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Abstract

Background: Severe combined immunodeficiency (SCID) syn-
dromes are a heterogenous group of diseases characterized by impair-
ment in both cellular and humoral immunity with a range of genetic 
disorders. Complete recombinase activating gene (RAG) deficiency 
is associated with classical T-B-NK+ SCID which is the most com-
mon phenotype of Turkish SCID patients. There is a broad spectrum 
of hypomorfic RAG mutations including Omenn syndrome, leaky or 
atypical SCID with expansion of γδ T cells, autoimmunity and cyto-
megalovirus (CMV) infections.

Methods: Twenty-one (44%) patients had RAG1 deficiency of all 44 
SCID patients followed up by pediatric immunology department. A 
retrospective analysis was conducted on the medical records of all 
SCID patients with RAG1 deficiency.

Results: Eight patients were classified as T-B-NK+ SCID, five pa-
tients as T+B-NK+ SCID (three of these were Omenn phenotype), 
and eight patients as T+B+NK+ SCID phenotype. Mean age of the 
whole study group, mean age at onset of symptoms and mean age at 
diagnosis were 87.7 ± 73.8 (12 - 256), 4.4 ± 8.2 (1 - 36) and 29.1 ± 
56.8 (1 - 244) months, respectively. Consanguinity was present in 11 
(52%) of 21 patients. Autoimmunity was found in six patients (28%). 
Ten patients (47%) had CMV infection, four (19%) had Epstein-Barr 
virus (EBV) infections and three (14%) had Bacillus Calmette-Guerin 
(BCG) infections. Seven patients who had refractory cytopenia (two 
pancytopenia and five bicytopenia) underwent bone marrow biopsy, 
three of whom had bone marrow fibrosis. Future evaluations must be 
considered about bone marrow fibrosis in RAG1 deficiency patients. 
Eosinophilia was observed in 10 patients, seven of whom did not have 
Omenn phenotype.

Conclusion: Non-Omenn phenotype RAG1 deficiencies can also 
present with eosinophilia. This report is presented to emphasize that 

RAG1 mutations may lead to diverse clinical phenotypes.
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Introduction

Severe combined immunodeficiency (SCID) syndromes are a 
heterogenous group of diseases characterized by impairment 
in both cellular and humoral immunity with a range of genetic 
disorders. SCID patients present with recurrent life threaten-
ing infections in the first year of life and the only curative 
treatment is hematopoetic stem cell transplantation (HSCT) 
[1-3].

Recombinase activating genes 1 and 2 (RAG1 and RAG2) 
located in chromosome 11p13 are essential for the process of 
rearrangement of the variable (V), diversity (D) and joining 
(J) segments during T- and B-cell development [1, 4-6]. The 
adaptive immune system forms millions of antigen-specific 
receptors by the process of V(D)J recombination. Complete 
RAG deficiency (RAGD) without a V(D)J rearrangement is 
associated with classical T-B-NK+ SCID. T-B-NK+ SCID was 
reported to be the most common SCID type in Turkey (28%) 
[7]. In Kilic et al’s study, SCID prevalence was 2% of all pri-
mary immunodeficiency diseases. RAG1 and two genes are 
responsible for 50% of all patients with this SCID phenotype 
[8-10]. Defects in Artemis, DNA-ligase IV, Cernunnos and 
DNA-PKcs also cause T-B-NK+ SCID [11-14].

Schwarz et al [15] first described human autosomal reces-
sive SCID patients with non-sense, missense and deletional 
mutations in the RAG1 and RAG2 genes in 1996. Further eval-
uation showed a broad spectrum of hypomorphic RAG muta-
tions including Omenn syndrome (with skin inflammation and 
αβ T-cell expansion), leaky or atypical SCID form with expan-
sion of γδ T cells, autoimmunity and cytomegalovirus (CMV) 
infections and RAGD characterized by granulomatous lesions 
in skin and other tissues [3, 16-18].

The aim of this study was to review the clinical, immuno-
logical and molecular findings of Turkish SCID patients with 
RAG1 defects and to draw attention to the bone marrow fibro-
sis in some patients and high frequency of eosinophilia even in 
non-Omenn phenotype.
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Patients and Methods

A retrospective analysis was conducted on the medical records 
of all SCID patients with RAG1 deficiency, diagnosed at Ege 
University, Faculty of Medicine, Department of Pediatric Im-
munology between 2002 and 2015.

Twenty-one SCID patients with RAG1 deficiency of all 
44 SCID patients were included in this study. Data on demo-
graphic information of patients including name, gender, date 
of birth, age of onset of symptoms, clinical symptoms, age at 
diagnosis, family history and consanguinity, previous history 
of medications and vaccination, laboratory and molecular data 
were collected retrospectively by an inquiry form. Autoim-
munity, lymphoproliferation, chronic lung disease, blood mar-
row fibrosis, eosinophilia, CMV, Epstein-Barr virus (EBV) 
and Bacillus Calmette-Guerin (BCG) infections were all in-
vestigated.

Complete blood count with peripheral blood smear evalua-
tion, serum immunoglobulins by nephelometry (Dade Behring 
BNII Nephelometer Analyzer, Germany) and lymphocyte 
phenotyping (T, B, and NK cells) by flow cytometry (FAC-
SCalibur, Becton-Dickinson, USA) were the standard labora-
tory investigations performed for our patients. On the basis of 
phenotype, each patient was assigned to one of the following 
subgroups: T-B-NK+ SCID, Omenn syndrome, T+B-NK+ and 
T+B+NK+ phenotype.

Mutation analyses of RAG1 gene were performed as pre-
viously described [4]. Data analyses were performed using 
Statistical Package for Social Sciences version 16.0.

Results

Twenty-one patients (F/M: 10/11) with RAG1 deficiency were 
included. Their demographic findings are listed in Table 1. 
Eight patients (38%) were classified as T-B-NK+ SCID, five 
patients (23%) as T+B-NK+ SCID (three of these patients were 
Omenn syndrome), eight patients (38%) as T+B+NK+ SCID 
(leaky SCID) phenotype (Fig. 1).

Mean age of the whole study group, mean age at onset 
of symptoms and mean age at diagnosis were 87.7 ± 73.8 (12 
- 256), 4.4 ± 8.2 (1 - 36) and 29.1 ± 56.8 (1 - 244) months, 
respectively (Table 1). Consanguinity rate was 11 (52%) in 21 
patients. Mean age at onset of symptoms and age at diagnosis 
were statistically older in patients with T+B+ group (P = 0.005 
and P = 0.001, respectively).

Autoimmune findings were observed in six patients (28%) 
(two had autoimmune hemolytic anemia and four had posi-
tive Coombs test with no clinical signs). Ten patients (47%) 
had CMV infection, four (19%) had EBV infections, and three 
(14%) had BCG infections (two with BCGitis and one with 
BCGosis) (Table 1). Twelve of all patients (57%) had failure 
to thrive. Organomegaly was found in 11 (52%) patients. Ten 
patients were complicated with chronic lung disease. All three 
patients with Omenn phenotype presented with erythroderma 
and eosinophilia. Also one patient in T+B+NK+ SCID pheno-
type had erythroderma. In this group, seven patients underwent 
bone marrow biopsy for different indications (two pancytope-Ta
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nia and five bicytopenia) and three of them had bone marrow 
fibrosis (Table 2).

Lymphopenia was documented in six of all patients (28%). 
Five patients had neutropenia and four patients had thrombo-
cytopenia. Eosinophilia was determined in 10 patients, seven 
of whom were not Omenn syndrome (Table 3). None of these 
patients had any parasitic infections or any other pathologies 
explaining eosinophilia.

Lymphocyte subset distribution and increase in HLA-DR, 
TCRγδ+ expression on T cells are shown in Table 4. HLA-DR 
elevation was determined in four patients (80%) with T+B-

NK+ SCID phenotype including Omenn phenotype and in 
eight (38%) of all patients. γδ elevation was documented in 
four patients, one in T+B-NK+ SCID and three in T+B+NK+ 

SCID phenotype.
All patients with RAG1 mutations are shown in Table 5.
In this group, nine patients underwent HSCT, four from 

unrelated donors. After HSCT, two patients died, and the other 
seven patients recovered. Six patients who did not have related 
donors died during the follow-up period before an unrelated 
donor was found (Table 5).

Discussion

RAG1 and RAG2 deficiencies are responsible for 10% of all 
SCID cases. Phenotypic distrubition of this group was 38% T-

B-NK+ SCID, 23% T+B-NK+ SCID and 38% T+B+NK+ SCID 

Table 2.  Clinical Findings of Patients With RAG1 Deficiency

SCID phenotype n Failure to 
thrive, n (%) Chronic lung diseases (n) Organomegaly,  

n (%)
Erythroderma,  
n (%)

Bone marrow 
fibrosis, n (%)

T+B-NK+ 2 2 (100%) Small airway disease: 1 1 (50%) 0 1 (50%)
T+B+NK+ 8 3 (37.5%) Bronchiectasis: 5

Small airway disease: 3
5 (62.5%) 1 (12.5%) 1 (12.5%)

T-B-NK+ 8 4 (50%) Bronchiectasis: 1 3 (37.5%) 0 0
Omenn 3 3 (100%) 0 2 (66.7%) 3 (100%) 1 (33.3%)
Total 21 12 (57%) 10 11 (52.3%) 4 (19%) 3 (14%)

Table 3.  Hematologic Evaluation of Patients With RAG1 Deficiency

SCID phenotype n Neutropenia,  
n (%)

Lymphopenia,  
n (%)

Anemia,  
n (%)

Thrombocytopenia,  
n (%)

Eosinophilia,  
n (%)

T+B-NK+ 2 1 (50%) 1 (25%) 2 2 (100%) 0
T+B+NK+ 8 1 (12.5%) 1 (12.5%) 8 1 (12.5%) 2 (25%)
T-B-NK+ 8 2 (25%) 4 (50%) 8 0 5 (62.5%)
Omenn 3 1 (33%) 0 3 1 (33%) 3 (100%)
Total 21 5 (23%) 6 (28%) 21 4 (19%) 10 (47%)

Figure 1. Distribution of patients with RAG1 deficiency. 
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(leaky SCID) phenotype.
The relative frequency of the different forms of SCID 

may vary in different countries because of genetic, social and 
environmental differences. Among Turkish patients, the most 
common phenoype is T-B-NK+ SCID. RAG1 deficiency is in-
herited with an autosomal recessive pattern. In this group, con-
sanguinity rate was high (52%). Risk of autosomal recesive 
disorders is high because of high consanguineous marriages in 
Turkish population.

Mean age at onset of symptoms was 4.4 ± 8.2 months, but 
mean age at diagnosis was 29 ± 56 months. This difference 
between onset of the symptoms and diagnosis is especially be-
cause of the clinical heterogenity and late diagnosis of leaky 
SCID phenotype.

SCID has a very wide spectrum including late onset com-
bined immunodeficiency (CID) or leaky SCID with hypomor-
phic RAG mutations [19]. Villartay et al [16] first described 
four patients from four different families. These patients had 
severe CMV infection with TCRγδ expansion and autoimmun-
ity. In our group, not only leaky SCID patients but also three of 
the T-B-NK+ patients and one patient with Omenn phenotype 
had CMV infection. One patient with T+B-NK+ SCID (non-
Omenn phenotype) had CMV infection with HLA-DR and γδ 
elevation. This patient had the same homozygous mutation 
H561R with the patient discribed by Ehl et al previously with 

predominance of γδ T cells and CMV infection [3]. One of 
the patients in T+B+NK+ SCID group had the same mutation 
(del AA368-369) with one of Villartay’s patients and he also 
had CMV infection with TCR γδ expansion and autoimmunity. 
Four of our patients also had EBV infections.

SCID patients can also present with BCG infections [20, 
21]. Two of our patients with T-B-NK+ phenotype had BCGi-
tis and one patient with leaky SCID phenotype had skin BCG 
abscess.

All patients with T+B+NK+ SCID phenotype had chronic 
lung diseases. The percentage was more than the other phe-
notypes. This fact can be associated with the older age of this 
group and as a result more exposure to infections.

Some patients with RAGD may present later in life as CID 
with granuloma formation, none of our patients, including pa-
tients with late onset, had granuloma formation so far [17].

One of the most remarkable parts of this study is the high 
percentage of eosinophilia observed in non-Omenn patients 
(33%). Eosinophilia was present in 67.5% of T-B-NK+ SCID 
patients. Parasitic infections and the other pathologies, such as 
allergic reactions, Hodgkin lymphoma or myeloproliferative 
disorders causing eosinophilia were excluded. There was not 
any significant correlation between eosinophilia and type of 
mutations. This suggests us that non-Omenn phenotype SCID 
patients with RAG1 deficiency can also present with eosino-

Table 5.  RAG1 Mutations and Clinical Outcomes of Patients

SCID phenotype RAG1 mutation HSCT, n Donor Exitus n
T+B-NK+ p.R561H homozygous 1 Unrelated donor 0 2

H249R/K820R compound heterozygous 1 Unrelated donor 0
T+B+NK+ H249R/K820R compound heterozygous: 4 1 Sister 1 8

H249R heterozygous: 2 1 Mother 0
H249R homozygous: 1 0 0 1
delAA368-369 homozygous: 1 1 Mother 1

T-B-NK+ H249R/K820R compound heterozygous: 2 0 0 2 8
H249R homozygous: 2 1 Unrelated donor 0
Leu846Pr homozygous: 1 1 Brother 0
R394Q homozygous: 2 1 Father 2
p.R776Q del 3047-49 GCC: 1 0 0 1

Omenn H249R heterozygous: 2 1 Unrelated donor 2 3
arg108x/his249arg/leu797val/lys820arg heterozygous: 1 0 1

Total 9 9 11 21

Table 4.  Lymphocyte Subsets of Patients With RAG 1 Deficiency

SCID phenotype CD3  
(%)

CD19  
(%)

CD4  
(%)

CD8  
(%)

NK  
(%)

HLA-DR  
(%)

HLA-DR  
elevation (n)

γδ elevation  
(n)

CD45RA 
(%)

CD45RO 
(%)

T+B-NK+ (n = 2) 55 ± 6 5.1 ± 5.2 6.1 ± 4.2 42 ± 4.1 42 ± 8.4 34 ± 3.5 2 1 0.6 ± 0.03 5.6 ± 2.2
T+B+NK+ (n = 8) 69 ± 20 4.5 ± 5 36 ± 24 32 ± 16 20 ± 22 27 ± 20 3 3 32 ± 24 49 ± 20
T-B-NK+ (n = 8) 7.5 ± 14 7.6 ± 21 4.6 ± 8.1 3.4 ± 5.1 86 ± 8.4 2.7 ± 4.2 0 0 29 ± 20 39 ± 30
Omenn (n = 3) 83 ± 6 0.19 ± 0.18 44 ± 28 34 ± 25 12 ± 6 66 ± 6 3 0 - -
Total 46 ± 35 5.6 ± 13 22 ± 24 22 ± 20 42 ± 36 24 ± 25 8 4 35 ± 26 28 ± 30
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philia. Eosinophilia is also reported in primary immunodefi-
ciency patients other than RAG defects, such as congenital 
neutropenias, adenosine deaminase and DOCK8 deficiencies 
(literaür eklenecek). Compensatory mechanisms may be the 
reason for the increase in eosinophil counts in these patients. 
Further evaluation is needed about eosinophilia in these pa-
tients.

SCID patients mostly have lymphopenia. In the follow-
up period, some patients can develop other cytopenias such 
as thrombocytopenia, and neutropenia which can persist for a 
long time. In our group, seven patients underwent bone mar-
row biopsies because of persistent cytopenia and bone mar-
row fibrosis was determined in three of these patients. To our 
knowledge, there are no reports about bone marrow fibrosis 
in RAG deficient patients. Two of these three patients had the 
same compound heterozygous mutation H249R/K820R and 
one of them also had BCG infection.

Different mutations may lead to different phenotypes and 
the same mutation may present with different phenotypes. In 
our group, H249R and K820R compound heterozygous and 
H249R homozygous or heterozygous mutations were pre-
dominant. H249R/K820R compound heterozygous mutations 
were found in all SCID phenoypes. The H249R heterozygous 
mutation was also fond in all phenotypes except T+B-NK+ phe-
notype. This also suggests us that same mutations can present 
with different phenotypes. These mutations were reported as 
polymorphisms previously [22]. Two patients having H249R/
K820R compound heterozygous mutations were cousins with 
the same phenotype of T-B-NK+ SCID. Investigating RAG ac-
tivity in our patients will give us more accurate information 
about these defects being the reason of clinical phenotypes of 
our patients. We also describe a novel mutation p. Leu846Pr 
and the patient had classic T-B-NK+ SCID phenotype.

We wanted to pay attention to eosinophilia of RAG1 de-
ficient patients with non-Omenn phenotype. We also detected 
three patients with bone marrow fibrosis in our group and this 
can be a clinical part of RAG1 deficiencies. Further evalua-
tions must be considered.
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