found in 3 patients, cranial nerve palsy in 2 patients, 
and seizures in 2 patients. The CECR1 gene was analyzed in all patients. We analyzed plasma ADA2 enzyme activity only 
in one patient. Anti-tumor necrosis factor (TNF)-α therapy was initiated. Inflammation was suppressed and remission was 
achieved in all patients.

CONCLUSION: DADA2 should be considered in patients with PAN-like disease, a history of familial PAN/vasculitis, early-on-
set strokes/neurological involvement with systemic inflammation. Furthermore, anti-TNF-α therapy appears to be beneficial 
for the treatment of DADA2.
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ADA2 has main roles in maintaining the endothelial 
integrity, regulating neutrophil activation, and the balance 
between pro-inflammatory (M1) and anti-inflammatory 
(M2) macrophages and monocytes. Although the patho-
physiological mechanism is uncertain, it is assumed that 
dysregulation in macrophage differentiation and chang-
es in M2 and M1 macrophage distribution are involved. 
Tissue damage occurs as a result of uncontrolled activa-
tion of neutrophils, endothelial cell dysfunction, and the 
release of pro-inflammatory cytokines [3–5].

Although the presentation of DADA2 resembles 
early-onset polyarteritis nodosa (PAN), it is widely 
variable with an expanding phenotype. Common clin-
ical and laboratory findings of the disease are fever, 
livedo racemosa/reticularis, skin ulcers, early-onset 
ischemic and/or hemorrhagic strokes, dysregulated im-
mune function, lymphoproliferation, cytopenias, and 
systemic inflammation [6, 7]. Patients characterized 
by vasculitis may have skin findings, neurological in-
volvement, gastrointestinal manifestations, and hepatic 
disease. Ischemic strokes in the brain stem, thalamus, 
basal ganglia, and internal capsule may be observed in 
patients with PAN-like features. Neurological findings 
also include small, deep intracerebral hemorrhage, ce-
rebral vessel aneurysm, and central and peripheral neu-
ropathy [5, 6]. Recurrent strokes can lead to serious 
neurological disorders in patients, such as persistent 
ataxia, dysarthria, and cranial nerve (CN) palsy.

This study aims to evaluate the clinical, laboratory, 
and radiological findings and prognosis of six pediatric 
cases with DADA2. In addition, it is planned to empha-
size the conditions that DADA2 should be considered 
in the differential diagnosis in patients with neurological 
findings in our case series.

MATERIALS AND METHODS

Patients with a diagnosis of DADA2 followed up in a 
tertiary hospital rheumatology department were includ-
ed in this retrospective, descriptive study. DADA2 was 
diagnosed by ADA2 gene sequencing and/or ADA2 en-
zyme activity assay.

The data collected from the patient’s files included 
demographics, family and patient’s medical history, pre-
senting symptoms, clinical features and course, labora-
tory parameters, diagnostic investigations (diagnostic 
imaging or biopsies), genetic investigation, and medica-
tions. Extensive investigations included complete blood 

count, erythrocyte sedimentation rate (ESR), C-reactive 
protein (CRP), serum creatinine, urea nitrogen level, 
proteinuria, hematuria, and immunological parameters 
including serum C3, C4, anti-neutrophil cytoplasmic 
antibodies (ANCAs), antinuclear antibodies (ANA), 
antidouble-stranded DNA (anti-dsDNA), lupus antico-
agulant and anticardiolipin antibody, anti-beta 2 glyco-
protein 1, and thrombophilia panel.

Clinical remission was defined as the absence of active 
vasculitis, recovery/stabilization of disease-related organ 
damage, and absence of systemic inflammation.

Genetic analysis was screened with the next gen-
eration sequencing (Miseq-Illumina). ADA2 enzyme 
activity was evaluated in serum by spectrophotomet-
ric method.

Written consent from the patients was obtained ac-
cording to the Declaration of Helsinki. The study was 
approved by the Ethical Committee of Ankara City 
Hospital (May 04, 2021- no: 9).

Statistical Analysis
IBM SPSS Statistics for Windows, version 26.0 (SPSS 
Inc., Chicago, IL, USA) was used to perform statistical 
analysis. Results are given as median (minimum-maxi-
mum) as appropriate. Categorical variables were summa-
rized as counts (percentages).

RESULTS

Six patients with DADA2 were included in the study. 
The median age at symptom onset was 6.5 years (3.5–
13.5 years). The median time from initial admission 
to diagnosis was 9 (3–72) months. There was consan-
guinity in the families of 4 patients. The demographic, 
clinical, and laboratory characteristics of patients are 
given in Table 1.

Highlight key points

• ADA2 deficiency should be considered when evaluating with 
PAN-like findings, familial history of PAN/vasculitis, early-on-
set stroke/neurological involvement with systemic inflam-
mation, autoimmunity and atypical immunodeficiency syn-
dromes.

• In patients with DADA2 carrying the p.Gly47Arg mutation; 
vasculitis/vasculopathy and related neurological findings are 
detected more frequently.

• Anti-TNF-α agents were effective in controlling the inflam-
mation, vasculopathy, and prevention of strokes.
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Patient 1 
M

Patient 2 
M

Patient 3 
F

Patient 4 
M

Patient 5 
M

Patient 6 
F

 
Gender

Age at onset (years)
Age of diagnosis 
(years)
Follow-up
Time (months)
Consanguinity
Any relative with
DADA2
ADA2 mutation

Serum ADA2 activity 
(U/L)
Cutaneous findings

Neurological findings

Immunological findings
Hematological findings

Renovascular findings

PAN-like findings

ESR (mm/h), median 
(min–max)
CRP (mg/L), median 
(min–max)
Autoantibody
Positivity
Previous diagnosis

Treatment (Before 
diagnosis of DADA2)

Treatment (After the 
diagnosis of DADA2)
Outcome

1.5
7.5

10

+
None

p.Gly47Arg/ 
p.Gly47Arg
_

Livedo racemosa

6th nerve palsy, right 
thalamic infarct

None
None
(Platelet count: 
366×109/L)
None

Abdominal pain, 
fever, arthralgia
5 (3–48)

27 (5–72)

–

–

–

Etanercept

Remission

7
8

28

+
+

p.Gly47Arg/ 
p.Gly47Arg
_

Raynaud 
phenomenon, 
Digital ulcer

Seizures, bilateral 
occipital infarct

None
None
(Platelet count: 
289×109/L)
Hypertension, 
proteinuria
Abdominal pain, 
fever, arthralgia
18 (8–73)

32 (5–151)

–

Polyartheritis 
nodosa?/ Behcet’s 
Disease?
Corticosteroid, 
Cyclophosphamide, 
Infliximab
Etanercept

Remission

13
13.5

18

+
+

p.Gly47Arg/ 
p.Gly47Arg
_

Livedo racemosa

None

None
None
(Platelet count: 
262×109/L)
None

None

8 (5–49)

12 (4–52)

–

–

–

Etanercept

Remission

8
11

18

_
None

p.Gly47Arg/ 
p.Gly47Arg
_

Livedo 
racemosa,
Raynaud 
phenomenon, 
Digital ulcer
7th nerve 
palsy, thalamic 
lacunar infarct
None
None
(Platelet count: 
198×109/L)
Hypertension

Abdominal pain, 
fever, arthralgia
18 (4–44)

42 (5–96)

–

Familial 
Mediterranean 
fever
Colchicine

Etanercept

Remission

1.5
2

30

+
None

p.Gly47Arg/ -

_

None

None

None
Anemia
(Platelet count: 
324×109/L)
None

Fever

18 (7–47)

11 (3–68)

–

Familial 
Mediterranean 
fever
Colchicine

Etanercept

Remission

3
5

60

_
None

p.Gly47Arg/ 
p.Gly47Arg
Low 
(0.47 IU/L)
Livedo 
racemosa

Seizures, optic 
atrophy

None
None
(Platelet count: 
302x109/L)
None

Fever, 
abdominal pain
21 (5–47)

9 (1–68)

–

–

Colchicine

Etanercept

Remission

Table 1. Characteristics of patients with DADA2
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The skin, nervous system, and musculoskeletal sys-
tem were the most commonly involved systems, affect-
ing 83.3%, 66.6%, and 50% of all patients, respectively. 
Vasculitis mimicking PAN was the predominant pheno-
type (66.6%) in our case series. PAN-like features in 4 
patients are as follows: fatigue in 4, fever in 4, arthritis/
arthralgia in 4, myalgia in 2, gastrointestinal involvement 
in 4, skin involvement in 4, neurologic involvement in 4, 
hypertension in 2, and renal involvement in 2.

Five patients were diagnosed by ADA2 gene sequenc-
ing and one patient by ADA2 enzyme activity. Except for 
patient 6 (ADA2 level: 0.47 U/L), the level of ADA2 en-
zyme could not be studied in our patients. Five patients 
were homozygous for the p.Gly47Arg mutation, whereas 
patient 5 was heterozygous for p.Gly47Arg.

Patient 1 (18 months) presented with deviation of the 
left eye and the inability to move the eye outward and 
was diagnosed as having CN VI palsy.’ Magnetic reso-
nance imaging (MRI) showed a right thalamic lacunar 
infarct. After 5 years of follow-up in the department of 
pediatric neurology, vasculitic rashes started on his lower 
limbs. A homozygous p.Gly47Arg mutation in ADA2 
gene, which causes DADA2, was found in the patient.

Patient 2 (7 years old) was admitted with necrosis of 
the 3rd–4th distal phalanges of his left hand. He also had 
a fever (lasting 5 days), hypertension, and seizures. A bi-
lateral occipital lacunar infarction was detected on MRI. 
Based on his clinical manifestations and history, a diagno-
sis of vasculitis such as PAN, Behcet’s disease (BD) was 
suspected. Autoimmune markers, and chest and abdom-
inal CT angiography did not confirm possible diagnoses. 
Malignancies, infectious, and autoimmune diseases were 
excluded. His immunoglobulin levels and complete lym-
phocyte subset panel were normal. He, who did not meet 
the PAN and BD diagnostic criteria, was treated with a 
provisional diagnosis of vasculitis [pulse methylpredniso-
lone (30 mg/kg, 3 days) and cyclophosphamide (500 mg/
m2)]. Considering his clinical manifestations such as dig-
ital necrosis and elevated levels of inflammatory markers, 
DADA2 was suspected. ADA2 gene sequencing was per-
formed. ADA2 gene sequencing results revealed that he 
had homozygous mutations in ADA2 gene p.Gly47Arg 
mutation. Infliximab treatment was started initially due 
to Behçet’s-like disease the patient. After the diagnosis of 
DADA2, the treatment was changed to etanercept due to 
the difficulty of administering infliximab. Patient 3 (cous-
in of patient 2) had livedo racemose and systemic inflam-
mation. The ADA2 gene mutation was identified as ho-
mozygous p.Gly47Arg, as was her cousin.

Patient 4 (8 years old) had been followed up with a 
diagnosis of Familial Mediterranean Fever previously. 
His MEFV gene analysis was E148Q heterozygous. He 
was admitted to the hospital with a 15-day history of 
unilateral facial nerve palsy and arthritis. The patient 
had a history of fatigue, muscle pain, and intermit-
tent fever for the past 3 weeks. Physical examination 
revealed fever (38.3℃), arthritis in the right ankle, 
and left peripheral facial nerve palsy. It was also found 
out that he had right facial paralysis 3 years ago. MRI 
showed a thalamic lacunar infarct. Vasculitis diagnosis 
was suspected due to constitutional findings, arthritis, 
and neurological involvement. The diagnosis was con-
firmed by detecting a homozygous p.Gly47Arg muta-
tion in the ADA2 gene.

Patient 5 (1.5 years old) was admitted to our hospital 
with recurrent fever. Blood, urine, stool, and cerebrospi-
nal fluid cultures performed to investigate the cause of 
fever were negative. His MEFV gene analysis was nor-
mal. ANA, anti-dsDNA, ANCA, and immunoglobulin 
levels were normal as well as his echocardiogram, chest 
radiography, and abdominal ultrasonography were nor-
mal. Laboratory tests showed a high CRP (68 mg/dL) 
and ESR (47 mm/h), blood count changes (hemoglobin 
9.6 g/dL, leukocytes 16.4×109/L, platelets 324×109/L). 
A heterozygous p.Gly47Arg mutation in ADA2 gene 
was found in the patient.

The patient 6 (3 years old) was admitted with a li-
vedoid rash on the trunk and legs, recurrent fever, and 
abdominal pain. Acute phase reactants were moderately 
high. A skin biopsy performed due to the fact that the 
rashes were resistant resulted in negative for vasculitis. 
The enzyme activity of ADA2 analyzed with suspected 
DADA2, was found to be low (0.47 IU/L) and ADA2 
gene mutation was identified as homozygous p.Gl-
y47Arg. Etanercept treatment was started and remission 
was achieved. Colored visual symptoms were observed in 
the 2nd year of etanercept treatment. Neurological exam-
ination revealed centro-parieto-temporal spines on elec-
troencephalography and MRI was normal. Antiepileptic 
drugs were added to the treatment. There was no com-
plaint in the follow-up.

Once DADA2 diagnosis was established, anti-tu-
mor necrosis factor (TNF)-α therapy was initiated in 
6 patients after tuberculosis infection was excluded. 
After the initiation of anti-TNF-α therapy, clinical 
findings improved and inflammation was suppressed in 
6 patients. Seizures were observed in only one patient 
during follow-up.
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DISCUSSION

In this study, clinical and laboratory findings, genet-
ic investigations, and treatment responses of 6 patients 
with DADA2 were described. The vasculitic phenotype 
was prominent in our patients. Hence, we suggest that 
DADA2 should be considered in the case of; PAN-like 
features, having neurological findings and having a family 
member with similar findings. Early diagnosis and sub-
sequent administration of anti-TNF-α therapy may re-
duce the morbidity and mortality of this disease.

The diagnosis of DADA2 is established in a patient 
with biallelic loss-of-function ADA2 pathogenic vari-
ants identified by ADA2 gene sequencing and/or low 
(<5% of normal) or undetectable ADA2 enzyme activity 
in plasma or serum. The measurement of ADA2 activ-
ity is diagnostic when DNA sequencing reveals only one 
pathogenic variant [5]. Genotype-phenotype correlation 
is not clear due to different phenotypic presentations, 
environmental factors affecting gene expression, and 
compound heterozygosity. So far, the exact relationship 
between the type and location of the mutation and the 
phenotype of DADA2 has not been determined. More-
over, clinical manifestations can be highly variable in 
relatives with the same mutations. The most common 
pathogenic variants in patients with DADA2 are p.G-
ly47Arg or p.Arg169Gln [2, 8]. However, while vasculi-
tis phenotypes are more commonly associated with mis-
sense mutations, those with hematological involvement 
are more likely to have mutations including insertions/
deletions, nonsense, or missense mutations. In addition, 
ADA2 mutations have been shown to affect the dimer-
ization domain in patients with PAN-like findings and 
the catalytic domain in patients with immunodeficiency 
and hematologic involvement [9]. p.Gly47Arg mutation 
was detected in all 6 patients. This mutation has been 
reported to be pathogenic and cause vasculopathy and 
early-onset stroke [1]. Detection of infarct in half of our 
patients and the dominance of the vasculitic phenotype 
were consistent with their mutations. Although patient 
5 in our case series had clinical findings consistent with 
DADA2, a heterozygous ADA2 mutation was detected. 
Ozen et al. [10] showed that the serum ADA2 activity of 
patients with a single ADA2 mutation was as low as that 
of DADA2 patients with homozygous mutations.

A distinction between PAN and cutaneous PAN 
(cPAN) to DADA2 is not clear. PAN is necrotizing ar-
teritis of medium or small arteries that affects the skin, 
musculoskeletal system, gastrointestinal system, kidneys, 

and peripheral nervous system [10]. However, cPAN is 
a necrotizing vasculitis of the small and medium arteries 
that primarily affects the skin. Systemic organ involve-
ment is not typically expected, although there are ex-
tracutaneous symptoms such as fatigue, arthralgia, and 
neuropathy [11]. Similar to DADA2, cPAN may pres-
ent as necrotizing, medium-sized vascular arteritis char-
acterized by subcutaneous nodules, ulcers, and livedoid 
rash. Skin biopsies in DADA2 may show medium vessel 
vasculitis, as seen in cPAN/PAN, or leukocytoclastic 
vasculitis [12]. Findings such as stenosis and/or aneu-
rysm on angiography may be more common in patients 
with PAN than with DADA2. The predominant pheno-
type was vasculitis with PAN-like findings in our case se-
ries. In these patients, fatigue, fever, arthritis/arthralgia, 
myalgia, gastrointestinal involvement, skin involvement, 
and neurological involvement were prominent. PAN di-
agnosis was excluded due to the presence of neurological 
findings, having a relative with similar symptoms, and 
the absence of imaging and biopsy findings compatible 
with PAN. On the other hand, DADA2 has many faces 
other than vasculitis [11]. Since its discovery, the pheno-
type of DADA2 has significantly broadened to include 
not only vasculitis but also hematologic manifestations 
and immunodeficiency. Ozen et al. [13] suggested that 
the normal thrombocyte count and thrombocytopenia in 
DADA2 may help in differentiating from PAN, where 
thrombocytosis is expected. As expected, thrombocyto-
sis was not detected in any of our DADA2 patients.

Various findings associated with peripheral and central 
neuropathy have been reported in approximately 50% of 
DADA2 patients. A case of ischemic stroke at the age of 5 
months has been reported [14]. In another study, familial 
DADA2 cases were presented, and ischemic stroke para-
plegia and severe mental retardation were reported in one 
of the cases [15]. Typical MR images are acute and chronic 
lacunar ischemic infarction detected in subcortical white 
matter in the deep brain nuclei and/or brainstem. Caorsi 
et al. [16] analyzed the prevalence of ADA2 mutations in 
48 patients from 43 families in patients diagnosed with 
livedo reticularis and/or hemorrhagic/ischemic stroke in 
the context of inflammation or PAN. Biallelic homozy-
gous or compound heterozygous ADA2 mutations were 
found in 15 of 48 patients. Ten patients had one or more 
cerebral strokes during follow-up. Similarly, lacunar isch-
emic infarction was detected in three of our patients. CN 
palsies usually include CN III, IV, VI, and VII [17, 18]. 
CN VI and VII palsies were seen in our two patients. 
In patient 1, vasculitis findings occurred 5 years after pa-
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ralysis of the VI CN. In conclusion, DADA2 should be 
considered in children diagnosed with PAN-like features, 
livedoid rash, and early-onset stroke. 

In the past, immunosuppressive drugs such as ste-
roids, azathioprine, cyclosporin, tacrolimus, cyclophos-
phamide, and methotrexate have been used to suppress 
systemic inflammation in early-onset PAN and recur-
rent stroke [8, 18–20]. Currently, the main treatment 
is anti-TNF agents (etanercept, infliximab, and adali-
mumab), based on data from both the first two reports 
and subsequent studies [2 ,21–24]. Navon Elkan et al. 
[2] showed that anti-TNF-α drugs have a positive effect 
in 10/13 patients with PAN, and Ombrello et al. [25] 
reported similar results in 12 DADA2 patients. An-
ti-TNF-α agents were effective in controlling fever ep-
isodes, inflammation, vasculopathy, and prevention of 
strokes. Ombrello showed no recurrence of stroke in 15 
patients with DADA2 after anti-TNF alpha therapy. Be-
fore the initiation of anti-TNF therapy, 15 patients had 
a cumulative DADA2 duration of 2077 patient months 
(i.e., from birth) and a cumulative total of 55 strokes. Af-
ter the initiation of anti-TNF, patients experienced no 
stroke during 733 patient months [25].

The low number of patients and the inability to mea-
sure ADA2 e7zyme levels in all patients are the limita-
tions of the study.

Conclusion
Recognition of the expanding spectrum of DADA2 is im-
portant for the timely diagnosis and management of this 
disease with high morbidity. DADA2 should be consid-
ered when evaluating patients with PAN-like features, 
history of familial PAN/vasculitis, early-onset strokes/
neurological involvement with systemic inflammation, and 
atypical immunodeficiency syndromes with autoimmunity.
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