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Abstract 89 

The European Society for Immunodeficiencies patient registry (ESID-R), established in 1994, is one of 90 
the world’s largest databases on inborn errors of immunity (IEI). IEI are genetic disorders 91 
predisposing patients to infections, autoimmunity, inflammation, allergies and malignancies. 92 
Treatments include antimicrobial therapy, immunoglobulin replacement, immune modulation, stem 93 
cell transplantation and gene therapy. Data from 194 centers in 33 countries capture clinical 94 
manifestations and treatments from birth onward, with annually expected updates. This report 95 
reviews the ESID-R’s structure, data content, and impact.  96 

The registry includes 30,628 patient datasets (aged 0–97.9 years; median follow-up: 7.2 years; total 97 
825,568.2 patient-years), with 13,550 cases in 15 sub-studies. It has produced 84 peer-reviewed 98 
publications (mean citation rate: 95). Findings include real-world observations of IEI diagnoses, 99 
genetic causes, clinical manifestations, treatments, and survival trends. The ESID-R fosters global 100 
collaboration, advancing IEI research and patient care. This report highlights the key role of the 101 
multi-national ESID-R, led by an independent medical society, in evidence-based discovery. 102 

  103 
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Summary 104 

Worldwide, most patient registries for inborn errors of immunity are national, with limited 105 
geographical and temporal scope. This 30-year ESID registry analysis of 30,628 patients’ longitudinal 106 
datasets enables robust epidemiological studies on natural disease courses including diagnosis, 107 
treatment, and survival, supporting expanded newborn screening and future AI applications in IEI 108 
research.  109 

  110 
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Introduction 111 

Inborn errors of immunity (IEI) are genetic disorders affecting immunity. They almost invariably 112 
increase the susceptibility to infections and may cause autoimmunity, inflammation, allergy, and 113 
predispose individuals to malignancy(1-6). IEI can manifest at any age and are characterized by a 114 
spectrum of symptoms related to impaired or uncontrolled immune responses. These often have a 115 
serious impact on the health and quality of life of those affected. Many IEI are rare diseases, 116 
including ultra-rare and hyper-rare forms (i.e., frequently <<1/2000 persons affected). Thus, an 117 
international strategy was needed to collect a meaningful number of datapoints for cross-sectional 118 
analyses and longitudinal clinical observations of natural courses of specific IEI.  119 

The European Society for Immunodeficiencies registry (ESID-R) was founded in 1994 by ESID, a non-120 
profit medical specialist society, creating a central database for primary immunodeficiencies. These 121 
are currently referred to as IEI or primary immune disorders (PID), differentiating them from 122 
secondary immune disorders (SID)(7). The ESID-R mainly serves to contain, store, and enable the 123 
analysis of IEI/PID data to improve the understanding of these diseases and their underlying 124 
immunobiology. Historically, the ESID-R was operated for the first 10 years as a hard copy-based 125 
database, and data were submitted by fax to the first chairs of the ESID-R, Lennart Hammarström 126 
and Mohammad Abedi in Huddinge, Sweden. From 2000–2004, Bodo Grimbacher with coworkers in 127 
Freiburg, Germany, developed and implemented the first web-based version of the ESID-R(8 9). In 128 
2014, another major revision was carried out, headed by Stephan Ehl, Freiburg. The two key drivers 129 
of this second re-design were the goal to allow registry participation at three different levels 130 
according to center resources and the need to improve data quality so that a high level of 131 
confidence in the accuracy of the data could be inferred for clinical application and publication. In 132 
addition to inbuilt quality checks, the migration of existing data to the third version of the ESID-R and 133 
the entry of new patient data since then required a manual validation process of all included 134 
patients lacking a genetic diagnosis to meet the simultaneously developed clinical working criteria 135 
for IEI/PID diagnoses, compiled and published by a group of experts(10). In late 2024, ESID decided 136 
to move the ESID-R technical and physical foundation from the Medical Center of the University of 137 
Freiburg to a commercial clinical trials operator (Castor-edc, NL) to improve data-, system-, and 138 
access security. Maintaining the three-level study structure and the mandatory diagnosis validation 139 
process, this currently new, fourth version of the ESID-R is expected to facilitate the generation of 140 
data modules by research groups, allowing decentralized sub-study (eCRF) programming, 141 
independent data exports for center or sub-study analyses, automated center dashboards and add-142 
on features such as patient reporting. 143 

Here, we present major findings from clinical observations of 30,628 patients, based on the current 144 
ESID-R dataset. These findings indicate epidemiologically relevant disease distributions and the 145 
calculated prevalence of diagnoses in registered patients, their clinical manifestations, diagnostic 146 
delays, treatment, disease course and survival probabilities across all IEI/PID categories. 147 
Furthermore, we describe the organizational and technical evolution of the ESID-R, its relationship 148 
with the international registry landscape, and its role as a research (sub-)study platform. These data 149 
are of the utmost relevance to anyone affected by immune disorders or involved in patient care, 150 
management and therapy, drug and policy development for patients with IEI/PID around the world.  151 
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Methods 152 

Technical background and operating mode of the ESID-R 153 

The study protocol, the patient informed consent template and the center data transfer agreement 154 
plus amendments thereof were approved by the IRB and the data protection officer at the Medical 155 
University of Freiburg, Germany (Albert-Ludwigs-University). A substantial amendment was 156 
approved by the Medical University of Graz, Austria (24-334 ex 11/12, IRB00002556) and 157 
implemented in 2024. Details of the operational structure and technical background are found in the 158 
Supplementary Material. 159 

Data and statistical analyses 160 

The study population included all patients with IEI/PID recorded in the ESID-R on March 19, 2024. 161 
Patients considered as discharged (n=538), patients with secondary immunodeficiency who were 162 
documented as part of one national subregistry only (n=417), or without definitive IEI diagnosis 163 
(n=306) were excluded from the study, leaving 30,628 patients. IEI were classified using the latest 164 
classification of the International Union of Immunological Societies (IUIS)(6), with abbreviations of 165 
the category names using, e.g., “PIRD”, typically referred to as primary immune regulatory diseases, 166 
as synonym for “Diseases of immune dysregulation” (category IV; i.e., including familial 167 
hemophagocytic lymphohistiocytosis, FHL). The statistical analyses were conducted using R (version 168 
4.3.2, Vienna, Austria). Continuous and categorical variables were reported using the medians and 169 
interquartile ranges, raw effectives, and percentages, respectively. Survival probabilities were 170 
estimated by applying the cumulative incidence function. Overall survival (OS) was defined as the 171 
time between birth and death from any cause. Curative therapies, such as allogeneic hematopoietic 172 
stem cell transplantation and gene therapy, were considered as competing events. Survival was 173 
analyzed using the R package survival version 3.8-3 as described previously(11). As only patients with 174 
an eligible diagnosis are included, they are not considered to be at risk of dying before they are 175 
diagnosed(11). The prevalence was calculated based on the European population in 2019 (R package 176 
rnaturalearth version 1.0.1). 177 

Role of the funding source 178 

The present and former funding entities of ESID (i.e., Plasma Protein Therapeutics Association [PPTA] 179 
Europe [Baxter, Biotest, Grifols, Kedrion, Octapharma], Novartis, UCB, Celltech, GSK, Pharming, 180 
Takeda [and corporate predecessors] and Chiesi) had no role in the study design, study conduct, 181 
data collection, data management, data analysis, data interpretation, or writing of this report.  182 
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Results 183 

On the end date chosen for inclusion, the ESID-R contained data for 30,628 IEI/PID patients from 194 184 
participating centers in 33 European and other, mostly neighboring countries. There was a steady 185 
increase in the registration of patients over time (supplementary figure 1) apart from a temporary 186 
decline in patient numbers and, to a lesser extent, in center numbers shortly after 2014, due to 187 
structural platform changes in 2014. These required centers to verify their patients to improve the 188 
accuracy of existing data. This allowed us to derive patient distribution by country and the minimal 189 
prevalence of PID/IEI (supplementary table 1 and supplementary figure 2). 190 

Patient characteristics 191 

Figure 1 shows the ages at onset, clinical and genetic diagnoses and main clinical manifestations that 192 
led to diagnosis. A steady decline in new diagnoses was observed with age, although a small second 193 
peak and plateau were seen in adulthood, and a trend for earlier identification of genetic diagnoses 194 
was observed. The delay from the onset of symptoms to clinical diagnosis and between clinical and 195 
genetic diagnosis is shown by year of clinical or genetic diagnosis, i.e., the endpoint of each delay, 196 
over the last 20 years in supplementary figure 1C. As reported previously(12), the majority of 80.3% 197 
of patients have infections on their way to diagnosis, but only in 61.8% as sole recorded 198 
manifestation of IEI, followed by features of immune dysregulation in 11.1% and syndromic 199 
manifestations in 7.3% as sole clinical presentation at diagnosis (n=15,360; 2,746; 1,803, 200 
respectively; figure 1B). Malignancies were among the first manifestations of IEI in 479 patients, and 201 
the only initial manifestation in 117 patients (0.5%; figure 1B).  202 

Table 1 shows the main patient demographic and diagnosis categories, comorbidities such as 203 
malignancy, COVID-19 and living status. The interactive supplementary figure 3 shows the patient 204 
numbers and their distribution according to their IUIS classification, disease name, and genetic 205 
diagnosis (https://esid.org/html-pages/Suppl%20Fig%203_ESID_30k_sunburst_PID.html). About half 206 
of all patients suffer from primary antibody deficiencies (PAD; n=15,123), followed in descending 207 
order, by combined immunodeficiencies with syndromic features (“syndromic”; n=4,239), phagocytic 208 
disorders (“phagocyte”; n=2,548), combined immunodeficiencies (CID; n=2,531), and primary 209 
diseases of immune dysregulation (PIRD; n=2,171; table 1 and supplementary figure 3). Table 1 210 
presents the ages at onset, clinical diagnosis, genetic confirmation, and last follow-up, and the 211 
diagnostic delay. The proportion of patients reported to have suffered from malignancies was 8.9% 212 
(n=1,783). Malignancies were reported as occurring in all subgroups of patients with IEI/PID with 213 
moderately varying frequencies, corroborating the notion that IEI/PID are cancer predisposition 214 
syndromes. The proportion of patients reported to have been affected by COVID-19 was highest in 215 
PAD (35.9%; total cohort: 29.7%). More than half of CID patients received curative therapy (52.6%), 216 
followed by those with bone marrow failure syndromes (BMF; 39.8%), PIRD, and phagocyte 217 
disorders (30.3 and 25.8%, respectively). Supplementary Table 2 shows the causes of death.  218 
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Representation of genetic IEI diagnoses 219 

Figure 2 shows the absolute numbers of patients with a documented genetic diagnosis (n=12,774, 220 
44.5%,) versus those without (n=15,905, 55.5%, including patients not genetically tested) by IEI 221 
category. As expected, within the largest patient subgroup (PAD), the genetic diagnosis is lacking for 222 
the majority of patients (figure 2A) and the clinical diagnosis of CVID is attributed, whereas patients 223 
with CID with syndromic features had the highest proportion of genetic diagnoses. The top five 224 
genes mutated per IEI category are shown in figure 2B, with IL2RG being the most frequently 225 
reported germline genetic cause of CID; 22q11.2 deletion syndrome, of CID with syndromic features; 226 
BTK, of PAD; TNFRSF6, of category IV, diseases of immune dysregulation; CYBB, of phagocyte 227 
disorders; STAT1, of intrinsic or innate immune disorders; MEFV, of autoinflammatory syndromes; 228 
C1 inhibitor, of complement deficiencies; RTEL, of BMF; and somatic TNFRSF6, of phenocopies. The 229 
top 50 genetic causes of IEI from the ESID-R are shown with patient numbers in descending order in 230 
supplementary figure 4. 231 

Treatment modalities according to IEI categories 232 

Immunoglobulin replacement therapy (IGRT), hematopoietic stem cell transplantation (HSCT), gene 233 
therapy (GT), and splenectomy are recorded in the ESID-R and listed in supplementary table 3. As 234 
expected, the highest number and proportion of IGRT-receiving patients is seen in the subgroup of 235 
patients with PAD (figure 3). The highest absolute numbers of HSCT procedures were performed in 236 
patients with CID, followed by those with PIRD and phagocytic disorders. IGRT and HSCT were 237 
documented in patients with IEI/PID in any category. Gene therapy, an evolving curative treatment 238 
option devoid of some risks associated with HSCT, such as alloreactivity, was recorded in a 239 
descending order for CID, syndromic and phagocyte disorders (figure 3). Splenectomy was recorded 240 
relatively frequently in patients with phenocopies, but it was also documented for any IEI category. 241 
The use of immune-modulatory treatments such as anti-inflammatory, cell-depleting, or pathway-242 
directed (targeted) therapies and the rare cases of thymus or solid organ transplantation were 243 
recorded but are not shown here, as the heterogeneity of the data exceeds the scope of this general 244 
report. 245 

Survival probabilities of patients with IEI 246 

We hypothesized that the survival probabilities of patients in the 10 IUIS categories of IEI differed 247 
due to their varying predispositions to life-threatening infections, malignancies, autoimmunity, or 248 
other manifestations and complications associated with their underlying conditions. Although the 249 
data granularity in the entire ESID-R with respect to patient follow-up intervals is not comparable 250 
with that in disease-specific prospective cohort studies, we could plot the reversed cumulative 251 
incidence function, due to the presence of competing risks, based on the relatively large patient 252 
numbers in each IEI category (figure 4; see supplementary figure 5 for the same curves with 253 
confidence intervals). Of note, natural biases such as underreporting of patients who died from IEI 254 
before diagnosis or of patients with a mild phenotype exist, and numbers at risk increased over the 255 
first few years of the observation period (0–97.9 years of age) due to the later time points of 256 
inclusion or diagnosis. We detected a steep early decline in survival in many IE categories while 257 
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curves plateaued, i, methodologically, in some where definitive treatments exist, or, ii, in genotypes 258 
with variable penetrance (e.g., CID, PIRD). Additionally, while patients with PAD showed a 259 
continuous decline in survival probability from a young age across all age groups, the decline in the 260 
survival of patients with phagocyte and innate immune disorders showed an initial drop. This finding 261 
suggests that a proportion of patients are at very high risk during their first five years of life. 262 
Diagnoses of early deceased patients with PIRD (n=70 under 5 years of age) were mostly due to 263 
disorders with a high risk of hemophagocytic lymphohistiocytosis (HLH; 81.4%); premature deaths in 264 
“innate” IEI were frequently due to IRAK4 or MyD88 deficiencies (supplementary table 4). Patients 265 
with IEI/PID with syndromic features had a triphasic survival probability. After observing an initial 266 
decline in the first four years of life, we detected a second pronounced decline in survival probability 267 
in the patients’ 2nd and 3rd decades of life, most likely due to the increased risk of malignancies in 268 
many patients in this subgroup (>25%, see supplementary table 2), and a third, relatively steep 269 
decline in patients in their 6th–7th decades.  270 

The ESID-R in the international data source landscape 271 

Other continental or cross-regional IEI/PID registries of varying temporal and geographical depth 272 
include the global Jeffrey Modell Foundation Centers Network (>94,000 patients), the USIDNET 273 
registry in the USA (>5,000), the LASID registry in Latin America (>9,000), the Australian AusPIPS 274 
registry (>1,500) as part of the Australasian network, JSIAD (>1,200) in Japan as part of the Asian-275 
Pacific (APSID) network, the Canadian registry (CIEINR) founded in 2024 and the registries of the 276 
Primary Immune Deficiency Treatment Consortium (PIDTC) of North America; in addition, many 277 
national registries exist inside or outside of ESID(13). Those reported in Europe are shown in 278 
supplementary figure 7. Furthermore, the ESID-R is listed as official data source in catalogues of 279 
EMA, the European Medical Agency, and of ERDRI, the EU rare disease platform, which are metadata 280 
repositories to increase visibility and facilitate the use of rare disease patients’ data. 281 

Scientific impact of the ESID-R and sub-studies 282 

Up to the end date chosen for data inclusion in this manuscript, 84 peer-reviewed publications 283 
resulted from projects deriving data directly from the ESID-R (Figure 5 and ESID website(14)). We 284 
evaluated this scientific output by categorizing and counting the publications and their citations as 285 
follows: disease-specific natural history studies (n=25; 3,658 citations), country-specific 286 
epidemiological studies (n=19; 2,575 citations), six reviews (422 citations), two on technical aspects 287 
(104 citations) and 15 of our own registry-conducted studies (e.g., on first manifestations or on 288 
working definitions for the clinical diagnosis of IEI/PID, 1,221 citations), plus 17 studies that could 289 
have been assigned to multiple or overlapping categories (figure 5), resulting in a mean citation rate 290 
of 95 per publication.   291 
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Discussion 292 

The ESID-R is a large and growing real-world database enabling powerful analyses that have 293 
continuously generated epidemiological and disease-specific observational results since 1994. It 294 
contributes to knowledge and improvements in patient care in IEI in Europe and beyond. The 295 
present analysis illustrates the current distribution of: i) IEI diagnoses recorded in contributing 296 
centers and countries, ii) major treatment modalities between all IEI categories, iii), ages at onset, at 297 
clinical and at genetic diagnosis and iv) survival probabilities. Our results underline the 298 
recommendation to implement newborn screening, potentially even for certain additional IEI other 299 
than severe combined immunodeficiencies (SCID). The 7,980 citations of 84 peer-reviewed ESID-R-300 
based publications as of early 2024 demonstrate the success of the ESID-R as platform for research 301 
sub-studies and their substantial scientific impact. Hence, the ESID-R provides a clear example of 302 
how data collection and collaboration can benefit patients with rare diseases. 303 

Survival probabilities, early diagnosis, and newborn screening 304 

Newborn screening (NBS) for SCID by measuring T-cell receptor with or without kappa-deleting 305 
recombination excision circles in dried blood spots has been implemented in many countries around 306 
the world(15-17). A substantial survival benefit for patients diagnosed and treated by early HSCT was 307 
demonstrated and recently confirmed in a longitudinal study of the PIDTC(18). The steep early 308 
decline in survival we observed in patients with disorders of immune regulation and “innate” IEI may 309 
argue for an extension of NBS to other immediately life-threatening IEI (e.g., FHL, XLP1, 310 
MyD88/IRAK4 deficiencies and IPEX syndromes). To extend the spectrum of early IEI–NBS, current 311 
techniques may be supplemented by RNA sequencing or germline genetic testing, such as targeted 312 
sequencing panels, whole exome or genome sequencing. Feasibility studies of such extended NBS 313 
are ongoing in regional or national programs(19). However, the vast ethical and social implications of 314 
any omics-based addition like baby genome screening will require careful consideration of the risks 315 
and benefits(20). 316 

Methodological and organizational limitations 317 

Physicians and other documentarists regularly collect data for the ESID-R on a voluntary basis, with 318 
data quality and quantity (i.e., data depth and accuracy) varying substantially between centers and 319 
across countries. Depending on resources dedicated to data documentation, an underestimation of 320 
the prevalence of IEI/PID, assumed to be widely similar across Europe, of around 30% was 321 
demonstrated(21). While all centers can participate in the ESID-R and scientific sub-studies for free, 322 
minimum infrastructure is required. With the rare exception of per-patient fees in pharma-323 
sponsored level-3 studies, ESID does not financially reimburse data entry. The participants mainly 324 
benefit from the international academic collaboration and representation, which increases their 325 
awareness for disease phenotypes and current clinical research questions. Also, each center may 326 
obtain their own (local and regional) epidemiological data within a legally and ethically approved and 327 
financially sustainable technical framework (see survey results in the supplementary material). 328 
Furthermore, ESID has no means of monitoring the data quality other than by inbuilt checks for logic 329 
and completeness at the time point of data entry. So far, automated transfers of data from 330 
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electronic health records (eHR) into the ESID-R, which have the potential to overcome many of the 331 
aforementioned obstacles and to enhance both the quality and quantity of recorded data, have not 332 
been attempted due to regulatory obstacles and the heterogeneity of eHRs in the 194 participating 333 
centers. All the above, along with the fact that some monogenic IEIs have only been described 334 
recently while others have been recognized for decades, introduces a systemic ascertainment bias 335 
into the dataset when comparing, e.g., numbers of diagnoses and time of survival. For example, X-336 
linked agammaglobulinemia (caused by mutations in BTK)(22) is probably not eight times more 337 
prevalent than, e.g., the autosomal-dominant CTLA4-(haplo)insufficiency(23 24) or NFKB1-338 
(haplo)insufficiency(25). In summary, we build on the trust of participants and the success of this 339 
huge cooperative effort, to continue the ESID-R in its fourth technical version starting from late 340 
2024, serving as up-to-date simple and free platform for inherently motivated international scientific 341 
clinical research collaboration. 342 

Challenges of reporting genetic data 343 

Collecting data from the heterogenous patient population of individuals with IEI/PID and storing 344 
these in a registry presents many challenges. Scientists estimate that current routine next-345 
generation sequencing (NGS) technologies can reveal a molecular cause in approximately 30–35% of 346 
IEI cases(19). It is noteworthy that information classifying detected variants by applying ACMG 347 
criteria or performing functional validation is not collected in the ESID-R. Phenotype information 348 
derived from the ESID-R might support the efforts of the ClinGen Immunology Gene and Variant 349 
Curation Expert Panels(26). The incorporation of genetic data beyond known pathogenic mutations, 350 
ideally linked to precisely defined phenotypes according to the human phenotype ontology 351 
(HPO)(27), represents a biologically interesting, future challenge. This includes the verification of 352 
variants of unknown significance, intronic changes, somatic mutations and mosaicism, epigenetic 353 
factors, variable penetrance and other less-studied factors as non-coding modifier alleles and 354 
monoallelic expression(28).  355 

Link to other registries, synergies, overlapping efforts 356 

From a scientific perspective, it has become increasingly important to compare outcomes for IEI/PID 357 
patients with and without cellular therapy (HSCT or gene therapy). The registry of the European 358 
Society for Blood and Marrow Transplantation (EBMT) currently registers definitive cellular therapies 359 
in about 700 patients with IEI per year(29), many of whom are also registered in the ESID registry. 360 
Hence, to optimize future research, datasets from the ESID and the EBMT registries for the same 361 
patients should be combined. Better alignment of the registries and their data fields is urgently 362 
needed to facilitate such studies, and we expect the new technical platform to facilitate data exports 363 
and imports alike across providers. Furthermore, the IUIS classification has gradually incorporated 364 
more diseases from overlapping specialties (e.g., hematology-oncology, rheumatology, 365 
gastroenterology), many of which are (also) covered by other medical societies and patient 366 
registries. Thus, although data from many of these patients are stored in the ESID-R, their proportion 367 
in the ESID-R does not reflect the real-world distribution. The registry of the European Reference 368 
Network for Rare Immunological and Autoimmune Diseases (ERN-RITA), an EU sponsored network of 369 
healthcare providers from reference centers for PID/IEI, rheumatology, autoinflammatory and 370 
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autoimmune diseases, aims to collect common data elements from patients across these disease 371 
areas. This initiative may help to avoid redundancy. Finally, using independent (meta-)identifiers 372 
such as the European SPIDER-ID(30) in all registries would help scientists disentangle the registry 373 
landscape.  374 

Future: AI in registry work for data analysis and interpretation 375 

Advanced software tools and artificial intelligence (AI, e.g., large language models, natural language 376 
processing, and machine learning), will certainly transform clinical decision-making and other crucial 377 
processes in medicine including the field of IEI.(31 32) Automated eHR scanning and data harvesting 378 
processes, ideally for specific terms in accordance with HPO, medical reports, disease classification 379 
codes (e.g., ICD-11 or ORPHA codes), but also for free text may be used to identify currently 380 
undiagnosed IEI/PID patients. These individuals might benefit from early screening by preventing 381 
complications. Accordingly, as a first step, data from an IEI/PID registry like the ESID-R that includes 382 
data from patients with an established diagnosis could be used to train AI models and to predict a 383 
monogenic IEI or at least the most likely affected pathway in patients who lack a genetic diagnosis. 384 
Consequently, patients may undergo screening for disease-specific risks and receive appropriate 385 
therapy early in their course. In addition to AI-assisted automated data extraction from eHRs to feed 386 
patient registries with structured information, complementing the ESID-R with AI-based tools has 387 
the potential to transform this data-collection platform to an electronic IEI/PID patient management 388 
assistant in the future. 389 

Conclusions and Perspectives 390 

The rarity and complexity of many IEI grants them an orphan status regarding pharmaceutical 391 
research and development. The feasibility of clinical research, including drug trials and post-392 
authorization efficacy and safety studies, thus depends on large networks of academic institutions 393 
and medical specialist societies. As one of the largest registries, containing extensive longitudinal 394 
datasets and having a pan-European reach, the ESID-R is likely to remain one of the most relevant 395 
scientific registries for patients with IEI.  396 
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Legends 777 

Table 1. European Society for Immunodeficiencies (ESID) registry patient characteristics. 778 

Figure 1. Ages and main manifestations at onset of inborn errors of immunity (IEI) or primary 779 
immune disorders (PID). A, age groups of age at disease onset, clinical diagnosis of IEI/PID, and of 780 
genetic diagnosis are shown. B, Venn diagram of main manifestations of IEI/PID with absolute 781 
patient numbers and proportions. 782 

Figure 2. Representation of genetic diagnoses of known IEI/PID in the ESID registry. A, the number 783 
and proportion of patients with a genetic versus those without a genetic diagnosis is shown in 784 
descending order. B, the top 5 genetic defects or deletions registered in the ESIDR per all 10 IUIS 785 
categories of IEI are presented; the nomenclature in registry diagnosis and gene fields was not 786 
regularly updated/changed, showing, e.g., GP91-phox instead of CYBB and p47-phox instead of 787 
NCF1.  788 

Figure 3. Major treatment modalities of patients with IEI/PID as recorded in the ESID-R. Relative 789 
proportions of major treatments such as immunoglobulin replacement therapy (data on route, 790 
interval and dose were recorded but are not shown), allogeneic hematopoietic stem cell 791 
transplantation (AlloSCT), autologous gene therapy (GT) and on splenectomy. Only a proportion of 792 
centers recorded data on immune modifying treatment (not shown), and the ESID-R does not 793 
capture data on antimicrobial therapy. “Unknown/not listed” and IgRT refer to the latest follow-up 794 
time point. 795 

Figure 4. Survival probabilities of main categories of IEI/PID and the living status at last news. A, 796 
Inverse cumulative incidence curves as described and referenced in the supplementary material. 797 
Start = age at diagnosis, stop = age at last news, event = living status (0= censored, 1 = deceased first, 798 
2 = curative therapy first). There were 21,206 patients censored, 1,960 patients who deceased first, 799 
and 2,901 patients who had a curative therapy first (not showing deaths after curative therapy); 800 
roman numbers refer to the IUIS categories for IEI/PID as listed in Figure 2B. 801 

Figure 5. Number, categories and citation counts of ESID-R-based publications. A total of 7,980 802 
citations of 84 peer-reviewed ESID-R-based publications until early 2024 was recorded. See also the 803 
website for regular updates of ESID-R-related publications at https://esid.org/working-804 
parties/registry-working-party/registry-publications/  805 

 806 
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Table 1. European Society for Immunodeficiencies (ESID) registry patient characteristics. 807 

Covariate Values Whole cohort CID 
(I) 

Syndromic 
(II) 

PAD 
(III) 

PIRD 
(IV) 

Phagocyte 
(V) 

Innate 
(VI) 

AIS 
(VII) 

Complement 
(VIII) 

BMF 
(IX) 

Phenocopies 
(X) other 

    N=30628 N=2531 N=4239 N=15123 N=2171 N=2548 N=823 N=1042 N=1482 N=85 N=30 N=554 

Gender (male) 

M 16767 (54.8%) 1470 (58.1%) 2473 (58.3%) 7782 (51.5%) 1329 (61.2%) 1693 (66.5%) 387 (47%) 575 (55.2%) 681 (46%) 57 (67.1%) 19 (63.3%) 301 (54.3%) 

F 13855 (45.2%) 1061 (41.9%) 1766 (41.7%) 7337 (48.5%) 841 (38.8%) 854 (33.5%) 436 (53%) 467 (44.8%) 801 (54%) 28 (32.9%) 11 (36.7%) 253 (45.7%) 

Year of birth   1997 
[1976;2008] 

2007 
[1997;2014] 

2005 
[1995;2012] 

1984 
[1963;2001] 

2004 
[1993;2011] 

2002 
[1991;2010] 

2003 
[1991;2011] 

2008 
[1999;2013] 

1991 
[1972;2006] 

2004 
[1987;2011] 

2001.5 
[1995;2008.5] 

1998 
[1974;2007] 

Familial case 

N 21854 (76.6%) 1725 (72.9%) 3002 (74.1%) 11949 (85.4%) 1266 (61.1%) 1468 (65.4%) 492 (62.2%) 771 (76.6%) 645 (46.5%) 57 (75%) 28 (93.3%) 451 (87.7%) 

Y 6681 (23.4%) 641 (27.1%) 1047 (25.9%) 2049 (14.6%) 805 (38.9%) 778 (34.6%) 299 (37.8%) 236 (23.4%) 742 (53.5%) 19 (25%) 2 (6.7%) 63 (12.3%) 

Consanguinity 

N 24731 (87.2%) 1426 (60.8%) 3247 (82.1%) 13381 (95.5%) 1602 (78.8%) 1699 (75.6%) 589 (77.3%) 920 (93.2%) 1303 (93.1%) 66 (84.6%) 28 (100%) 470 (92.7%) 

Y 3624 (12.8%) 921 (39.2%) 708 (17.9%) 631 (4.5%) 432 (21.2%) 547 (24.4%) 173 (22.7%) 67 (6.8%) 96 (6.9%) 12 (15.4%) 0 (0%) 37 (7.3%) 

Age at onset of symptoms   3 [0.4;14.1] 0.3 [0;1.6] 0.5 [0;2.2] 8 [2;30] 2.2 [0.3;7.5] 0.7 [0.1;3] 1.2 [0.2;3.8] 2.8 [0.7;5] 8 [3;18] 3 [0.3;8.1] 2.8 [0.6;4.9] 3 [0.7;15.4] 

Immune dysregulation at 
onset 

N 21482 (77.2%) 1712 (77.5%) 3242 (84.1%) 11175 (80.3%) 616 (31.6%) 1944 (86.2%) 632 (84.9%) 536 (55%) 1182 (88.3%) 49 (67.1%) 4 (13.3%) 390 (80.7%) 

Y 6347 (22.8%) 498 (22.5%) 613 (15.9%) 2741 (19.7%) 1335 (68.4%) 311 (13.8%) 112 (15.1%) 438 (45%) 156 (11.7%) 24 (32.9%) 26 (86.7%) 93 (19.3%) 

Infection at onset 

N 8133 (28.9%) 436 (19.6%) 2195 (56.6%) 1920 (13.6%) 1161 (59.6%) 590 (26%) 108 (14.4%) 705 (72.5%) 827 (61.5%) 44 (60.3%) 19 (67.9%) 128 (26.3%) 

Y 19961 (71.1%) 1786 (80.4%) 1680 (43.4%) 12202 (86.4%) 787 (40.4%) 1681 (74%) 643 (85.6%) 267 (27.5%) 518 (38.5%) 29 (39.7%) 9 (32.1%) 359 (73.7%) 

Malignancy at onset 

N 27294 (98.3%) 2180 (98.6%) 3766 (97.8%) 13620 (98.1%) 1885 (97.1%) 2235 (99.4%) 741 (99.7%) 969 (99.8%) 1333 (99.8%) 69 (94.5%) 25 (89.3%) 471 (97.7%) 

Y 479 (1.7%) 30 (1.4%) 85 (2.2%) 269 (1.9%) 57 (2.9%) 13 (0.6%) 2 (0.3%) 2 (0.2%) 3 (0.2%) 4 (5.5%) 3 (10.7%) 11 (2.3%) 

Syndromic manifestations 
at onset 

N 24549 (88.3%) 2046 (92.6%) 1651 (42.7%) 13574 (97.7%) 1798 (92.5%) 2075 (92.3%) 683 (91.8%) 919 (94.6%) 1274 (95.4%) 40 (54.8%) 28 (100%) 461 (95.4%) 

Y 3253 (11.7%) 164 (7.4%) 2220 (57.3%) 320 (2.3%) 145 (7.5%) 174 (7.7%) 61 (8.2%) 52 (5.4%) 62 (4.6%) 33 (45.2%) 0 (0%) 22 (4.6%) 

Other onset 

N 24466 (87.9%) 1992 (90.1%) 3298 (85.5%) 12947 (93.1%) 1782 (91.6%) 2086 (92.7%) 685 (92.1%) 545 (55.6%) 647 (48.1%) 59 (80.8%) 28 (96.6%) 397 (81.9%) 

Y 3366 (12.1%) 220 (9.9%) 559 (14.5%) 963 (6.9%) 163 (8.4%) 164 (7.3%) 59 (7.9%) 436 (44.4%) 699 (51.9%) 14 (19.2%) 1 (3.4%) 88 (18.1%) 
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Covariate Values Whole cohort CID 
(I) 

Syndromic 
(II) 

PAD 
(III) 

PIRD 
(IV) 

Phagocyte 
(V) 

Innate 
(VI) 

AIS 
(VII) 

Complement 
(VIII) 

BMF 
(IX) 

Phenocopies 
(X) other 

    N=30628 N=2531 N=4239 N=15123 N=2171 N=2548 N=823 N=1042 N=1482 N=85 N=30 N=554 

No clinical symptoms 

N 27605 (94.1%) 2188 (91%) 3770 (92.5%) 13875 (95.9%) 1926 (91.5%) 2238 (92.3%) 735 (91.9%) 966 (97.2%) 1326 (91.2%) 71 (91%) 28 (100%) 482 (97.6%) 

Y 1725 (5.9%) 217 (9%) 306 (7.5%) 595 (4.1%) 180 (8.5%) 187 (7.7%) 65 (8.1%) 28 (2.8%) 128 (8.8%) 7 (9%) 0 (0%) 12 (2.4%) 

Age at clinical diagnosis 
(CD)   8.2 [2;30.1] 0.7 [0.3;4.6] 2.4 [0.4;6.9] 22 [6.2;44] 5.1 [1;13] 2 [0.5;7] 4.2 [1.1;14] 5 [2.7;11.4] 15 [5.2;28.8] 5 [1.3;13.7] 5.2 [3;9.8] 7.5 [2.3;34.1] 

Delay between onset and 
CD   1.3 [0.1;5.1] 0.2 [0;1.3] 0.8 [0;3.9] 2.7 [0.7;7.5] 0.4 [0;3.4] 0.5 [0.1;2.2] 1 [0.1;5.6] 1.5 [0.5;4] 1.1 [0.1;7] 0.5 [0.1;2.1] 0.9 [0.3;3.9] 1.7 [0.3;4.7] 

Genetics 

Mutation found 12774 (44.5%) 1470 (63.1%) 3647 (88.8%) 2251 (16%) 1671 (80.8%) 1693 (71.8%) 529 (68.1%) 662 (65.3%) 772 (55.6%) 49 (71%) 30 (100%) 0 (0%) 

No mutation found 2852 (9.9%) 319 (13.7%) 79 (1.9%) 1850 (13.1%) 195 (9.4%) 106 (4.5%) 81 (10.4%) 71 (7%) 27 (1.9%) 9 (13%) 0 (0%) 115 (24.7%) 

Not tested 11956 (41.7%) 403 (17.3%) 325 (7.9%) 9398 (66.8%) 125 (6%) 478 (20.3%) 97 (12.5%) 250 (24.7%) 569 (41%) 8 (11.6%) 0 (0%) 303 (65%) 

Pending 1097 (3.8%) 136 (5.8%) 57 (1.4%) 576 (4.1%) 76 (3.7%) 80 (3.4%) 70 (9%) 31 (3.1%) 20 (1.4%) 3 (4.3%) 0 (0%) 48 (10.3%) 

Age at genetic diagnosis 
(GD)   5.5 [1.1;15] 0.9 [0.3;6.7] 3.2 [0.4;9.7] 9.4 [2.9;25] 8.3 [1.8;17.3] 4.4 [1.1;12.7] 10 [3.2;20.4] 8.4 [4;22] 13.2 [5;26.9] 8.2 [3.6;17.4] 9.8 [5;14.1] NA [NA;NA] 

Delay between CD and GD   0.3 [0;2.9] 0.2 [0;1.2] 0.2 [0;1.7] 1.3 [0.1;8.8] 0.2 [0;2.2] 0.3 [0;2.2] 0.8 [0.1;5.9] 0.1 [0;1.1] 0.2 [0;1.6] 0.4 [0.1;2.6] 1 [0.2;4.9] NA [NA;NA] 

Reason of GD 

Clinical 8787 (88%) 975 (87.7%) 2601 (90.8%) 1629 (89.2%) 1192 (82.2%) 1081 (90.6%) 380 (85.4%) 515 (88.6%) 350 (77.8%) 39 (92.9%) 25 (96.2%) 0 (0%) 

Family 975 (9.8%) 77 (6.9%) 153 (5.3%) 170 (9.3%) 245 (16.9%) 100 (8.4%) 63 (14.2%) 65 (11.2%) 99 (22%) 3 (7.1%) 0 (0%) 0 (0%) 

Neonatal 114 (1.1%) 41 (3.7%) 45 (1.6%) 20 (1.1%) 2 (0.1%) 3 (0.3%) 0 (0%) 1 (0.2%) 1 (0.2%) 0 (0%) 1 (3.8%) 0 (0%) 

Prenatal 112 (1.1%) 19 (1.7%) 64 (2.2%) 7 (0.4%) 11 (0.8%) 9 (0.8%) 2 (0.4%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Sequencing method of GD 

Gene sequencing 7693 (83.3%) 848 (80.1%) 2122 (82%) 1421 (83.5%) 1154 (85.3%) 970 (87.7%) 323 (77.5%) 459 (85.5%) 347 (84.6%) 26 (70.3%) 23 (95.8%) 0 (0%) 

Non-genetic definitive test 441 (4.8%) 35 (3.3%) 284 (11%) 11 (0.6%) 12 (0.9%) 59 (5.3%) 3 (0.7%) 0 (0%) 36 (8.8%) 1 (2.7%) 0 (0%) 0 (0%) 

Whole exome/genome 
sequencing 1100 (11.9%) 176 (16.6%) 183 (7.1%) 270 (15.9%) 187 (13.8%) 77 (7%) 91 (21.8%) 78 (14.5%) 27 (6.6%) 10 (27%) 1 (4.2%) 0 (0%) 

Malignancy 

N 18176 (91.1%) 1578 (93.4%) 2491 (88.9%) 8759 (89.4%) 1595 (91.4%) 1609 (95.6%) 569 (94.7%) 604 (98.1%) 632 (97.7%) 66 (90.4%) 16 (72.7%) 257 (89.9%) 

Y 1783 (8.9%) 112 (6.6%) 312 (11.1%) 1034 (10.6%) 150 (8.6%) 74 (4.4%) 32 (5.3%) 12 (1.9%) 15 (2.3%) 7 (9.6%) 6 (27.3%) 29 (10.1%) 
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Covariate Values Whole cohort CID 
(I) 

Syndromic 
(II) 

PAD 
(III) 

PIRD 
(IV) 

Phagocyte 
(V) 

Innate 
(VI) 

AIS 
(VII) 

Complement 
(VIII) 

BMF 
(IX) 

Phenocopies 
(X) other 

    N=30628 N=2531 N=4239 N=15123 N=2171 N=2548 N=823 N=1042 N=1482 N=85 N=30 N=554 

Covid19 

N 5380 (70.3%) 456 (81%) 801 (76.1%) 2613 (64.1%) 434 (74.2%) 363 (81%) 130 (77.4%) 260 (74.9%) 177 (76.3%) 15 (78.9%) 6 (75%) 125 (79.6%) 

Y 2273 (29.7%) 107 (19%) 251 (23.9%) 1461 (35.9%) 151 (25.8%) 85 (19%) 38 (22.6%) 87 (25.1%) 55 (23.7%) 4 (21.1%) 2 (25%) 32 (20.4%) 

Living status 

Alive 20680 (67.5%) 1419 (56.1%) 2580 (60.9%) 10740 (71%) 1519 (70%) 1534 (60.2%) 546 (66.3%) 729 (70%) 1127 (76%) 52 (61.2%) 22 (73.3%) 412 (74.4%) 

Deceased 3216 (10.5%) 615 (24.3%) 676 (15.9%) 1117 (7.4%) 356 (16.4%) 269 (10.6%) 87 (10.6%) 23 (2.2%) 18 (1.2%) 22 (25.9%) 3 (10%) 30 (5.4%) 

Lost to follow-up 6732 (22%) 497 (19.6%) 983 (23.2%) 3266 (21.6%) 296 (13.6%) 745 (29.2%) 190 (23.1%) 290 (27.8%) 337 (22.7%) 11 (12.9%) 5 (16.7%) 112 (20.2%) 

Age at last follow-up/death   20.2 [9.4;42.6] 8.7 [2;18.7] 12.5 [6.3;19.9] 35.4 [16.9;55.9] 14.8 [6.5;24.2] 13.7 [5.8;23.6] 15 [7;27.3] 11.2 [6;20.9] 27.3 [13.6;46.4] 14.6 [6.3;23.7] 18.2 [12;22.8] 19 [8.4;44.1] 

Living status (stops at CT) 

Alive at last follow-up 24222 (81.1%) 928 (37.1%) 3144 (76.5%) 13522 (92%) 1313 (61%) 1680 (67%) 695 (86.1%) 956 (95.1%) 1463 (99.1%) 41 (49.4%) 25 (83.3%) 455 (90.6%) 

Deceased 2226 (7.5%) 258 (10.3%) 496 (12.1%) 966 (6.6%) 186 (8.6%) 181 (7.2%) 74 (9.2%) 17 (1.7%) 11 (0.7%) 9 (10.8%) 3 (10%) 25 (5%) 

Curative therapy 3431 (11.5%) 1315 (52.6%) 470 (11.4%) 216 (1.5%) 653 (30.3%) 648 (25.8%) 38 (4.7%) 32 (3.2%) 2 (0.1%) 33 (39.8%) 2 (6.7%) 22 (4.4%) 

Age at last follow-up (stops 
at CT)   19.4 [8;42.6] 1.3 [0.5;11] 11.4 [5.2;19.3] 35.5 [16.8;55.9] 12.1 [3.2;22.7] 11.6 [4;21.8] 14.6 [6.6;27] 11.1 [5.9;20.7] 27.4 [13.6;46.5] 10 [5;20.5] 18.2 [11;22.8] 19 [7.8;44.1] 

Follow-up duration (years)   7.2 [2.6;14] 4.6 [0.8;12] 8 [2.9;14] 7.9 [3.4;14.5] 5.6 [1.7;11.6] 7.7 [2;17.2] 6.6 [1.7;13.1] 4 [1.6;7.9] 7.7 [2.1;16.9] 6.7 [3.4;10.6] 11.2 [5.2;17.1] 5.2 [1.5;11] 

Quantitative covariates: Median [Q1;Q3]; qualitative covariates: Effective (Percentage); the order of subgroups from left to right follows the IEI 808 
categories I-X of the 2022 IUIS classification available on the end date chosen for inclusion; values Y for “yes/present” for real positive values, 809 
N for “no” is shown to reflect the size of the correct comparison group, excluding “unknown” replies; ages in years; CT, curative / definitive 810 
therapy; diagnosis via newborn screening is recorded as subcategory of “no clinical symptoms / lab abnormalities only”, where not all choices 811 
of the submenu are shown; examples of “non-genetic definitive tests” are FISH, MLPA, or CGH Arrays. 812 

 813 
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 1 

Supplementary Material 1 

Inborn errors of immunity: manifestation, treatment, and outcome 2 

– an ESID registry 1994-2024 report on 30,628 patients 3 

 4 

Supplementary Text 5 

Historical evolution of the ESID registry, objectives, structure, and content 6 

The transition from the first, hardcopy-based, to the first online version of the ESID registry (ESID-R) 7 
was headed by Bodo Grimbacher, Freiburg, Germany, with the help of Barbara Frisch and Viviane 8 
Knerr as well as programmers Dominik Veit and Stephan Rusch in 2000-2004. The biggest hurdles 9 
faced during this first restructuration were ethical considerations, data protection, and obtaining 10 
industry funding. The second overhaul was conducted by Stephan Ehl, Freiburg, and programmers 11 
Benjamin Gathmann and Stephan Rusch in 2014 and focused on content restructuration. The ESID 12 
registry (ESID-R) steering group, led by the elected chairperson of the ESID-R working party, oversees 13 
all aspects of the evolution of the registry, including the design, operations, financing, and set-up of 14 
dedicated studies.  15 

Specific objectives of the ESID-R include: 16 

1. Collection of epidemiological data: The registry contains basic information on patients with 17 
IEI, including their medical history, diagnosis, genetics, treatment, and disease progression. 18 
Data on the prevalence of these rare diseases and the associated health burden are 19 
important for political decision-makers.  20 

2. Analysis and research: By analyzing the collected data on these rare diseases through 21 
multicenter collaboration, researchers can gain new insights into the pathophysiology and 22 
treatment of primary immunodeficiencies.  23 

3. Support of clinical studies and trials: Registry data can serve as the basis for clinical studies or 24 
trials aimed at developing new therapies, improving the treatment of patients affected by 25 
those diseases, and for post-marketing surveillance studies of new drugs and medicinal 26 
products. 27 

4. Improving patient care: Through the analyses and publication of registry data, the registry 28 
helps improve IEI patient care by providing physicians and healthcare providers/decision-29 
makers with access to up-to-date information and practices. 30 

Both versions of the ESID-R operating from 2004-2014 and 2014-2024 had the following key 31 
features(1): 32 

1. Database Architecture: The ESID-R utilizes a sophisticated database architecture to manage 33 
the vast amount of data collected from patients. This database is designed to be scalable, 34 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprintthis version posted April 16, 2025. ; https://doi.org/10.1101/2025.02.20.25322586doi: medRxiv preprint 

https://doi.org/10.1101/2025.02.20.25322586
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

 2 

ensuring it can handle the increasing volume of patient records and research findings over 35 
time. 36 

2. Data Security: Ensuring the security and privacy of patient data is paramount. The ESID-R 37 
implements stringent security measures to protect sensitive information, including 38 
encryption protocols and access controls 39 

3. Web-Based Platform: The ESID-R is accessed through a web-based platform, allowing 40 
authorized users to input and access data remotely. This platform is user-friendly and 41 
intuitive, facilitating seamless data entry and retrieval processes. Only an up-to-date web-42 
browser and stable internet connection are required to access the system. No additional on-43 
site software needs to be installed/maintained at the documentation centers. 44 

4. Framework and Technologies: The ESID-R is built using a combination of programming 45 
languages, frameworks, and technologies suited to its specific requirements. Common 46 
technologies include SQL databases for data storage, web development frameworks for the 47 
user interface, and data analysis tools for reporting and research purposes. 48 

The three-level content structure 49 

The old version of the online ESID-R (2004-2014) was closed for documentation on June 25, 2014. 50 
During the first main revision of the online registry in 2014, a three-level structure was implemented. 51 
Level 1 addresses the task of the registry as a simple epidemiological tool. To achieve patient 52 
registration by as many centers as possible, the dataset is kept short and simple such that caregivers 53 
who know the patient well can fill in the data without consulting the patient chart in much detail. It 54 
contains basic epidemiological information, information about main categories of symptoms at initial 55 
presentation and information about some key therapies (immunoglobulins, HSCT, gene therapy). The 56 
yearly update is restricted to survival and implementation of major therapies. The Level 1 registration 57 
also serves to identify patients for additional in-depth studies including interventional trials. Level 2 58 
was designed for long-term studies on certain diseases or disease groups without a predefined end. 59 
Level 2 datasets allow registration of a limited number of clinical manifestations and lab values, that 60 
are provided on a yearly basis. It was particularly designed to capture longitudinal data in disease 61 
groups, for which the molecular basis has not been fully resolved (such as CVID or specific antibody 62 
deficiencies). Again, the datasets are kept simple to limit the burden of registration. Level 3 was 63 
designed for studies on particular genetically defined diseases based on a study protocol with a 64 
defined endpoint. The level 3 dataset can contain very detailed information including grading of 65 
symptoms, more sophisticated lab values, detailed treatment information and quality of life data. 66 
Registration intervals are at least yearly. Level 3 studies usually offer financial support for the 67 
documenting centers.  68 

The level 2 and 3 projects or ‘sub-studies’ are designed by independent research groups.  To apply 69 
for implementation of a study in the ESID registry, a statistical evaluation plan, a time and budget 70 
forecast, need to be defined in a standardized study proposal, which is assessed for feasibility and to 71 
avoid redundancy or competing interests by the registry steering committee and the elected 72 
chairperson in regular meetings. There should also be a financial contribution from the PI or research 73 
institution to (at least partly) cover the costs associated with the set-up, coordination, data 74 
maintenance, and analyses of these registry sub-studies (details on ESID-website, fee structure). 75 
When signing the informed consent, patients may choose to have their anonymized data be included 76 
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either in sub-studies of academic research groups or of pharmaceutical industry-sponsored 77 
consortia, or none of them.  78 
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 4 

Supplementary Methods 79 

The ESID-R operates based on a technical infrastructure designed to securely receive, store, and 80 
enable the analysis of data related to IEI. These data cover, for example, various aspects of the 81 
disease, including genetic mutations, clinical symptoms, laboratory test results, imaging findings, and 82 
treatment outcomes. Patients with IEI are registered in the web-based database when their disease 83 
data are submitted by an authorized physician or healthcare professional or documenting personnel. 84 
Centers or sites where patients are cared for are typically university clinics/hospitals and have a data 85 
transfer and general data protection regulation (GDPR)-compliant handling agreement and a local 86 
IRB approval in place. The data are de-identified and kept strictly confidential to protect patient 87 
privacy. 88 

Different measures are applied to avoid duplicates. Firstly, for centers that use the ‘personalised 89 
version’ of the registry, where identifying data is kept on a separate server, the pseudonymization 90 
tool (Mainzelliste) creates a notification that this (or a similar) patient seems to have been registered 91 
before. The system thereby encourages the documenting person to investigate further, before 92 
proceeding with the creation of a new patient documentation. This option is not available for centers 93 
who enter pseudmonyms directly. Secondly, persons who sign the consent (patients or parents, next 94 
of kin) are always asked whether they have signed a similar consent before. These measures reduce 95 
the likelihood of double registrations in the first place. Thirdly, for patients who are transferred from 96 
pediatric to adult centers, or who move from one region or country to another, usually the caring 97 
hospital is aware of the site where the follow-up is done in the future, and, if this is an ESID-R-98 
documenting center, the patient data can be re-assigned to the new center internally, and follow-up 99 
for the adult or relocated patient can be continued in the same documentation under the new 100 
center’s name. 101 

The Kaplan-Meier curves were generated as described(2). The Kaplan-Meier is done using the start 102 
and stop notation to take care of the left truncation effect. Start = age at diagnosis, stop = age at last 103 
news, event = living status (0= censored, 1 = deceased first, 2 = curative therapy first). There were 104 
21,206 patients censored, 1,960 patients who deceased first, and 2,901 patients who had a curative 105 
therapy first.  106 

 107 

  108 
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Supplementary Results and Discussion 109 

Newborn screening and longitudinal patient documentation in the ESID-R. The ESID-R data 110 
structure does not (yet) allow an analysis of improved diagnostic delay and survival in patients 111 
diagnosed with SCID in the ESID-R in the NBS (newborn screening) era (supplementary figure 1C). 112 
Firstly, NBS for SCID has been performed sequentially over the last decade, but is still not generally 113 
available; and secondly, collecting the intended annual follow-up information may cause a system-114 
inherent delay, including underreporting of SCID patients following definitive therapy (or death), 115 
before their data are stored in the ESID-R. The ESID-R working party continues to face significant 116 
challenges while aiming to integrate data collected over a patient’s entire disease course into a single 117 
registry, as this ranges from NBS or clinical diagnosis, through different clinical events, such as a form 118 
of definitive therapy, and/or chronic treatment, and/or their optional participation in observational 119 
sub-studies and on to a cure or until death. The living status at last news from patient is shown in 120 
supplementary figure 6. 121 

The ESID-R in the international landscape of registries for patients with rare immunological 122 
diseases. To depict the current situation of the global IEI registry landscape and participants’ 123 
motivations, we searched PubMed, communicated with representatives of sister societies around 124 
the globe, and performed an online survey in 2024. Of 533 publications retrieved by searching for 125 
primary immunodeficiency patient registry and exclusion of disease-specific or other secondary sub-126 
studies, the remaining publications showed that a vast majority of IEI/PID registries are national 127 
epidemiological databases with a limited temporal and geographical scope regarding longitudinal 128 
patient data(2-20). They, naturally, contain a substantially smaller number of patient datasets than 129 
the continental ESID registry, which also includes data from patients of some neighboring countries. 130 
As such, they are valuable and necessary platforms for the connection of healthcare providers and 131 
clinical experts, as well as for health politicians and economists. A relatively recently published 132 
overview of the global registry landscape and the burden of IEI/PID from 80 countries evaluated the 133 
distribution of IEI/PID diagnoses and other factors such as the diagnostic delay or immunoglobulin 134 
treatment in relation to the countries’ resources and societal factors such as the rate of 135 
consanguinity(21). These data show that the key drivers to implement and maintain an IEI/PID 136 
patient registry range from health policy, warranting access to expert care and modern treatments, 137 
over patient advocacy, to clinical, biological, and pharmaceutical research and development. 138 
Importantly, IPOPI, the global patient organization for IEI, has identified the existence of registries as 139 
one of the six key principles of care as part of its PID LIFE Index, a tool to measure the quality of 140 
IEI/PID healthcare in a country(22). To analyze the policy of patient inclusion and obtain feedback 141 
from documenting physicians or study nurses, we designed a survey distributed through ESID in 142 
2024. A total of 43 physicians from 29 different European and non-European countries participated 143 
in this survey (Supplementary Table 5). Seventy percent of respondents (30/43) said they would 144 
exclusively register their patients into the ESID-R; 30% of the survey respondents (13/43) said they 145 
would also enter patient data into one of the following disease-specific (other than general IEI/PID) 146 
registries: Eurofever, Severe Chronic Neutropenia International Registry (SCNIR), Juvenile 147 
Inflammatory Rheumatism (JIR) Cohort, and the registry of the EBMT/Center for International Blood 148 
and Marrow Transplant Research (CIBMTR). Motivations for entering data into the ESID-R included 149 
collaborative research (88%), networking (84%), taking part in academic or pharmaceutical studies 150 
(84% and 72%), and improvements in patient care (72%) and for IEI education purposes. Reasons 151 
given for not entering patient data into the ESID-R were: lack of personnel (84%), legal challenges 152 
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regarding data transfer (37%), no obvious local benefit (23%), and concerns about small countries 153 
being underrepresented (14%). Survey participants stated that they would like a simplified version of 154 
the patient consent form, easy interoperability between national registries and the ESID-R, and grant 155 
incentives for entering patient data, especially if these were needed at a higher level of granularity. 156 

Human Phenotype Ontology (HPO) in IEI/PID, and potential benefit of integrating HPO into the 157 
ESID-R. The Human Phenotype Ontology (HPO) comprehensively organizes and defines the 158 
phenotypic features of human disease, supporting genomic and phenotypic analyses through 159 
semantic similarity and machine learning algorithms(23). Currently, the HPO terminology for IEI/PID 160 
still needs to be further developed with help of the community of clinical immunologists and 161 
researchers focusing on IEI/PID: i.e., new HPO terms for relevant phenotypic features to be added, 162 
and existing HPO terms to be revised, such that the definitions and hierarchical placement in the HPO 163 
reflect current knowledge(24). The HPO can be used with the Global Alliance for Genomics and 164 
Health (GA4GH) Phenopacket Schema to represent not only phenotypic features, but also 165 
measurements, biopsies, and treatments over the entire time course of a disease(25). Collections of 166 
phenopackets may support translational research in immunology by providing standardized input 167 
data for software programs designed to identify genotype-phenotype correlations, and characterize 168 
disease subtypes(26). Integrating the HPO terminology into the ESID-R, would inspire studies within 169 
or across IUIS categories, especially in monogenic entities.  To make full use of the HPO, better 170 
systems for simple but comprehensive and accurate data entry are needed.  171 

  172 
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Supplementary Material (Tables) 173 

Supplementary Table 1. Contributing countries, sorted by the calculated prevalence per 100,000 174 
inhabitants. 175 

Country 
Registered 

patients 
Genetically 

diagnosed (%) 

Registered 
patients/100,000 

inhabitants 

Prevalence 
/100,000 

inhabitants 

Slovakia 794 38.41% 14.56 14.32 

France 9,113 48.6% 13.59 10.99 

Belgium 1,333 17.78% 11.61 11.36 

Switzerland 658 44.68% 7.67 7.55 

Slovenia 129 62.79% 6.18 6.18 

Germany 5,056 44.96% 6.08 5.73 

United Kingdom 3,949 31.22% 5.91 5.51 

Ireland 280 39.29% 5.67 5.48 

Portugal 569 47.1% 5.54 5.00 

Czechia 573 52.88% 5.37 4.98 

Netherlands 715 26.85% 4.13 3.96 

Greece 387 48.32% 3.61 3.46 

Hungary 315 47.94% 3.22 2.68 

Austria 286 51.05% 3.22 3.03 

Bulgaria 175 38.29% 2.51 2.42 

Belarus 228 82.02% 2.41 1.92 

Lithuania 63 6.35% 2.26 2.12 

Spain 1,008 50.2% 2.14 2.01 

Poland 813 66.42% 2.14 1.86 

Estonia 26 11.54% 1.96 1.88 

Italy 1,036 27.7% 1.72 1.58 

Iran 1,284 9.35% 1.55 1.39 
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Country 
Registered 

patients 
Genetically 

diagnosed (%) 

Registered 
patients/100,000 

inhabitants 

Prevalence 
/100,000 

inhabitants 

Denmark 77 25.97% 1.32 1.31 

Serbia 82 34.15% 1.18 1.17 

Turkey 874 39.02% 1.05 0.98 

Croatia 36 58.33% 0.89 0.79 

Egypt 512 43.95% 0.51 0.41 

Ukraine 140 82.86% 0.32 0.29 

Romania 50 76% 0.26 0.20 

Israel 5 80% 0.06 0.06 

Russia 59 93.22% 0.04 0.03 

Bosnia and 
Herzegowina 

1 100% 0.03 0.03 

Sweden 2 100% 0.02 0.02 

 176 

Of note, the ESID-R has no means to influence the balance of data entry per country or center, 177 
resulting in differences of the proportion of children, adolescent and adult patients, the “weight” 178 
given to certain diseases at some centers and their potential overrepresentation. Although measures 179 
were taken and found to be successful to unify the classification of non-genetic diseases such as 180 
common variable immune deficiency or selective IgA deficiency by applying the ESID registry working 181 
definitions for making a clinical diagnosis, the variance in the “epidemiological activity” of some 182 
centers as compared to others remains. 183 

 184 
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Supplementary Table 2. Underlying and main causes of death. 185 

Covariate Whole 
cohort 

CID 
(I) 

Syndromic 
(II) 

PAD 
(III) 

PIRD 
(IV) 

Phagocyte 
(V) 

Innate 
(VI) 

AIS 
(VII) 

Complement 
(VIII) 

BMF 
(IX) 

Phenocopies 
(X) other 

 N=30628 N=2531 N=4239 N=15123 N=2171 N=2548 N=823 N=1042 N=1482 N=85 N=30 N=554 

Underlying cause of death: Infection 989 (32.8%) 302 
(51.3%) 192 (31.7%) 232 

(22.2%) 99 (29.3%) 89 (34.6%) 47 (54%) 10 
(43.5%) 4 (28.6%) 9 

(40.9%) 0 (0%) 5 
(17.9%) 

Underlying cause of death: Malignancy 456 (15.1%) 34 (5.8%) 154 (25.5%) 199 (19%) 28 (8.3%) 22 (8.6%) 8 (9.2%) 0 (0%) 3 (21.4%) 1 (4.5%) 3 (100%) 4 
(14.3%) 

Underlying cause of death: Immune dysregulation 350 (11.6%) 47 (8%) 54 (8.9%) 90 (8.6%) 122 
(36.1%) 16 (6.2%) 7 (8%) 7 (30.4%) 2 (14.3%) 1 (4.5%) 0 (0%) 4 

(14.3%) 

Underlying cause of death: transplantation 371 (12.3%) 154 
(26.1%) 48 (7.9%) 30 (2.9%) 87 (25.7%) 33 (12.8%) 9 (10.3%) 4 (17.4%) 2 (14.3%) 3 

(13.6%) 0 (0%) 1 (3.6%) 

Underlying cause of death: Other 434 (14.8%) 46 (8.6%) 104 (17.3%) 197 
(18.9%) 22 (6.9%) 30 (12.1%) 22 

(25.6%) 3 (13%) 1 (7.1%) 5 
(22.7%) 0 (0%) 4 

(14.8%) 

Main cause of death: Septic Shock 405 (13.4%) 82 (13.9%) 75 (12.4%) 127 
(12.1%) 37 (10.9%) 38 (14.8%) 33 

(37.9%) 8 (34.8%) 3 (21.4%) 2 (9.1%) 0 (0%) 0 (0%) 

Main cause of death: Renal Failure 54 (1.8%) 10 (1.7%) 12 (2%) 20 (1.9%) 6 (1.8%) 3 (1.2%) 2 (2.3%) 0 (0%) 0 (0%) 1 (4.5%) 0 (0%) 0 (0%) 

Main cause of death: Neurological Complications 183 (6.1%) 28 (4.8%) 24 (4%) 48 (4.6%) 43 (12.7%) 18 (7%) 15 
(17.2%) 2 (8.7%) 1 (7.1%) 1 (4.5%) 0 (0%) 3 

(10.7%) 

Main cause of death: Relapse of Malignancy 200 (6.6%) 17 (2.9%) 55 (9.1%) 89 (8.5%) 16 (4.7%) 12 (4.7%) 5 (5.7%) 0 (0%) 1 (7.1%) 2 (9.1%) 2 (66.7%) 1 (3.6%) 

Main cause of death: GvHD 82 (2.7%) 44 (7.5%) 10 (1.7%) 5 (0.5%) 12 (3.6%) 10 (3.9%) 1 (1.1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Main cause of death: PTLD 25 (0.8%) 10 (1.7%) 7 (1.2%) 1 (0.1%) 5 (1.5%) 1 (0.4%) 1 (1.1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Main cause of death: Heart Failure 125 (4.2%) 17 (2.9%) 23 (3.8%) 49 (4.7%) 13 (3.8%) 14 (5.4%) 3 (3.4%) 3 (13%) 1 (7.1%) 0 (0%) 2 (66.7%) 0 (0%) 

Main cause of death: Multiple Organ Failure 368 (12.2%) 89 (15.1%) 64 (10.6%) 83 (7.9%) 74 (21.9%) 31 (12.1%) 19 
(21.8%) 3 (13%) 0 (0%) 4 

(18.2%) 0 (0%) 1 (3.6%) 

Main cause of death: Surgical Complications 19 (0.6%) 1 (0.2%) 7 (1.2%) 5 (0.5%) 0 (0%) 3 (1.2%) 2 (2.3%) 1 (4.3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Main cause of death: Veno Occlusive Disorder 22 (0.7%) 11 (1.9%) 2 (0.3%) 0 (0%) 6 (1.8%) 2 (0.8%) 0 (0%) 1 (4.3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 
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Covariate Whole 
cohort 

CID 
(I) 

Syndromic 
(II) 

PAD 
(III) 

PIRD 
(IV) 

Phagocyte 
(V) 

Innate 
(VI) 

AIS 
(VII) 

Complement 
(VIII) 

BMF 
(IX) 

Phenocopies 
(X) other 

Main cause of death: Graft Rejection 45 (1.5%) 21 (3.6%) 5 (0.8%) 3 (0.3%) 7 (2.1%) 5 (1.9%) 2 (2.3%) 1 (4.3%) 0 (0%) 0 (0%) 0 (0%) 1 (3.6%) 

Main cause of death: Respiratory Failure 640 (21.2%) 156 
(26.5%) 174 (28.8%) 160 

(15.3%) 70 (20.7%) 49 (19.1%) 10 
(11.5%) 6 (26.1%) 3 (21.4%) 6 

(27.3%) 3 (100%) 3 
(10.7%) 

Main cause of death: Haemorrhage 119 (4%) 15 (2.5%) 30 (5%) 36 (3.4%) 20 (5.9%) 7 (2.7%) 6 (6.9%) 3 (13%) 0 (0%) 1 (4.5%) 0 (0%) 1 (3.6%) 

Main cause of death: Drug Toxicity 11 (0.4%) 2 (0.3%) 3 (0.5%) 4 (0.4%) 2 (0.6%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Main cause of death: Liver Failure 72 (2.4%) 10 (1.7%) 14 (2.3%) 34 (3.3%) 8 (2.4%) 3 (1.2%) 3 (3.4%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Main cause of death: Thrombosis 5 (0.2%) 1 (0.2%) 0 (0%) 4 (0.4%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Main cause of death: Other 238 (7.9%) 24 (4.1%) 35 (5.8%) 103 (9.8%) 41 (12.1%) 20 (7.8%) 8 (9.2%) 2 (8.7%) 3 (21.4%) 0 (0%) 0 (0%) 2 (7.1%) 

Effective (Percentage); the order of subgroups from left to right follows the IEI categories I-X of the 2022 IUIS classification available on the end 186 
date chosen for inclusion with abbreviations for combined immunodeficiencies (CID), CID with syndromic features (Syndromic), primary antibody 187 
deficiencies (PAD), diseases with immune dysregulation or primary immune regulatory disorders (PIRD), diseases of phagocyte number or function 188 
(Phagocyte), disorders of innate immunity (Innate), autoinflammatory syndromes (AIS), complement deficiencies (Complement), bone marrow 189 
failure syndromes (BMF), and phenocopies. 190 

 191 

 192 
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Supplementary Table 3. Therapy. 193 

Covariate Values Whole 
cohort 

CID 
(I) 

Syndromic 
(II) 

PAD 
(III) 

PIRD 
(IV) 

Phagocyte 
(V) 

Innate 
(VI) 

AIS 
(VII) 

Complement 
(VIII) 

BMF 
(IX) 

Phenocopies 
(X) other 

  N=30628 N=2531 N=4239 N=15123 N=2171 N=2548 N=823 N=1042 N=1482 N=85 N=30 N=554 

Currently 
under IgRT 

N 
13701 

(57.5%) 
1039 

(63.8%) 
2280 (74.9%) 

4316 
(34.9%) 

1290 
(79.2%) 

1864 
(96.5%) 

525 
(82.9%) 

770 (93.4%) 1269 (98.2%) 
48 

(85.7%) 
20 (95.2%) 280 (73.9%) 

Y 10107 
(42.5%) 

589 
(36.2%) 

764 (25.1%) 8054 
(65.1%) 

339 
(20.8%) 

68 (3.5%) 108 
(17.1%) 

54 (6.6%) 23 (1.8%) 8 
(14.3%) 

1 (4.8%) 99 (26.1%) 

IgRT: route 

Intravenous 
6410 

(51%) 
572 

(65.3%) 
600 (58.8%) 

4643 
(48.2%) 

324 
(63.9%) 

87 (73.1%) 
66 

(43.7%) 
41 (57.7%) 11 (33.3%) 

8 
(66.7%) 

2 (66.7%) 56 (41.2%) 

Subcutaneous 
6119 

(48.7%) 
297 

(33.9%) 
416 (40.8%) 

4973 
(51.6%) 

181 
(35.7%) 

32 (26.9%) 
85 

(56.3%) 
30 (42.3%) 21 (63.6%) 

4 
(33.3%) 

1 (33.3%) 79 (58.1%) 

Intramuscular 17 (0.1%) 1 (0.1%) 2 (0.2%) 12 (0.1%) 1 (0.2%) 0 (0%) 0 (0%) 0 (0%) 1 (3%) 0 (0%) 0 (0%) 0 (0%) 

Push (s.c.) 24 (0.2%) 6 (0.7%) 2 (0.2%) 14 (0.1%) 1 (0.2%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (0.7%) 

Age at first 
IgRT 

 19.3 
[5.2;41.8] 

2 
[0.5;10.3] 

5 [1.3;11.5] 28.6 
[8.7;46.7] 

10.2 
[4.2;19.1] 

6.3 [2.1;11.8] 6.7 
[2.3;13.3] 

5.6 
[1.9;15.9] 

9.7 [5.6;18] 1.6 
[0.7;7.3] 

7 [6.1;14] 17.1 
[5.9;45.2] 

AlloSCT 

N 
27263 
(89%) 

1261 
(49.8%) 

3783 (89.2%) 
14907 

(98.6%) 
1518 

(69.9%) 
1907 

(74.8%) 
785 

(95.4%) 
1010 

(96.9%) 
1480 (99.9%) 

52 
(61.2%) 

28 (93.3%) 532 (96%) 

Y 
3365 

(11%) 
1270 

(50.2%) 
456 (10.8%) 

216 
(1.4%) 

653 
(30.1%) 

641 (25.2%) 38 (4.6%) 32 (3.1%) 2 (0.1%) 
33 

(38.8%) 
2 (6.7%) 22 (4%) 

Age at first 
AlloSCT 

 2 [0.6;8.1] 0.7 
[0.4;1.7] 

2.3 [1.1;6.5] 9.5 
[3.5;17.7] 

2.4 
[0.5;8.9] 

6.1 [2.2;13.1] 7.8 
[3.3;10.7] 

4 [1.5;7] 11.4 [10.5;12.3] 10 
[5.1;16] 

7.9 [6.6;9.2] 7.4 
[4.9;14.4] 

Gene therapy 
N 

29070 
(99.7%) 

2327 
(97.9%) 

4011 (99.6%) 
14465 

(100%) 
2086 

(100%) 
2452 

(99.6%) 
793 

(100%) 
923 (100%) 1411 (100%) 

81 
(100%) 

30 (100%) 491 (100%) 

Y 77 (0.3%) 50 (2.1%) 17 (0.4%) 0 (0%) 0 (0%) 10 (0.4%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Age at first 
gene therapy 

 
2.3 

[0.8;4.6] 
0.9 

[0.6;2.9] 
3.6 [2.8;7.4] 

NA 
[NA;NA] 

NA 
[NA;NA] 

15.1 
[7.7;22.9] 

NA 
[NA;NA] 

NA [NA;NA] NA [NA;NA] 
NA 

[NA;NA] 
NA [NA;NA] NA [NA;NA] 

Splenectomy N 19732 1565 2681 (96.8%) 9846 1620 1485 603 753 (99.1%) 789 (99.9%) 55 21 (84%) 314 (98.7%) 
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Covariate Values 
Whole 
cohort 

CID 
(I) 

Syndromic 
(II) 

PAD 
(III) 

PIRD 
(IV) 

Phagocyte 
(V) 

Innate 
(VI) 

AIS 
(VII) 

Complement 
(VIII) 

BMF 
(IX) 

Phenocopies 
(X) other 

(97.8%) (98.1%) (97.9%) (94.8%) (99.3%) (99.7%) (100%) 

Y 
453 

(2.2%) 
30 (1.9%) 90 (3.2%) 

216 
(2.1%) 

89 (5.2%) 10 (0.7%) 2 (0.3%) 7 (0.9%) 1 (0.1%) 0 (0%) 4 (16%) 4 (1.3%) 

Age at 
splenectomy 

 17.9 
[7.3;33.3] 

16 [9;24] 5.4 [2.3;8] 31.3 
[20.1;42] 

11.3 
[6.7;20.2] 

8.9 [4.5;21.3] 2.8 
[2.8;2.8] 

21.2 
[17.9;36.1] 

33.9 [33.9;33.9] NA 
[NA;NA] 

7.2 [4.6;8.6] 19.3 
[15.7;25.3] 

Quantitative covariates: Median [Q1;Q3]; qualitative covariates: Effective (Percentage) 194 

 195 

 196 
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Supplementary Table 4. Sub-analysis of IEI/PID diagnoses in patients who died before the age of 5 197 
years in two subcategories of IEI/PID. 198 

IEI/PID diagnoses underlying death before the age of 5 years in the category diseases with immune 
dysregulation (synonymously used as primary immune regulatory disorders, PIRD) | n= 

Familial hemophagocytic lymphohistiocytosis syndromes (FHLH)*  44 

X-linked lymphoproliferative syndrome (XLP)* 10 

FOXP3 deficiency (IPEX)  4 

Autoimmune lymphoproliferative syndrome (ALPS)  3 

Early-onset inflammatory bowel disease  2 

Griscelli syndrome, type 2*  2 

Unclassified disorders of immune dysregulation  2 

APECED / APS1 with CMC - Autoimmune polyendocrinopathy candidiasis ectodermal 
dystrophy (APECED)  

1 

Chediak Higashi syndrome*  1 

IPEX-like disease  1 

*proportion of patients with risk of hemophagocytic lymphohistiocytosis (HLH) 81·4%            

 

IEI/PID diagnoses underlying death before the age of 5 years in category disorders of innate or 
intrinsic immunity (abbreviated Innate) | n=  

Defects of TLR/NFkappa-B signalling  7  

Isolated congenital asplenia  7  

Defects with susceptibility to mycobacterial infection (MSMD)  4  

ZNFX1 deficiency  2 

Asplenia syndrome (Ivemark syndrome)  1  

Chronic mucocutaneous candidiasis (CMC)  1  

IRF9 deficiency  1  

Unclassified defects in innate immunity  1  

 199 

  200 
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Supplementary Table 5. Institutions of participants of the 2024 ESID-R survey on the 201 
international IEI/PID registry landscape. 202 

Western Europe Eastern Europe Other countries 

Denmark (Copenhagen) Armenia (Yerevan) Australia (Melbourne) 

Finland (Helsinki) Belarus (Minsk) Brazil (São Paulo) 

Germany  
(Dresden, Freiburg, Leipzig, Munich) 

Bulgaria (Sofia) Canada (Halifax) 

Ireland (Dublin) Czech Republic (Prague) Egypt (Cairo) 

Italy (Milan) Georgia (Tbilisi) Iran (Teheran) 

Portugal (Coimbra) Hungary (Budapest) Sudan (Khartoum) 

Spain (Barcelona) Latvia (Riga) Turkey (Istanbul) 

Sweden (Jönköping) Romania (Bucharest) USA (Philadelphia) 

Switzerland (Geneva, Zurich) Russia (Moscow)   

United Kingdom (Sheffield) Serbia (Belgrade)   

  Ukraine (Kyiv)   

The survey participants chose to reply (or not) to a survey which had been distributed via the ESID-R 203 
listserv and was also posted on the website during the summer of 2024. 204 

 205 

 206 
  207 
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Supplementary Material (Figures) 208 

Supplementary Figure 1A. Cumulative number of patients registered in the ESID-R. 209 

210 
The total number shown here is 31,889 patients (male n=17,515; female n=14,363; unknown n=11), 211 
before exclusion of those discharged (n=538), those with secondary immunodeficiency (n=417) and 212 
those without a definitive diagnosis of IEI/PID (n=306). Data shown for the online Registry only. Data 213 
from the very first version (hardcopy) was not transferred to the first online registry, but newly 214 
entered.  215 

According to “The Source https://esid.org/wp-content/uploads/2024/03/ESID_TheSource_2003.pdf” 216 
the total number in 2003 was 9707 pts. 217 

Supplementary Figure 1B. Cumulative number of ESID-R participating centers. 218 

219 
  220 
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Supplementary Figure 1C. Diagnostic delay (in years from first manifestation to clinical diagnosis 221 
and from clinical diagnosis to genetic diagnosis) over the last 20 years of the ESID-R. The y-axis 222 
shows the year of clinical/genetic diagnosis. 223 

 224 

  225 
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Supplementary Figure 2. IEI/PID minimal prevalence map according to ESID-R patient numbers and 226 
the 2019 population (same data as in Supplementary Table 1). 227 

 228 
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Supplementary Figure 3. IEI/PID distribution, nested pie chart for IUIS category, diagnosis, and 230 
gene. This is merely a sketch, please see the interactive version of the figure with all data labels and 231 
patient numbers shown on mouse-over at  232 
https://esid.org/html-pages/Suppl%20Fig%203_ESID_30k_sunburst_PID.html  .  233 

 234 
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Supplementary Figure 4. Top 50 genetic diagnoses of IEI/PID patients recorded in the ESID-R. The 236 
top 50 genes mutated in ESID-R patients with monogenic IEI/PID are shown with respective patient 237 
numbers in descending order.  238 

 239 

  240 
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Supplementary Figure 5. Survival probabilities of main categories of IEI/PID and the living status at 241 
last news. Inverse cumulative incidence curves and confidence intervals as described and referenced 242 
above. Start = age at diagnosis, stop = age at last news, event = living status (0= censored, 1 = 243 
deceased first, 2 = curative therapy first). There were 21,206 patients censored, 1,960 patients who 244 
deceased first, and 2,901 patients who had a curative therapy first (not showing deaths after curative 245 
therapy); roman numbers refer to the IUIS categories for IEI/PID as listed in Figure 2B. 246 
 247 

 248 
 249 
 250 
 251 
   252 
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Supplementary Figure 6. Living status of patients at the year of last news in the ESID-R captured 253 
until March 2024. 254 
 255 

 256 
 257 
“Last news” is the date when the patient was last seen or his/her condition was reported (by 258 
telephone or medical report). It is not the documentation date. Together, these data reflect the 259 
overall follow-up rate and living status of patients up to the time point of data closure in March 2024. 260 
 261 
  262 
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Supplementary Figure 7. Countries with national patient registries or national sub-registries within 263 
the ESID-R according to the 2024 ESID survey (all participating IEI/PID centers worldwide are listed in 264 
Suppl. Table 5). 265 

 266 

 267 
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