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Abstract 101 

Background: Combined immunodeficiencies (CIDs) are diseases of defective adaptive 102 

immunity with diverse clinical phenotypes. Although CIDs are more prevalent in the Middle East than 103 

Western countries, the resources for genetic diagnosis are limited.  104 

Objectives: This study aims to characterize the categories of CID patients in Iran clinically and 105 

genetically.  106 

Methods: Clinical and laboratory data were obtained from 696 patients with CIDs. Patients 107 

were subdivided into those with syndromic (344 patients) and non-syndromic CIDs (352 patients). 108 

Targeted DNA sequencing was performed on 243 patients (34.9%).  109 

Results: The overall diagnostic yield of the 243 sequenced patients was 77.8% (189 patients).  110 

The clinical diagnosis of HIES (p<0.001), onset of disease > 5y (p=0.02), and the absence of multiple 111 

affected family members (p=0.04), were significantly more frequent in the patients without a genetic 112 

diagnosis. An autosomal recessive disease was found in 62.9% of patients, reflecting the high rate of 113 

consanguinity in this cohort. Mutations impairing VDJ recombination and DNA repair were the most 114 

common underlying causes of CIDs. However, in patients with syndromic CIDs, autosomal recessive 115 

mutations in ATM, autosomal dominant mutations in STAT3 and microdeletions in 22q11.21 were the 116 

most commonly affected genomic loci. Patients with syndromic CIDs had a significantly lower five-117 

year survival rate rather than those with non-syndromic CIDs.  118 

Conclusions: This study provides proof of principle for the application of targeted next-119 

generation sequencing panels in countries with limited diagnostic resources. The impact of genetic 120 

diagnosis on clinical care requires continued improvements in therapeutic resources for these patients.  121 

 122 

Key messages:   123 

1. The overall rate of molecular diagnosis was more than 78%, ranging from 60% for patients with 124 

hyper-IgE syndrome to 100% for patients with DiGeorge syndrome.  125 
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2. Patients with syndromic CIDs had a significantly lower five-year survival rate rather than those 126 

with non-syndromic CIDs, indicating the continued need for improved therapeutic interventions in 127 

these patients.  128 

3. Our results provide proof of principle for the application of targeted next-generation sequencing 129 

panels in countries with limited diagnostic resources. 130 

 131 

Capsule Summary: In this study of 696 patients with CID, molecular diagnosis was achieved in 132 

~78% of the patients.  133 

 134 

Keywords: combined immunodeficiencies; next-generation DNA sequencing; whole exome sequencing; 135 

targeted gene panel sequencing  136 

 137 

Abbreviations: 138 

AT: Ataxia telangiectasia  139 

BCG: Bacillus Calmette–Guérin 140 

CID: Combined immunodeficiency 141 

CMV: Cytomegalovirus 142 

EBV:  Epstein-Barr virus 143 

ESID: European Society for Immunodeficiencies 144 

FISH:  Fluorescent in situ hybridization 145 

HIES: Hyper IgE syndrome  146 

HIGM:  Hyper IgM phenotype 147 

HSCT: Hematopoietic stem cell transplantation 148 

KRECs: Kappa-deleting recombination excision circles 149 

NGS: Next-generation DNA sequencing 150 

PHA: Phytohemagglutinin 151 

PID: Primary immunodeficiency  152 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

7 

 

SCID: Severe combined immunodeficiency 153 

TRECs: T cell receptor excision circles  154 

VDPV: Vaccine-derived polio virus 155 

VZV:  Varicella-zoster virus 156 

WES: Whole exome sequencing 157 

WGS: Whole genome sequencing 158 

WAS: Wiskott-Aldrich syndrome 159 

160 
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Introduction 161 

 Combined immunodeficiencies (CIDs) are characterized by the defective development 162 

or function of T cells. As the most severe form of primary immunodeficiencies (PID), CIDs are 163 

characterized by a susceptibility to infections, particularly from opportunistic organisms, which leads 164 

to severe morbidity and mortality 1, 2. A subpopulation of patients also has syndromic features due to 165 

the function of the affected gene in non-immune cells3. The reported incidence of CID is 1:100,000 to 166 

1:5,000 live births worldwide 4-8; however, this is considered an underestimation of the actual 167 

incidence due to the mortality of patients before diagnosis, misdiagnoses in patients with atypical 168 

clinical manifestations, and incomplete national registries documenting CID incidence 9. The 169 

diagnostic delay between the age of disease onset and diagnosis has been reported to range from few 170 

days to several years in patients with CIDs 10.  171 

A genetic diagnosis provides the rationale for initiating the only curative interventions for 172 

CIDs, hematopoietic stem cell transplant and gene therapy, both of which can incur a high risk of 173 

morbidity and mortality 11. Early diagnosis enables initiation of curative therapies at a young age, 174 

which significantly increases the survival rate 12-14. The diagnosis of CIDs is challenging due to the 175 

wide variability in clinical phenotypes and the limited availability of clinical laboratory tests for 176 

characterizing defects in immune systems 3. Neonatal screening for severe CID (SCID) through 177 

quantification of T cell receptor excision circles (TRECs) has expedited the early diagnosis of patients 178 

with SCID by identifying defective T cell generation 15. However, this approach does not identify T 179 

cell dysfunction in the setting of normal T cell numbers or provide a genetic diagnosis. The increasing 180 

availability of targeted next-generation DNA sequencing (NGS) panels, whole exome sequencing 181 

(WES), and whole genome sequencing (WGS), have facilitated the identification of genetic defects 16. 182 

However, as demonstrated by the reluctance of commercial insurers to cover these tests, the utility of 183 

NGS as a diagnostic tool in clinical medicine is not uniformly accepted 17.  184 

CIDs constitute a group of clinically and genetically heterogenous disorders, necessitating a 185 

comprehensive molecular approach for a definitive diagnosis 18. The proportion of specific gene 186 

defects varies among countries, due to differences in rates of consanguinity and effects of founder 187 
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mutations. DiGeorge syndrome is the most commonly reported combined immunodeficiency in 188 

Western countries, but accounts for less than 30% of CIDs in the Middle East 19. The  published 189 

frequencies of genetic diagnosis in patient registries varies significantly among countries from 8% in 190 

Turkey and 13% in Tunisia to 40.4% in India and 60.5% in China 20-25. In the European Society for 191 

Immunodeficiencies (ESID) online database, causative mutations were identified in 36.2% of the PID 192 

patients 27. The overall rate of genetic diagnosis was less than 33.7% among 77,193 patients reported 193 

from Jeffrey Modell centers worldwide in 2014 19. Despite the fact that nearly 300 genes are known to 194 

cause PIDs 3, these data demonstrate that many patients with PIDs lack a genetic diagnosis.  195 

We have previously reported the demographic and phenotypic data from patients enrolled in 196 

the Iranian national registry 28. With the increasing availability of next-generation DNA sequencing 197 

technologies, we now present the genetic findings from 696 Iranian patients with CIDs. This is the 198 

largest cohort of genetically defined CID patients from a single country. Although consanguineous 199 

populations in the Middle East are commonly thought to have a high incidence of autosomal recessive 200 

CID, we show that autosomal dominant mutations in STAT3 and microdeletions in 22q11.21 are the 201 

most prevalent mutations in patients with syndromic CIDs. These results stress the need for a 202 

comprehensive genetic approach for the diagnosis of PIDs and provide proof of principle for the 203 

application targeted NGS panels in countries with limited diagnostic resources.  204 
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Patients and Methods 205 

Patients 206 

This study was approved by the Ethics Committee of the Faculty of Medicine of Tehran 207 

University of Medical Sciences. Written informed consent has been obtained from all patients and/or 208 

their parents. 209 

This study was conducted as a retrospective study of patients enrolled in the Iranian national 210 

registry for PIDs28 from “National PID network” that comprises 25 medical centers in Iran. The 211 

Iranian national registry for PID was established in 1997 and is managed by the Research Centre for 212 

Immunodeficiencies. The registry currently includes approximately 2,500 clinically diagnosed PID 213 

patients (<2% of expected patients according to the probable prevalence) and only 35% of these 214 

patients have been diagnosed genetically 26. A questionnaire surveyed the patients’ demographic 215 

information, age of disease onset, age of diagnosis, family history, a detailed clinical history that 216 

included vaccine history and associated adverse reactions, recurrent infections, physical examination 217 

findings, laboratory testing, and treatment history 28. Diagnostic laboratory data obtained included 218 

complete and differential blood count, serum immunoglobulin levels, immunophenotyping of 219 

peripheral blood lymphocytes, alpha-fetoprotein, assays of T cell function, which including 220 

proliferative assays (using phytohemagglutinin [PHA], Bacillus Calmette–Guérin [BCG] and 221 

Candida), Tuberculosis skin test, and radiosensitivity test 28-32. The delay in diagnosis is defined as a 222 

period of time between the age of disease onset and the age at diagnosis. Patients were diagnosed with 223 

CID based on the standard criteria introduced by the ESID and Pan-American Group for 224 

Immunodeficiency (http://esid.org/Working-Parties/Registry/Diagnosis-criteria, Table S1). 225 

 The collected data from the patients were reviewed by expert clinical immunologists in the 226 

Children’s Medical Center Hospital in Iran, the largest referral center for PID in the country, to 227 

confirm that the diagnosis made at different centers met the standard criteria 33, 34. After confirmation 228 

of diagnosis, patients were classified according to the International Union of Immunological Societies 229 

(IUIS) PID Committee updated classification 3. According to this classification, patients with only 230 

immune-related manifestations were located in non-syndromic CID (including SCID, Omenn 231 
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phenotype, hyper IgM phenotype [HIGM] and partial T cell defects) and the remaining with additional 232 

non-immune complications classified as syndromic CID (including hyper-IgE syndrome [HIES], 233 

Wiskott-Aldrich syndrome [WAS], DiGeorge syndrome, DNA repair defect syndromes, dyskeratosis 234 

congenital, ectodermal dysplasia, as well as other atypical and incomplete syndromic CIDs).  235 

A computerized database program (new registry section in http://rcid.tums.ac.ir/) was 236 

designed for data entry and direct statistical analysis of data. Patients with incomplete diagnostic 237 

criteria were excluded.  238 

 239 

Methods 240 

Genomic DNA was extracted from whole blood as previously described 35. For patients with 241 

classical clinical presentations suggestive of a specific CID, Sanger sequencing was performed on the 242 

most likely genes 36-39. Patients with thymic defects (Table S1), were examined by fluorescent in situ 243 

hybridization (FISH) for 22q11.2 deletion and comparative genomic hybridization array 40. For patient 244 

with failed Sanger sequencing or with clinical presentation resembling several genetic defects, targeted 245 

NGS was performed using the PID v2 panel and Ion Torrent S5 sequencer (ThermoFisher), with an 246 

average coverage of 335X. Variant calling and coverage analysis was performed using Ion Reporter 247 

software 41. The detection of large deletions was performed using the method of normalized mean 248 

coverage of individual exons 42. In patients with less profound CID (Table S1), whole exome 249 

sequencing was performed using a pipeline described previously, with an average on-target coverage 250 

of 50X43.  251 

 252 

Statistical analysis 253 

Statistical analysis was performed using a commercially available software package (SPSS 254 

Statistics 17.0.0, SPSS, Chicago, Illinois). One-sample Kolmogorov-Smirnov test was applied to 255 

estimate whether data distribution is normal. Parametric and nonparametric analyses were performed 256 

based on the finding of this evaluation. Kaplan-Meier curve and log-rank test were utilized to compare 257 

different survival estimates. A p-value of 0.05 or less was considered statistically significant.  258 
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Results 259 

Patient population 260 

A cohort of 696 patients with CID (408 males and 288 females from 624 unrelated families) 261 

was evaluated. The diagnosis of CID was made using the established clinical criteria developed by the 262 

European Society of Immunodeficiency (Table S1). 55.7% (n=387) of patients were diagnosed from 263 

2013 to 2016, while 44.3% (n=309) were diagnosed prior to 2013 28. Patients were followed for a total 264 

of 3841 patient years with a median follow-up of 3 years per patient (range 0.1 to 29 years). The 265 

median age at onset was 1.5 years (range 1 day to 31 years); 93% of patients had onset of their disease 266 

before a 13 years of age. The median age at diagnosis was 3.6 years (range 2 weeks to 45 years); 267 

41.8% of patients were diagnosed before 1 year of age. The median delay in diagnosis was 2.4 years 268 

(range 0 to 24 years). Parental consanguinity was present in 474 of the 624 families (75.9%), 269 

substantially higher than the 40% prevalence of consanguineous marriage in Iran 44. A positive family 270 

history of stillbirth or unknown death was identified in 331 unrelated families (52.9%). A positive 271 

history of premature birth was reported in 14.9% of patients, (n=104) which is 38% higher than overall 272 

premature birth in Iran45.  The overall mortality rate among our cohort of CID patients was 50%. 273 

We categorized the patients as non-syndromic (n=352) and syndromic (n=344) using criteria 274 

established by the International Union of Immunologic Societies3 (Table 1). The 5-year survival rate 275 

of syndromic CID patients was significantly higher than that of non-syndromic CID patients 276 

individuals (~75% versus 40%, p=0.001). While the survival rate of patients with syndromic CIDs   277 

progressively diminished to 15% (p=0.004, Figure S1 A), the 15 year survival rate of patients with 278 

non-syndromic CIDs plateaued at ~40%. Among non-syndromic patients, those with SCID had a 279 

significantly greater mortality rate than those with less profound CID during first 2 years of follow-up 280 

(p<0.001, Figure S1 B). Infections and infectious complications accounted for almost all causes of 281 

death in patients with non-syndromic patients (168 of 189 deceased patients); only 36% of patients 282 

with syndromic CID died from infectious causes (58 of 159 patients, p<0.001): the remainder of the 283 

patients died from multi-organ failure, neurological abnormalities, and malignancies.  284 

 285 
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Non-syndromic CID Patients 286 

The most common clinical presentations of non-syndromic CID patients were recurrent 287 

pneumonias (n=130, 36.9%), failure to thrive (n=93, 26.4%), chronic diarrhea (n=84, 23.8%), and 288 

recurrent oral candidiasis (n=42, 11.9%). In 40 patients (11.3%), dermatologic lesions such as severe 289 

generalized eczema, skin infections, and abscesses were the earliest clinical presentations. 290 

Disseminated Bacillus Calmette-Guerin infection (BCGosis) accounted for the primary presentation in 291 

23 (6.5%) patients, while BCGosis was documented in 34 cases (9.6%) following vaccination. 292 

Respiratory tract and gastrointestinal tract infections were the main complications identified in 293 

242 (68.7%) and 209 (59.3%) patients, respectively. Oral candidiasis was documented in 81 (23.0%) 294 

patients, urinary tract infections in 59 (16.7%), and cutaneous infections in 51 (14.4%). Fifty-six 295 

percent of the patients (n=197) developed multi-site infections requiring intensive medical treatment. 296 

Vaccine-derived polio virus (VDPV) was isolated in 6 patients with acute flaccid paralysis. Five of the 297 

patients developed fulminant viral hepatitis B during the neonatal period that later developed into 298 

cirrhosis. Three patients were affected by pulmonary tuberculosis. Other pulmonary opportunistic 299 

infections included cytomegalovirus (CMV) in 15 patients, Pneumocystis jiroveci in 13 patients, and 300 

Varicella-zoster virus (VZV) in six patients. Severe Epstein-Barr virus (EBV)-associated 301 

lymphoproliferative disorders were present in eight patients and cryptosporidium infection was present 302 

in six patients. 303 

A clinical diagnosis of SCID was identified in 169 patients of whom 63 (37.2%) had a T-
304 

B+NK- 55 (32.4%) a T-B-NK+, 43 (25.4%) a T-B+NK+, and 8 (4.7%) a T-B-NK- immunologic 305 

phenotype (Table S1). Details of the clinical and immunologic manifestations of SCID patients are 306 

listed in Table S2. Omenn phenotype was diagnosed in 11 (1.5%) patients (Table 1). The remaining 307 

172 patients were classified as CID (less profound, non-syndromic CID). Of these, 69 patients (19.6%) 308 

had a HIGM phenotype associated with T cell defects, 41 (11.6%) had CD4 deficiency, 19 (5.3%) had 309 

CD8 deficiency, and 43, and (12.2%) had late onset functional T-cell defects (with normal count of T-310 

cells but defective proliferative assays).  311 
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  The percentage of T cells (5.7±4.0% vs. 35.5±24.3%; p=0.01) and absolute numbers of T 312 

cells (85.9±40.0 cells ⁄µL vs. 1149.5±540.7 cells ⁄µL; p<0.001) were significantly lower in SCID 313 

patients compared to CID patients, as was the age of onset (2.3±2.0 months vs. 18.5±14.3 months; 314 

p<0.001), age of diagnosis (0.4±0.2 years vs. 3.5±2.9 years; p<0.001), and follow-up period (0.5±0.4 315 

years vs. 5.8±4.5 years; p<0.001). The hospitalization rate was significantly higher in SCID patients 316 

compared to CID patients (242.4±170.3 days/year vs. 32.4±25.8 days/year; p<0.001).  317 

With available resources, molecular diagnosis was performed in 103 patients with non-318 

syndromic CID and identified the causative mutation in 84 patients (81.5%). A molecular diagnosis 319 

was achieved in 37 of 45 (82.2%) patients with SCID or Omenn’s syndrome. Three had mutations in 320 

X-linked genes, and 34 had mutations in autosomal recessive genes. The genetic defects included 321 

mutations in RAG1 (n=13), RAG2 (n=6), IL2RG (n=3), JAK3 (n=3), DCLRE1C (n=3), ADA (n=2), 322 

IL7R (n=2), CD3E (n=1), CD3D (n=1), PRKDC (n=1), NHEJ1 (n=1) and PTPRC (n=1) (Table 2, 323 

Table S3, Figure S2). Thus, autosomal recessive forms of SCID accounted for 91.8% of patients with 324 

identified molecular while X-linked SCID, which represents the most common form of SCID in 325 

Western countries, accounted for only 9.2% of the cases. The high incidence of autosomal recessive 326 

SCID correlates with the high rate of consanguinity (78.4%) in the patients’ families. Of the 58 non-327 

syndromic CID patients without SCID or Omenn syndrome, disease-causing variants were identified 328 

in 47 (81%) patients. Twenty two had a phenotype consistent with HIGM and 36 had partial T cells 329 

defects (Table S1). The diagnostic yield in the 22 HIGM patients was 81.8% with all 18 patients 330 

having mutations affecting CD40L in males. The diagnostic yield in the 36 CID patients with a partial 331 

T cell defect was 80.5% (29 patients) as follows: LRBA deficiency (n=15), CD27 deficiency (n=3), 332 

STK4 deficiency (n=3), ICOS deficiency (n=2), MHC class II deficiency (n=3: 2 mutations in 333 

RFXANK and 1 mutation in CIITA genes), ZAP70 deficiency (n=1), ITK deficiency (n=1) and 334 

MALT1 deficiency (n=1) (Table 2).  335 

 336 

Syndromic CID Patients 337 
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In the 344 syndromic CID patients, the most frequent non-immunologic manifestations were 338 

neurologic. 59.5% of the patients (n=205) had ataxia, microcephalus, hydrocephalus, intellectual 339 

disability, mental retardation, or cognitive impairment. The second most frequent non-immunologic 340 

manifestations were dermatologic abnormalities, which were present in 54.3% of the patients (n=187) 341 

and included telangiectasia, ectodermal dysplasia, sparse hair, hyperkeratosis, congenital ichthyosis, 342 

atopic diathesis, café-au-lait spots, nail dystrophy, and hypo/hyperpigmented lesions. Facial 343 

dysmorphic features (bird-like facies, broad or flat nasal bridge, hypertelorism, low-set ears, 344 

macroglossia, and cleft lip) were present in 31.0 % of the syndromic CID patients. Additional 345 

syndromic features included musculoskeletal abnormalities, malignancies, cardiac malignancies, 346 

endocrine defects, and intestinal atresia (Table S4).   347 

Based on the clinical and immunologic criteria (Table S1), the diagnosis of a DNA repair 348 

defect syndrome was made in 193 patients (56.1%) as follows: 145 with ataxia telangiectasia (AT), 5 349 

with Nijmegen breakage syndrome, 3 with Bloom syndrome, and 40 with unspecific syndromic CID 350 

characterized by radiosensitivity. There were 101 patients (29.3%) with the clinical diagnosis of HIES; 351 

of these, 68 patients had consanguineous parents, suggesting an autosomal recessive model of HIES. 352 

Twenty-nine patients were diagnosed with WAS, and 13 patients with DiGeorge syndrome. Eight 353 

patients were categorized as other syndromic immunodeficiencies that included dyskeratosis 354 

congenita, ectodermal dysplasia, as well as other atypical and incomplete syndromic CIDs (Table 1). 355 

The summaries of the two main categories of patients in this group (AT and HIES) are shown in 356 

Tables S5 and S6. Patients with thymic defects (with clinical or imaging evidence of absent or 357 

hypoplastic thymus) had the highest mortality rate (61.5%, mainly due to congenital heart disease) of 358 

all main categories of syndromic CID, with all patients harboring the 22q11.21 microdeletion 359 

determined using cytogenetic studies. 360 

A molecular defect was identified in 105 of the 140 (75%) syndromic CID patients in whom 361 

NGS was performed. A molecular diagnosis was achieved in 21 of 24 (86.3%) patients with AT and 362 

13 of 16 (81.2%) other radiosensitive patients studied. All the mutations were in genes associated with 363 

autosomal recessive CIDs and included ATM (n=21), DNMT3B (n=8) and ZBTB24 (n=5) (Table 3, 364 
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Table S7, Figure S2). All 13 DiGeorge patients studied had a microdeletion encompassing TBX1. Of 365 

the 62 HIES patients, disease-causing variants were identified in 37 (59.6%) patients. They included 366 

19 patients with autosomal dominant HIES (51.3%) and 18 patients with autosomal recessive HIES 367 

(49.7%) as follows: STAT3 deficiency (n=19), DOCK8 deficiency (n=13), TYK2 deficiency (n=3), 368 

PGM3 deficiency (n=1) and SPINK5 deficiency (n=1). Fifteen of 15 of WAS patients studied (100%) 369 

had a hemizygous mutation in X-linked gene of WAS. One patient with pathogenic mutation in each of 370 

EPG5, PNP, TTC7A, IKBKG, DCK1 and SMARCAL1 genes was also identified (Table 3, Table S7).  371 

 372 

Overall diagnostic yield 373 

Genetic sequencing was performed on 243 of the 696 patients (34.9 %). The overall diagnostic 374 

yield of the 243 sequenced patients was 77.8% (189 patients). Table S8 stratified the genetic analysis 375 

based on the age and sex of the patients. The majority of patients (62.9%) had an autosomal recessive 376 

disease, with 56.6% having homozygous mutations and only 6.3% having compound heterozygous 377 

mutations. X-linked diseases compromised 20.1% of the genetic diagnoses and 17% of patients had an 378 

autosomal dominant disease. In the 189 patients with a genetic diagnosis, defects in genes that encode 379 

proteins involved in the DNA recombination pathways (RAG1, RAG2 and DLCRE1C, PRKDC) 380 

accounted for 16.7% of the total disease-causing etiologies, while defects in DNA repair (ATM, 381 

DNMT3B and ZBTB24) accounted for 19% of genetic defects. Defects in costimulatory molecules 382 

(e.g. CD40L, ICOS, CD27 deficiencies in 12.6% of patients) and in the STAT3 signaling pathway (in 383 

10% of patients) were also the other frequently observed defects in our CID cohort.  384 

The highest diagnostic yield was obtained in patients with DiGeorge syndrome (100% of 13 385 

tested) and the lowest was in HIES patients (37 of 62 tested; 59.6%). We performed stratification on 386 

the patients who underwent sequencing to determine the parameters associated with a diagnosis. Of 387 

note, consanguinity and the severity of clinical presentation were similar between those who had a 388 

molecular defect identified (n=189) and those who did not (n=64). However the clinical diagnosis of 389 

HIES (p<0.001), a late age of presentation (onset of disease > 5y; p=0.02), and the absence of multiple 390 
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affected family members (p=0.04) were significantly more frequent in the patients who had no genetic 391 

defect identified.  392 

393 
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Discussion 394 

We report the largest cohort of CID patients in whom a molecular diagnosis was sought and 395 

achieved to date, with a follow-up exceeding 30 years for patients with less severe phenotypes. These 396 

data detail the increasingly diverse genetic landscape of CIDs in Iran. None of the variants identified 397 

were found in the Exome Aggregation Consortium or Greater Middle East Variome. Furthermore, less 398 

than 5% of identified variants within our cohort were previously reported in CID patients either 399 

globally or regionally from Turkey, Kuwait and Saudi Arabia, suggesting a lack of founder effects 400 

within the currently reported cohorts of CID from Middle East.  401 

Recent genetic diagnostic studies on undefined CID patients have identified a diagnostic yield 402 

of 15% in Caucasian patients and up to 56% in a multinational CID cohort (Table 4) 41, 46-52. The 403 

diagnostic yield did not significantly differ between whole exome sequencing and targeted gene panels 404 

41, 46-52. A genetic defect was identified in 78% of our cohort, which represents the highest published 405 

diagnostic yield to date. We identified late age of onset and the absence of affected family members as 406 

two factors associated with a lower yield of identified genetic variants. The majority of patients in our 407 

cohort were young (mean age of 4.2 years) and 25.6% had affected family members with clinical 408 

diagnosis of CID. Since nearly all CIDs are autosomal recessive diseases, the high percentage of 409 

consanguineous marriages (78%) expedites the analysis of the NGS data by increasing the likelihood 410 

that the disease-causing variants are homozygous mutations, which constitute the minority of variants 411 

in the human exome. These characteristics may have improved the diagnostic yield in our cohort. The 412 

yield for molecular diagnosis was highest in DiGeorge syndrome (100% of the 13 sequenced patients). 413 

Patients with HIES had the lowest diagnostic yield (~60%), which is likely multifactorial. Mutations 414 

in ZNF341 have been very recently reported to cause HIES 53, but this gene is not part of the targeted 415 

NGS panel for this study. Neither WES nor the targeted NGS panel will identify intronic mutations in 416 

DOCK8 or STAT3, which have been reported to cause HIES. There is no standard in the field for 417 

prioritizing NGS as a first-line approach for patients with specific phenotypes, despite the financial 418 

limitations in research and clinical arenas. Our data provide the first evidence that the diagnostic yield 419 

may be higher for patients with specific phenotypes. A reduced level of mortality and morbidity were 420 
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observed compared to the previous decade 54. In our cohort, patients with syndromic CIDs had a 421 

significantly higher mortality rate than those with non-syndromic CIDs. Furthermore, only a minority 422 

of patients with syndromic CIDs (36%) died from infectious causes (58 of 159 patients, p<0.001). 423 

Multi-organ failure, neurological abnormalities, and malignancies accounted for the remainder of these 424 

patients’ deaths, thus indicating the need for multidisciplinary care, including malignancy screening, 425 

for these patients. Extensive efforts are therefore required for improving the knowledge of first-line 426 

physicians, the development of a national newborn screening program, establishment of PID 427 

therapeutic centers, expansion of the registry of potential HSC donors, and modifications in national 428 

vaccination program at least for high-risk families.   429 

The volume of CID patients and breadth of genetic findings in our cohort indicates the critical 430 

need for centers dedicated to HSCT of patients with PIDs. Newborn screening using quantification of 431 

T-cell receptor excision circles and kappa-deleting recombination excision circles (TRECs/KRECs) 432 

are operational in Iran but it remains a pilot program that is not yet integrated into national screening 433 

programs. This screening test cannot identify T cell dysfunction or provide the genetic diagnoses 434 

essential for therapeutic decisions.   435 

A diagnosis of CID requires prompt intervention since the prognosis for children with SCID is 436 

poor due to the susceptibility to opportunistic infections in these patients. Although gene therapy is 437 

available at selected medical centers for patients with specific PIDs 11, HSCT remains the mainstay of 438 

curative treatment in patients with CID. Gene therapy is not available in Iran, and HSCT is available 439 

only for a limited number of patients due to limitations in expertise and financial resources. The 440 

findings of the current study indicate that the overall survival during the first year of life observed 441 

prior to 2008 54 changed from 0% to more than 60% one year-survival and 20% 3 year-survival in 442 

recent years. Although the resources for HSCT in Iran are limited, genetic diagnoses are pivotal for 443 

confirming clinical diagnoses and identifying new genetic causes of CID. Additionally, the 444 

identification of pathogenic mutations in genes associated with radiosensitivity prompted regular 445 

screening for malignancies and minimizing exposure to irradiation. Molecular diagnosis is essential 446 
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for genetic counseling, carrier detection, and prenatal diagnosis, all of which are essential in countries 447 

with limited resources for HSCT and gene therapy. 448 

In agreement with previous studies, our data indicate that Iranian patients non-syndromic CID 449 

are susceptible to BCG and vaccine-derived polio virus infections suggesting a risk of live vaccines in 450 

this cohort54.  While the BCG and oral polio vaccines are routinely given to all Iranian children at 451 

birth, we recommend that families with a history of PID, or early childhood death, should undergo 452 

evaluation in specialized centers with facilities for PID diagnostics. Moreover, surveillance for 453 

poliovirus excretion among CID patients should be reinforced until polio eradication is certified and 454 

the use of oral poliovirus vaccine is stopped. 455 

Our results provide proof of principle for the application of targeted next-generation 456 

sequencing panels in countries with limited diagnostic resources. This is particularly relevant to efforts 457 

driving the expansion of newborn screening for SCID, as the standard approaches for newborn 458 

screening do not provide a molecular diagnosis.  459 
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Table1. Characteristics and molecular diagnosis in a cohort of 696 Iranian patients with combined immunodeficiencies. 636 

  637 

Disorders a Number 
of 

Patients 
(%) 

Sex 
(M/F) 

Age, 
years, 
(±SD) 

Consanguinity 
(%)  

Mortality 
(%) 

Patients  
evaluated 
for genetic 
diagnosis  

(% of total)  

Patients 
with 

confirmed 
genetic 

diagnosis 

Diagnostic  
yield %   

 

Total CID patients 696 408/288 4.2 (3.6) 546 (78.4) 348 (50.0) 243 (34.9) 189   77.8 
Non-syndromic CID patients 352 (50.5) 208/144 3.4 (2.9) 291 (82.6) 189 (53.6) 103 (29.2) 84   81.5 

Severe non-syndromic CID 169 (24.2) 99/70 0.47 (0.3) 143 (84.6) 133 (78.6) 44 (26.0) 36    81.8 
Omenn phenotype 11 (1.5) 4/7 1.2 (0.7) 9 (81.8) 7 (63.6) 1 (9.0) 1    100 
Less profound non-syndromic CID 172 (24.7) 105/67 8.8 (7.1) 139 (80.8) 49 (28.4) 58 (33.7) 47    81.0 

Hyper IgM phenotype 69 (9.9) 69/0 7.6 (2.0) 41 (59.4) 32 (46.3) 22 (31.8) 18   81.8 
Partial T cell defects 103 (14.7) 36/67 13.5 (9.3) 98 (95.1) 17 (16.5) 36 (34.9) 29    80.5 

Syndromic CID patients 344 (49.4) 197/144 5.3 (4.0) 255 (74.1) 159 (46.2) 140 (40.6) 105   75.0 
DNA repair defects syndrome  193 (27.7) 104/89 7.2 (4.6) 164 (84.9) 110 (56.9) 40 (20.7) 34   85.0 

Ataxia telangiectasia syndrome 145 (20.8) 76/69 8.8 (6.4) 121 (83.4) 87 (60.0) 24 (16.5) 21 87.5 
Nijmegen breakage syndrome 5 (0.7) 2/3 5.3 (4.2) 5 (100) 4 (80.0) 0 - - 
Bloom syndrome 3 (0.4) 1/2 10.4 (4.0) 3 (100) 3 (100) 0 - - 
Radiosensitive CID syndrome 40 (5.7) 25/15 5.6 (5.1) 35(87.5) 16 (40.0) 16 (40.0) 13 81.2 

Hyper IgE syndrome 101 (14.5) 53/48 7.7 (7.0) 68 (67.3) 29 (28.7) 62 (61.3) 37   59.6 
Wiskott-Aldrich syndrome 29 (4.1) 29/0 3.6 (1.5) 11 (37.9) 8 (27.5) 19 (65.5) 15   78.9 
Thymic defects syndrome  13 (1.9) 7/6 0.8 (0.2) 8 (61.5) 8 (61.5) 13 (100) 13   100 
Other syndromic CID 8 (1.1) 7/1 1.3 (1.1) 4 (50.0) 4 (50.0) 6 (75.0) 6    100 

a  For defined clinical criteria please see Table S1 
CID: combined immunodeficiencies 
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Table 2.   Inheritance pattern of the 23 genes identified in 84 Iranian patients with non-syndromic combined immunodeficiencies (For details see Table 638 

S3) 639 

 640 

 641 

 642 

 643 

 644 

 645 

 646 

 647 

648 

non-syndromic combined 
immunodeficiencies 

Inheritance No. of 
genes 

affected 

No. of 
patients 
affected 

Gene ID (Number of patients) 

Severe combined 
immunodeficiencies and Omenn 
phenotype 

Autosomal recessive/ compound 
heterozygous 

2 4 IL7R(2), RAG2(2) 

Autosomal recessive/ 
homozygous 

10 30 JAK3(3), CD3E(1), CD3D(1), 
RAG1(13), RAG2(4),  

DCLRE1C(3), ADA(2), PRKDC(1), 
NHEJ1(1), PTPRC(1) 

X-linked recessive 1 3 IL2RG(3) 
Combined immunodeficiencies 
with generally less profound 
immunodeficiency 

Autosomal recessive/ compound 
heterozygous 

0 0 - 

Autosomal recessive/ 
homozygous 

9 29 ZAP70(1), RFXANK(2), 
CIITA(1), STK4(3),  

MALT1(1), ITK(1), ICOS(2) 
LRBA(15), CD27(3) 

X-linked recessive 1 18 CD40L(18) 
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Table 3. Inheritance pattern of the 17 genes identified in 105 Iranian patients with syndromic combined immunodeficiencies (For details see Table 649 

S7). 650 

 651 

  652 

Syndromic combined 
immunodeficiencies 

Inheritance No. of 
genes 

affected 

No. of 
patients 
affected 

Gene ID (Number of patients) 

DNA repair defects 
syndromes 

Autosomal recessive/ compound 
heterozygous 

1 8 ATM(8) 

Autosomal recessive/ homozygous 3 26 ATM(13),  DNMT3B(8),  
ZBTB24(5) 

X-linked recessive 0 0 - 
Hyper IgE syndrome Autosomal recessive/ compound 

heterozygous 
0 0 - 

Autosomal recessive/ homozygous 4 18 DOCK8(13), TYK2(3) 
PGM3(1), SPINK5(1) 

Autosomal dominant/ loss-of-function 1 19 STAT3 (19) 
X-linked recessive 0 0 - 

Wiskott -Aldrich  syndrome X-linked recessive 1 15 WAS(15) 
Thymic defects syndromes Autosomal dominant/ loss-of-function 1 13 Microdeletion in 22q11.21(13) 
Other syndromic combined 
immunodeficiencies 

Autosomal recessive/compound 
heterozygous  

4 4 - 

Autosomal recessive/ homozygous 0 0 EPG5(1), PNP(1), TTC7A(1), 
SMARCAL1(1) 

X-linked recessive 2 2 IKBKG(1), DCK1(1) 
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 Table 4. Comparison of NGS in combined immunodeficiencies patients’ studies. 653 

Parameters Stoddard 
et al 52 

Nijman et 
al 51 

Moens 
et al 50 

Al-Mousa et 
al 49 

Stray-
Pedersen et 

al 46 

Yu et al.41 Gallo et al.48 Erman et al.47 Current Study 

Year 2014 2014 2014 2016 2016 2016 2016 2017 2017 
Method Targeted 

sequencing 
Targeted 

sequencing 
Targete

d 
sequenci

ng 

Targeted 
sequencing 

Whole 
exome  

sequencing 

Targeted 
sequencing 

Targeted 
sequencing / 
whole exome  
sequencing 

Targeted 
sequencing 

Targeted 
sequencing / 
whole exome  
sequencing 

Computational CNV 
analysis 

No 
 

Yes  Yes Yes Yes Yes  Yes No 
 

Yes 

Number of 
prioritized known 
PID genes 

173 170 179 162 475 200 571 356 200/365 

Total undefined PID 
cases 

120 26 15 139 278 30 45 19  243 

Consanguinity Not 
mentioned 

 

3.8% 20% 90% 6.4% 10% Not mentioned 
 

68.4% 76% 

Ethnicity Not 
mentioned 
(NIH, US) 

Caucasian 
(the 

Netherlands, 
Germany) 

Caucasi
an 

(Poland, 
Sweden) 

Arab (Saudi 
Arabia) 

22 different 
countries 

3 different 
countries (USA, 
Norway, Saudi 

Arabia) 
 

Caucasian 
(Italy) 

Turkish Persian 212 
Turkish 28 
Arab 13 

Percentage of solved 
cases 

15% 15% 40% 25% 40% 56% 15.5% 33% 77.8% 

Total undefined  CID 
cases 

Not 
mentioned 

 

32(32 CID) Not 
mention

ed 
 

50  non-
syndromic 

23 syndromic 
 

66 non-
syndromic 

17 
syndromic 

30  non-
syndromic 

Not mentioned 
 

19 non-
syndromic 

 

103 non-
syndromic 

140 syndromic 

Solved CID cases Not 
mentioned 

 

16 non-
syndromic 

7  syndromic 

Not 
mention

ed 
 

19  non-
syndromic 

6 syndromic 
 

26 non-
syndromic 

9 syndromic 

17  non-
syndromic 

2  non-
syndromic 

1  syndromic 

6 non-
syndromic 

84 non-
syndromic 

105  syndromic 

CID:  combined immunodeficiencies; CNV: copy number variation; PID: primary immunodeficiencies. 
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Immunodeficiency in Iran 4 
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Supplementary figure legends 8 

Figure S1- Survival rate analysis. A. Comparison of syndromic and non-syndromic CID patients. B.  9 

Comparison of SCID and CID patients in the non-syndromic group.  10 

 11 

Figure S2- Summary of genetic study on syndromic and non-syndromic CID patients. A. Total and 12 

solved patients’ number in non-syndromic CID group. B. The inheritance pattern and genes affected 13 

in patients with non-syndromic SCID and C. non-syndromic CIDs. D. Total and solved patients’ 14 

number in syndromic CID group. E. The inheritance pattern and genes affected in patients with 15 

syndromic CID and F. DNA repair defects and hyper IgE syndromes. AR: autosomal recessive, AD: 16 

autosomal dominant, Hom: homozygous, Het: heterozygous, HIgM: Hyper IgM phenotype, AT: 17 

ataxia telangiectasia, NBS: Nijmegen breakage syndrome, HIES: hyper IgE syndrome, WAS: 18 

Wiskott-Aldrich syndrome. 19 

20 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Table S1- Criteria used for clinical diagnosis of combined immunodeficiency patients. 21 

Diagnosis Clinical criteria  
Combined 
immunodeficiency 
(CID)  

At least one of: 
- At least one severe infection (requiring hospitalization) 
- One manifestation of immune dysregulation (autoimmunity, severe eczema, lymphoproliferation, 
granuloma) 
- Malignancy 
- Affected family member 
AND 2 of 4 T cell criteria fulfilled: 
- Reduced CD3 or CD4 or CD8 T cells  
- Reduced naive CD4 and/or CD8 T cells 
- Elevated g/d T cells 
- Reduced proliferation to mitogen or T cell receptor stimulation 
AND HIV excluded 

Severe non-syndromic 
combined 
immunodeficiency 
(SCID) 

CID 
At least one of the following: 
- Invasive bacterial, viral or fungal/opportunistic infection 
- Persistent diarrhea and failure to thrive 
- Affected family member 
AND manifestation in the first year of life 
AND Absence or very low number of T cells (CD3 T cells < 300/ul) 

Omenn phenotype Desquamating erythroderma in the first year of life 
AND one of the following: 
- Lymphoproliferation 
- Failure to thrive 
- Chronic diarrhea 
- Recurrent pneumonia 
AND Eosinophilia or elevated IgE 
AND T-cell deficiency  
AND Maternal engraftment  

Leaky severe non-
syndromic combined 
immunodeficiency  

CID 
AND Normal number of CD3 T cells at the time of diagnosis 
AND Gradual reduction in number of CD3 T cells 
AND Maternal engraftment excluded 

Less profound non-
syndromic combined 
immunodeficiency 

CID 
AND SCID excluded 
AND Syndromic CID excluded 

HIGM phenotype At least one of the following: 
- Increased susceptibility to infections (recurrent and/or opportunistic, including) 
- Immune dysregulation (autoimmunity, lymphoproliferation, sclerosing cholangitis) 
- Cytopenia (neutropenia or autoimmune) 
- malignancy (lymphoma) 
- Affected family member 
AND marked decrease of IgG (measured at least twice) 
AND normal or elevated IgM (measured at least twice) 
AND no evidence of profound T-cell deficiency 
AND no evidence of Ataxia telangiectasia  

Partial non-syndromic 
T cell deficiency  

CID 
AND SCID excluded 
AND Syndromic CID excluded 
AND HIGM phenotype excluded 

Syndromic CID  CID 
AND at least one of the following: 
- Dysmorphic features such as short stature, facial abnormalities, microcephaly, skeletal abnormalities 
- Other organ manifestations such as albinism, hair or tooth abnormalities, heart 
or kidney defects, hearing abnormalities, primary neurodevelopmental delay, seizures 
AND at least one numeric or functional abnormal finding upon immunological investigation 
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AND exclusion of secondary causes for immunological abnormalities 
DNA repair defects 
syndrome 

CID 
AND at least two of the following: 
- Defined neurological disorders 
- Facial abnormalities 
- Functional T cell defect 
- Radiosensitivity 
- Malignancy 

Ataxia telangiectasia Ataxia 
AND at least two of the following: 
- Oculocutaneous telangiectasia 
- Elevated alphafetoprotein (tenfold the upper limit of normal) 
- Lymphocyte A-T caryotype (translocation 7;14) 
- Cerebellum hypoplasia on MRI 

Nijmegen breakage 
syndrome 

Microcephaly 
AND 
reduced T cell number and/or elevated percentage of memory CD4 and CD8 cells and/or reduced T cell 
function 
AND at least two of the following: 
- Typical facial appearance 
- Variable hypogammaglobulinemia, dysgammaglobulinemia and/or reduction of B cells - opportunistic 
and/or chronic, recurrent infections, predominantly of the respiratory tract 
- Café-au-lait spots and/or hypopigmented areas and/or skin granulomas 
- Lymphoma/leukemia or other malignancy 
- Chromosomal instability increased sensitivity towards ionizing radiation and alkylating agents 

Bloom syndrome Short stature 
AND 
- Immunodeficiency (hypogammaglobulinemia, variably reduced lymphocyte proliferation, lower respiratory 
tract infections) 
- Cytogenetics: high sister-chromatid exchange rate, chromosomal breaks 
AND at least one of the following 
- Skin: photosensitivity, butterfly erythema, café-au-lait maculae 
- Head: microcephaly, dolichocephaly, prominent ears and nose 
- Hands: syndactyly, polydactyly, fifth finger clinodactyly 
- Malignancy: leukemia, lymphoma, adenocarcinoma, squamous cell carcinoma 

Hyper IgE syndrome 
(HIES) 

CID 
AND IgE > 10 times the norm for age 
AND pathologic susceptibility to infectious diseases 

Wiskott-Aldrich 
Syndrome (WAS) 

At least one of the following: 
- Eczema 
- Recurrent bacterial or viral infections 
- Autoimmune diseases (including vasculitis) 
- Malignancy 
- Reduced WASP expression in a fresh blood sample 
- Abnormal antibody response to polysaccharide antigens and/or low isohaemagglutinins 
- Positive maternal family history of XLT/WAS 
AND male patient with thrombocytopenia (less than 100,000 platelets/mm3) (measured at least twice) 
AND small platelets (platelet volume < 7,5 fl) 

Thymic defects 
syndrome 

CID 
AND at least two of the following: 
-Defined by congenital heart disease 
- Facial anomalies 
- Laryngotracheoesophageal anomalies 
- Hypocalcemia 
- Growth hormone deficiency 
- Absent or hypoplastic thymus in chest X-ray 
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CID: Combined immunodeficiency; XLT: X linked thrombocytopenia, WAS: Wiskott-Aldrich 22 

syndrome, HIES: Hyper IgE syndrome, HIGM: hyper IgM phenotype, SCID: Severe non-syndromic 23 

combined immunodeficiency 24 

  25 
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Table S2. Characteristics of 169 severe combined immunodeficiency patients.   26 

 Parameters  Severe combined immunodeficiency  p-value   
       
 Total T-B+NK+ T-B+NK-  T-B-NK+ T-B-NK-   

Number of patients 169 43 63 55 8  - 
Gender, female/male 73/96 25/18 23/40 23/32 2/6  0.36a 
Consanguinity, Y/N 143/26 39/4 50/13 49/6 5/3  0.17 a  
Family history of PID , Y/N 31/138 8/35 16/47 5/50 2/6  0.55 a  
Family history of recurrent 
infection, Y/N 

47/122 8/35 20/43 17/38 2/6  0.68 a 

Family history of early-age death, 
Y/N 

76/93 14/29 32/31 28/27 2/6  0.59 a 

Status, alive/dead 133/36 34/9 48/15 45/10 6/2  0.27 a  
Current age, years, (±SD) 1.0±0.9 1.0±0.2 0.9±0.2 1.3±0.68 0.9±2.8  0.27b 
Age at onset of symptoms, months, 
(±SD) 

4.2±3.0 2.1±0.6 4.5±2.6  4.1±0.7 0.6±0.1  0.35 b 

Age at diagnosis, months, (±SD) 8.6±5.6 4.2±0.3 6.7±5.4  7.9±2.0 3.4±2.0  0.23 b 
Diagnostic delay, months, (±SD) 4.2±3.7 1.9±1.0 2.1±0.9  3.1±0.6 2.8±2.0  0.38 b 
Period of follow-up, months, (±SD) 4.7±3.9 6.8±3.8 3.7±0.5  4.9±1.8 1.5±1.0  0.48 b 
Course of the disease, months, (±SD)  7.4±5.2 1.8±0.8 4.2±3.0  9.9±5.9 6.0±2.4  0.054 b 
Hospitalization episodes, (±SD) 2.4±1.7 2.2±0.5 2.4±2.2 2.7±1.4 2.3±0.7  0.063 b 
Immunoglobulins        
     IgG, mg/ml, (±SD)  381.5±79.8 266.1±63.9 402.8±80.4  447.7±151.7 381.5±210.9  0.45 b 
     IgM, mg/ml, (±SD) 102.0±22.9 113.0±100.7 108.2±71.9  88.1±43.0 90.0±70.0  0.87 b 
     IgA, mg/ml, (±SD) 48.9±15.5 52.7±32.8 43.4±20.5  54.0±28.3 36.8±5.7  0.93 b 
     IgE, IU/ml, (±SD) 526.1±387.9 812.8±131.5 433.3±218.1  425.8±51.6 394.8±85.7  0.44 b 
Complete blood count         

Leukocytes, cell/ml, (±SD) 8933.9±864.4 1044.9±812.8 8548.8±5452.7  8370.1±2618.3 7650.9±895.3  0.31 b 
Lymphocytes, %, (±SD) 25.6±22.9 30.2±18.0 25.0±7.0  23.2±4.0 21.6±3.2  0.36 b 
Neutrophils,%, (±SD) 55.9±43.5 52.1±41.3 58.6±6.6  56.0±8.9 55.0±47.1  0.63 b 
Eosinophil,%, (±SD) 6.4±5.6 7.8±4.8 5.4±3.3  5.7±4.78 11.6±1.3  0.006 b 

Lymphocyte subtypes          
 CD3+, % of lymphocytes (±SD) 17.3±12.4 17.2±6.1 17.9±9.2  17.5±7.5 10.1±2.5  0.84 b 
 CD4+, % of lymphocytes (±SD) 9.1±6.0 7.3±5.4 9.8±9.7  10.3±4.2 4.9±1.2  0.63 b 
 CD8+, % of lymphocytes (±SD) 10.2±7.3 9.4±5.1 12.2±3.2  9.3±2.6 5.1±1.5  0.43 b 
 CD16+, % of lymphocytes (±SD) 28.1±26.9 29.5±8.0 25.6±2.6  31.4±7.5c 17.6±1.7c  0.009 b 
 CD19+, % of lymphocytes (±SD) 26.6±21.3 28.4±10.9 35.6±2.7d  16.9±2.8d 13.5±2.0  0.008 b 
 CD56+, % of lymphocytes (±SD) 8.7±6.0 8.5±8.1 8.6±5.3  9.0±7.4 8.8±2.0  0.92 b 

a Represents the p-value of difference between the all four groups of SCID patients, as revealed by 27 

Chi-square analysis  28 
b Represents the p-value of difference between the all four groups of SCID patients, as revealed by 29 

ANOVA analysis 30 
c Indicated the significant difference in CD16 between T-B-NK+ and T-B-NK- patients, as revealed by 31 

Scheffe's Post hoc test. 32 
d Indicates the significant difference in CD19 between T-B+NK- and T-B-NK+ patients, as revealed by 33 

Scheffe's Post hoc test. 34 

Age-matched reference levels based on the age of diagnosis:  IgM, 55-210 mg/dL; IgG, 700-1600 35 

mg/dL; IgA, 19-220 IU/mL; IgE, <100 IU/mL; Leukocytes, 6,000-11,000 cell/µL; Neutrophils, 1,500-36 

8,500 cell/µL; Lymphocyte, 4,000-10,000 cell/µL;CD3+, 51–74%; CD4+, 35–53%; CD8+, 13–27%; 37 

CD16/CD56, 4–15%;  CD19+, 17–37%.  38 
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Table S3. Deleterious changes detected in 84 Iranian patients with non-syndromic combined 39 

immunodeficiencies 40 

Patients 
ID 

Age Se
x 

Immunologic phenotype Gene Deleterious variants Zygosity inherita
nce 

New/Report
ed 

Severe combined immunodeficiencies and Omenn phenotype 
P1 6d M T-B+NK- SCID IL2RG p.S225R Hemizygous X-linked 1 
P2  4m M T-B+NK- SCID IL2RG p.E284X Hemizygous X-linked New patient 
P3 5m M T-B+NK- SCID IL2RG p.Q61VfsX79 Hemizygous X-linked New patient 
P4 14

m 
M Leaky SCID JAK3 p.V722I Homozygous AR 2 

P5 7m F Omenn phenotype JAK3 p.R775H Homozygous AR New patient 
P6  6m F T-B+NK+SCID JAK3 p.W709R Homozygous AR New patient 
P7  1.5y M T-B- NK+SCID IL7R p.T66I 

p. I138V 
Compound 

heterozygous 
AR 3 

P8 6m F T-B- NK+SCID IL7R p. T56A 
p. C57W 

Compound 
heterozygous 

AR 3 

P9 5m M T-B+NK+ SCID CD3E p. E70X Homozygous AR New patient 
P10 7m M T-B+NK+ SCID CD3D p.E83X Homozygous AR New patient 
P11 10

m 
F T-B- NK+SCID RAG1 p.W896X Homozygous AR 3 

P12 1.2y F T-B- NK+SCID RAG1 p. W204R Homozygous AR 3 
P13 7m M T-B- NK+SCID RAG1 p.M324V Homozygous AR 3 
P14  4m F T-B- NK+SCID RAG1 p.T731I Homozygous AR 3 
P15 9m F T-B- NK+SCID RAG1 p.M1006V Homozygous AR 3 
P16 14y M Leaky SCID RAG1 p.C358Y Homozygous AR 4 
P17 10y M T-B- NK+SCID RAG1 p.N855S Homozygous AR New patient 
P18 1.5y F T-B- NK+SCID RAG1 p.R397W Homozygous AR New patient 
P19 7m F T-B- NK+SCID RAG1 p.R397W Homozygous AR New patient 
P20 8m M Leaky SCID RAG1 p.A857D Homozygous AR New patient 
P21 9m F Leaky SCID RAG1 p.W995X Homozygous AR New patient 
P22 1y M Leaky SCID RAG1 p.V469L Homozygous AR New patient 
P23  7m F T-B-NK+ SCID RAG1 p.W995X Homozygous AR New patient 
P24 3m M T-B- NK+SCID RAG2 p.R229W Homozygous AR 3 
P25 6m F T-B- NK+SCID RAG2 p.R229W Homozygous AR 3 
P26 6m M T-B-NK+ SCID RAG2 p.S194X 

p.T1784G 
Compound 

heterozygous 
AR 5 

P27 7m F T-B-NK+ SCID RAG2 p.S194X 
p.T1784G 

Compound 
heterozygous 

AR 5 

P28 6m M T-B-NK+ SCID RAG2 p.R229W Homozygous AR New patient 
P29 5m F T-B-NK+ SCID RAG2 p.G44R Homozygous AR New patient 
P30 10y M Leaky SCID DCLRE1

C 
p.G14V Homozygous AR 6 

P31 8m M T-B-NK+ SCID DCLRE1
C 

p.E388X Homozygous AR New patient 

P32 11y M Leaky SCID DCLRE1
C 

p.S417YfsX459 Homozygous AR New patient 

P33 4m M T-B-NK+ SCID ADA p.E139X Homozygous AR New patient 
P34 3m M T-B-NK+ SCID ADA p.R235Q Homozygous AR New patient 
P35 1y M Leaky SCID PRKDC p.F1244LfsX2855 Homozygous AR New patient 
P36 2y F Leaky SCID NHEJ1 p.R176X Homozygous AR New patient 
P37 3m F T-B+NK+ PTPRC p.S834R Homozygous AR 7 
Combined immunodeficiencies with generally less profound immunodeficiency 
P38 18y M Hyper IgM profile CD40LG Ivs1+2T>C Hemizygous X-linked 8, 9 
P39 8y M Hyper IgM profile CD40LG p.F63L Hemizygous X-linked New patient 
P40 7y M Hyper IgM profile CD40LG p.G219R Hemizygous X-linked New patient 
P41 8y M Hyper IgM profile CD40LG p.T29fsX36 Hemizygous X-linked 8, 9 
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P42 9y M Hyper IgM profile CD40LG p.G167R Hemizygous X-linked 8, 9
 

P43 4y M Hyper IgM profile CD40LG p.D62fsX79 Hemizygous X-linked 8, 9
 

P44 6y M Hyper IgM profile CD40LG p. L161P Hemizygous X-linked 8, 9
 

P45 4y M Hyper IgM profile CD40LG p. G167R Hemizygous X-linked 8, 9
 

P46  6y M Hyper IgM profile CD40LG p.M36T Hemizygous X-linked New patient 

P47 5y M Hyper IgM profile CD40LG p.Q186X Hemizygous X-linked New patient 

P48 2y M Hyper IgM profile CD40LG p.Q186X Hemizygous X-linked New patient 

P49  2y M Hyper IgM profile CD40LG p.Q186X Hemizygous X-linked New patient 

P50  1.5y M Hyper IgM profile CD40LG p.G252D Hemizygous X-linked 9, 10
 

P51  9y M Hyper IgM profile CD40LG p.G167R Hemizygous X-linked New patient 

P52  7y M Hyper IgM profile CD40LG p.Q186X Hemizygous X-linked New patient 

P53  1y M Hyper IgM profile CD40LG p.L81X Hemizygous X-linked New patient 

P54 3y M Hyper IgM profile CD40LG p.G144V Hemizygous X-linked New patient 
P55  5y M Hyper IgM profile CD40LG p.I171T Hemizygous X-linked 7 
P56  3y M CD8 deficiency ZAP70 p.D521N Homozygous AR 11 
P57  7y M MHC class II deficiency RFXANK p.R189X Homozygous AR New patient 
P58 4y M MHC class II deficiency RFXANK c.438+5G>A Homozygous AR 7 
P59  2y F MHC class II deficiency CIITA p.N1082del Homozygous AR New patient 
P60  2y F CD4 and CD19 deficiency, 

neutropenia 
STK4 p.W250X Homozygous AR 12 

P61  10y M CD4 and CD19 deficiency, 
neutropenia 

STK4 p.W250X Homozygous AR 12 

P62  4y F CD4 and CD19 deficiency, 
neutropenia 

STK4 p.W250X Homozygous AR 12 

P63  5m F Early onset CID MALT1 p. N485S Homozygous AR New patient 

P64 14y F Late onset CID ITK p.L157fsX265 Homozygous AR 13
 

P65 35y F Late onset CID ICOS p.V151L Homozygous AR New patient 
P66 28y M Late onset CID ICOS p.V151L Homozygous AR New patient 
P67 14y F Late onset CID LRBA c.4729+2dupT Homozygous AR 14 
P68 14y M Late onset CID LRBA p.E59X Homozygous AR 14 
P69 10y M Late onset CID LRBA p.E59X Homozygous AR 14 
P70 15y F Late onset CID LRBA c.1014+1G>A Homozygous AR 14 
P71 17y M Late onset CID LRBA p.R182X Homozygous AR 14 
P72 22y F Late onset CID LRBA c.4729+2dupT Homozygous AR 14 
P73 13y F Late onset CID LRBA p.I1875SfsX1889 Homozygous AR New patient 
P74 13y M Late onset CID LRBA Exon 41 del Homozygous AR 6 
P75 2y F Late onset CID LRBA Exon 41 del Homozygous AR 14 
P76 22y F Late onset CID LRBA p.S1605X Homozygous AR New patient 
P77 35y M Late onset CID LRBA p.S1605X Homozygous AR 14 
P78 28y M Late onset CID LRBA p.S1605X Homozygous AR 14 
P79 1y F Late onset CID LRBA Exon1 del  Homozygous AR 14 
P80 2y M Late onset CID LRBA p.D248EfsX250 Homozygous AR 15 
P81 6y F Late onset CID LRBA p.S462LfsX469 Homozygous AR New patient 
P82 38y M Late onset CID CD27 p.C96Y Homozygous AR 16 
P83 20y F Late onset CID CD27 p.C96Y Homozygous AR 16 
P84 21y F Late onset CID CD27 p.R78W Homozygous AR 16 

M: male, F: female, SCID: Severe combined immunodeficiencies, CID: Combined immunodeficiencies, AR: 41 

autosomal recessive  42 
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Table S4. Characteristics of non-immunologic clinical manifestation patients with syndromic 43 

combined immunodeficiencies.  44 

Involved non-immunologic system Manifestations Number of affected 
patients (%) 

Neurologic abnormalities Ataxia, microcephalus, hydrocephalus, 
intellectual disability, mental retardation, 

or cognitive impairment 

205 (59.5) 

Dermatologic abnormalities Telangiectasia, ectodermal dysplasia, 
sparse hair, hyperkeratosis, congenital 
ichthyosis, atopic diathesis, café-au-lait 

spots, nail dystrophy, and 
hypo/hyperpigmented lesions 

187 (54.3) 

Facial dysmorphic features Bird-like facies, broad or flat nasal 
bridge, hypertelorism, low-set ears, 

macroglossia, and cleft lip 

107 (31.0) 

Musculoskeletal disorders Hyperextensible joints, osteoporosis, 
pathologic bone fractures, scoliosis, 
retention of primary teeth, and short 

stature 

61(17.7) 

Malignancies Hodgkin's  and Non- Hodgkin 
Lymphoma, leukemias,  Multiple 
myeloma, Breast cancer, Gastric 

adenocarcinoma 

23 (6.7) 

Cardiac malformation Tetralogy Fallot, conotruncal cardiac 
defects, peculiar anatomical, deficiency 

of the infundibular septum and 
malalignment of the aortic arch and 

pulmonary arteries. 

15 (4.3) 

Endocrine congenital disorders Hypocalcemia, hypoparathyroidism, 
growth hormone deficiency, congenital 

abnormalities of the thyroid, 
hypogonadism 

11 (3.0) 

Gastrointestinal malformation Intestinal atresias 10 (2.9) 
  45 
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Table S5. Characteristics of 145 patients with ataxia telangiectasia.  46 

AFP: alpha fetoprotein. 47 

 48 

Age-matched reference levels based on the age of diagnosis: IgM, 40-230 mg/dL; IgE, <100 IU/mL ; 49 

IgA, 41-297 mg/dL; IgG, 700-1600 mg/dL; IgG1, 250-1000 mg/dL; IgG2, 55-435 mg/dL; IgG3, 10-50 

100 mg/dL; IgG4, 1-100 mg/dL; Leukocytes, 4,000-11,000 cell/µL; Neutrophils, 1,500-7,000 cell/µL; 51 

Lymphocyte, 1,500-6,000 cell/µL;CD3+, 30-78%; CD4+, 22-58%; CD8+, 10-37%; CD19+, 8-14%; 52 

AFP level<10 ng/dL. 53 

54 

Clinical and demographic parameters Results 
 

 Immunologic parameters Results 
 

Number of patients 145  Immunoglobulins  
Gender, female/male 76/69  IgG, mg/dl (±SD) 772.5± 568.1 
Current age, years, (±SD) 8.8±6.4  IgM, mg/dl (±SD) 296.9±238.1 
Age at onset of symptoms, months, (±SD) 1.1±0.7  IgA, mg/dl (±SD) 53.6±43.8 
Age at diagnosis, years, (±SD) 6.7±5.5  IgE, mg/dl (±SD) 10.4±6.7 
Diagnostic delay, years, (±SD) 4.5±4.2  IgG1, mg/dl (±SD)    684.6±378.0 
Recurrent infections, Y/N 121/24  IgG2, mg/dl (±SD)    117.3±109.1 
Respiratory tract infections, Y/N 113/32  IgG3, mg/dl (±SD) 47.3±41.9 
Upper respiratory tract infection, Y/N 55/90  IgG4, mg/dl (±SD) 8.8±7.8 
Pneumonia, Y/N 66/79  Complete blood count and lymphocyte subtypes 
Infectious diarrhea, Y/N 27/118  Leukocytes, cell/µL (±SD) 7310±3779  
Mucocutaneous infection, Y/N 48/97  Lymphocyte, cell/µL (±SD) 2254±2017  
Lymphoproliferation, Y/N 17/128  Neutrophils, cell/µL (± SD) 4389±2494  
Autoimmunity, Y/N 21/124  CD3+,% of lymphocytes (±SD) 44.7±16.3 
Allergy, Y/N 20/125  CD4+, % of lymphocytes (±SD)        21.5±10.0 
Enteropathy, Y/N 18/127  CD8+, % of lymphocytes (±SD)        24.1±11.1 
Malignancy, Y/N 3/143  CD19+, % of lymphocytes (±SD) 11.7±8.4 
   Serum AFP level, ng/dL (± SD) 267.6±232.1 
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Table S6. Characteristics of 101 patients with Hyper IgE syndrome  55 

Parameters Total (n=101) STAT3 deficiency DOCK8 
deficiency 

p-value 

Number of patients 101 19 13 - 
Gender, female/male 46/55 10/9 7/6 1.0 
Current age, years, (±SD) 14.1±9.5 9.5±7.4 15.7±10.1 0.08 
Age at onset of symptoms, months, (±SD) 21.4±6.8 37.4±11.0 18.7±9.6 0.002 a 
Age at diagnosis, years, (±SD) 9.5±7.8 9.7±8.1 3.4±2.0 0.001 a 
Diagnostic delay, years, (±SD) 7.72±4.2 8.1±7.8 1.5±0.9 0.003 a 
Period of follow-up, years, (±SD) 4.71±3.3 6.0±5.4 4.0±3.5 0.004 a 
Recurrent upper respiratory infections ,Y/N 79/22 15/4 6/7 0.07 
Recurrent pneumonia, Y/N 70/31 19/0 5/8 <0.001 a 
Pneumatocele, Y/N 25/76 13/6 0/13 <0.001 a 
Bronchiectasis, Y/N 16/85 3/16 1/12 0.62 
Eczema, Y/N 94/7 19/0 13/0 0.59 
Recurrent skin abscess, Y/N 78/23 19/0 13/0 1.0 
Candidiasis, Y/N 46/55 7/12 6/7 0.72 
Other unusual infection, Y/N 57/44 8/10 12/1 0.008 a 
Lymphoma, Y/N 2/99 0/19 0/13 1.0 
Eosinophilia, Y/N 65/36 13/6 8/5 0.72 
NIH Score (±SD) 47.1±17.3 60.7±13.7 47.2±21.6 <0.001 a 
SCORAD (±SD) 68.4±15.4 78.0±61.7 60.1±29.3 0.08 
Immunoglobulins     

IgG, mg/ml, (±SD)  1392.6 ± 770.0 1726.8±763.8 1120.6±509.2 0.007 a 
IgM, mg/ml, (±SD) 140.7 ± 118.7 149.6±75.3 110.3±49.0 0.06 
IgA, mg/ml, (±SD) 201.5 ± 49.8 142.7±94.8 121.4±43.2 0.97 
IgE, IU/ml, (±SD) 9045.0±1260.9 10247.2±1562.0 30500.0±11420.2 <0.001 a 

a Significant difference between STAT3 deficiency and DOCK8 deficiency patients <0.05. 56 

 SCORAD: Scoring atopic dermatitis, NIH:  National Institutes of Health. 57 

 58 

Age-matched reference levels based on the age of diagnosis: 3-5 years—IgM, 40-230 mg/dL; IgG, 59 

700-1600 mg/ 60 

dL; IgA, 48-345 mg/dL; 8-10 years—IgM, 40-230 mg/dL; IgG, 700-1600 mg/dL; IgE, <100 IU/mL. 61 
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Table S7- Deleterious changes detected in 105 Iranian patients with syndromic combined 62 

immunodeficiencies. 63 

Patients 
ID 

Age Sex Clinical Presentation Gene Deleterious variants Zygosity inherit
ance 

New/ 
Reporte

d 
DNA repair defects syndromes 
P85 7y M Ataxia telangiectasia 

syndrome 
ATM p.S2761LfsX2805 

p.I2628fsX2630 
Compound 

heterozygous 
AR 17 

P86 8y F Ataxia telangiectasia 
syndrome 

ATM p.S2761LfsX2805 
p.I2628fsX2630 

Compound 
heterozygous 

AR 17 

P87 4y M Ataxia telangiectasia 
syndrome 

ATM p.S2761LfsX2805 
p.I2628fsX2630 

Compound 
heterozygous 

AR 17 

P88 6y F Ataxia telangiectasia 
syndrome 

ATM p.K2756T 
p.I2628fsX2630 

Compound 
heterozygous 

AR 17 

P89 10y F Ataxia telangiectasia 
syndrome 

ATM p.E2778DfsX2805 
p.H2552PfsX2563 

Compound 
heterozygous 

AR 17 

P90 7y M Ataxia telangiectasia 
syndrome 

ATM p.R2792TfsX2795 Homozygous AR 17 

P91 8y M Ataxia telangiectasia 
syndrome 

ATM p.I2628fsX2630 Homozygous AR 17 

P92 5y F Ataxia telangiectasia 
syndrome 

ATM p.I2628fsX2630 Homozygous AR 17 

P93 8y M Ataxia telangiectasia 
syndrome 

ATM p.I2628fsX2630 Homozygous AR 17 

P94 7y F Ataxia telangiectasia 
syndrome 

ATM p.I2628fsX2630 
p.H2552PfsX2563 

Compound 
heterozygous 

AR 17 

P95 4y M Ataxia telangiectasia 
syndrome 

ATM p.I2628fsX2630 
p.T2556fsX2563 

Compound 
heterozygous 

AR 17 

P96 9y F Ataxia telangiectasia 
syndrome 

ATM p.I2628fsX2630 Homozygous AR 17 

P97 7y F Ataxia telangiectasia 
syndrome 

ATM p.I2628fsX2630 Homozygous AR 17 

P98 7y F Ataxia telangiectasia 
syndrome 

ATM p.I2628fsX2630 Homozygous AR 17 

P99 10y F Ataxia telangiectasia 
syndrome 

ATM p.L1851fsX1856 Homozygous AR 6 

P100 8y F Ataxia telangiectasia 
syndrome 

ATM p.A2622V Homozygous AR 18 

P101 4y M Ataxia telangiectasia 
syndrome 

ATM p.E1622X Homozygous AR New 
patient 

P102 7y F Ataxia telangiectasia 
syndrome 

ATM p.E277X Homozygous AR New 
patient 

P103 6y F Ataxia telangiectasia 
syndrome 

ATM p.Y2969X 
c.2639-1G>A 

Compound 
heterozygous 

AR New 
patient 

 
P104 4y M Ataxia telangiectasia 

syndrome 
ATM p.A1299PfsX1348 Homozygous AR New 

patient 
P105 5y F Ataxia telangiectasia 

syndrome 
ATM p.R1875X Homozygous AR 7 

P106 10y M Atypical ICF syndrome DNMT3B p.D722E Homozygous AR New 
patient 

P107 8y F Atypical ICF syndrome DNMT3B p.G810C Homozygous AR New 
patient 

P108 22y F Atypical ICF syndrome DNMT3B p.D722E Homozygous AR New 
patient 

P109 3y F Atypical ICF syndrome DNMT3B p.Y624C Homozygous AR New 
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patient 
P110 21y F Atypical ICF syndrome DNMT3B p.D722E Homozygous AR New 

patient 
P111 13y M Atypical ICF syndrome DNMT3B p.D722E Homozygous AR New 

patient 
P112 7y F Atypical ICF syndrome DNMT3B p.D722E Homozygous AR New 

patient 
P113 6y M Atypical ICF syndrome DNMT3B c.2397-11 G>A Homozygous AR New 

patient 
P114 33y F Atypical ICF syndrome ZBTB24 p.C408E Homozygous AR New 

patient 
P115 7y F Atypical ICF syndrome ZBTB24 p.D266RfsX28 Homozygous AR New 

patient 
P116 17y M Atypical ICF syndrome ZBTB24 p.C383S Homozygous AR New 

patient 
P117 41y M Atypical ICF syndrome ZBTB24 p.C383S Homozygous AR New 

patient 
P118 39y F Atypical ICF syndrome ZBTB24 p.C383S Homozygous AR New 

patient 
Hyper IgE syndrome 
P119 28y M AD-HIES (Job syndrome) STAT3 p.R382Q Heterozygous AD New 

patient 
P120 21y M AD-HIES (Job syndrome) STAT3 p.R382Q Heterozygous AD New 

patient 
P121 24y F AD-HIES (Job syndrome) STAT3 p.R18fsX34 Heterozygous AD New 

patient 
P122 30y M AD-HIES (Job syndrome) STAT3 p.R382W Heterozygous AD New 

patient 
P123 21y M AD-HIES (Job syndrome) STAT3 p.R382Q Heterozygous AD New 

patient 
P124 19y M AD-HIES (Job syndrome) STAT3 p.V637M Heterozygous AD New 

patient 
P125 26y F AD-HIES (Job syndrome) STAT3 p.N466T Heterozygous AD New 

patient 
P126 27y M AD-HIES (Job syndrome) STAT3 p.R382Q Heterozygous AD New 

patient 
P127 33y F AD-HIES (Job syndrome) STAT3 p.R382Q Heterozygous AD New 

patient 
P128 13y F AD-HIES (Job syndrome) STAT3 p.R382W Heterozygous AD New 

patient 
P129 30y F AD-HIES (Job syndrome) STAT3 p.R382W Heterozygous AD New 

patient 
P130 7y F AD-HIES (Job syndrome) STAT3 p.R382W Heterozygous AD New 

patient 
P131 12y F AD-HIES (Job syndrome) STAT3 p.R382W Heterozygous AD New 

patient 
P132 5y F AD-HIES (Job syndrome) STAT3 p.T657X Heterozygous AD New 

patient 
P133 23y F AD-HIES (Job syndrome) STAT3 p.R382W Heterozygous AD New 

patient 
P134 45y M AD-HIES (Job syndrome) STAT3 p.R382W Heterozygous AD New 

patient 
P135 9y M AD-HIES (Job syndrome) STAT3 p.T657X Heterozygous AD New 

patient 
P136 5y M AD-HIES (Job syndrome) STAT3 p.R382W Heterozygous AD New 

patient 
P137 2y F AD-HIES (Job syndrome) STAT3 p.F493LfsX508 Heterozygous AD New 

patient 
P138 7y F AR-HIES syndrome DOCK8 p.S1711X Homozygous AR New 
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patient 
P139 23y F AR-HIES syndrome DOCK8 Large deletion, exon 1–

48 
Homozygous AR 19, 20 

P140 19y F AR-HIES syndrome DOCK8 Large deletion, exon 1–
44 

Homozygous AR 19, 20 

P141 8y M AR-HIES syndrome DOCK8 Large deletion, exon 
11–14 

Homozygous AR 19, 20 

P142 8y M AR-HIES syndrome DOCK8 Large deletion, exon 
11–13 

Homozygous AR 19, 20 

P143 4y M AR-HIES syndrome DOCK8 Large deletion, exon 
25–26 

Homozygous AR 19, 20 

P144 1.5y M AR-HIES syndrome DOCK8 Large deletion, exon 
25–26 

Homozygous AR 19, 20 

P145 17y F AR-HIES syndrome DOCK8 Large deletion, exon 2 Homozygous AR 20 
P146 7y F AR-HIES syndrome DOCK8 Large deletion, exon 2 Homozygous AR 20 
P147 2y F AR-HIES syndrome DOCK8 p.R1370PfsX1395 Homozygous AR New 

patient 
P148 6y M AR-HIES syndrome DOCK8 p.S1711X Homozygous AR New 

patient 
P149 8y F AR-HIES syndrome DOCK8 Large deletion, exon 1 

and 25–26 
Homozygous AR New 

patient 
P150 9y M AR-HIES syndrome DOCK8 Large deletion, exon 1 

and 27–28 
Homozygous AR New 

patient 
P151 5y M AR-HIES syndrome TYK2 p. E154X Homozygous AR 21 
P152 3y F AR-HIES syndrome TYK2 p. E154X Homozygous AR 21 
P153 9y F AR-HIES syndrome TYK2 p.S50HfsX1 Homozygous AR 21 
P154 8y F Leaky CID syndrome PGM3 p.A548T Homozygous AR New 

patient 
P155 2y F Comel-Netherton syndrome SPINK5 p.N755MfsX782 Homozygous AR 7 
Wiskott-Aldrich syndrome 
P156 0.5y M Wiskott-Aldrich syndrome WAS p.R13X Hemizygous X-

linked 

22 

P157 1y M Wiskott-Aldrich syndrome WAS p.R41X Hemizygous X-
linked 

22 

P158 3y M Wiskott-Aldrich syndrome WAS p.G8X Hemizygous X-
linked 

22 

P159 2y M Wiskott-Aldrich syndrome WAS p.G70R Hemizygous X-
linked 

22 

P160 1y M Wiskott-Aldrich syndrome WAS p.A56V Hemizygous X-
linked 

22 

P161 1y M Wiskott-Aldrich syndrome WAS p.A56V Hemizygous X-
linked 

22 

P162 0.6y M Wiskott-Aldrich syndrome WAS p.N127K Hemizygous X-
linked 

22 

P163 1y M Wiskott-Aldrich syndrome WAS p.D283E Hemizygous X-
linked 

22 

P164 8y M Wiskott-Aldrich syndrome WAS p.P412fsX446 Hemizygous X-
linked 

22 

P165 1y M Wiskott-Aldrich syndrome WAS p.G358fsX494 Hemizygous X-
linked 

22 

P166 4y M Wiskott-Aldrich syndrome WAS p.E464X Hemizygous X-
linked 

22 

P167 0.7y M Wiskott-Aldrich syndrome WAS p.N335X Hemizygous X-
linked 

23 

P168 7y M Wiskott-Aldrich syndrome WAS c.777+1 G>A Hemizygous X-
linked 

New 
patient 

P169 9m M Wiskott-Aldrich syndrome WAS c.777+1 G>C Hemizygous X-
linked 

New 
patient 

P170 18m M Wiskott-Aldrich syndrome WAS p.K230fsX262 Hemizygous X- New 
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linked patient 
Thymic defects syndromes 
P171 1.5y M DiGeorge syndrome TBX1 microdeletion in 

22q11.21 
Heterozygous AD 24 

P172 
0.3y F 

DiGeorge syndrome TBX1 microdeletion in 
22q11.21 

Heterozygous AD New 
patient 

P173 
1y F 

DiGeorge syndrome TBX1 microdeletion in 
22q11.21 

Heterozygous AD New 
patient 

P174 
1y F 

DiGeorge syndrome TBX1 microdeletion in 
22q11.21 

Heterozygous AD New 
patient 

P175 
0.5y F 

DiGeorge syndrome TBX1 microdeletion in 
22q11.21 

Heterozygous AD New 
patient 

P176 
1y M 

DiGeorge syndrome TBX1 microdeletion in 
22q11.21 

Heterozygous AD New 
patient 

P177 
3y M 

DiGeorge syndrome TBX1 microdeletion in 
22q11.21 

Heterozygous AD New 
patient 

P178 
0.1y F 

DiGeorge syndrome TBX1 microdeletion in 
22q11.21 

Heterozygous AD New 
patient 

P179 
1.3y M 

DiGeorge syndrome TBX1 microdeletion in 
22q11.21 

Heterozygous AD New 
patient 

P180 
0.4y M 

DiGeorge syndrome TBX1 microdeletion in 
22q11.21 

Heterozygous AD New 
patient 

P181 
2y F 

DiGeorge syndrome TBX1 microdeletion in 
22q11.21 

Heterozygous AD New 
patient 

P182 
2y M 

DiGeorge syndrome TBX1 microdeletion in 
22q11.21 

Heterozygous AD New 
patient 

P183 
0.2y M 

DiGeorge syndrome TBX1 microdeletion in 
22q11.21 

Heterozygous AD New 
patient 

Other syndromic combined immunodeficiencies 
P184 3.5y M Vici syndrome EPG5 p.R2483X Homozygous AR 25 
P185 10y F Leaky CID syndrome PNP p.C70R Homozygous AR 14 
P186 8y M Leaky CID syndrome TTC7A p.A55V Homozygous AR 14 
P187 4y M Schimke 15immune-osseous 

dysplasia 
SMARCAL

1 
p.R561H Homozygous AR 26 

P188 10y M Anhidrotic ectodermal 
dysplasia syndrome 

IKBKG p.D311G Hemizygous X-
linked 

New 
patient 

P189 15y M Leaky CID syndrome DCK1 p.S280R Hemizygous X-
linked 

New 
patient 

M: male, F: female, CID: Combined immunodeficiencies, AR: autosomal recessive, AD: autosomal 64 

dominant, ICF: Immunodeficiency, Centromeric region instability, Facial anomalies syndrome, HIES: 65 

hyper IgE syndrome.  66 
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Table S8- Stratification of genetic diagnosis based on age and sex on combined immunodeficiency 67 

patients 68 

Gender (N) Genetic study (N) Age of patients 
<6m (N) 6m-5y (N) 5y-15y (N) >15y (N) 

Male (408) Not performed 
(261) 

77 143 26 15 

Not solved (33) 11 18 3 1 
Solved (114) IL2RG(3), 

CD3E(1), 
RAG2(1), 
ADA(2), 
TBX1(2) 

JAK3(1), IL7R(1), CD3D(1), 
RAG1(3), RAG2(2), 

DLRE1C(1), PRKDC(1), 
CD40LG(8), ZAP70(1), 
RFXANK(1), STK4(1), 

LRBA(3), ATM(4), DOCK8(2), 
WAS(15), TBX1(5), EPG5(1), 

SMARCAL1(1) 

DCLRE1C(2), RAG1(2), 
CD40LG(9), 

RFXANK(1), LRBA(7), 
ATM(4), DNMT3B(3), 
STAT3(2), DOCK8(4), 
TYK2(1), TTC7A(1), 
IKBKG(1), DCK1(1) 

CD40LG(1), 
ICOS(1), 
LRBA(3), 
CD27(1), 

ZBTB24(2), 
STAT3(7) 

Female (288) Not performed 
(192) 

56 90 19 27 

Not solved (21) 6 12 3 0 
Solved (75) RAG1(1), 

RAG2(1), 
PTPRC(1), 
MALT1(1), 
TBX1(2) 

JAK3(2), IL7R(1), RAG1(7), 
RAG2(2), NHEJ1(1), 

CIITA(1), STK4(1), ITK(1), 
DNMT3B(1), STAT3(1), 

DOCK8(1),TYK2(1), 
SPINK5(1), TBX1(4) 

STK4(1), ATM(13), 
DNMT3B(2), ZBTB24(1), 

STAT3(4), 
DOCK8(3),TYK2(1), 
PGM3(1), PNP(1) 

ICOS(1), 
LRBA(2), 
CD27(2), 

DNMT3B(2), 
ZBTB24(2), 
STAT3(5), 
DOCK8(3) 

  69 
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