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The European Society for Immunodeficiencies patient registry (ESID-R), established in 1994, is one of the world’s largest 
databases on inborn errors of immunity (IEI). IEI are genetic disorders predisposing patients to infections, autoimmunity, 
inflammation, allergies, and malignancies. Treatments include antimicrobial therapy, immunoglobulin replacement, immune 
modulation, stem cell transplantation, and gene therapy. Data from 194 centers in 33 countries capture clinical manifestations 
and treatments from birth onward, with annually expected updates. This report reviews the ESID-R’s structure, data content, 
and impact. The registry includes 30,628 patient datasets (aged 0–97.9 years; median follow-up: 7.2 years; total 825,568.2 
patient-years), with 13,550 cases in 15 sub-studies. It has produced 84 peer-reviewed publications (mean citation rate: 95). 
Findings include real-world observations of IEI diagnoses, genetic causes, clinical manifestations, treatments, and survival 
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Pediatrics, Dr. von Hauner Children’s Hospital, Ludwig-Maximilians Universität München, Munich, Germany; 5Barts Health National Health Service Trust, London, UK;
6Molecular and Cellular Immunology Section, Immunity and Inflammation Department, Great Ormond Street Institute of Child Health, London, UK; 7Department of 
Immunology, St James’s Hospital, and School of Medicine, Trinity College Dublin, Dublin, Ireland; 8Department of Pediatric Oncology, Hematology and Clinical Immunology, 
Medical Faculty, Center of Child and Adolescent Health, Heinrich-Heine-University and University Hospital, Duesseldorf, Germany; 9Pediatric Immunology and 
Rheumatology Referral Center, 1st Department of Pediatrics, Aristotle University of Thessaloniki, Hippokration General Hospital, Thessaloniki, Greece; 10Department of 
Translational Medical Sciences, Federico II University, Naples, Italy; 11Berlin Institute of Health, Charité - Universitätsmedizin Berlin, Berlin, Germany; 12The Jackson 
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trends. The ESID-R fosters global collaboration, advancing IEI research and patient care. This report highlights the key role of 
the multinational ESID-R, led by an independent medical society, in evidence-based discovery.

Introduction
Inborn errors of immunity (IEI) are genetic disorders affecting 
immunity. They almost invariably increase the susceptibility to 
infections and may cause autoimmunity, inflammation, allergy, 
and predispose individuals to malignancy (1, 2, 3, 4, 5, 6). IEI can 
manifest at any age and are characterized by a spectrum of 
symptoms related to impaired or uncontrolled immune re
sponses. These often have a serious impact on the health and 
quality of life of those affected. Many IEI are rare diseases, in
cluding ultra-rare and hyper-rare forms (i.e., frequently <<1/ 
2,000 persons affected). Thus, an international strategy was 
needed to collect a meaningful number of datapoints for cross- 
sectional analyses and longitudinal clinical observations of 
natural courses of specific IEI.

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

Here, we present major findings from clinical observations of 
30,628 patients, based on the current ESID-R dataset. These 

findings indicate epidemiologically relevant disease distributions 
and the calculated prevalence of diagnoses in registered pa
tients, their clinical manifestations, diagnostic delays, treat
ment, disease course, and survival probabilities across all IEI/ 
PID categories. Furthermore, we describe the organizational 
and technical evolution of the ESID-R, its relationship with 
the international registry landscape, and its role as a research 
(sub-)study platform. These data are of the utmost relevance 
to anyone affected by immune disorders or involved in patient 
care, management and therapy, and drug and policy develop
ment for patients with IEI/PID around the world.

Results
On the end date chosen for inclusion in March 2024, the ESID-R 
contained data for 30,628 IEI/PID patients from 194 participating 
centers in 33 European and other, mostly neighboring, coun
tries. There was a steady increase in the registration of patients 
over time (Fig. S1 A), apart from a temporary decline in patient 
numbers and, to a lesser extent, in center numbers (Fig. S1 B) 
shortly after 2014, due to structural platform changes in 2014. 
These required centers to verify their patients to improve the 
accuracy of existing data. This allowed us to derive patient 
distribution by country and the minimal prevalence of PID/IEI 
(Table S1 and Fig. S2).

Patient characteristics
Fig. 1 shows the clinical manifestations that led to IEI/PID di
agnosis. Ages at onset, clinical, and genetic diagnosis are shown 
in Fig. S1 C. A steady decline in new diagnoses was observed with 
age, although a small second peak and plateau were seen in 
adulthood, and a trend for earlier identification of genetic di
agnoses was observed. The delay from the onset of symptoms to 
clinical diagnosis and between clinical and genetic diagnosis is 
shown by year of clinical or genetic diagnosis, i.e., the endpoint 
of each delay, over the last 20 years in Fig. S1 D. As reported 
previously (11), the majority of 80.3% of patients have infections 
on their way to diagnosis, but only in 61.8% as sole recorded 
manifestation of IEI, followed by features of immune dysregu
lation in 11.1% and syndromic manifestations in 7.3% as sole 
clinical presentation at diagnosis (n = 15,360; 2,746; 1,803, re
spectively; Fig. 1). Malignancies were among the first manifes
tations of IEI in 479 patients and the only initial manifestation in 
117 patients (0.5%; Fig. 1).

Table 1 shows the main patient demographic and diagnosis 
categories, comorbidities such as malignancy, COVID-19, and 
living status (Fig. S3). Fig. S4 shows the patient numbers and 
their distribution according to their International Union of Im
munological Societies (IUIS) classification, disease name, and 
genetic diagnosis (see detailed interactive version at https:// 
esid.org/html-pages/Suppl%20Fig%203_ESID_30k_sunburst_ 
PID.html). About half of all patients suffer from primary an
tibody deficiencies (PAD; n = 15,123), followed in descending 
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order by combined immunodeficiencies (CID) with syndromic 
features (“syndromic”; n = 4,239), phagocytic disorders (“phago
cyte”; n = 2,548), CID (n = 2,531), and primary diseases of 
immune dysregulation (PIRD; n = 2,171; Table 1 and Fig. 
S4). Table 1 presents the ages at onset, clinical diagnosis, 
genetic confirmation, last follow-up, and the diagnostic 
delay. The proportion of patients reported to have suffered 
from malignancies was 8.9% (n = 1,783). Malignancies were 
reported as occurring in all subgroups of patients with IEI/ 
PID with moderately varying frequencies, corroborating the 
notion that IEI/PID are cancer predisposition syndromes. 
The proportion of patients reported to have been affected 
by COVID-19 was highest in PAD (35.9%; total cohort: 
29.7%). More than half of CID patients received curative 
therapy (52.6%), followed by those with bone marrow failure 
syndromes (BMF; 39.8%), PIRD, and phagocyte disorders 
(30.3% and 25.8%, respectively). Table S2 shows the causes 
of death.

Representation of genetic IEI diagnoses
Fig. 2 shows the absolute numbers of patients with a docu
mented genetic diagnosis (n = 12,774, 44.5%) versus those 
without (n = 15,905, 55.5%, including patients not genetically 
tested) by IEI category. As expected, within the largest pa
tient subgroup (PAD), the genetic diagnosis is lacking for the 
majority of patients (Fig. 2 A), and the clinical diagnosis of 
common variable immunodeficiency (CVID) is attributed, 
whereas patients with CID with syndromic features had the 
highest proportion of genetic diagnoses. The top five genes 
mutated per IEI category are shown in Fig. 2 B, with IL2RG 
being the most frequently reported germline genetic cause 

of CID; 22q11.2 deletion syndrome, of CID with syndromic 
features; BTK, of PAD; TNFRSF6, of category IV, diseases 
of immune dysregulation; CYBB, of phagocyte disorders; 
STAT1, of intrinsic or innate immune disorders; MEFV, of 
autoinflammatory syndromes; C1 inhibitor, of complement 
deficiencies; RTEL, of BMF; and somatic TNFRSF6, of phe
nocopies. The top 50 genetic causes of IEI from the ESID-R 
are shown with patient numbers in descending order in 
Fig. S5.

Treatment modalities according to IEI categories
Immunoglobulin replacement therapy (IGRT), hematopoi
etic stem cell transplantation (HSCT), gene therapy (GT), 
and splenectomy are recorded in the ESID-R and listed in 
Table S3. As expected, the highest number and proportion of 
IGRT-receiving patients is seen in the subgroup of patients 
with PAD (Fig. 3). The highest absolute numbers of HSCT 
procedures were performed in patients with CID, followed 
by those with PIRD and phagocytic disorders. IGRT and 
HSCT were documented in patients with IEI/PID in any 
category. GT, an evolving curative treatment option devoid 
of some risks associated with HSCT, such as alloreactivity, 
was recorded in a descending order for CID, syndromic, 
and phagocyte disorders (Fig. 3). Splenectomy was recorded 
relatively frequently in patients with phenocopies, but it was 
also documented for any IEI category. The use of immune- 
modulatory treatments, such as anti-inflammatory, cell- 
depleting, or pathway-directed (targeted) therapies, and the 
rare cases of thymus or solid organ transplantation were 
recorded but are not shown here, as the heterogeneity of the 
data exceeds the scope of this general report.

Figure 1. Main manifestations at onset of IEI or PID. Venn diagram of main manifestations of IEI/PID with absolute patient numbers and proportions.
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Survival probabilities of patients with IEI
We hypothesized that the survival probabilities of patients in the 
10 IUIS categories of IEI differed due to their varying predis
positions to life-threatening infections, malignancies, autoim
munity, or other manifestations and complications associated 
with their underlying conditions. Although the data granularity 
in the entire ESID-R with respect to patient follow-up intervals is 
not comparable with that in disease-specific prospective cohort 
studies, we could plot the reversed cumulative incidence func
tion, due to the presence of competing risks, based on the rela
tively large patient numbers in each IEI category (Fig. 4; see Fig. 
S6 for the same curves with confidence intervals). Of note, 
natural biases such as underreporting of patients who died from 
IEI before diagnosis or of patients with a mild phenotype exist, 
and numbers at risk increased over the first few years of the 
observation period (0–97.9 years of age) due to the later time 
points of inclusion or diagnosis. We detected a steep early de
cline in survival in many IE categories while curves plateaued, 
(1) methodologically, in some where definitive treatments exist, 
or (2) in genotypes with variable penetrance (e.g., CID and 
PIRD). Additionally, while patients with PAD showed a contin
uous decline in survival probability from a young age across all 
age groups, the decline in the survival of patients with 
phagocyte and innate immune disorders showed an initial 
drop. This finding suggests that a proportion of patients are 
at very high risk during their first 5 years of life. Diagnoses 
of early deceased patients with PIRD (n = 70 under 5 years 
of age) were mostly due to disorders with a high risk of 
hemophagocytic lymphohistiocytosis (81.4%); premature 
deaths in “innate” IEI were frequently due to IRAK4 or MyD88 
deficiencies (Table S4). Patients with IEI/PID with syndromic 
features had a triphasic survival probability. After observing an 
initial decline in the first 4 years of life, we detected a second 
pronounced decline in survival probability in the patients’ sec
ond and third decades of life, most likely due to the increased risk 
of malignancies in many patients in this subgroup (>25%, see 
Table S2), and a third, relatively steep decline in patients in their 
sixth to seventh decades.

The ESID-R in the international data source landscape
Other continental or cross-regional IEI/PID registries of varying 
temporal and geographical depth include the global Jeffrey 
Modell Foundation Centers Network (>94,000 patients), the 
United States Immunodeficiency Network registry in the USA 
(>5,000), the Latin American Society for Immunodeficiencies 
registry in Latin America (>9,000), the ASCIA (Australasian 
Society for Clinical Immunology & Allergy) Register (>1,500), 
currently being redeveloped as part of the Australasian network, 
Japanese Society for Immunodeficiency and Autoinflammatory 
Diseases (>1,200) in Japan as part of the Asia-Pacific (Asia-Pa
cific Society for Immunodeficiencies) network, the Canadian 
registry (Canadian IEI National Registry) founded in 2024, and 
the registries of the Primary Immune Deficiency Treatment 
Consortium (PIDTC) of North America; in addition, many na
tional registries exist inside or outside of ESID (12). Those re
ported in Europe are shown in Fig. S7 and Table S5. Furthermore, 
the ESID-R is listed as official data source in catalogues of the pa
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European Medical Agency and of European Rare Disease Regis
try Infrastructure, the European Union (EU) rare disease plat
form, which are metadata repositories to increase visibility and 
facilitate the use of rare disease patients’ data.

Scientific impact of the ESID-R and sub-studies
Up to the end date chosen for data inclusion in this manuscript, 
84 peer-reviewed publications resulted from projects deriving 
data directly from the ESID-R (Fig. 5 and ESID website [13]). We 
evaluated this scientific output by categorizing and counting the 
publications and their citations as follows: disease-specific nat
ural history studies (n = 25; 3,658 citations), country-specific 
epidemiological studies (n = 19; 2,575 citations), six reviews 
(422 citations), two on technical aspects (104 citations), and 15 of 
our own registry-conducted studies (e.g., on first manifestations 
or on working definitions for the clinical diagnosis of IEI/PID, 
1,221 citations), plus 17 studies that could have been assigned to 
multiple or overlapping categories (Fig. 5), resulting in a mean 
citation rate of 95 per publication.

Discussion
The ESID-R is a large and growing real-world database en
abling powerful analyses that have continuously generated 

epidemiological and disease-specific observational results since 
1994. It contributes to knowledge and improvements in patient 
care in IEI in Europe and beyond. The present analysis illustrates 
the current distribution of (1) IEI diagnoses recorded in con
tributing centers and countries; (2) major treatment modalities 
between all IEI categories; (3), ages at onset, at clinical, and at 
genetic diagnosis; and (4) survival probabilities. Our results 
underline the recommendation to potentially implement new
born screening (NBS) for certain additional IEI other than 
severe CID (SCID). The 7,980 citations of 84 peer-reviewed 
ESID-R–based publications as of early 2024 demonstrate the 
success of the ESID-R as a platform for research sub-studies and 
their substantial scientific impact. Hence, the ESID-R provides a 
clear example of how data collection and collaboration can 
benefit patients with rare diseases.

Survival probabilities, early diagnosis, and NBS
NBS for SCID by measuring T cell receptor with or without 
kappa-deleting recombination excision circles in dried blood 
spots has been implemented in many countries around the world 
(14, 15, 16). A substantial survival benefit for patients diagnosed 
and treated by early HSCT was demonstrated and recently 
confirmed in a longitudinal study of the PIDTC (17). The steep 
early decline in survival we observed in patients with disorders 

Figure 2. Representation of genetic diagnoses of known IEI/PID in the ESID-R. (A, upper panel) The number and proportion of patients with a genetic 
versus those without a genetic diagnosis is shown in descending order. (B, lower panel) The top 5 genetic defects or deletions registered in the ESID-R per all 
10 IUIS categories of IEI are presented; the nomenclature in registry diagnosis and gene fields was not regularly updated/changed, showing, e.g., GP91-phox 
instead of CYBB and p47-phox instead of NCF1.
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of immune regulation and innate IEI may argue for an extension 
of NBS to other immediately life-threatening IEI (e.g., familial 
hemophagocytic lymphohistiocytosis [FHL], XLP1, MyD88/ 
IRAK4 deficiencies, and IPEX syndromes). To extend the spec
trum of early IEI–NBS, current techniques may be supplemented 
by RNA sequencing or germline genetic testing, such as targeted 
sequencing panels and whole exome or genome sequencing. 
Feasibility studies of such extended NBS are ongoing in regional 
or national programs (18). However, the vast ethical and social 
implications of any omics-based addition like baby genome 
screening will require careful consideration of the risks and 
benefits (19).

Methodological and organizational limitations
Physicians and other documentarists regularly collect data for the 
ESID-R on a voluntary basis, with data quality and quantity 
(i.e., data depth and accuracy) varying substantially between 
centers and across countries. Depending on resources dedicated to 
data documentation, an underestimation of the prevalence of IEI/ 
PID, assumed to be widely similar across Europe, of around 30% 
was demonstrated (20). While all centers can participate in the 
ESID-R and scientific sub-studies for free, minimum infrastruc
ture is required. With the rare exception of per-patient fees 
in pharma-sponsored level-3 studies, ESID does not financially 

reimburse for data entry. The participants mainly benefit from the 
international academic collaboration and representation, which 
increases their awareness for disease phenotypes and current 
clinical research questions. Also, each center may obtain their 
own (local and regional) epidemiological data within a legally and 
ethically approved and financially sustainable technical frame
work (see survey results in the supplemental material). Further
more, ESID has no means of monitoring the data quality other 
than by inbuilt checks for logic and completeness at the time point 
of data entry. So far, automated transfers of data from electronic 
health records (eHR) into the ESID-R, which have the potential to 
overcome many of the aforementioned obstacles and to enhance 
both the quality and quantity of recorded data, have not been 
attempted due to regulatory obstacles and the heterogeneity of 
eHRs in the 194 participating centers. All of the above, along with 
the fact that some monogenic IEIs have only been described re
cently while others have been recognized for decades, introduces 
a systemic ascertainment bias into the dataset when comparing, 
e.g., numbers of diagnoses and time of survival. For example, 
X-linked agammaglobulinemia (caused by mutations in BTK) 
(21) is probably not eight times more prevalent than, e.g., the 
autosomal-dominant CTLA4-(haplo)insufficiency (22, 23) or 
NFKB1-(haplo)insufficiency (24). In summary, we build on the 
trust of participants and the success of this huge cooperative effort 

Figure 3. Major treatment modalities of patients with IEI/PID as recorded in the ESID-R. Relative proportions of major treatments such as IGRT (data on 
route, interval, and dose were recorded but are not shown), allogeneic HSCT (AlloSCT), autologous GT, and splenectomy. Only a proportion of centers recorded 
data on immune-modifying treatment (not shown), and the ESID-R does not capture data on antimicrobial therapy. “Unknown/not listed” and IGRT refer to the 
latest follow-up time point.
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to continue the ESID-R in its fourth technical version starting 
from late 2024, serving as an up-to-date, simple, and free platform 
for inherently motivated international scientific clinical research 
collaboration.

Challenges of reporting genetic data
Collecting data from the heterogenous patient population of 
individuals with IEI/PID and storing these in a registry presents 

many challenges. Scientists estimate that current routine next- 
generation sequencing technologies can reveal a molecular cause 
in ∼30–35% of IEI cases (18). It is noteworthy that information 
classifying detected variants by applying American College of 
Medical Genetics criteria or performing functional validation is 
not collected in the ESID-R. Phenotype information derived from 
the ESID-R might support the efforts of the ClinGen Immunology 
Gene and Variant Curation Expert Panels (25). The incorporation 

Figure 4. Survival probabilities of main categories of IEI/PID and the living status at last news. Inverse cumulative incidence curves as described and 
referenced in the Supplemental material. Start = age at diagnosis, stop = age at last news, and event = living status (0 = censored, 1 = deceased first, and 2 = 
curative therapy first). There were 21,206 patients censored; 1,960 patients who deceased first; and 2,901 patients who had a curative therapy first (not 
showing deaths after curative therapy); roman numbers refer to the IUIS categories for IEI/PID as listed in Fig. 2 B.
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of genetic data beyond known pathogenic mutations, ideally 
linked to precisely defined phenotypes according to the human 
phenotype ontology (HPO) (26), represents a biologically inter
esting future challenge. This includes the verification of variants 
of unknown significance, intronic changes, somatic mutations 
and mosaicism, epigenetic factors, variable penetrance, and other 
less-studied factors such as noncoding modifier alleles and mon
oallelic expression (27).

Link to other registries, synergies, overlapping efforts
From a scientific perspective, it has become increasingly impor
tant to compare outcomes for IEI/PID patients with and without 
cellular therapy (HSCT or GT). The registry of the European So
ciety for Blood and Marrow Transplantation (EBMT) currently 
registers definitive cellular therapies in about 700 patients with 

IEI per year (28), many of whom are also registered in the ESID-R. 
Hence, to optimize future research, datasets from the ESID and the 
EBMT registries for the same patients should be combined. Better 
alignment of the registries and their data fields is urgently needed 
to facilitate such studies, and we expect the new technical plat
form to facilitate data exports and imports alike across providers. 
Furthermore, the IUIS classification has gradually incorporated 
more diseases from overlapping specialties (e.g., hematology- 
oncology, rheumatology, and gastroenterology), many of which 
are (also) covered by other medical societies and patient registries. 
Thus, although data from many of these patients are stored in the 
ESID-R, their proportion in the ESID-R does not reflect the real- 
world distribution. The registry of the European Reference Net
work for Rare Immunological and Autoimmune Diseases, an 
EU sponsored network of healthcare providers from reference 

Figure 5. Number, categories, and citation counts of ESID-R–based publications. A total of 7,980 citations of 84 peer-reviewed ESID-R–based pub
lications until early 2024 were recorded. See also the website for regular updates of ESID-R–related publications at https://esid.org/working-parties/registry- 
working-party/registry-publications/.
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centers for PID/IEI, rheumatology, autoinflammatory, and 
autoimmune diseases, aims to collect common data elements 
from patients across these disease areas. This initiative may help 
to avoid redundancy. Finally, using independent (meta-)identi
fiers such as the European SPIDER-ID (29) in all registries would 
help scientists to disentangle the registry landscape.

Future: Artificial intelligence (AI) in registry work for data 
analysis and interpretation
Advanced software tools and AI (e.g., large language models, 
natural language processing, and machine learning) will 
certainly transform clinical decision-making and other cru
cial processes in medicine, including the field of IEI (30, 
31) Automated eHR-scanning and data-harvesting processes, 
ideally for specific terms in accordance with HPO, medical 
reports, and disease classification codes (e.g., ICD-11 or OR
PHA codes), but also for free text may be used to identify 
currently undiagnosed IEI/PID patients. These individuals 
might benefit from early screening by preventing complications. 
Accordingly, as a first step, data from an IEI/PID registry 
like the ESID-R that includes data from patients with an 
established diagnosis could be used to train AI models 
and to predict a monogenic IEI or at least the most likely 
affected pathway in patients who lack a genetic diagnosis. 
Consequently, patients may undergo screening for disease- 
specific risks and receive appropriate therapy early in their 
course. In addition to AI-assisted automated data extraction 
from eHRs to feed patient registries with structured in
formation, complementing the ESID-R with AI-based tools 
has the potential to transform this data-collection platform 
to an electronic IEI/PID patient management assistant in the 
future.

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

Materials and methods
Technical background and operating mode of the ESID-R
The study protocol, the patient informed consent template 
and the center data transfer agreement plus amendments 
thereof were approved by the Institutional Review Board 
(IRB) and the data protection officer at the Medical Univer
sity of Freiburg, Germany (Albert-Ludwigs-University). A 
substantial amendment was approved by the Medical Uni
versity of Graz, Austria (24–334 ex 11/12, IRB00002556) and 
implemented in 2024. Details of the operational structure 
and technical background are found in the supplemental 
material.

Data and statistical analyses
The study population included all patients with IEI/PID recorded 
in the ESID-R on March 19, 2024. Patients considered as dis
charged (n = 538), patients with secondary immunodeficiency 
who were documented as part of one national subregistry only 
(n = 417), or without definitive IEI diagnosis (n = 306) were ex
cluded from the study, leaving 30,628 patients. IEI were clas
sified using the latest classification of the IUIS (6), with 
abbreviations of the category names using, e.g., “PIRD,” typically 
referred to as primary immune regulatory diseases, as synonym 
for “Diseases of immune dysregulation” (category IV; i.e., in
cluding FHL). The statistical analyses were conducted using R 
(version 4.3.2). Continuous and categorical variables were re
ported using the medians and interquartile ranges, raw effectives, 
and percentages, respectively. Survival probabilities were esti
mated by applying the cumulative incidence function. Overall 
survival was defined as the time between birth and death from 
any cause. Curative therapies, such as allogeneic HSCT and GT, 
were considered as competing events. Survival was analyzed us
ing the R package survival version 3.8–3 as described previously 
(32). As only patients with an eligible diagnosis are included, they 
are not considered to be at risk of dying before they are diagnosed 
(32). The prevalence was calculated based on the European pop
ulation in 2019 (R package rnaturalearth version 1.0.1).

Role of the funding source
The present and former funding entities of ESID (i.e., Plasma 
Protein Therapeutics Association Europe [Baxter, Biotest, Gri
fols, Kedrion, and Octapharma], Novartis, UCB Pharma, Celltech, 
GlaxoSmithKline Pharma, Pharming, Takeda [and corporate 
predecessors], and Chiesi) had no role in the study design, 
study conduct, data collection, data management, data analysis, 
data interpretation, or writing of this report.

Online supplemental material
In the supplement of this manuscript additional content is 
available relating to the evolution of the ESID-R and its content 
as well as supplementary figures as referenced in the text. Fig. 
S1 shows the history of patient inclusion into the ESID registry. 
Fig. S2 shows the visualization of ESID-R patient inclusion per 
population per country (minimal IEI/PID prevalence map). Fig. 
S3 shows the living status of patients at the age of last news in 
the ESID-R. Fig. S4 shows the IEI/PID distribution in an inter
active, nested pie chart, showing details such as patient num
bers with specific IEI/PID diagnoses at mouse-over and click to 
zoom. Fig. S5 shows the top 50 genetic diagnoses of IEI/PID 
patients in the ESID-R. Fig. S6 shows survival estimates sepa
rately for each IUIS category of IEI with confidence intervals. 
Fig. S7 shows countries in and around Europe with national 
patient registries used in addition to the ESID-R. Table S1 shows 
the contributing countries, sorted by the calculated prevalence 
per 100,000 inhabitants. Table S2 shows the underlying and 
main causes of death. Table S3 shows the therapy. Table S4 
shows the sub-analysis of IEI/PID diagnoses in patients who 
died before the age of 5 years in two subcategories of IEI/PID. 
Table S5 shows the institutions of participants of the 2024 ESID- 
R survey on the international IEI/PID registry landscape.
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Data availability
Patient-level data are not publicly available due to privacy 
rights. Data underlying the figures in this manuscript may 
be available upon reasonable request from the corresponding 
author.
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31. Köhler, S., M. Gargano, N. Matentzoglu, L.C. Carmody, D. Lewis-Smith, 
N.A. Vasilevsky, D. Danis, G. Balagura, G. Baynam, A.M. Brower, et al. 
2021. The human phenotype ontology in 2021. Nucleic Acids Res. 49: 
D1207–D1217. https://doi.org/10.1093/nar/gkaa1043

32. Alligon, M., N. Mahlaoui, and O. Bouaziz. 2024. Pitfalls in time-to-event 
analysis of registry data: A tutorial based on simulated and real cases. 
Front. Epidemiol. 4:1386922. https://doi.org/10.3389/fepid.2024.1386922

33. Scheible, R., S. Rusch, D. Guzman, N. Mahlaoui, S. Ehl, and G. Kindle. 
2019. The NEW ESID online database network. Bioinformatics. 35: 
5367–5369. https://doi.org/10.1093/bioinformatics/btz525

34. Abd Hamid, I.J., N.A. Azman, A.R. Gennery, E. Mangantig, I.F. Hashim, 
and Z.T. Zainudeen. 2020. Systematic review of primary immunodefi
ciency diseases in Malaysia: 1979–2020. Front. Immunol. 11:1923. https:// 
doi.org/10.3389/fimmu.2020.01923

35. Aghamohammadi, A., M. Moein, A. Farhoudi, Z. Pourpak, N. Rezaei, K. 
Abolmaali, M. Movahedi, M. Gharagozlou, B.M.S. Ghazi, M. Mahmoudi, 
et al. 2002. Primary immunodeficiency in Iran: First report of the Na
tional Registry of PID in Children and Adults. J. Clin. Immunol. 22: 
375–380. https://doi.org/10.1023/a:1020660416865

36. Al-Herz, W., M. Al-Ahmad, A. Al-Khabaz, A. Husain, A. Sadek, and Y. 
Othman. 2019. The Kuwait national primary immunodeficiency registry 
2004–2018. Front. Immunol. 10:1754. https://doi.org/10.3389/fimmu.2019 
.01754

37. El-Helou, S.M., A.-K. Biegner, S. Bode, S.R. Ehl, M. Heeg, M.E. Maccari, 
H. Ritterbusch, C. Speckmann, S. Rusch, R. Scheible, et al. 2019. The 
German National Registry of Primary Immunodeficiencies (2012–2017). 
Front. Immunol. 10:1272. https://doi.org/10.3389/fimmu.2019.01272

38. CEREDIH: The French PID study group. 2010. The French national reg
istry of primary immunodeficiency diseases. Clin. Immunol. 135:264–272. 
https://doi.org/10.1016/j.clim.2010.02.021

39. Lougaris, V., A. Pession, M. Baronio, A. Soresina, R. Rondelli, L. Gazzurelli, 
A. Benvenuto, S. Martino, M. Gattorno, A. Biondi, et al. 2020. The Italian 
Registry for Primary Immunodeficiencies (Italian Primary Immunodefi
ciency Network; IPINet): Twenty years of experience (1999–2019). J. Clin. 
Immunol. 40:1026–1037. https://doi.org/10.1007/s10875-020-00844-0

40. Ludviksson, B.R., S.T. Sigurdardottir, J.H. Johannsson, A. Haraldsson, 
and T.O. Hardarson. 2015. Epidemiology of primary immunodeficiency 
in Iceland. J. Clin. Immunol. 35:75–79. https://doi.org/10.1007/s10875-014 
-0107-3

41. Massaad, M.J., M. Zainal, and W. Al-Herz. 2020. Frequency and mani
festations of autoimmunity among children registered in the Kuwait 
national primary immunodeficiency registry. Front. Immunol. 11:1119. 
https://doi.org/10.3389/fimmu.2020.01119

42. Matamoros Florı́, N., J. Mila Llambi, T. Español Boren, S. Raga Borja, and 
G. Fontan Casariego. 1997. Primary immunodeficiency syndrome in 

Kindle et al. Journal of Human Immunity 14 of 15 
ESID registry 30-years report: IEI manifestation, treatment, and outcome https://doi.org/10.70962/jhi.20250007 

D
ow

nloaded from
 http://rupress.org/jhi/article-pdf/1/3/e20250007/1947361/jhi_20250007.pdf by guest on 22 August 2025

https://doi.org/10.70962/jhi.20250003
https://doi.org/10.70962/jhi.20250003
https://doi.org/10.1016/j.jaci.2024.01.018
https://doi.org/10.1111/cei.12496
https://doi.org/10.1093/bioinformatics/btl675
https://doi.org/10.1016/j.jaip.2019.02.004
https://doi.org/10.1016/j.jaip.2019.02.004
https://doi.org/10.1016/j.jaci.2021.04.015
https://doi.org/10.1080/1744666X.2020.1801422
https://doi.org/10.1080/1744666X.2020.1801422
https://esid.org/working-parties/registry-working-party/registry-publications/
https://esid.org/working-parties/registry-working-party/registry-publications/
https://doi.org/10.1182/blood-2010-08-300384
https://doi.org/10.1182/blood-2010-08-300384
https://doi.org/10.1016/j.jaci.2004.10.012
https://doi.org/10.1001/jama.2009.1806
https://doi.org/10.1001/jama.2009.1806
https://doi.org/10.1016/S0140-6736(23)00731-6
https://doi.org/10.1016/j.jaci.2024.12.1075
https://doi.org/10.1136/bmj.j3294
https://doi.org/10.1016/j.jaci.2017.06.020
https://doi.org/10.1038/361226a0
https://doi.org/10.1038/361226a0
https://doi.org/10.1126/science.1255904
https://doi.org/10.1038/nm.3746
https://doi.org/10.1016/j.ajhg.2015.07.008
https://doi.org/10.1016/j.ajhg.2015.07.008
https://doi.org/10.1016/j.jaci.2025.01.005
https://doi.org/10.1016/j.jaci.2021.04.033
https://doi.org/10.1016/j.jaci.2021.04.033
https://doi.org/10.1038/s41576-023-00656-z
https://doi.org/10.1038/s41409-024-02248-9
https://doi.org/10.1038/s41409-024-02248-9
https://eu-rd-platform.jrc.ec.europa.eu/spider/
https://eu-rd-platform.jrc.ec.europa.eu/spider/
https://doi.org/10.1016/j.jaci.2024.01.002
https://doi.org/10.1016/j.jaci.2024.01.002
https://doi.org/10.1093/nar/gkaa1043
https://doi.org/10.3389/fepid.2024.1386922
https://doi.org/10.1093/bioinformatics/btz525
https://doi.org/10.3389/fimmu.2020.01923
https://doi.org/10.3389/fimmu.2020.01923
https://doi.org/10.1023/a:1020660416865
https://doi.org/10.3389/fimmu.2019.01754
https://doi.org/10.3389/fimmu.2019.01754
https://doi.org/10.3389/fimmu.2019.01272
https://doi.org/10.1016/j.clim.2010.02.021
https://doi.org/10.1007/s10875-020-00844-0
https://doi.org/10.1007/s10875-014-0107-3
https://doi.org/10.1007/s10875-014-0107-3
https://doi.org/10.3389/fimmu.2020.01119


Spain: First report of the National Registry in Children and Adults. J. Clin. 
Immunol. 17:333–339. https://doi.org/10.1023/a:1027382916924

43. Mellouli, F., I.B. Mustapha, M.B. Khaled, H. Besbes, M. Ouederni, N. 
Mekki, M.B. Ali, B. Larguèche, M. Hachicha, T. Sfar, et al. 2015. Report of 
the Tunisian Registry of Primary Immunodeficiencies: 25-Years of ex
perience (1988–2012). J. Clin. Immunol. 35:745–753. https://doi.org/10 
.1007/s10875-015-0206-9

44. Michos, A., M. Raptaki, S. Tantou, M. Tzanoudaki, K. Spanou, M. 
Liatsis, N. Constantinidou, E. Paschali, I. Varela, O. Moraloglou, 
et al. 2014. Primary immunodeficiency diseases: A 30-year patient 
registry from the referral center for primary immunodeficiencies in 
Greece. J. Clin. Immunol. 34:836–843. https://doi.org/10.1007/s10875 
-014-0066-8

45. Moore, A., K.G. Blumenthal, C. Chambers, J. Namazy, A. Nowak-Wegrzyn, 
E.J. Phillips, and N.L. Rider. 2024. Improving clinical practice through pa
tient registries in allergy and immunology. J. Allergy Clin. Immunol. Pract. 12: 
2599–2609. https://doi.org/10.1016/j.jaip.2024.05.003

46. Mukhina, A.A., N.B. Kuzmenko, Y.A. Rodina, I.V. Kondratenko, A.A. 
Bologov, T.V. Latysheva, A.P. Prodeus, A.N. Pampura, D.N. Balashov, N.I. 
Ilyina, et al. 2020. Primary immunodeficiencies in Russia: Data from the 
National Registry. Front. Immunol. 11:1491. https://doi.org/10.3389/ 
fimmu.2020.01491

47. Pickett, G., T. Motazedi, C. Kutac, G. Cahill, C. Cunnigham-Rundles, R.L. 
Fuleihan, K.E. Sullivan, and N.L. Rider. 2021. Infection phenotypes 
among patients with primary antibody deficiency mined from a US pa
tient registry. J. Clin. Immunol. 41:374–381. https://doi.org/10.1007/ 
s10875-020-00916-1

48. Rhim, J.W., K.H. Kim, D.S. Kim, B.S. Kim, J.S. Kim, C.H. Kim, H.M. Kim, 
H.J. Park, K.S. Pai, B.K. Son, et al. 2012. Prevalence of primary 

immunodeficiency in Korea. J. Korean Med. Sci. 27:788–793. https://doi 
.org/10.3346/jkms.2012.27.7.788

49. Ruffner, M.A., USIDNET Body Weight Group, and K.E. Sullivan. 2018. 
Complications associated with underweight primary immunodeficiency 
patients: Prevalence and associations within the USIDNET registry. 
J. Clin. Immunol. 38:283–293. https://doi.org/10.1007/s10875-018-0492-0

50. Volokha, A., A. Bondarenko, L. Chernyshova, A. Hilfanova, Y. Stepa
novskiy, O. Boyarchuk, and L. Kostyuchenko. 2021. Impact of the J Project 
on progress of primary immunodeficiency care in Ukraine. Cent. Eur. 
J. Immunol. 46:250–257. https://doi.org/10.5114/ceji.2021.108183

51. Seminario, G., M.E. Gonzalez-Serrano, C.S. Aranda, A.S. Grumach, G.R.S. 
Segundo, L. Regairaz, A.A. Cardona, LASID Registry Group, J.C.A. Be
cerra, C. Poli, et al. 2024. The Latin American Society for Im
munodeficiencies Registry. J. Clin. Immunol. 45:28. https://doi.org/10 
.1007/s10875-024-01822-6

52. Chapel, H., J. Prevot, H.B. Gaspar, T. Español, F.A. Bonilla, L. Solis, and J. 
Drabwell, and Editorial Board for Working Party on Principles of Care at 
IPOPI. 2014. Primary immune deficiencies - principles of care. Front. 
Immunol. 5:627. https://doi.org/10.3389/fimmu.2014.00627

53. Jacobsen, J.O.B., M. Baudis, G.S. Baynam, J.S. Beckmann, S. Beltran, O.J. 
Buske, T.J. Callahan, C.G. Chute, M. Courtot, D. Danis, et al. 2022. The 
GA4GH Phenopacket schema defines a computable representation of 
clinical data. Nat. Biotechnol. 40:817–820. https://doi.org/10.1038/s41587 
-022-01357-4

54. Danis, D., M.J. Bamshad, Y. Bridges, P. Cacheiro, L.C. Carmody, J.X. 
Chong, B. Coleman, R. Dalgleish, P.J. Freeman, A.S.L. Graefe, et al. 2024. A 
corpus of GA4GH phenopackets: Case-level phenotyping for genomic 
diagnostics and discovery. medRxiv. https://doi.org/10.1101/2024.05.29 
.24308104 (Preprint posted May 19, 2024).

Kindle et al. Journal of Human Immunity 15 of 15 
ESID registry 30-years report: IEI manifestation, treatment, and outcome https://doi.org/10.70962/jhi.20250007 

D
ow

nloaded from
 http://rupress.org/jhi/article-pdf/1/3/e20250007/1947361/jhi_20250007.pdf by guest on 22 August 2025

https://doi.org/10.1023/a:1027382916924
https://doi.org/10.1007/s10875-015-0206-9
https://doi.org/10.1007/s10875-015-0206-9
https://doi.org/10.1007/s10875-014-0066-8
https://doi.org/10.1007/s10875-014-0066-8
https://doi.org/10.1016/j.jaip.2024.05.003
https://doi.org/10.3389/fimmu.2020.01491
https://doi.org/10.3389/fimmu.2020.01491
https://doi.org/10.1007/s10875-020-00916-1
https://doi.org/10.1007/s10875-020-00916-1
https://doi.org/10.3346/jkms.2012.27.7.788
https://doi.org/10.3346/jkms.2012.27.7.788
https://doi.org/10.1007/s10875-018-0492-0
https://doi.org/10.5114/ceji.2021.108183
https://doi.org/10.1007/s10875-024-01822-6
https://doi.org/10.1007/s10875-024-01822-6
https://doi.org/10.3389/fimmu.2014.00627
https://doi.org/10.1038/s41587-022-01357-4
https://doi.org/10.1038/s41587-022-01357-4
https://doi.org/10.1101/2024.05.29.24308104
https://doi.org/10.1101/2024.05.29.24308104


Supplemental material

Figure S1. The history of patient inclusion into the ESID registry over the last 20 years. (A, upper left panel) Cumulative number of patients registered in 
the ESID-R. The total number shown here is 31,889 patients (male n = 17,515; female n = 14,363; unknown n = 11), before exclusion of those discharged (n = 538), 
those with secondary immunodeficiency (n = 417), and those without a definitive diagnosis of IEI/PID (n = 306). Data are shown for the online registry only. Data 
from the very first version (hardcopy) were not transferred to the first online registry but newly entered. According to “The Source” (https://esid.org/wp- 
content/uploads/2024/03/ESID_TheSource_2003.pdf), the total number in 2003 was 9,707 patients. (B, upper right) Cumulative number of ESID-R par
ticipating centers. (C, lower left) Age at onset of IEI or PID. Age groups of age at disease onset, clinical diagnosis (CD) of IEI/PID, and of genetic diagnosis (GD) 
are shown. (D, lower right) Diagnostic delay (in years from first manifestation to clinical diagnosis and from clinical diagnosis to genetic diagnosis) of patients 
diagnosed over the last 20 years in the ESID-R. The x axis shows the year of clinical/genetic diagnosis in 2-year intervals. The blue boxes represent the delay 
between onset of symptoms and clinical diagnosis (blue) and between clinical and genetic diagnosis (orange); the y axis shows the delay in years: median with 
95% confidence interval (notch size of boxes), interquartile range (boxes), and range (min-max, whiskers).
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Figure S2. IEI/PID minimal prevalence map according to ESID-R patient numbers and the 2019 population (same data as in Table S1).
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Figure S3. Living status of patients at the year of last news in the ESID-R captured until March 2024. “Last news” is the date when the patient was last 
seen or his/her condition was reported (by telephone or medical report). It is not the documentation date. Together, these data reflect the overall follow-up rate 
and living status of patients up to the time point of data closure in March 2024.
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Figure S4. IEI/PID distribution, nested pie chart for IUIS category, diagnosis, and gene. This is merely a sketch; please see the interactive version of the 
figure with all data labels and patient numbers shown on mouse over and click to zoom at https://esid.org/html-pages/Suppl%20Fig%203_ESID_30k_ 
sunburst_PID.html.
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Figure S5. Top 50 genetic diagnoses of IEI/PID patients recorded in the ESID-R. The top 50 genes mutated in ESID-R patients with monogenic IEI/PID are 
shown with respective patient numbers in descending order.
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Figure S6. Survival probabilities of main IUIS categories of IEI/PID and the living status at last news with confidence intervals. Inverse cumulative 
incidence curves and confidence intervals as described and referenced above. Start = age at diagnosis, stop = age at last news, and event = living status (0 = 
censored, 1 = deceased first, 2 = curative therapy first). There were 21,206 patients censored; 1,960 patients who deceased first; and 2,901 patients who had a 
curative therapy first (not showing deaths after curative therapy); roman numbers refer to the IUIS categories for IEI/PID as listed in Fig. 2 B. Numbers at risk 
present patients in the ESID-R from their age at diagnosis onward until definitive/curative treatment or death.
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Figure S7. Countries with national patient registries or national sub-registries within the ESID-R according to the 2024 ESID survey (all participating 
IEI/PID centers worldwide are listed in Table S5). Blue line: approximate boundary of geographical Europe.
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Historical evolution of the ESID-R, objectives, structure, and content
The transition from the first hard-copy-based to the first online version of the ESID-R was headed by Bodo Grimbacher, Freiburg, 
Germany, with the help of Barbara Frisch and Viviane Knerr, as well as programmers Dominik Veit and Stephan Rusch, in 2000– 
2004. The biggest hurdles faced during this first restructuration were ethical considerations, data protection, and obtaining industry 
funding. The second overhaul was conducted by Stephan Ehl, Freiburg, and programmers Benjamin Gathmann and Stephan Rusch 
in 2014 and focused on content restructuration. The ESID-R steering group, led by the elected chairperson of the ESID-R Working 
Party, oversees all aspects of the evolution of the registry, including the design, operations, financing, and setup of dedicated studies.

Specific objectives of the ESID-R include.

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

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

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

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

Both versions of the ESID-R operating from 2004–2014 and 2014–2024 had the following key features (33):

(1) Database architecture: The ESID-R utilizes a sophisticated database architecture to manage the vast amount of data collected from 
patients. This database is designed to be scalable, ensuring it can handle the increasing volume of patient records and research 
findings over time.

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

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

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

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

The level 2 and 3 projects or “sub-studies” are designed by independent research groups. To apply for implementation of a study 
in the ESID-R, a statistical evaluation plan, a time and budget forecast, need to be defined in a standardized study proposal, which is 
assessed for feasibility and to avoid redundancy or competing interests by the registry steering committee and the elected chair
person in regular meetings. There should also be a financial contribution from the principal investigator or research institution to (at 
least partly) cover the costs associated with the setup, coordination, data maintenance, and analyses of these registry sub-studies 
(details on ESID website, fee structure). When signing the informed consent, patients may choose to have their anonymized data be 
included either in sub-studies of academic research groups or of pharmaceutical industry–sponsored consortia, or none of them.
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Supplemental methods
The ESID-R operates based on a technical infrastructure designed to securely receive, store, and enable the analysis of data related to 
IEI. These data cover, for example, various aspects of the disease, including genetic mutations, clinical symptoms, laboratory test 
results, imaging findings, and treatment outcomes. Patients with IEI are registered in the web-based database when their disease 
data are submitted by an authorized physician or healthcare professional or documenting personnel. Centers or sites where patients 
are cared for are typically university clinics/hospitals and have a data transfer and general data protection regulation-compliant 
handling agreement and a local IRB approval in place. The data are de-identified and kept strictly confidential to protect patient 
privacy.

During the evolution of the registry, it was possible to enter diseases (e.g., LRBA) in multiple categories depending on the de
velopment of reported phenotypes and assignment within the IUIS classification. Only with the last update in 2024 a “genetic hi
erarchy” for categorizing diseases was introduced.

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

The Kaplan–Meier curves were generated as described (32). The Kaplan–Meier is done using the start and stop notation to take 
care of the left truncation effect. Start = age at diagnosis, stop = age at last news, and event = living status (0 = censored, 1 = deceased 
first, 2 = curative therapy first). There were 21,206 patients censored; 1,960 patients who deceased first; and 2,901 patients who had a 
curative therapy first.

Supplemental results and discussion
NBS and longitudinal patient documentation in the ESID-R. The ESID-R data structure does not (yet) allow an analysis of improved 
diagnostic delay and survival in patients diagnosed with SCID in the ESID-R in the NBS era (Fig. S1 C). Firstly, NBS for SCID has been 
performed sequentially over the last decade, but is still not generally available; and secondly, collecting the intended annual fol
low-up information may cause a system-inherent delay, including underreporting of SCID patients following definitive therapy (or 
death), before their data are stored in the ESID-R. The ESID-R Working Party continues to face significant challenges while aiming to 
integrate data collected over a patient’s entire disease course into a single registry, as this ranges from NBS or clinical diagnosis, 
through different clinical events, such as a form of definitive therapy, and/or chronic treatment, and/or their optional participation 
in observational sub-studies and on to a cure or until death. The living status at last news from patient is shown in Fig. S3.

The ESID-R in the international landscape of registries for patients with rare immunological diseases. To depict the current 
situation of the global IEI registry landscape and participants’ motivations, we searched PubMed, communicated with repre
sentatives of sister societies around the globe, and performed an online survey in 2024. Of 533 publications retrieved by searching for 
primary immunodeficiency patient registry and exclusion of disease-specific or other secondary sub-studies, the remaining pub
lications showed that a vast majority of IEI/PID registries are national epidemiological databases with a limited temporal and 
geographical scope regarding longitudinal patient data (32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51). They, 
naturally, contain a substantially smaller number of patient datasets than the continental ESID-R, which also includes data from 
patients of some neighboring countries. As such, they are valuable and necessary platforms for the connection of healthcare pro
viders and clinical experts, as well as for health politicians and economists. A relatively recently published overview of the global 
registry landscape and the burden of IEI/PID from 80 countries evaluated the distribution of IEI/PID diagnoses and other factors, 
such as the diagnostic delay or immunoglobulin treatment in relation to the countries’ resources and societal factors, such as the rate 
of consanguinity (12). These data show that the key drivers to implement and maintain an IEI/PID patient registry range from health 
policy, warranting access to expert care and modern treatments, over patient advocacy, to clinical, biological, and pharmaceutical 
research and development. Importantly, International Patient Organisation for Primary Immunodeficiencies, the global patient 
organization for IEI, has identified the existence of registries as one of the six key principles of care as part of its PID LIFE Index, a tool 
to measure the quality of IEI/PID healthcare in a country (52). To analyze the policy of patient inclusion and obtain feedback from 
documenting physicians or study nurses, we designed a survey distributed through ESID in 2024. A total of 43 physicians from 29 
different European and non-European countries participated in this survey (Table S5). 70% of respondents (30/43) said they would 
exclusively register their patients into the ESID-R; 30% of the survey respondents (13/43) said they would also enter patient data into 
one of the following disease-specific (other than general IEI/PID) registries: Eurofever, Severe Chronic Neutropenia International 
Registry, Juvenile Inflammatory Rheumatism Cohort, and the registry of the EBMT/Center for International Blood and Marrow 
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Transplant Research. Motivations for entering data into the ESID-R included collaborative research (88%), networking (84%), taking 
part in academic or pharmaceutical studies (84% and 72%), and improvements in patient care (72%) and for IEI education purposes. 
Reasons given for not entering patient data into the ESID-R were lack of personnel (84%), legal challenges regarding data transfer 
(37%), no obvious local benefit (23%), and concerns about small countries being underrepresented (14%). Survey participants stated 
that they would like a simplified version of the patient consent form, easy interoperability between national registries and the ESID- 
R, and grant incentives for entering patient data, especially if these were needed at a higher level of granularity.

HPO in IEI/PID and potential benefit of integrating HPO into the ESID-R. The HPO comprehensively organizes and defines the 
phenotypic features of human disease, supporting genomic and phenotypic analyses through semantic similarity and machine 
learning algorithms (31). Currently, the HPO terminology for IEI/PID still needs to be further developed with help of the community 
of clinical immunologists and researchers focusing on IEI/PID, i.e., new HPO terms for relevant phenotypic features to be added, and 
existing HPO terms to be revised, such that the definitions and hierarchical placement in the HPO reflect current knowledge (26). 
The HPO can be used with the Global Alliance for Genomics and Health Phenopacket Schema to represent not only phenotypic 
features but also measurements, biopsies, and treatments over the entire time course of a disease (53). Collections of phenopackets 
may support translational research in immunology by providing standardized input data for software programs designed to identify 
genotype–phenotype correlations and characterize disease subtypes (54) (Preprint). Integrating the HPO terminology into the ESID-R 
would inspire studies within or across IUIS categories, especially in monogenic entities. To make full use of the HPO, better systems 
for simple but comprehensive and accurate data entry are needed.

Provided online are Table S1, Table S2, Table S3, Table S4, and Table S5. Table S1 shows the contributing countries, sorted by the 
calculated prevalence per 100,000 inhabitants. Table S2 shows the underlying and main causes of death. Table S3 shows the 
therapy. Table S4 shows the sub-analysis of IEI/PID diagnoses in patients who died before the age of 5 years in two subcategories of 
IEI/PID. Table S5 shows the institutions of participants of the 2024 ESID-R survey on the international IEI/PID registry landscape.
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Peter Bader, Shahrzad Bakhtiar, Renate Bancé, Catherine Bangs, Katerina Barfusz, Safa Baris, B. Barlan Isil, Michaela Bartsch, Lucia 
Augusta Baselli, Laura Batlle-Maso, Elena Bertolini, Helge Baumann, Ulrich Baumann, Veronika Baumeister, Helen Baxendale, 
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