
Diploma thesis 

 

 

A comparative analysis of the utility and validity of the IM-

MUNE DEFICIENCY AND DYSREGULATION ACTIVITY (IDDA) 

and other clinical scores for inborn errors of immunity 

 

 

submitted by 

Anna Lena Horn 

 

 

to attain the academic degree 

Doctor medicinae universae 

(Dr. med. univ.) 

 

 

at the 

Medical University of Graz 

 

 

conducted at the 

Department of Paediatrics and Adolescent Medicine 

Division for Paediatric Haematology/Oncology 

 

under supervision of 

Univ. Prof.Dr.med.univ. Markus G. Seidel 

Dr.in med.univ. Victoria K. Tesch 

 

 

 

Graz, June 8, 2022 



 

 i 

Affirmation in lieu of an Oath 

 

I hereby declare that I have written the submitted thesis independently and without 

any illegitimate assistance from third parties. Furthermore, I confirm to not have 

used any other than the declared sources for the preparation of this academic work. 

All used sources have been indicated as such and acknowledged by means of com-

plete references in the text.  

 

 

Graz, June 8, 2022 Anna Lena Horn eh. 

  



 

 ii 

Acknowledgements 

At this point I would like to thank all the people who assisted and motivated me 

during the process of writing this diploma thesis.  

 

I would especially like to express my gratitude to my mentors Professor Dr. Markus 

Seidel and Dr. Victoria Tesch of the Research Unit for Pediatric Hematology and 

Immunology of the Medical University of Graz, who gave me the opportunity to write 

about this topic. They both always provided their professional expertise and assisted 

with constructive criticism and excellent support. I want to particularly thank Dr. Vic-

toria Tesch for her patient and kind guidance during the process of this thesis.  

 

Furthermore, I would like to mention my family and especially thank my parents for 

their support during the journey of my medical studies. Thank you for your motiva-

tion, serenity, honesty, for taking away my doubts and giving me the necessary en-

couragement to gather my own experiences. 

 

Also, a special thanks to my sister Laura for proofreading this work, but especially 

for the emotional support with which you always stand by me. 

 

Finally, I would like to thank my friends, who made my time as a student so memo-

rable. 

  



 

 iii 

Table of contents 

Acknowledgements ii 

Abbreviations v 

List of Figures and Tables ix 

Zusammenfassung x 

Abstract xii 

1 Previously published article 1 

2 Introduction 2 

2.1 Inborn Errors of Immunity (IEI) 3 

2.1.1 Warning Signs of Primary Immunodeficiencies 4 

2.1.2 PID Screening Tools 6 

2.2 Definition and classification of scoring systems 9 

2.3 Scores in other medical fields 10 

2.3.1 Patient reported outcome measures (PROMs) 11 

2.3.2 Pediatric Ulcerative Colitis Activity Index (PUCAI) 12 

2.3.3 Immune Thrombocytopenia Bleeding Scale (IBLS) 12 

2.3.4 Severity Scoring of atopic dermatitis 13 

2.3.5 Classification criteria for Rheumatoid Arthritis 15 

2.3.6 FACED score and Bronchiectasis Severity Index 16 

2.3.7 Scores for Pediatric Organ Dysfunction 17 

3 Material and Methods 19 

4 Results – Outcomes 21 

4.1 Description of Clinical Scores and Morbidity Measures  
established in IEI Research 21 

4.1.1 Diagnostic assistive tools and scores for classification of severity  

and clinical subtypes 22 

4.1.1.1 Hyper-IgE-Score 22 

4.1.1.2 H Score 26 

4.1.1.3 Wiskott-Aldrich-Syndrome (WAS) Score 27 



 

 iv 

4.1.1.4 Severity scoring in Familial Mediterranean fever 29 

4.1.1.5 Severity Scoring in Ataxia Telangiectasia 32 

4.1.2 Assessment of morbidity, organ impairment and disease activity 33 

4.1.2.1 Common Variable Immune Deficiency (CVID) Score 33 

4.1.2.2 Profound combined immunodeficiency (P-CID) morbidity  
measure 36 

4.1.2.3 Organ involvement scoring system for Immunodysregulation 
polyendocrinopathy enteropathy x-linked (IPEX) syndrome 38 

4.1.2.4 Unpublished CTLA-4 haploinsufficiency with autoimmune 
infiltration (CHAI) Morbidity Measure 39 

4.1.2.5 The Autoinflammatory disease activity index (AIDAI) 42 

4.1.2.6 Immune Deficiency and Dysregulation activity (IDDA 2.1) 
“kaleidoscope” Score 44 

4.1.3 Treatment stratification scoring systems 51 

4.1.3.1 Scoring systems to guide the initiation of immunoglobulin  
therapy in patients with hypogammaglobulinemia 51 

4.1.4 Comparison of established scoring methods for IEI by category 53 

5 Discussion 57 

6 References 62 



 

 v 

Abbreviations  

ACR American College of Rheumatology 

AD atopic dermatitis 

ADASI Atopic dermatitis area and severity index 

AD-HIES autosomal dominant form of Hyper-IgE-Syndrome 

ADL activities of daily living 

AIDAI Autoinflammatory disease activity index 

AIHA Autoimmune hemolytic anemia 

AJCC American Joint Committee on Cancer 

AR-HIES autosomal recessive form of Hyper-IgE-Syndrome 

AT Ataxia Telangiectasia 

ATFS Ataxia Telangiectasia Functional Scale 

AWMF Association of Scientific Medical Societies in Germany  

BARS Brief Ataxia Rating Scale 

BMI Body Mass Index 

BSI Bronchiectasis Severity Index 

CAPS cryopyrin-associated periodic syndromes 

CD cluster of differentiation  

CGD Chronic granulomatous disease 

CGI Clinical Global Impression 

CHAI CTLA-4 haploinsufficiency with autoimmune infiltration 

CID combined immunodeficiency of T and B cells 

CNS central nervous system 

CPR Clinical Prediction Rules 

CRP C-reactive protein  

CTLA4 Cytotoxic T-lymphocyte antigen 4 

CDSS Common variable immunodeficiency disease severity score  

CVID Common variable immunodeficiency 

DOCK8 dedicator of cytogenesis 8 protein 

e.g. for example, abbr. of Latin “exempli gratia“ 

EASI Eczema Area and Severity Index 

EBV Epstein-Barr virus  

ESID European Society for Immunodeficiencies 



 

 vi 

EULAR European League Against Rheumatism 

FEV1 forced expiratory volume in one second 

FMF Familial Mediterranean fever 

FOXP3 Forkhead-Box-Protein P3 

F-SS FMF-Severity Score 

GCS Glasgow Coma Scale 

GLILD granulomatous-lymphocytic interstitial lung diseases 

GvHD graft-versus-host disease  

HIES Hyper-IgE-Syndrome 

HLH Hemophagocytic lymphohistiocytosis 

HPO human phenotype ontology  

HPV human papillomavirus  

HRF hereditary recurrent fever syndrome 

HSCT hematopoietic stem cell transplantation 

IBLS  Immune Thrombocytopenia Bleeding Scale 

ICARS International Cooperative Ataxia Rating Scale  

ICD-9 International Classification of Disease Ninth Revision 

ICU Intensive Care Unit 

IDDA immune deficiency and dysregulation activity 

IDR Immunodeficiency disease-related 

IEI Inborn Error of Immunity 

IgA                Immunoglobulin A 

IgE Immunoglobulin E 

IgG Immunoglobulin G 

IgM Immunoglobulin MINR international normalized ratio 

IPEX Immune Dysregulation, Polyendocrinopathy, Enteropathy, X-linked 

ISSF international severity scoring system for familial Mediterranean fever 

ITP Immune Thrombocytopenia 

IUIS International Union of Immunological Societies  

JMF Jeffrey Modell Foundation 

LRBA Lipopolysaccharide-responsive beige-like anchor protein 

mAIDAI Modified Autoinflammatory Disease Activity Index 

MAS macrophage activation syndrome 

MKD mevalonate kinase deficiency 



 

 vii 

MODS Multiple Organ Dysfunction Score 

NANO Neurologic Assessment in Neuro-Oncology  

NESS Nottingham Eczema Severity Score 

NGT nominal group technique 

NIH National Institutes of Health 

OI Organ involvement 

P-CID Profound combined immunodeficiency 

PE physical examination 

PedsQL Pediatric Quality of Life Inventory  

PELOD Pediatric Logistic Organ Dysfunction 

PEMOD Pediatric Multiple Organ Dysfunction 

PICU Pediatric Intensive Care Unit 

PID(s) Primary Immunodeficiency/Immunodeficiencies 

PIRD Primary Immune regulatory disorder 

P-MODS pediatric multiple organ dysfunction syndrome 

PROMs patient reported outcome measures 

PUCAI Pediatric Ulcerative Colitis Activity Index 

QoL Quality of Life 

RA Rheumatoid Arthritis 

SAA serum amyloid A protein 

SAID systemic auto-inflammatory disorders 

SARA Scale for the Assessment and Rating of Ataxia 

SCID severe combined immunodeficiency 

SCORAD SCORing Atopic Dermatitis 

SD standard deviation 

SLIPI Sveriges läkares intresseförening för primär immunbrist  

 (Swedish primary immunodeficiency physicians' interest group) 

SOFA Sequential Organ Failure Assessment 

SPIRIT Software for Primary Immunodeficiency Recognition, Intervention, and 

Tracking 

STAT3 Signal Transducer and Activator of Transcription-3 

TNM tumor, node, metastasis 

TRAPS tumour necrosis factor receptor-1- associated periodic syndrome 

UICC Union for International Cancer Control 



 

 viii 

WAS Wiskott-Aldrich syndrome 

WASp Wiskott-Aldrich syndrome protein 

XIAP X-linked inhibitor of apoptosis  

XLN X-linked neutropenia 

XLT X-linked thrombocytopenia 

  



 

 ix 

List of Figures and Tables 

Figure 1: Flow Chart of the Systematic Literature Review 20 

Figure 2: Comparison of clinical scores and morbidity measures used for IEI 21 

Figure 3: Morbidity assessment and baseline QOL of the P-CID study cohort 37 

Figure 4: Correlation of parameters assessing disease severity of P-CID 38 

Figure 5: Organ involvement score of patients with IPEX syndrome 39 

Figure 6: Clinical manifestations in patients with CTLA-4 insufficiency 41 

Figure 7: Visualization of possible applications of the IDDA score 48 

Figure 8: Visualization of “Kaleidoscope” feature of IDDA 2.1 Score 50 

 

 

 

Table 1: Modified version of PID warning signs by Jeffery Modell Foundation 4 

Table 2: AWMF warning signs for the identification of patients with PID 6 

Table 3: Immunodeficiency disease related score 8 

Table 4: Immune Thrombocytopenia Bleeding Scale (IBLS) 13 

Table 5: HIES score 25 

Table 6: HScore 27 

Table 7: Severity scoring for disorders associated with WAS mutations 29 

Table 8: Disease Severity Score for FMF by Pras et al. 30 

Table 9: ISSF - international severity score for familial Mediterranean fever 31 

Table 10: “Grimbacher CVID – disease severity score”  35 

Table 11: Variables selected for each HRF for disease activity assessment  44 

Table 12: IDDA 2.1 score, modified version 2.1 47 

Table 13: Scoring system for initiation of immunoglobulin therapy  52 

Table 14: Comparison of IDDA score and other current clinical scores for IEI 56 

file:///C:/Users/Annalena%20Horn/Downloads/Diploma%20thesis_Horn%20Dec%20rev_latest%20version%201.1%20revVT%20(2).docx%23_Toc100794754


 

 x 

Zusammenfassung 

Einleitung: Scores werden zur Diagnose, Klassifizierung und objektivierten Beur-

teilung der Krankheitsaktivität von primären Immundefekten (inborn error[s] of im-

munity, IEI) eingesetzt. Diese Arbeit umfasst eine detaillierte Beschreibung von kli-

nischen Scores bei IEI. Insbesondere werden die Anwendbarkeit und Schwächen 

des Immune deficiency and dysregulation activity (IDDA) Scores, welcher mittler-

weile als modifizierte Version 2.1 verfügbar ist, mit anderen etablierten Scores ver-

glichen.  

Methoden: Als Grundlage für eine Übersichtsarbeit wurde eine Literaturrecherche 

durchgeführt, um anhand publizierter Daten verschiedene Scores zu bewerten und 

vergleichen zu können.  

Ergebnisse: In der Literatur findet sich eine Vielzahl krankheitsspezifischer Scores, 

welche sich wiederum in unterschiedliche Kategorien einteilen lassen:  

Diagnostische Scores und jene Methoden zur Klassifizierung des Schweregrads 

und klinischer Subtypen, wie der Hyper-Immunglobulin E (IgE)-Score, der H-Score 

für Hämophagozytische Lymphohisozytose (HLH) und der Wiskott Aldrich Syndrom 

(WAS) Score, ermöglichen klare Resultate für die klinische Diagnose und eine ein-

fache Subklassifizierung der zugrunde liegenden Krankheit. Einige weitere Scores 

dienen primär der Beurteilung der Organbeteiligung, der Bewertung der Morbidität 

und Krankheitsaktivität sowie des klinischen Verlaufs eines Patienten. Hier sind der 

Autoinflammatory disease activity index (AIDAI), Profound combined immunodefi-

ciency (PCID) Morbidity Measure, der Immune dysregulation, polyendocrinopathy, 

enteropathy, X-linked (IPEX) Organ Impairment Score, ein Score für Cytotoxic T-

lymphocyte antigen 4 (CTLA4) Insuffizienz, sowie auch der IDDA 2.1 Score zu nen-

nen. Scores zur Behandlungsstratifizierung, wie beispielsweise bei Hypogammag-

lobulinämie angewandt, werden als abschließende Kategorie beschrieben. 

Schlussfolgerung/Diskussion: Die beschriebenen klinischen Scores sind hetero-

gen und teils streng krankheitsspezifisch. Eine standardisierte Scoring-Methode, die 

einfach anwendbar ist und dennoch die Komplexität der Erkrankungen widerspie-

gelt, wäre zur Verbesserung der Aussagekraft und Vergleichbarkeit der Krankheits-

aktivität notwendig. Der IDDA 2.1 Score, welcher auf viele Krankheiten mit Immun-

dysregulation angewendet werden kann und bereits im ESID-Register (European 

Society for Immunodeficiencies) verfügbar ist, stellt hierfür eine mögliche Option 
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dar. Dies vereinfacht die Überwachung der Krankheitslast, zum Beispiel unter ver-

schiedenen Therapieoptionen oder während der Induktionstherapie vor einer 

Stammzelltransplantation. Darüber hinaus kann, insbesondere in Kombination mit 

der ergänzenden "Kaleidoskop-Funktion", eine unterstützende Anleitung für phäno-

typgesteuerte Therapien gegeben werden. 
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Abstract 

Background: Scoring methods in inborn errors of immunity (IEI) show a variety of 

possible applications. They can facilitate diagnosis, classification of a disorder, and 

objectification of disease activity or severity. An attempt will be made to provide an 

overview of clinical scores currently used in IEI. In particular, the applicability and 

weaknesses of the immunodeficiency and dysregulatory activity (IDDA) 2.1 score, 

will be reviewed in comparison with other established scores for IEI. 

Methods: A comprehensive literature search was performed in order to provide a 

descriptive comparison of different scores and measures frequently used in IEI 

based on published data.  

Results: Most scores or measures identified for an application in IEI be divided into 

at least three partly overlapping categories: The Hyper-Immunoglobulin E (IgE) 

Score, the H Score for hemophagocytic lymphohisiocytosis (HLH) and the Wiskott 

Aldrich Syndrome (WAS) score are diagnostic assistive tools and scores for classi-

fication of severity and clinical subtypes. Other scoring systems, as the Common 

Variable Immune Deficiency (CVID) score, the Autoinflammatory disease activity 

index (AIDAI), Profound combined immunodeficiency (PCID) Morbidity Measure, 

the Immune dysregulation, polyendocrinopathy, enteropathy, X-linked (IPEX) Organ 

Impairment Score, a score for Cytotoxic T-lymphocyte antigen 4 (CTLA4) insuffi-

ciency and the IDDA 2.1 score are primarily used to assess organ involvement, 

evaluation of morbidity and disease activity. The final category is addressing treat-

ment stratification scores, such as those applied for hypogammaglobulinemia. Main 

characteristics of all these scores are presented and compared.  

Conclusions and discussion: The described clinical scores are quite heterogene-

ous and several of them are strictly disease-specific. To improve informative value 

and comparability, a standardized, easy-to-use scoring method that reflects the 

complexity of diseases would be needed. A potential instrument for this purpose is 

the IDDA 2.1 score, which could be applied to many diseases with immune dysreg-

ulation. It is available in the ESID (European Society for Immunodeficiencies) regis-

try as part of a prospective study to develop a machine learning based tool. This 

simplifies the monitoring of disease burden, for example, during induction therapy 

prior to HSCT. Furthermore, especially in combination with the "kaleidoscope fea-

ture", supportive guidance for phenotype-guided therapies can be provide
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1 Previously published article 

The paper "The Immune Deficiency and Dysregulation Activity (IDDA2.1 'Kaleido-

scope') Score and Other Clinical Measures in Inborn Errors of Immunity" by Seidel 

et al. (1) was already published in 2021, demonstrating the clinical relevance of the 

subject of this thesis. The publication is based to some extent on this diploma thesis, 

particularly the data collection and described results, and will be referred to several 

times in the following thesis. 
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2 Introduction 

More and more inborn errors of immunity (IEI) are defined on a genetic and mech-

anistic basis, and an increasing number of targeted therapies become available 

each year. However, in most instances of profound but not severe immunodeficien-

cies, especially in IEI with immune dysregulation, there is still a high proportion of 

situations, where both the longitudinal observation of one patient or a cohort, as well 

as the comparison of one with other patients with the same disease (cross-sectional 

studies) are hampered by the lack of standardized clinical parameters and 

measures. As a consequence, the decision whether and when to proceed to hema-

topoietic stem cell transplantation or gene therapy in this difficult-to-treat subgroup 

of IEI, needs to be failed on an individual, expert-derived opinion without much sup-

portive measurable evidence. However, certain prospective or retrospective studies 

have directly or indirectly addressed this dilemma and used various modalities to 

assess the morbidity and disease activity. In this review a literature-based overview 

of these various types of clinical scores, that are currently used in IEI, and which are 

specifically invented for an application in primary immunodeficiencies, is provided.  

 

Scores and scales are in general applied in a lot of different medical fields to differ-

entiate and quantify diseases in the most objective way and facilitate monitoring and 

clinical decision making. Staging, grading and diagnostic criteria are applied under 

standardized guidelines in various medical specialties to define a diagnosis, to de-

termine a subtype of a disease and to subsequently facilitate decisions surrounding 

patient management and treatment. In IEI scores are used for objective initial as-

sessment, making and corroborating a diagnosis and to decide treatment require-

ment. In addition, they can be used to facilitate clinical decision finding, assess 

transplant indications, follow-up and document treatment response. Inborn errors of 

immunity with immune dysregulation often present with variable severity even within 

one family which makes it very difficult to establish one scoring method for this het-

erogenous family of diseases. 
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Preparing this thesis details of clinical scores, that have been used in IEI, were col-

lected in order to categorize them, compare their depth, focus and aims, as well as 

to compare their potential use in clinical practice. Without claiming to be exhaustive, 

a particular emphasis of this thesis lies on the comparison of the applicability as well 

as the weaknesses of the immune deficiency and dysregulation activity (IDDA) 

score by Tesch et al. (2), with other established scores. The IDDA score by Tesch 

et al. (2) was especially developed to allow intraindividual, longitudinal monitoring 

and assess the interindividual disease burden carried by patients with Lipopolysac-

charide-responsive beige-like anchor protein (LRBA) deficiency, a severe primary 

immunodeficiency with a broad spectrum of clinical and immunologic manifestations 

(3–5). In the meantime, a newly adapted and more universal version of de IDDA 

score (IDDA score 2.1) by Seidel et al. (1,6) is available, which is already part of the 

European Society for Immunodeficiencies (ESID) registry (7) and the intended ap-

plication as open monitoring tool in patient registries for similar disorders will be 

analyzed and discussed. 

 

2.1 Inborn Errors of Immunity (IEI) 

Human inborn errors of immunity (IEI), also known as primary immunodeficiencies 

(PIDs) are a heterogeneous group of diseases induced by monogenic germline mu-

tations which cause a loss or gain in the function of the encoded protein. These 

genetic defects can be dominant or recessive, autosomal or X-linked, and with com-

plete or incomplete penetrance and influence the development, function, or both, of 

immunity (8,9). IEI are thought to be individually and collectively rare and are thus 

still underdiagnosed and more common than generally thought (10). However, the 

frequency regarding specific forms of IEI is varying depending on the country as well 

as the population (11). The severity ranges from life-threatening disorders present-

ing in early infancy to IEI, that present with milder symptoms in adolescence or 

adulthood. At first most PIDs generally attract attention because of a clinical history 

of repeated infections (9). Gradually a phenotypic diversity of PIDs is present due 

to disease penetrance and expression variability and it is also caused by interactions 

between genetic and environmental factors (12). This results in an increased sus-

ceptibility to a range of infectious diseases, a growing diversity of autoimmune as 
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well as autoinflammatory phenotypes, allergy and an increased risk of developing 

malignancies (13). 

 

The classification of the International Union of Immunological Societies (IUIS) of 

2019 is currently covering a heterogeneous group of 406 different disorders with 

430 various genetic defects as human innate defects of immunity. It is updated reg-

ularly, provides information on the broad variety of disorders and includes a geno-

typic as well as phenotypic classification, thus facilitates research on, diagnosis and 

clinical management of primary immunodeficiencies (13). 

 

2.1.1 Warning Signs of Primary Immunodeficiencies 

Since an early diagnosis of PID is highly challenging and not only requires recogni-

tion by physicians and health care professionals but also the general public, the so-

called PID warning signs by the Jeffrey Modell Foundation (JMF) have been pub-

lished. This screening tool gives an overview of typical clinical signs and symptoms 

of PID, in order to raise awareness and improve diagnosis (14,15). As there is still 

a significant delay between the onset of symptoms of PID and diagnosis, these 

warning signs should help to promptly recognize an underlying inborn error of im-

munity and thus prevent morbidity and mortality (15). 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Modified version of PID warning signs provided by Jeffery Modell Founda-

tion (JMF), taken from Arkwright et al. 2011 (14)  

 

Ten warning signs of primary immunodeficiency 

1 ≥4 ear infections in one year 

2 ≥2 serious sinus infections in one year 

3 ≥2 pneumonias in one year 

4 Recurrent, deep skin or organ abscesses 

5 Persistent thrush in mouth or fungal infection on skin 

6 ≥2 deep-seated infections including septicemia 

7 ≥2 months on antibiotics with little effect 

8 Need for intravenous antibiotics to clear infections 

9 Failure of an infant to gain weight or grow normally 

10 Family history of primary immunodeficiency 
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Table 1 shows the 10 major warning signs of PID, that can be summarized as in-

creased frequency and severity of infections, the need for more intense or prolonged 

treatment of infections as well as reduced thriving and family history of PID. If two 

or more of these warning signs are present in an individual, the presence of an 

underlying PID should be taken into consideration (14,15). These general warning 

signs by JMF are also published on the official ESID web page (16). 

 

Patients with PID can present with multiple symptoms, that are not necessarily in-

cluded in the above mentioned 10 PID warning signs. These clinical features may 

include sporadic infections and granuloma, lymphoproliferation, eczema, inflamma-

tory bowel disease as well as autoinflammation and autoimmunity or malignancy. 

Additionally, it is important to consider the type of pathogens, the circumstances in 

which infections occur as well as the organs and tissues affected. The occurrence 

of allergies and vaccine-related adverse effects must also be considered, as admin-

istration of inactivated (killed) vaccines is still recommended, although it has been 

observed that the response to vaccination is generally reduced in PID patients. 

(7,17–19).  

As these complex symptoms are not part of the 10 warning signs, less classical 

presentation of PID can be missed or diagnosis can be delayed. Based on the PID 

warning signs by JMF, a modified guideline for the earliest possible diagnosis of PID 

was develop by the Association of Scientific Medical Societies in Germany (AWMF) 

in 2011. As shown in Table 2, in addition to an increased susceptibility to infections, 

failure to thrive in children, weight loss in adults and an indicative family history, 

which are already part of the JMF PID warning signs, this guideline also includes 

immune dysregulation, reproducible abnormal laboratory values and genetic indica-

tion of PID. The German acronym "ELVIS" can be used to differentiate between 

physiological and pathological susceptibility to infections. It includes the causative 

pathogen, localization, course, intensity and the sum of infections. In addition to an 

increased susceptibility to infections, a disturbance of immune regulation (acronym 

GARFIELD) is also one of the leading symptoms of PID. Patients with immune 

dysregulation can present with granuloma, autoimmunity, recurrent fever, eczema, 

lymphoproliferation and chronic intestinal inflammation (18).   
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 CHILDREN ADULTS 

1. Pathological susceptibility to infections: “ELVIS” 
Pathogen, localization, course, intensity, sum of infections 

2.  
Immune dysregulation: "GARFIELD "  
Granuloma, Autoimmunity, recurrent fever, unusual eczema,  
lymphoproliferation, chronic intestinal inflammation 

3. Failure to thrive Weight loss, usually with diarrhea  

4. 
Conspicuous family history  
e.g. (for example) consanguinity, immunodeficiency, pathologic susceptibility 
to infection 

5.  Laboratory: hypogammaglobulinemia, persistent or recurrent lymphopenia, 
neutropenia, thrombocytopenia 

6. A genetic indication of a primary immunodeficiency or a positive neonatal 
screening for primary immunodeficiencies 

Table 2: Warning signs of the AWMF guideline for the purpose of identifying patients 

with PID, adapted from Farmand et al. 2017 (18) 

 

It should be noted that some patients with PID do not present with clinical symptoms 

until adolescence or adulthood.  

In order to not miss diagnosis in them, six warning signs for identification of PID in 

adulthood have been published by SLIPI (Sveriges läkares intresseförening för 

primär immunbrist = Swedish primary immunodeficiency physicians' interest group) 

and accepted as ESID criteria (18–20). In addition, the AWMF guideline provides a 

list of immunologic emergencies in the neonatal and infant period for which imme-

diate contact with experienced clinicians is indicated. These include erythroderma, 

persistent fever and cytopenia, severe lymphopenia, severe neutropenia, and se-

vere hypogammaglobulinemia (18,19). To summarize, all these clinical features can 

be referred to as PID warning signs. Combining these with well-trained physicians, 

genetic counseling of families affected by PID and genetic and clinical screening, 

helps to improve diagnosis, classification, prognosis, and therapy of PID (14,21,22). 

 

2.1.2 PID Screening Tools 

In addition to the above-mentioned warning signs, designed to increase awareness 

of PID, JMF created the SPIRIT (Software for Primary Immunodeficiency Recogni-

tion, Intervention, and Tracking) Analyzer tool to improve identification of patients 
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with PID who are undiagnosed. This software screening tool combines JMF’s 10 

PID warning signs with 352 International Classification of Disease Ninth Revision 

(ICD-9) codes for an earlier identification and diagnosis of PID patients. The Ana-

lyzer has no diagnostic value and is used as a screening tool to categorize patients 

into low, medium and high-risk for PID by scoring risk points and recommends fur-

ther testing for medium and high-risk categories by educated physicians. As the 

Analyzer's name implies, its mission is early disease detection, intervention and 

electronic tracking, resulting in improved quality of life for affected patients and re-

duced healthcare costs (23). Another scoring method for identifying patients with 

undiagnosed IEI is the Immunodeficiency Disease Related (IDR) Score by Cunning-

ham-Rundles et al. (24). It was developed to determine the incidence of primary 

immunodeficiencies in different populations and- because of existing health care 

disparities- for certain ethnic minorities, since most studies of PID are described in 

the context of individuals from European background. This algorithm and screening 

method is also based on ICD-9 codes. Table 3 shows the selected basic ICD-9 

codes, which can be split into 174 subcodes, that are scored as 1, 2, or 3 according 

to severity. To avoid multiple counting, an already assigned diagnosis in the past 30 

days and specific chronical symptoms, marked as chronic codes, were only counted 

once. The sum of all scores of a patient within the test period, which includes a 

primary diagnosis and up to 7 additional ones, results in the final IDR score. A final 

score of ≥6 indicates the presence of an underlying PID (24,25).  
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Table 3: Immunodeficiency disease related score, taken from Yarmohammadi et al.  

2006 (26) 

 

In their retrospective analysis of 204 potentially immunodeficient patients, Reda et 

al. (25) show that a family history of PID is the most important predictor of PID, 

followed by the requirement for intravenous antibiotics, recurrent deep-seated infec-

tions and failure to thrive. Furthermore, parental consanguinity and death of siblings 

due to infections, which are not part of the warning signs, were often found in pa-

Diagnosis or condition Score Diagnosis or condition Score 

Pneumonia, organism unknown 3 Malabsorption 2 

Bacterial pneumonia 3 Giardiasis 2 

Septicemia 3 Autoimmune hemolytic anemia 2 

Empyema 3 Chronic bronchitis* 1 

Bronchiectasis 3 Chronic sinusitis* 1 

Osteomyelitis 3 Chronic otitis media 1 

Other abscess 3 Chronic diarrhea* 1 

Aseptic meningitis 3 Acute bronchitis 1 

Splenic abscess 3 Acute sinusitis 1 

Chronic mastoiditis* 3 Fever of unknown origin 1 

Bacterial meningitis 3 Cutaneous candidiasis* 1 

Liver abscess 3 Suppurative otitis media 1 

Lung abscess 2 Failure to thrive 1 

Lymphopenia 2 Thrush 1 

Cellulitis 2 Lymphadenitis 1 

Neutropenia 2 Gastroenteritis 1 

Splenomegaly 2 Mycosis 1 

Lymphadenopathy 2 Acute otitis media 1 

Immune thrombocytopenia 2 Abnormal weight loss 1 

*chronic conditions counted only once in a 12-month period. 
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tients with PID. This study demonstrates that if an inborn error of immunity is clini-

cally suspected the absence of the major warning signs as well as a low IDR score, 

should by no means exclude a possible PID diagnosis (25). 

 

2.2 Definition and classification of scoring systems 

Scores and other implemented terms used as synonyms or in a similar context, such 

as scales, indices, and measures are methods allowing an objective clinical assess-

ment and are used for a variety of diseases in several medical fields and show a 

wide range of applicability. Depending on the purpose of a clinical scoring system, 

it is also referred to as a clinical decision rule, clinical prediction tool, probability 

assessment, prediction algorithm, or risk score (27–29). According to research pub-

lished by Challener et al. (30) in 2019, over 250.000 clinical scoring systems exist 

in the medical field. This high number of scoring systems varies between widely 

accepted tools that are broadly used and those that are very specialized and thus 

have a small scope of application. These tools are algorithms and in most cases 

provide numeric indices to facilitate clinical practice with a combination of highly 

valid variables including patient characteristics and specific examination results 

(28–30). Clinical prediction rules (CPR) can calculate a probability of the presence 

of a particular pathology or predict an outcome by combining relevant clinical find-

ings, thus serving as a support tool for assessment and decision making and im-

proving efficiency (27–29,31). In intensive care and emergency medicine, predictive 

scores are used to determine the severity of a condition as objectively as possible 

and to serve as a triage system and prognostic tool in medical emergencies (32). 

But scoring systems also find application in the diagnosis of diseases, monitoring of 

patients and are used in the classification and determination of phenotypes of com-

plex diseases. Additional exemplary fields of application are assessment of disease 

activity, morbidity and burden of chronic disease. Ideally, surrogate parameters, bi-

omarkers or tumor markers are used in addition to the clinical symptoms to establish 

and confirm a diagnosis and decide on the need for treatment. The scores as ob-

jective quantification also provide a stratification of patients into different disease 

categories and thus, in the case of PID, can also be used to assess a transplant 

indication (33). 
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Diagnostic scores exist in nearly every medical field due to a relevance as a quan-

tification tool that facilitates diagnosis. Scores in the sense of a diagnostic criterion 

are probably the best-known type of scores, as they are defined by a number of 

points or by a certain cut-off value resulting from them. 

A classification of diseases by their severity is an improvement that helps better 

monitoring and keeping an overview of individual patients. Medical treatment deci-

sions and the adjustment of therapies can be made based on an index of disease 

severity or different phenotypic appearance of IEI. A disease severity classification 

is additionally an important tool to determine prognosis, analyze clinical correlates, 

and compare between surveys and different patient groups (34). 

Furthermore, affected organ systems and/or additional parameters are included in 

the assessment of some medical conditions. These scores were developed to pro-

vide an overview of the patient’s state of health at a specific time of measurement 

and as a consequence they are used as a prerequisite of therapeutic actions, are 

applied to evaluate therapeutic outcomes and to predict morbidity and survival of 

IEI. By systematically recording a disease using clinical and/or laboratory parame-

ters, an initial assessment and follow-up can be quantified. Implementing eligible 

scores for IEI is intended to facilitate treatment decisions as well as the documen-

tation of treatment responses, as to date validated disease activity scores as pre-

dictive and stratification-relevant tools are not available for these conditions (33).  

 

2.3 Scores in other medical fields 

The application of scoring systems in other medical fields has an enormous range. 

Most of related specialties work with the help of scoring systems, ranging from sim-

ple methods for the subjective assessment of pain, such as visual analog scales 

(35) and numeric rating scales, to Lansky (designed for recipients less than 16 years 

old) (36) and Karnofsky (designed for recipients aged 16 years and older) (37) Per-

formance scales, that give us information about the overall functional status of pa-

tients, also applied in patients with PID.  

Staging and grading in oncology for initial categorization of tumors on the basis of 

primary tumor characteristics and in addition response assessment and follow-up 

can also be considered a scoring system. Staging defines the extent of tumor 
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spread, provides a prognostic tool and strongly affects treatment decisions and in-

dividual treatment results. The most commonly used staging system is the tumor, 

node, metastasis (TNM) system developed as a collaborative effort of the Union for 

International Cancer Control (UICC) and the American Joint Committee on Cancer 

(AJCC) (38). 

In emergency medicine a standardized method for evaluating the level of conscious-

ness with the help of several neurologic conditions is well known and is widely used, 

known as the Glasgow Coma Scale (GCS). The GCS assigns points based on three 

parameters of neurologic function: eye opening, best verbal response, best motor 

response (39). 

Different scoring methods are for example also used in conditions like autoimmune 

cytopenia, more precisely to facilitate treatment decisions and requirements in im-

mune thrombocytopenia (IBLS – Immune thrombocytopenia Bleeding Scale (40)), 

for severity scoring in atopic dermatitis (NESS – Nottingham Eczema Severity Score 

(41)) or to help classify patients with Rheumatoid arthritis (2010 ACR/EULAR clas-

sification criteria (42)).  

There are a lot of medical fields where scores and scales are applied to facilitate the 

clinical routine. In the following, a few relevant scores, that are also applied in asso-

ciation with PID are described in more detail. 

 

2.3.1 Patient reported outcome measures (PROMs) 

PROMs offer a further instrument for an assessment of outcomes regarding the 

health of patients and are directly reported by them. These are primarily used in 

scientific research for comparison of therapy outcomes and in drug development. 

But in various medical fields the interest for the routine use of PROMs in daily prac-

tice is growing, for example (e.g.) for clinical trials (screening, treatment outcomes), 

clinical practice (diagnosis, monitoring progress) and for information for patients or 

clinicians. A systematic use of patient-centered information from PROMs is an im-

provement of communication between doctors and patients and their decision mak-

ing and represents a useful tool to increase patient satisfaction with care (43). 

PROMs help patients address problems with clinicians, and both, standardized and 

individualized PROMs, make patients think about their health and enable them to 

develop a deeper understanding of their own condition (44). 
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2.3.2 Pediatric Ulcerative Colitis Activity Index (PUCAI) 

A noninvasive scoring method to quantify disease activity of ulcerative colitis in pe-

diatric patients was developed by an expert committee in pediatric inflammatory 

bowel disease. The PUCAI was initially reduced to 11 items that best reflect the 

disease activity, but laboratory items were subsequently excluded since they did not 

improve the PUCAI performance. An index consisting of 6 items remained, ranging 

from 0 to a maximum of 85 points, classified into no symptoms (<10), mild (10-34), 

moderate (35-64) and severe activity (≥65). The validated PUCAI allows to monitor 

and reflect disease activity of pediatric ulcerative colitis without using invasive pro-

cedures such as endoscopy (45). 

This scoring method is widely applied and inter alia also used for patients suffering 

from colitis associated with Chronic granulomatous disease (CGD), since there is 

no validated index for disease activity or criteria for induction of treatment available 

for this IEI. The clinical features included in the PUCAI, e.g. abdominal pain, rectal 

bleeding, stool consistency, number of stools, nocturnal stools, and thus disease 

activity level are applicable for pediatric ulcerative colitis as well as CGD colitis. Alt-

hough more studies are required for further validation of the PUCAI, it is a non-

invasive scoring method that has the potential to also reflect disease activity of CGD 

colitis and help determine the appropriate treatment (46). 

 

2.3.3 Immune Thrombocytopenia Bleeding Scale (IBLS) 

The Immune Thrombocytopenia Bleeding Scale (IBLS), shown in Table 4,  is a 

method for objective quantification of bleeding symptoms in Immune Thrombocyto-

penia (ITP) and can be used as prerequisite for the examination of laboratory pa-

rameters correlating with bleeding propensity in thrombocytopenia. This bleeding 

assessment system comprising 11 anatomical site-specific grades between 0 

(none) and 2 (marked bleeding) is a useful clinical tool for monitoring bleeding. The 

11 evaluated subjects contain skin, oral, epistaxis, gastrointestinal, urinary, gyneco-

logical and pulmonary symptoms, intracranial haemorrhage and subconjunctival 

haemorrhage by history over the previous week and two of these, skin and oral, are 

additionally assessed by physical examination (PE). The accurate and objective re-

cording of bleeding symptoms is indicative to enable more information about the 

heterogeneity in bleeding propensity (40).  
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Parameter Localization Grade 0 (none) Grade 1 Grade 2 

Patient-re-
ported 

Skin None 
1-5 hematomata 
and/or scattered pete-
chiae 

>5 hematomata >2cm 
diameter and/or dif-
fuse petechiae 

 Oral None 

1 blood blister or >5 
petechiae or gum 
bleeding that clears 
easily with rinsing 

Multiple blood blisters 
and/or gum bleeding 

Clinical  
examination 

Skin None See above See above 

 Oral None See above See above 

History Epistaxis None See above See above 

 Stool None Occult Gross 

 Urin None Microhematuria Macrohematuria 

 Menstrual Normal period 
Spotting between pe-
riod 

Metrorrhagia or very 
heavy period 

 Pulmonary None n.a. yes 

 Subconjunctival None Yes n.a. 

 Intracranial None n.a. Yes 

Sum =    

 

Table 4: Immune Thrombocytopenia Bleeding Scale (IBLS), modified version by Seidel 

et al. 2017 (47), original published by Page et al. 2007 (40) 

 

According to a French study of 2016, patients with PID are reported to have an 

extremely increased risk of developing autoimmune cytopenia compared to the un-

affected population (48). Supporting this strong association of the two conditions, in 

another French study, 13% of cases with isolated autoimmune hemolytic anemia 

(AIHA) were diagnosed with PID (49). In particular, in the differential diagnosis of 

childhood cytopenias, it is important to consider inborn errors leading to single- or 

multicellular cytopenias due to bone marrow failure and additional factors such as 

persistent/chronic infections (47). Thus, objective and frequently applied diagnostic 

assessment of clinically relevant immune cytopenias is indispensable to identify any 

underlying PIDs and to allow disease-specific treatment decisions (50).  

 

2.3.4 Severity Scoring of atopic dermatitis 

Atopic dermatitis may be present in some primary immunodeficiencies, such as se-

lective Immunoglobulin A (IgA) deficiency, common variable immunodeficiency, 

Wiskott-Aldrich syndrome, X-linked agammaglobulinemia, Hyper-Immunoglobulin E 

(IgE) syndrome (HIES), and Omenn syndrome, an autosomal recessive form of se-

vere combined immunodeficiency (SCID) (51). 
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The Nottingham Eczema Severity Score (NESS) is an assessment tool for disease 

severity of atopic dermatitis (AD) in children. This scoring method was developed 

from an existing system for monitoring disease activity of atopic dermatitis, first de-

scribed by Rajka and Langeland in 1989, categorizing disease activity of AD into 

mild, moderate and severe (52). The three modified parameters of disease intensity, 

clinical course and examined extent of disease are weighted equally and give infor-

mation about the disease severity. The final score summarizes all three parameters, 

ranges from 3 to 15 and classifies the children in 3 degrees of severity (mild, mod-

erate and severe). A higher numerical value is associated with a more significant 

severity of the disease. Construct validity of the NESS has been demonstrated in 

comparison to a clinical assessment according to a dermatologist and parental se-

verity assessment. Further validation is needed regarding the use at older children, 

the use by researchers/health professionals, and the development as a fully ques-

tionnaire-based tool (41).   

Especially for atopic dermatitis other severity scoring tools are available, e.g. Six 

Area, Six Sign atopic dermatitis severity assessment (53), the Eczema Area and 

Severity Index (EASI) (54,55), the Atopic Dermatitis Area and Severity Index 

(ADASI) (56) or the SCORing Atopic Dermatitis (SCORAD) Index (57). The 

SCORAD index is the most widely used of published tools for severity assessment 

of AD. It consists of three parts: the extent graded 0-100, the intensity consists of 

six items each graded on a scale 0-3 (erythema, oedema/papulation, excoriations, 

lichenification, oozing/crusts and dryness) and two subjective items (daily pruritus 

and sleeplessness) that are graded on a 10-cm visual analogue scale. Those three 

subscores are part of a defined formula with the maximum score being 103. The 

SCORAD defines mild eczema as a score less than 25, moderate eczema repre-

sents a score of more than 25 and less than 50, and severe eczema is defined by a 

score greater than 50. It is a representative and well evaluated method, but naturally 

also shows intra- and interobserver variations (57,58). Since early diagnosis and 

treatment of PID are of major importance, attention should be paid to severe forms 

of AD that may also not respond to standard therapies, as these may be the first 

indications of underlying immunodeficiency (51). 
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2.3.5 Classification criteria for Rheumatoid Arthritis 

For Rheumatoid arthritis (RA), a chronic inflammatory autoimmune disease charac-

terized by joint swelling, joint tenderness and the destruction of synovial joints with 

the consequence of severe disability and premature mortality, classification criteria 

sets with the help of joint examination and imaging, as well as the presence of RA-

related autoantibodies, systemic inflammation, and the duration of joint symptoms 

and findings, are available (59). 

 

The 1987 American College of Rheumatology (ACR; formerly the American Rheu-

matism Association) criteria (60) involves the following subjects: 1) morning stiffness 

in and around joints lasting at least 1 hour; 2) soft tissue swelling (arthritis) of 3 or 

more joint areas; 3) arthritis of hand joints; 4) symmetric swelling (arthritis); 5) rheu-

matoid nodules; 6) the presence of serum rheumatoid factor; and 7) radiographic 

changes. For a specific diagnosis of rheumatoid arthritis, the presence of four or 

more criteria is required and criteria one through four must have been present for at 

least six weeks. But this classification scoring shows a significant limitation in iden-

tifying patients with no long-lasting symptoms and therefore leads to insufficient in-

tervention in early stages and prevention of a chronic, erosive disease state. As a 

consequence a new classification tool for RA by a joint working group of the ACR 

and the European League Against Rheumatism (EULAR) to facilitate the study of 

patients at earlier stages of the disease and a relatively short duration of symptoms 

was implemented. The working group designed the 2010 ACR/EULAR classification 

criteria for Rheumatoid arthritis with a new criterion set. After two phases a user-

friendly tool was developed and “definite RA” is now characterized by the presence 

of synovitis in at least one joint, absence of an alternative diagnosis with a better 

explanation of the synovitis and a total score of at least six (with ten being the high-

est possible)..The score criteria are divided into four simplified categories: number 

and site of involved joints (range 0-5), serological abnormality (range 0-3), elevated 

acute-phase response (range 0-1) and symptom duration (two levels; range 0-1) 

(42). 
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2.3.6 FACED score and Bronchiectasis Severity Index 

Bronchiectasis is a chronic respiratory disease, defined by permanently dilated 

bronchi on high resolution chest computerized tomography (61). IEI account for 1-

17% of etiologies of patients with bronchiectasis (61). The FACED score is an as-

sessment tool published in 2014, that classifies the severity of non-cystic fibrosis 

bronchiectasis according to its prognosis (62). It is a seven-point score analyzing 

five dichotomized variables with a significant capacity to predict the probability of 

five-year all-cause mortality. The chosen variables to construct the scoring method 

are also an acronym for the score’s name:  

- FEV1 (forced expiratory volume in one second) % predicted 

- Age 

- Chronic colonization by Pseudomonas aeruginosa 

- Extension (radiological): number of lobes affected 

- Dyspnea 

 

A maximum of seven points is reachable and the severity is categorized into three 

groups: 0-2 points signifies mild bronchiectasis, 3-4 points moderate bronchiectasis 

and 5-7 points describes severe bronchiectasis. The constructed FACED score’s 

validity is confirmed by a validation cohort consisting of 422 patients of the initial 

sample comprised (62).  

 

The Bronchiectasis Severity Index (BSI) was also published in 2014 and is another 

severity score using four end-points: mortality, frequency of exacerbations, hospital 

admissions, and health-related quality of life (63). The BSI corresponds to a scale 

that evaluates the severity and prognosis of non-cystic fibrosis bronchiectasis by 

including nine parameters with different values for each: age, body mass index 

(BMI), FEV1% predicted, hospitalization and exacerbations before study, degree of 

dyspnea, chronic colonization by Pseudomonas aeruginosa and other microorgan-

isms and radiological extension of the disease. The BSI was also validated in inde-

pendent cohorts of patients from four European centers. In comparison to the 

FACED score the BSI scoring system is relatively complex and includes multiple 

predictors, but an online calculator is accessible (63). 
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Both scoring tools stratify patients into severity risk categories in order to predict the 

probability of mortality (64). As bronchiectasis is the most frequent non-infectious 

respiratory complication of IEI the FACED score as well as the BSI find application 

in this medical field (61,65–67). 

 

2.3.7 Scores for Pediatric Organ Dysfunction 

In Pediatric Intensive Care the assessment of severity of organ failure in children is 

very important as the multiple organ dysfunction syndrome is the main cause of 

death not only in adult Intensive Care Units (ICUs) but also in Pediatric Intensive 

Care Units (PICUs) (68). As patients with IEI have a high rate of PICU admission 

and the following tools are highly relevant for this patient group in order to estimate 

the severity of multiple organ dysfunction syndrome and show the mortality-related 

risk factors and outcome of these critically ill patients (69). For pediatric multiple 

organ dysfunction syndrome (P-MODS) a few well established scores exist and 

were also updated over time.  

The Sequential Organ Failure Assessment (SOFA) score was developed to assess 

the acute morbidity and predict mortality of critically ill patients. It is based on the 

degree of dysfunction of six different organ systems (respiratory, cardiovascular, 

hepatic, coagulation, renal and neurological system) evaluated by individual scores 

for each. Every organ system is scored from zero to four with an increasing score 

reflecting worsening organ dysfunction.  

Leteurtre et al. (68,70,71) introduced two other scoring systems to evaluate organ 

function in critically ill children. The first method is based on the Multiple Organ Dys-

function Score (MODS) described by Marshall et al. (72) and is called Pediatric Mul-

tiple Organ Dysfunction (PEMOD) system. It is a method consisting of 5 selected 

organ systems each represented by a single “ideal” clinical or laboratory measure: 

cardiovascular (lactic acid), respiratory (PaO2/FIO2 ratio), hepatic (bilirubin), hema-

tologic (fibrinogen), and renal (blood urea nitrogen). Same as in SOFA score each 

organ system is scored from zero to four points and the final score is the sum of 

these subscores (70,73). 

The Pediatric Logistic Organ Dysfunction (PELOD) system, based on a publication 

of Le Gall et al. (74) is by far the most frequently used scoring system for assessing 

pediatric organ dysfunction (71). It is a summation of selected organ parameters 
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(70). The 13 parameters included in the score are GCS, pupillary response, heart 

rate, systolic blood pressure, serum creatinine, Pao2/Fio2, Paco2, mechanical ven-

tilation, white blood cell count, platelets, aspartate transaminase, prothrombin time 

and international normalized ratio (INR). Since the PELOD scoring system was al-

ready developed in 1999, an updated and improved version of the score was pub-

lished in 2013 by Leteurtre et al. (71). This updated version includes ten variables 

evaluating the function of five organ systems and is called PELOD-2. In comparison 

to the previous version, the PELOD-2 does not contain hepatic function which was 

only accounted for 0.1% of its variance, and it did not predict death in the original P-

MODS score (68,73). The updated score additionally includes mean arterial pres-

sure and lactatemia to predict cardiovascular dysfunction, measures that are part of 

both the SOFA and the P-MODS scores.  

The main aim of organ dysfunction scores, such as the PELOD (68), SOFA (75), P-

MODS (73), MODS (72), and Logistic Organ Dysfunction System (74), is however 

to evaluate the severity of illness, complications and organ dysfunction of critically 

ill patients and not only to predict mortality rates (71,75). 
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3 Material and Methods 

A systematic literature search was performed on PubMed and OVID Medline. Sam-

ple terms in the search strategy included “primary immunodeficiency”, “inborn errors 

of immunity” and “immune dysregulation” crossed with “scor*”, “scale”, “measure”, 

and “perform*” in various combinations in order to screen titles, keywords and ab-

stracts. This search strategy was adapted and conducted until November 2021 (1).  

From originally 880 results on OVID Medline and 559 results on PubMed (n=1439) 

after screening the literature by title and abstract 75 publications were left. Duplica-

tions were excluded and furthermore the scanning process by title and abstract 

screening excluded literature with diagnostic methods for immunologic testing and 

standard scores (Z score). The reason why screening literature started by analyzing 

both title and abstract is that a large number of publications do not involve infor-

mation about scoring methods in the title itself, therefore screening titles only would 

have been insufficient in this case. 

After excluding scoring methods that only cover quality of life and psychological as-

pects of patients 57 publications were left. After outsourcing scores and indices that 

are not only used in primary immunodeficiencies but also in other medical fields the 

44 remaining articles which include 21 scoring methods were classified into different 

categories.  

Scores that included too few criteria or that were too specific were not included in 

the comparison.  

An Excel sheet was created to provide an overview of the final selection of the ten 

most important and comparable clinical assessment tools for IEIs, that were further 

classified into  diagnostic scores, morbidity and disease activity measures and treat-

ment stratification scoring systems. 

In order to allow a more objective comparison, the included parameters and items 

were classified in a uniform way and divided into specific subgroups: 

Anatomical, autoimmunity, inflammatory, infection related, laboratory, “quality of life 

(QoL), supportive measures, performance scales”, other additional information, not 

categorized, malignancy and age correction. 
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Final count of scores for PID 
for inclusion in objective comparison  

(n=10) 

Skimming scoring methods that are too specific 
or include too few criteria 

Records identified through database 
searching in PubMed and OVID Med-

line  
(n= 1439) 

Selection based on  
title and abstract screening 

(n= 75) 

Records excluded  
( n= 18) 

Scoring methods for quality of life, psychological aspects etc. removed 

Full-text articles assessed for  
eligibility  
(n= 57)  

 

Records excluded 
(n= 1364) 

duplications and results discussing diagnostic methods 
for immunologic testing and standard scores removed 

 

Final article count (n= 44) with  
scoring methods (n=21)  

described in results  
 

Skimming scoring methods especially  
created for PID 

Figure 1: Flow Chart of the Systematic Literature Review – resulting in 10 representa-

tive and comparable scoring methods and measures frequently used in IEI 



 

 21 

4 Results – Outcomes 

4.1 Description of Clinical Scores and Morbidity Measures estab-

lished in IEI Research 

The main objective of this thesis is, without claiming to be exhaustive, the thorough 

description and comparison of applicability of the scores available for primary im-

munodeficiencie. 

Based on the performed literature review the detected scores used in PID were di-

vided into three different categories, reflecting the main objectives and fields of ap-

plication respectively:  

1) specific diagnosis, classification of severity and subclassifying a diagnosis, 2) 

evaluation of morbidity, organ impairment and disease activity and 3) treatment 

stratification. A schematic proportional comparison of used parameters and items is 

depicted as a heatmap in Figure 2. At the end of this chapter, a very comprehensive 

overview of comparable and representative scores with their parameters is given in 

Table 14. As a lot of factors, including disease-inherent and user dependent, make 

a broader application of scores, mostly designed for a single disease, difficult, the 

IDDA 2.1. score was created by Seidel et al. and will also be presented in this thesis. 

The original IDDA score was developed for LRBA deficiency and applied in a retro-

spective study. However, this new version aims to provide a standardized, compa-

rable evaluation and monitoring of diseases with immune dysregulation and may be 

used in all of them (1). 

Figure 2: Schematic comparison of an exemplary choice of clinical scores and 

morbidity measures used for IEI, taken from Seidel et al. 2021 (1) 
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4.1.1 Diagnostic assistive tools and scores for classification of severity 

and clinical subtypes 

Scores of this type include a set of disease-specific criteria that increase the likeli-

hood of a particular diagnosis or specific criteria for subclassifications of a diagnosis. 

Some of these scoring systems aim to classify patients suffering from the same 

disorder into different categories or subtypes, mostly according to disease severity, 

in order to improve patient management and possibly predict outcome (55). Unlike 

scores defining disease activity, they can include consistent items and variables, 

such as age of disease onset, that do not change over time (56). Especially since 

many IEI are clinically very heterogenous and present with different phenotypes, 

even within the same disorder, categorization of patients to distinguish mild from 

severe conditions can help clinicians to adapt management and treatment accord-

ingly (1). 

 

4.1.1.1 Hyper-IgE-Score 

HIES, first described as Job’s Syndrome (76), is a rare primary immunodeficiency 

characterized by a triad of recurrent skin and lung infections, atopic dermatitis and 

elevated serum levels of IgE (77–80).  

The majority of HIES cases are sporadic and result from mutations in the human 

signal transducer and activator of transcription 3 (STAT3) gene. However, autoso-

mal recessive, autosomal dominant as well as X-linked patterns of inheritance do 

exist. Autosomal recessive HIES (AR-HIES) is most commonly caused by dedicator 

of cytogenesis 8 protein (DOCK8) mutations, while the autosomal dominant variant 

(AD-HIES) predominantly results from underlying mutations in the STAT3 gene. Re-

cently discovered monogenic disorders caused by mutations in e.g. Phosphogluco-

mutase 3 (PGM3), Caspase recruitment domain family member 11 (CARD11) or 

zinc finger protein 341 (ZNF431) (78,81–86) displaying an HIES phenotype are 

leading to an expanded genetic heterogeneity of this syndrome. AD-HIES patients 

typically present with the above-mentioned characteristic triad, but furthermore dis-

play nonimmunological features such as skeletal, dental and connective tissue ab-

normalities, that are not found in AR-HIES patients. The autosomal recessive variant 
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of HIES on the other hand is characterized by severe, recurrent viral infections, sus-

ceptibility to allergies and autoimmune manifestations and neurologic manifesta-

tions, making it easy to distinguish from the autosomal dominant variant (78,87,88). 

Patients with HIES furthermore show a predisposition to developing malignancies, 

especially lymphomas. Leukemia as well as malignancies of the vulva, liver and lung 

can, amongst others, additionally be associated with STAT3 deficiency. Patients 

with DOCK8 deficiency are at risk to develop malignancies that are typically virally-

driven, including human papillomavirus (HPV)-induced squamous cell carcinoma, 

Epstein-Barr virus (EBV)-driven smooth muscle tumors and lymphomas (80,89–95). 

The fact that the HIES triad is frequently present in other distinct immunodeficiency 

disorders and primary skin disorders, that often present in a similar way clinically, 

but require different treatment, adds to the diagnostic challenge of this rare disease 

(78). 

 

In 1999, a now widely used and well-established diagnostic tool for HIES, using both 

clinical criteria as well as laboratory measures, called the National Institutes of 

Health (NIH) clinical HIES scoring system, was developed by Grimbacher et al. (77).  

The quantitative-phenotype score contains 20 disease-specific clinical and labora-

tory test criteria with a point value for each finding, based on its incidence in HIES 

and specificity for HIES. The point values for each finding were assigned using the 

literature and an analysis of 30 patients with HIES and 70 of their relatives. Highly 

specific findings to HIES, such as failure of dental exfoliation, serum IgE levels 

>10.000 IU/ml or pneumatocele formation, were higher weighted than those that are 

typical for HIES, but also commonly found in the general population. Additionally, 

the scoring system contains an age-correction as additional feature to reflect diag-

nostic uncertainty and to avoid false-negative scores in children. Inversely age-de-

pendent points are given to individuals below the age of five years as some of the 

clinical findings, such as scoliosis, the characteristic facies and retained primary 

teeth may first be noticed during adolescence. Furthermore, the number of infec-

tions, the fracture risk and the chance of developing pneumatoceles increase with 

age. A total-point score of 15 and above in this study implied that an individual is 

likely to carry an HIES genotype, between ten and 14 points the presence of an 

HIES genotype was indeterminate and a score below ten points made it unlikely for 

a subject to carry a HIES genotype. The scoring system was applied on all enrolled 
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patients in this genetic linkage study, which also included two validation cohorts 

(77). Over the years, the HIE Score was applied and validated in various other stud-

ies (78,87,93,95–99). Included features and the weighting of the point values in this 

scoring system were initially tailor-made for AD-HIES with underlying STAT3 gene 

mutations, which make it particularly useful for diagnosis of this same condition, but 

less so for AR-HIES. In 2010 Schimke et al. (96) confirmed that by showing that 

96% of 48 AD-HIES patients with STAT3 mutations, that were evaluated using the 

HIES score, scored >40. Scores >40 thus indicate a high probability for carrying a 

STAT3 mutation, whereas scores <20 make the diagnosis rather unlikely. However 

high scores can also be found in patients with AR-HIES, albeit far more seldom and 

a distinction between different underlying genotypes cannot be made by using the 

scoring system alone. To address this problem and assist physicians to predict if 

STAT3 or DOCK8 deficiency is more likely to be present in a patient, modified 

weighted scores have been developed. Woellner et al. (97) proposed an adjusted 

scoring system to discern HIES patients with STAT3 mutations from those without 

by introducing a set of highly specific clinical features to best predict the underlying 

genotype. In 2015 a “DOCK8” score based on DOCK8 relevant clinical features, 

was proposed by Engelhardt et al. (95). Most of the cases could be correctly distin-

guished by a linear classifier using five out of the 20 variables (parenchymal lung 

abnormalities, eosinophilia, sinusitis/otitis, retained primary teeth, and fracture with 

minor trauma.) included in the NIH score, which facilitates early diagnosis of AR-

HIES patients, who often show severe courses of disease and thus frequently need 

to be considered for hematopoietic stem cell transplantation (HSCT), preferably as 

early as possible.  

Furthermore, Schimke et al. showed that the identification of 7 key findings out of 

the complex NIH score, allowed to distinguish HIES patients from patients suffering 

from conditions with similar symptoms such as severe forms of atopic dermatitis, 

confirming the specificity of the NIH score for HIES (96). A lot of studies over the 

years have thus validated, that the HIES score, including modified versions and 

weighted scores based on key findings, is a diagnostic tool, that can be used to 

sensitively identify patients with HIES (95–97).  
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Table 5: HIES score – clinical features and laboratory tests for individuals in kindreds with 
HIES, taken from Grimbacher, Schäffer, Holland et al. 1999 (77) 

Clinical 
Features 

POINTS A 

0 1 2 3 4 5 6 7 8 10 

Highest IgE 
(IU/ml) b  

<200 
200-
500 

  
501-
1,000 

   
1,001-
2,000 

>2,000 

Skin ab-
scesses 

None  1-2  3-4    >4  

Pneumonia 
(episodes 
over life-
time)  

None  1  2  3  >3  

Parenchy-
mal lung 
anomalies  

Absent      

Bron
chie
ctasi
s 

 
Pneu-
mato-
cele 

 

Retained  
primary 
teeth 

None 1 2  3    >3  

Scoliosis, 
maximum 
curvature  

<10˚  10°-14°  15°-20°    >20°  

Fractures 
with minor 
trauma 

None    1-2    >2  

Highest eo-
sinophil 
count 
(cells/µl) c  

<700   
700-
800 

  
>80
0 

   

Character-
istic face 

Absent  
Mildly 
present 

  Present     

Midline  
anomaly d 

Absent     Present     

Newborn 
rash 

Absent    Present      

Eczema 
(worst 
stage) 

Absent Mild 
Moder-
ate 

 Severe      

Upper res-
piratory in-
fections per 
year  

1-2 3 4-6  >6      

Candidiasis None Oral 
Finger-
nails 

 Systemic      

Other seri-
ous infec-
tions  

None    Severe      

Fatal infec-
tion 

Absent    Present      

Hyperex-
tensibility  

Absent    Present      

Lymphoma Absent    Present      

Increased 
nasal width  

<1 SD 1-2 SD  >2 SD       

High palate Absent  Present        

Young-age  
correction 

>5 
years 

  
2-5 
years 

 
1-2 
years 

 <1 year   

a The entry in the furthest-right column is assigned the maximum points allowed for each finding.  
b Normal <130 IU/ml. 
c 700/µl = 1SD, 800/µl = 2 SD above the mean value for normal individuals. 
d For example cleft palate, cleft tongue, hemivertebrae, other vertebral anomaly, etc. (see Grimbacher et al. 1999a).  
e Compared with age- and sex-matched controls (see Farkas et al. 1994) 
 

*SD standard deviation 
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4.1.1.2 H Score 

The H Score is an easy-to-use diagnostic tool designed for the diagnosis of Reactive 

Hemophagocytic Syndrome, representing the acquired form of Hemophagocytic 

lymphohistiocytosis (HLH) (100).  

HLH, a clinical syndrome of immune dysregulation, is characterized by hyperinflam-

mation and thus typically by prolonged fever, hepatosplenomegaly, and cytopenias. 

It comprises a hereditary form with genetic causes and an acquired, the so-called 

Reactive Hemophagocytic Syndrome, which are difficult to distinguish from each 

other (13,101,102). The underlying causes of acquired HLH usually are infections, 

malignant diseases, autoinflammatory and autoimmune diseases, and acquired im-

mune suppression (103–107).  

 

The extreme variety of potential signs of symptoms represents major diagnostic and 

therapeutic difficulties for Reactive Hemophagocytic Syndrome. As a result, the H 

Score was constructed and combines nine clinical, biologic, and cytologic criteria 

associated with the diagnosis of haemophagocytic syndrome (see Table 6). These 

variables are taken from the results of a Delphi consensus study involving experts 

on the reactive form of hemophagocytic syndrome combined with logistic regression 

analysis to calculate the weight of each criterion included in the score (108). The 

maximum possible score for each variable is different and ranges from 18 points for 

underlying immunosuppression to 64 points for the triglyceride level. The best cut-

off value of the H score, and thus the value starting to indicate a probable presence 

of the syndrome, was defined at 169, with a sensitivity of 93%, a specificity of 86% 

and a precise classification of 90% of the patients. Nevertheless, both, clinical fea-

tures (e.g. fever, hepatosplenomegaly) and biologic features (e.g. cytopenia, hyper-

ferritinemia) observed in patients with hemophagocytic syndrome may also be pre-

sent in other disorders, making it difficult to distinguish the syndrome from other 

diseases such as severe sepsis or hematologic malignancies. Thus, the availability 

of a simple score is a major advance, making it possible to predict the likelihood of 

an individual patient suffering from the syndrome and allowing clinicians to make 

appropriate treatment decisions. Prospective validation of the diagnostic score in 

other patient samples is required before the H Score can be recommended for broad 

application, as only a few patients were used for cross-validation of the instrument 
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in combination with the retrospective study design. Further investigations may there-

fore also be able to assess the performance of the H Score in diagnosing the primary 

form of haemophagocytic syndrome (100). 

 

Clinical/laboratory parameters  No. of points (criteria for scoring) 

Known underlying immunosuppression ¹ 0 (no) or 18 (yes) 

Temperature (°C) 0 (<38.4), 33 (38.4-39.4), or 49 (>39.4) 

Organomegaly 
0 (no), 23 (hepatomegaly or splenomegaly),  
or 38 (hepatomegaly and splenomegaly) 

Number of cytopenias ² 
0 (1 lineage), 24 (2 lineages), or 34 
(3 lineages) 

Ferritin (ng/ml) 0 (<2,000), 35 (2,000-6,000), or 50 (>6,000) 

Triglyceride (mmoles/liter) 0 (<1.5), 44 (1.5-4), or 64 (>4) 

Fibrinogen (gm/liter) 0 (>2.5) or 30 (≤2.5) 

Serum glutamic oxaloacetic transaminase 
(IU/liter) 

0 (<30) or 19 (≥30) 

Hemophagocytosis features on bone marrow 
aspirate 

0 (no) or 35 (yes) 

 

¹ HIV positive or receiving long-term immunosuppressive therapy (glucocorticoids, cyclosporine, az-
athioprine etc.) 

² Defined as either haemoglobin concentration of 9.2 g/dL or less, a white blood cell (WBC) count of 

5000/mm³ or less, or platelet count of 110.000/mm³ or less 
 

Table 6: Clinical and laboratory parameters of the HScore – a scoring system to diag-

nose hemophagocytic syndrome, taken from Fardet et al. 2014 (100) 

 

4.1.1.3 Wiskott-Aldrich-Syndrome (WAS) Score 

The WAS disease severity scoring system was introduced to define clinical pheno-

types associated with WAS gene mutations. This scoring method facilitates the clin-

ical categorization of patients, paving the way to individualized treatment strategies. 

Additionally, it may predict disease severity, risk of morbidity and mortality as well 

as outcome after HSCT (109,110).  

 

The Wiskott-Aldrich syndrome (WAS) is a complex and potentially life-threatening, 

X-linked disease. It is based on WAS gene mutations, encoding for Wiskott-Aldrich 

syndrome protein (WASp) and manifests with microthrombocytopenia and variable 

degrees of eczema, combined immunodeficiency and an increased risk for autoim-

munity and lymphoid malignancies in affected young males. Although many patients 

with WAS present with all of the described clinical features, some may only show a 
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partial or variant phenotypic expression (111–114). This implies that patients with 

mutated WAS genes may present with a broad spectrum of disease severity. Three 

major clinical phenotypes can be differentiated: classic WAS, X-linked thrombocy-

topenia (XLT) and X-linked neutropenia (XLN) (113). While ‘loss of function’ muta-

tions in the WAS gene either cause XLT or WAS, a unique ‘gain of function’ mutation 

in the GTPase-binding domain of WASp leads to XLN, a disease with profound neu-

tropenia, sometimes associated with lymphopenia and increased risk for myelodys-

plastic changes in the bone marrow. The severity score consists of 8 characteristic 

clinical features associated with WAS mutations and ranges from 0 to 5, depending 

on how many of the features are present in a patient. The WAS score only indicates 

the severity of the clinical phenotype, without considering the type of mutation or 

whether WASp is expressed. A severity score of 1 or 2 identifies patients with XLT, 

which represents a milder form of the disease, whereas a score of 3 and 4 defines 

patients with classic WAS. A score of 5 classifies patients with WAS gene mutations 

that develop autoimmunity and/or malignancies. Patients with classic WAS are very 

likely to develop autoimmune disorders and malignancies, especially lymphoma. 

Thus, hematologic and immune reconstitution by HCST is required to prevent early 

death. Patients with XLT who generally have excellent overall survival, also are at 

risk for severe disease-related events such as life-threatening infection (especially 

post splenectomy), severe bleeding or autoimmunity and malignancy, which leads 

to an increase in the score from the original 1-2 to 5. This existing risk for patients 

with XLT should always be taken into consideration in therapeutic decision making, 

since this disease is frequently misdiagnosed as idiopathic thrombocytopenic pur-

pura, which does not increase the risk of malignancy. Therefore, a WASp expres-

sion and WAS gene mutation should be assessed in any male patient presenting 

with small platelets and thrombocytopenia. The clinical phenotype and the develop-

ment of autoimmunity or cancer of the multifaceted disease evolves over time and 

is often not fully developed in patients younger than two years of age. For this rea-

son, disease prediction and assessing its severity using the WAS score for infantile 

patients should be omitted (109). In general this score, that has been used in several 

clinical cohort studies, can be applied to classify patients with WAS from mild to 

severe forms. However, when it comes to development of malignancy or autoim-

munity, predictive relevance of the WAS score has shown to be rather limited 

(1,115). 
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Table 7: Disease severity scoring system for disorders associated with WAS muta-

tions, modified from Albert et al. 2011 (109) 

 

4.1.1.4 Severity scoring in Familial Mediterranean fever 

There are several scores for severity classification of the most common periodic 

fever syndrome - Familial Mediterranean fever (FMF), an autosomal recessive in-

herited disorder with recurrent inflammation causing episodes of fever and serositis 

(13,116).  

 

In 1998, Pras et al. (117) published a disease severity score for FMF that includes 

disease-specific parameters: age of disease onset, frequency of febrile attacks per 

month, joint involvement, erysipelas-like erythema, amyloidosis, and dose of colchi-

cine treatment,. Each parameter is graded differently and more severe symptoms 

are represented by a higher score (see Table 8) (117). 

 

Disease XLN iXLT XLT Classic WAS 

Score 0 <1 1 2 3 4 5 

Thrombocytopenia - -/+ + + + + + 

Small platelets - + + + + + + 

Eczema - - - (+) + ++ -/(+)/+/++ 

Immunodeficiency -/(+) - -/(+) (+) + + -/(+)/+/++ 

Infections -/(+) - - (+) + +/++ -/(+)/+/++ 

Autoimmunity and/or  

malignancy 

- - - - - - + 

Congenital neutropenia + - - - - - - 

Myelodysplasia -/+ - - - - - - 

Scoring system: 

- Absent 
-/+ Intermittent (thrombocytopenia) or may/may not be present (myelodysplasia) 
(+) Mild (eczema, immunodeficiency, infections) 
+ Moderate (eczema, immunodeficiency, infections) or finding present (thrombocytopenia, small platelets, 

autoimmunity, malignancy, congenital neutropenia) 
++  Severe 

XLN X-linked neutropenia 

iXLT intermittent X-linked thrombocytopenia 

XLT X-linked thrombocytopenia 
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Degrees 
of severity 

Age of  
onset (yr) 

Number of at-
tacks per month 

Presence of 
arthrtis 

Presence of 
erysipelas- 

like ery-
thema 

Presence 
of amyloi-

dosis 

Colchicine 
dose 

(mg/day) 

0 >31      

1 21-31 <1    1 

2 11-20 1-2 Acute +     1.5 

3 6-10 >2 Protracted  + 2 

4 <6     >2* 

*Not responsive to 2 mg/day 

 

Table 8: Disease Severity Score for FMF by Pras et al. 1998 (117)  

 

Mor et al. (34) assumed that the scoring method proposed by Pras et al. (117) had 

several disadvantages, such as the absence of a cause and effect correlation be-

tween severity markers and disease severity and the use of arbitrary differential 

values for each parameter, using a statistical approach rather than expert opinion 

to develop the required measures. Hence, they created the new FMF severity score 

(F-SS), which includes more objective parameters using a questionnaire. The six 

most distinctive features for the new established F-SS were collected and contain 

age of onset, dose of colchicine, number of involved sites in a single attack and 

during the disease, the presence of pleuritic and erysipelas-like attacks during the 

course of the disease. The resulting score can categorize patients into severe dis-

ease when ≥3 criteria are met, moderate disease (2 criteria), and mild disease (≤1 

criterion)(34). In 2009, Ozen et al. (118) published  modified versions of these two 

common scoring methods for assessing disease severity in pediatric patients by 

including age-adjusted dose of colchicine, parameters for subclinical inflammation 

and excluding the age factor (118). According to Kalkan et al. (119) the reliability of 

severity assessment using these two modified methods is uncertain due to a lack of 

statistical consistency and correlation between the scoring systems (119). However, 

the work of Kalkan et al. (119) also shows some limitations and as a consequence, 

the International group of FMF experts wanted to reach a consensus on international 

and easily applicable severity criteria, both for adults and children with FMF 

(120,121). The international severity scoring system for familial Mediterranean fever 

(ISSF) was developed in three steps using a Delphi technique to gather information 

from pediatric and adult rheumatologists, a consensus conference using nominal 

group technique (NGT) and, as a third phase, the validation of the selected criteria. 
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The score’s final set of variables contains nine items (chronic sequela, organ dys-

function, organ failure, frequency of attacks, increased acute-phase reactants, in-

volvement of more than two sites during an attack, involvement of more than two 

different types of attack during the course of the disease, duration of attacks, leg 

pain), which are then scored.  

Table 9 shows the included criteria used for scoring and ultimately classifiying pa-

tients from mild to severe disease. In comparison with the scoring systems devel-

oped by Pras et al. (117) and Mor et al. (34), both established for adults only, this 

method is the only one validated and developed for both adults and children (121). 

 

 Criteria Points 

1 
Chronic sequela (including amyloidosis, growth retardation, anaemia, 
splenomegaly) 

1 

2 Organ dysfunction (nephrotic range proteinuria, FMF related) 1 

3 Organ failure (heart, renal, etc, FMF related) 1 

4a* 
Frequency of attacks (average number of attacks between 1 and 2 per 
month) 

1 

4b* Frequency of attacks (average number of attacks >2 per month) 2 

5 
Increased acute-phase reactants (any of C-reactive protein, serum amy-
loid A, erythrocyte sedimentation rate, fibrinogen) during the attack-free 
period, ≥2 weeks after the last attack (at least two times 1 months apart) 

1 

6 
Involvement of more than two sites during an individual acute attack 
(pericarditis, pleuritis, peritonitis, synovitis, ELE, testis involvement, my-
algia, and so on) 

1 

7 
More than two different types of attack during the course of the disease 
(isolated fever, pericarditis, pleuritis, peritonitis, synovitis, ELE, testis in-
volvement, myalgia, and so on) 

1 

8 Duration of attacks (more than 72 h in at least three attacks in a year) 1 

9 
Exertional leg pain (pain following prolonged standings and/or exercis-
ing, excluding other causes) 

1 

Total score 10 

Severe disease ≥6, intermediate disease 3-5, mild disease ≤2.  

*Criterion 4a/4b can give 0 or 1 or 2 points altogether according to the definition.  

ELE, erysipelas-like erythema; FMF, familial Mediterranean fever. 

 

Table 9: The international severity scoring system for familial Mediterranean fever 

(ISSF), taken from Demirkaya et al. 2016 (121) 
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4.1.1.5 Severity Scoring in Ataxia Telangiectasia 

Ataxia Telangiectasia (AT) is a neurodegenerative disorder with cerebellar and ex-

trapyramidal features caused by the ataxia‐telangiectasia mutated gene that comes 

with additional morbidity caused by combined immune deficiency, malignancies, 

pulmonary impairment, failure to thrive and dysphagia (122–125). A recently pub-

lished review identified a total of nine rating scales and five functional tests available 

for patients with ataxia in general (126). In 1997 the Committee of the World Feder-

ation of Neurology developed the most frequently used clinician-rated measure to 

quantify the level of impairment in patients with Ataxia Telangiectasia, the so called 

International Cooperative Ataxia Rating Scale (ICARS) (127). It is a 100-point semi-

quantitative scale including 19 items, divided into four subscales of postural and 

stance disturbances (maximum score = 34), limb movements disturbances (maxi-

mum score = 52), speech disorders (maximum score = 8) and oculomotor disorders 

(maximum score = 6) (127,128). This scale has been validated for focal cerebellar 

lesions and spinocerebellar ataxia and despite robust evidence supporting its use 

in various cerebellar disorders, it has some limitations including insufficient sensitiv-

ity to noncerebellar aspects, some redundancy in items, a plateau in patients with a 

long duration of disease as well as length limits in clinical setting (128–132). Another 

frequently applied scoring system to measure severity of ataxia in patients with AT 

and other cerebellar disorders is the Scale for the Assessment and Rating of Ataxia 

(SARA), including 8-items that yield a total score of 0-40. It is, in comparison to 

ICARS, easier to apply for clinicians, less time-consuming and includes less repeti-

tive items. However, the lack of functional tests and assessment of non- ataxia 

symptoms represent limitations of this scoring system, that is not recommended to 

use in pediatric patients under the age of 12 (126,127,129,132,133). The Brief 

Ataxia Rating Scale (BARS), a sufficiently fast, valid and reliable score designed for 

clinical purposes including 5 subsets and a maximum of 30 points, that strived to 

overcome limitations of the scoring systems mentioned beforehand, was developed 

by Schmahmann et al. (129) in 2009 (126,129,134).  As these three scores have 

neither been developed for nor validated in patients with AT, Nissenkorn et al. (123) 

developed a scale of Clinical Global Impression (CGI) type specific for AT in two 

versions, structured and unstructured, containing five domains: ataxia, dysmetria, 

dysarthria, oculomotor apraxia, and extrapyramidal involvement. Both versions of 
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the CGI scale classify the severity of AT in asymptomatic, mild, moderate, severe 

and very severe according to the clinician’s view (123,135,136). The Ataxia Telan-

giectasia Functional Scale (ATFS), considering and emphasizing the effect of de-

creased abilities due to multisystem involvement, is another disease specific scale 

developed for patients with AT.  It was created by using retrospectively collected 

longitudinal data regarding functional mobility of children and young adults with 

ataxia telangiectasia and total point scores range from 0 to 51. Nine items, combin-

ing mobility and activities of daily living, were selected for this functional scale: three 

mobility (mobility-home, mobility-school, mobility-outdoors), five activities of daily liv-

ing (ADL) items (drinking, swallowing, dressing, grooming, toilet hygiene), and one 

schooling. By combining all the mentioned items, the ATFS closely approximates 

the course of the disease with its three-step progression. However, further validation 

through larger, prospective studies is needed (124). 

 

4.1.2 Assessment of morbidity, organ impairment and disease activity 

Morbidity measures and scoring systems involving organ impairment are used to 

evaluate and grade disease activity during a patients clinical course. Usually, these 

scores are reevaluated at defined time points in order to reflect disease burden and 

severity during distinct phases of the underlying IEI and furthermore provide guid-

ance in therapy decisions by assessing efficacy of different treatment options.  

 

4.1.2.1 Common Variable Immune Deficiency (CVID) Score 

Common variable immunodeficiency (CVID) is the most frequent symptomatic IEI 

with a prevalence of 1:25.000 and is characterized by a distinct reduction of serum 

Immunoglobulin G (IgG), IgA and/or Immunoglobulin M (IgM) levels (137,138). Indi-

viduals suffering from CVID typically present with recurrent and chronic infections, 

most commonly of the respiratory and gastrointestinal tract. However, they can also 

display symptoms of immune dysregulation such as autoimmune disorders, enter-

opathy, lymphoproliferative and granulomatous disease as well as an increased risk 

of malignancy (137,139). As the underlying basic mechanisms of this heterogenous 

group of diseases, especially the non-infectious aspects, are not yet fully under-

stood, many attempts to categorize patients with CVID, based on both clinical and 
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immunological features, have been made (137,140,141). Studies have shown that 

patients with signs of immune dysregulation generally show a more severe pheno-

type and thus higher mortality. Furthermore, amongst others, diagnostic delay, early 

onset of the disease and inadequate treatment (142,143) are associated with worse 

survival. Grimbacher et al. (144) hence proposed a severity scoring system for CVID 

patients, that could be helpful to improve management and follow-up of high risk 

patients and ultimately help to predict the severe conditions and prognosis as early 

as possible (137). The CVID severity score includes 15 features, referred to as the 

“15 unlucky complications of CVID”, such as chronic sinusitis, the bouts of past 

pneumonia, meningitis or encephalitis, the presence of bronchiectasis or other par-

enchymatous lung pathologies, granulomas, splenomegaly or lymphoproliferation, 

coexistence of autoimmune diseases or malignancies, as depicted in Table 10 

(144). Most of the features included in the point score are rated from 0 (absent) to 

3 points and a higher numerical value is associated with a more severe disease 

condition. However, the original literature gives no information about recommended 

cut off values to define disease severity or categorization of patients. Mokhtari et al. 

(137) have assessed this scoring system in 2016 on a cohort of 113 CVID patients 

by dividing them into groups based on their total point score. Patients with a CVID 

severity score lower than mean  standard deviation (SD) were defined as group A 

and demonstrate a mild/infections only phenotype, whereas patients with a score 

higher than mean  SD were categorized as group B, meaning they manifest severe 

clinical complications. The two groups were then thoroughly compared in order to 

identify factors significantly influencing disease severity, which included laboratory 

factors such as higher levels of IgG, higher percentage of cluster of differentiation 

(CD) 8 lymphocytes, diminished percentage of switched memory B cells and low 

frequency of regulatory T cells (137). In 2018 Ameratunga R. (145) proposed a mod-

ified severity score for CVID and CVID-like patients with a focus on target organ 

damage, which has been proven to determine outcome and prognosis. The 20 in-

cluded parameters, reflecting cumulative organ damage resulting from immunode-

ficiency and immune dysregulation, have mainly been taken from descriptions of 

large cohorts of CVID and CVID-like patients and divided into three categories ac-

cording to severity (66,67,140,145–148). Mild, easily treatable, conditions, that do 

not account for long term-morbidity are assigned one-point, moderate manifesta-

tions, that might not be reversible and can cause short as well as long-term morbidity 
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are rated with 5 points and 10 points are assigned for severe, potentially life threat-

ening, conditions. The CVID disease severity score (CDSS) has been assessed in 

two kindreds in this study and compared with the CVID severity score. The two 

scores correlated closely in both families and also both reflected the clinical pheno-

type. However, the CDSS covers more of the affected organ systems, which could 

make it more sensitive. Ameratunga R. (145) lists many advantages, such as the 

possibility to compare CVID cohorts, assistance with treatment decisions as well as 

to predict prognosis and mortality risk, but also disadvantages, including the fact 

that the absolute score might not reflect disease severity, intra/interobserver varia-

bility and the missing reflection of treatment response, of this scoring system. How-

ever, further studies to prospectively validate and assess reliability of severity scor-

ing systems for CVID are needed (137,145).  

 

Points 0 1 2 3 

1. Chronic sinusitis Absent Present   

2. Past meningitis or encephalitis  Absent One bout Two bouts >Two bouts 

3. Past pneumonia Absent One bout Two bouts >Two bouts 

4. Bronchiectasis Absent One lobe Two lobes >Two lobes 

5. Other parenchymal lung pathology 

such as fibrosis, LIP, BOOP, etc. 
Absent Suspected  Confirmed 

6. Lung surgery (lobectomy or pneumo-

nectomy) 
Absent   Performed 

7. Splenomegaly Absent 11-14.9 cm 15-20 cm >20 cm 

8. Splenectomy Absent   Performed 

9. Lymphadenopathy (largest node)  Absent <2 cm 2-3 cm >3 cm 

10. CVID enteropathy Absent Intermittent 
Chronic but 

mild 
Severe 

11. Autoimmune condition Absent Suspected  Confirmed 

12. Other rheumatological complaints 

such as arthralgia 
Absent Suspected Confirmed  

13. Granulomata Absent Skin only 
Lung, liver or 

spleen 
CNS (incl. eye) 

14. Lymphoma Absent   Present 

15. Cancer (solid tumors) such as bowel, 

skin or stomach 
Absent   Present 

 
Table 10: Suggested “Grimbacher CVID – disease severity score”, taken from Yong, 

Thaventhiran and Grimbacher, 2011 (144) 
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4.1.2.2 Profound combined immunodeficiency (P-CID) morbidity  

measure 

Combined immunodeficiencies (CID) are a very heterogenous group of IEI, charac-

terized by impaired T-cell development or function, that clinically present with an 

increased susceptibility to infections and/or dysregulation of the immune system 

(149). 

The P-CID study is an ongoing prospective international multicenter observational 

cohort study on the natural history of patients with profound combined immunodefi-

ciency, a severe and potentially life-threatening form of CID that can neither be clas-

sified as SCID nor as CVID (149).  

Both, CID and "atypical" SCID present with a reduction but not complete lack  of T-

cell immunity, and thus several degrees of residual function (150). If associated with 

either infections or autoimmunity the condition is referred to as P-CID. Outcome 

data for this group of patients, in which impaired T-cell immunity leads to significant, 

but not severe enough complications to justify an unambiguous early transplant de-

cision, is lacking.   

The P-CID study was hence conducted in order to provide an answer to the omni-

present therapeutic dilemma of whether and when to proceed to HSCT in less pro-

found than severe immunodeficiencies. Analyzation of prospectively collected data 

on morbidity, mortality, QOL, treatment decisions, T-cell immunity as well as genetic 

results in initially nontransplanted pediatric patients should help to define clinical 

events and immunological parameters predictive for outcome (149,151). To quantify 

clinical problems due to immunodeficiency a morbidity measure was established on 

the basis of 5 items: invasive bacterial infection (including pneumonia), viral or op-

portunistic infection, autoimmune cytopenia, other immune dysregulation, and 

chronic lung disease. The number of clinical events per morbidity item counted from 

birth to study inclusion divided by the age of the patient to obtain a correction for 

exposure time results in a measure of morbidity. Additionally, a patient and parent- 

reported quality of life assessment, using the Pediatric Quality of Life Inventory 

(PedsQL) Generic Core Scales, was obtained and compared to a reference popu-

lation of healthy children (149,152). Morbidity measure showed no relevant differ-

ences between patient groups (see Figure 3). The fact that acute versus chronic 

symptoms and their severity are not distinguished and weighted represents a major 
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limitation of the measure. Thus, all persistent immune dysregulations (e.g., thyroid-

itis, chronic inflammatory bowel disease or splenomegaly) and infections (e.g., EBV, 

HPV or molluscum) are classified as single events. Furthermore, the time correction 

might undervalue recurring, severe symptoms. To counteract these limitations, pa-

tients were classified as either "severe" or "mild" at the beginning of the study ac-

cording to the treating physician's assessment in order to evaluate their clinical sta-

tus at the beginning of the study (82).  

The term "morbidity measure" instead of "score” was purposefully used to reflect the 

fact of it being a preliminary tool in need of further adaption and validation (149). 

 

 
 

 

 

 

Figure 3: Morbidity assessment and baseline QOL of the P-CID study cohort, taken 

from Speckmann et al. 2017 (149) 

 

 

 

 

 

 

 

 

 

 

 

A. Morbidity measure in patients with atypical SCID, CID, and patients with unknown molecular diagnosis.  

B. B. QOL at study entry as assessed by PedsQL Generic Core Scales of patients with atypical SCID, CID, and 

unknown molecular diagnosis vs a reference population of healthy children 
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Figure 4: Correlation of different parameters assessing disease severity of profound 

combined immunodeficiency (P-CID), taken from Speckmann et al. 2017 (149) 

 

4.1.2.3 Organ involvement scoring system for Immunodysregulation 

polyendocrinopathy enteropathy x-linked (IPEX) syndrome 

A large, international multicenter long-term follow-up of 96 patients with IPEX syn-

drome was performed and published in 2018 to provide a comprehensive view of 

this rare monogenic autoimmune disease, caused by Forkhead-Box-Protein P3 

(FOXP3) gene mutations, its evolution and outcome under different treatment mo-

dalities, including immunosuppression and HSCT (153). An organ involvement (OI) 

scoring system, based on the number of affected organs or systems by autoimmune 

damage or by secondary complications before undergoing either HSCT or immuno-

suppressive treatment, was developed for this study. The total point score ranges 

from 0-5, with one point being assigned for the presence of each of the five involved 

organs and symptoms (intractable diarrhea, malnutrition, liver dysfunction, respira-

tory impairment, and kidney dysfunction) that were included due to their relevance 

A. Mean cumulative number of events at a given age for patients judged to have a severe (dashed line) or a mild 

disease course (solid line) at study entry. The absolute number of patients at risk at a given time is indicated in 

the line above the figure.  

B. QOL scores at study entry for patients with a severe or a mild disease score.  

C. Morbidity measure in patients with severe and mild disease course as judged by the treating physician. 
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to IPEX syndrome. The presence of clinical symptoms in the patient’s history was 

assessed by caring physicians at a single, arbitrary time point without grading se-

verity and without considering the quality of life or performance indices. Further-

more, only a small number of variables is included in this score, although patients 

with IPEX can present with a variety of autoimmune manifestations, especially as 

disease progresses. As the only potentially curative treatment option for patients 

with IPEX is HSCT, this study also aimed at analyzing transplantation outcome and 

influencing factors, since long-term follow up data for this patient population was 

lacking. Interestingly, the pretreatment OI score was the only factor significantly pre-

dicting HSCT outcome, as a low OI score (0-2) before transplantation was associ-

ated with a higher chance of survival (153–157).  

 

 

 

Figure 5: Organ involvement score of patients with IPEX syndrome before HSCT and 

correlating survival analysis, taken from Barzaghi et al. 2018 (153) 

 

4.1.2.4 Unpublished CTLA-4 haploinsufficiency with autoimmune infil-

tration (CHAI) Morbidity Measure 

The Cytotoxic T lymphocyte antigen (CTLA-4) haploinsufficiency with autoimmune 

infiltration (CHAI) Morbidity Measure, used in the ongoing abatacept-CHAI study 
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(Grimbacher and Warnatz, 000972-40 EU Clinical Trial Registry, personal commu-

nication), is an item especially developed for the broad clinical spectrum of CHAI 

disease but not yet published or validated. 

CTLA4 is an inhibitory receptor expressed on regulatory T-cells. CTLA4 haploinsuf-

ficiency induces dysregulation of FOXP3+ regulatory T-cells and hyperactivation of 

effector T cells, which results in a severe loss of T lymphocyte self-tolerance and 

infiltrative autoimmune disease (158). This disease specific scoring system was es-

tablished based on the description of a cohort of CTLA 4 mutation carriers published 

by Schwab et al in 2018 (159), and additionally on unpublished data from 72 patients 

included in the world-wide cohort of CTLA4 insufficiency patients. The CHAI mor-

bidity measure is based on the quantification of organ involvement by scoring spe-

cific lab values, imaging studies and clinical examination results according to their 

severity (1). Lung involvement, more specifically granulomatous-lymphocytic inter-

stitial lung diseases (GLILD), is quantified by using diagnostic criteria of computer-

ized tomography scan and diffusion capacity. Enteropathy is assessed by evaluat-

ing stool frequency and quality, as well as changes in weight and serum potassium. 

Central nervous system (CNS) involvement is measured by CNS imaging and clini-

cal assessment based on neurological examination using the Neurologic Assess-

ment in Neuro-Oncology (NANO) Scale (160). Additional components of the score 

are laboratory parameters including FACS analyses, lymphoproliferation (spleno-

megaly, lymphadenopathy and lymphoproliferation measured via sIL2-receptor 

amount) and skin involvement assessed by distribution and severity of skin lesions. 

A score of 0 to 3 points is assigned to each of these 20 defined items. A separate 

evaluation of each organ system, including various non-routine investigations, is 

carried out during each study visit. The items chosen for the scoring method are 

selected based on their significance in CHAI disease and represent a small selection 

of possible clinical manifestations, since CTLA-4 insufficiency can present with a 

great variablitiy of clinical manifestations, depicted in Figure 6 (1,159). 

Additional information such as duration of characteristic symptoms, quality of life 

and performance evaluation are not considered in the CHAI-Morbidity Score (Grim-

bacher and Warnatz, 000972-40 EU Clinical Trial Registry, personal communica-

tion). 
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AIHA: Autoimmune hemolytic anemia 
ITP: Idiopathic thrombocytopenic purpura 
PRCA: Pure red cell aplasia 

 

Figure 6: Percentage distribution of clinical manifestations in patients with CTLA-4 

insufficiency, taken from Schwab et al. 2018 (159) 
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4.1.2.5 The Autoinflammatory disease activity index (AIDAI) 

The AIDAI is a preliminary score for the assessment of disease activity in hereditary 

recurrent fevers (HRF). Standardized and validated disease activity assessment 

tools are required to evaluate the level of disease activity and efficacy of the con-

stantly developing new therapies for systemic autoinflammatory diseases (SAID), 

that consist of a wide, clinically variable spectrum of disorders including HRF (161–

167).  

This tool, aiming to ultimately improve clinical management by using a rational ap-

proach, was specifically designed for the four main HRF: familial Mediterranean fe-

ver (FMF), mevalonate kinase deficiency (MKD), tumour necrosis factor receptor-1-

associated periodic syndrome (TRAPS) and cryopyrin-associated periodic syn-

dromes (CAPS) (13,161).  

The preliminary AIDAI was developed using a two-step Delphi technique, in which 

expert-suggested potential variables were reduced to a manageable number, fol-

lowed by patient and parent interviews with regard to the proposed parameters, that 

were further defined by NGT. As the different SAID have some clinical manifesta-

tions in common, the activity scores share the same format, but are adapted to each 

disease.  

The AIDAI is using an easy-to-use single-format disease-adapted patient diary, in-

cluding different selected variables for each HRF (see Table 11). Disease-specific 

clinical variables were scored from 0 to 3 points according to their severity, while 

fever was simply rated as either absent (0) or present (1). The final score was gen-

erated by dividing the sum of the scores for all variables by the number of days over 

the diary was completed and could vary from 0 to 16 points (0-13 for CAPS) for the 

period of evaluation. Usage of rescue treatment was noted in the prospective diary, 

but not calculated in the final score. Duration and frequency of attacks are important 

indicators for disease activity. Even though standardized consensus formation tech-

niques were used selecting the variables and creating the score, there are some 

limitations to the process, such as response rate and number of included patients. 

Furthermore, disease activity, that is aimed to be measured by this scoring system, 

does not reflect the entireness of the overall effect of the disease on a patient. Other 

important parameters for assessing the impact of the disease and management of 

SAID, that could be included in a composite score, could include monitoring the 
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need for rescue treatment (e.g. corticosteroids), the results of biological measure-

ments such as C-reactive protein (CRP) and serum amyloid A protein (SAA), quality 

of life, organ-specific inflammation and disease-related damage (including joint de-

struction, growth retardation, hearing and vision loss, AA amyloidosis). However, 

since the consensus effort emphasized the clinical activity score, the above men-

tioned additional data were not included (161). 

As a second step an international prospective data-collection process followed by a 

consensus conference and statistical analysis to formally validate the AIDAI was 

conducted and results were published in 2013 by Piram et al. (162). A simplified 

version of the AIDAI score including 12 yes (1)/no (0) items as part of the prospec-

tive diary was used in this study as statistical performance did not differ from the 

previously published scoring system with graded values. Furthermore, disease ac-

tivitiy was assessed by the physician using a questionnaire. Though the small num-

ber of included patients (n=106) represents a limitation of the study, the AIDAI 

proved to be a valid and simple tool to assess disease activity in HRF, discriminating 

active from inactive disease. It could, however, also be applied to other SAID and 

future longitudinal studies should  

further investigate this disease activity assessment tool, that can facilitate compari-

son and meta-analysis of clinical trials, assess treatment efficacy and might even 

predict long-term complications before they develop (162).  

Recently the score has been modified to monitor disease activity and treatment re-

sponse to Tadekinig alfa, a recombinant Interleukin-18 (IL 18) Binding Protein, in 

patients with monogenic, interleukin-18 (IL 18) driven autoinflammation due to Nu-

cleotide-binding oligomerization domain, leucine-rich repeat and caspase recruiting 

domain (CARD domain) containing 4 (NLRC4) - Macrophage activation syndrome 

(MAS) mutation (NLRC4-MAS mutation) or X-linked inhibitor of apoptosis (XIAP) 

deficiency. A phase 3 study on this matter is currently ongoing (168). Furthermore, 

a case report published in 2020 by Stephenson et al. (169) describes the first use 

of AIDAI in a pediatric patient with interleukin-36-receptor antagonist deficiency 

(DITRA), which represents an emerging group of autoinflammatory diseases with 

hyperkeratotic skin involvement, referred to as autoinflammatory keratinization dis-

eases (AIKD). Addressing the limitations of existing assessment tools as well as the 

lack of a disease-specific scoring system, hindering diagnosis and management of 

this relatively new autoinflammatory disease, a preliminary 15-item modified AIDAI, 
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the so called DITRA/Autoinflammatory Keratinization Diseases Activity Index 

(DITRA/AIKD-AI) was introduced. Even if the use of AIDAI proved to be beneficial, 

application of the diary was adapted, skin manifestations were specified and the 

presence of a geographic tongue was added. Both the use of AIDAI in this patient 

population as well as the application of the DITRA/AIKD-AI will, however, need to 

be further studied and validated (169–173). 

 

 

Table 11: Individual variables selected for each HRF for disease activity assessment, 

adapted from Piram et al. 2011 (161) 

 

4.1.2.6 Immune Deficiency and Dysregulation activity (IDDA 2.1) “kalei-

doscope” Score 

The IDDA 2.1 score by Seidel et al. (1), represents an assessment tool reflecting 

the sum and severity of organ involvement and additional clinical information of im-

mune deficiency and dysregulation. 

The original version of the score was developed by Tesch et al. (2) and reflects the 

full potential clinical spectrum of patients with LRBA deficiency. The absence of 

LRBA protein causes a decreased CTLA4 expression and leads to symptoms that 

partly resemble those of CTLA4 insufficiency. This regulatory T-cell defect results in 

immune dysregulation and autoimmunity (2,174). The scoring method consists of 

an assessment of ten organ systems as well as failure to thrive and severe infec-

tions, quantified using a 5-step scale from 0 to 4 depending on the severity of symp-

toms and treatment requirements. For these 12 features, a score of 1 implies a mild, 

FMF MKD TRAPS CAPS 

Fever ≥38˚C 
(100.4˚F) 

Fever ≥38˚C 
(100.4˚F) 

Fever ≥38˚C  
(100.4˚F) 

Fever ≥38˚C  
(100.4˚F) 

Abdominal pain Abdominal pain Abdominal pain Limb pain 

Arthralgia or myalgia Nausea/vomiting Limb pain Conjunctivitis 

Swelling of the joints Diarrhoea Eye manifestations Headaches 

Chest pain Limb pain Skin rash Skin rash 

Skin rash Painful lymph nodes 
Overall TRAPS 
symptoms 

 

CAPS: cryopyrin-associated periodic syndromes 
FMF: familial Mediterranean fever 
MKD: mevalonate kinase deficiency 
TRAPS: TNF receptor-1-associated periodic syndrome 
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transient involvement not requiring any treatment, 2 stands for moderate involve-

ment and intermittent therapy is needed, 3 indicates severe involvement and con-

tinuous therapy is required and a scoring of 4 implies life-threatening and irreversible 

organ involvement or symptoms. The sum of these parameters is weighted by age 

specific performance indices of Karnofsky (37,175) or Lansky (36). The resulting 

score is added to the percentage of days of hospitalization and the need for inten-

sive or supportive care (mechanical ventilation or other ICU measures, except elec-

tive procedures). Additionally, the need for Immunoglobulin replacement therapy is 

weighed in detail, scored (0 = absent, 2 = sporadic or 3 = regularly) and added. 

Likewise any relevant chronic or recurring infestation/infection, any other organ dys-

function or malady (e.g. cardiomyopathy, hepatopathy, kidney failure) and nutritional 

habits are scored from 0 to 4. Separately, possible malignancy and lymphoma can 

be noted, but are not scored (2). 

In the newly adapted version 2.1. by Seidel et al. (1) the item hemophagocytosis 

was added to expand the list of included parameters and thus extend the utility to 

other primary immune regulatory disorders (PIRDs) or IEI with immune dysregula-

tion. Thus, in the IDDA 2.1 score the involvement of 12 organ systems in immune 

dysregulation, failure to thrive and severe infections are assessed and graded (from 

0-4, reflecting the degree of severity and need for treatment), shown in more detail 

in Table 12. Further, the calculation method depicted in Table 12 shows a modified 

version in order to correct for very low performance scales. All parameters can be 

filled and evaluated in a score sheet, which is already available on the ESID registry 

for caring physicians (176). This sheet, like the original version by Tesch et al. (2), 

also provides the possibility to monitor medication and eventual malignancy and 

lymphoma to demonstrate a better description of the clinical situation, as both are 

not included in the final score. The score may be used for a wide range of applica-

tions in clinical documentation. It operates as a possible decision-making tool for 

therapeutic pathways, for example whether and when to proceed to HSCT. The 

combination of parameters involved in the original IDDA score by Tesch et al. were 

developed using a retrospectively collected dataset of patients with LRBA deficiency 

to assess the clinical course and treatment responses to conventional immunosup-

pressive therapies or HSCT over time (Figure 7, A, C). For this purpose, the score 

should be applied at the beginning and at further specific time points during a ther-

apy regimen to objectify the treatment response. Tesch et al. illustrated the severity 
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of organ involvement in LRBA patients under different immunosuppressive therapy 

options as well as before and after HSCT (Figure 7, D) with heatmaps. In addition, 

the clinical course and outcome within a disease group or genetic defect can be 

compared and monitored. Exemplarily, an objective comparison of the average dis-

ease burden of patients with residual protein expression and those with absence of 

LRBA protein was presented by Tesch et al., shown in Figure 7, B (2). 
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Table 12: The immune deficiency and dysregulation activity (IDDA 2.1) score, origi-

nally published by Tesch et al. 2020 (2) and in the modified version 2.1 by Seidel et al. 2021 

(1) 

 
Modified IDDA score 2.1 for IEI with immune dysregulation 

Parameters (for grading 0-4 see below¹; line titles serve as examples) 

1 Autoimmune-cytopenia 

2 
Hemophagocytosis | Hemophagocytic lymphohistiocytosis (according to clinical AND lab criteria of 

the HS) 

3 Enteropathy | inflammatory bowel disease 

4 Lymphoproliferation | splenomegaly | hepatomegaly 

5 Parenchymal lung disease | lymphocytic interstitial pneumonia | GLILD 

6 Skin or eye manifestations | eczema, uveitis, alopecia, vitiligo, other 

7 Granulomatous disease in any organ (except GLILD) 

8 Endocrinopathy | insulin dependent diabetes mellitus, thyreoiditis, other 

9 Arthritis | other musculoskeletal 

10 AI-hepatitis | cholangitis | pancreatitis 

11 Glomerulonephritis | nephropathy, tubulopathy 

12 Neurologic manifestations 

13 Failure to thrive | malresorption, wasting 

14 Severe infections | opportunistic (excl. chronic infestation, see below) 

 Other factors and symptoms (will multiply or add to the Score)² 

15 Karnovsky / Lansky Performance Scale (%) 

16 
Hospitalization 

(days out of 100 days; including day clinic stays, excl. ICU) 

17 Mechanical ventilation or other ICU measures (days out of 100 days; except elective procedures) 

18 Immunoglobulin substitution therapy§ | hypogammaglobulinemia 

19 Any relevant chronic or recurring infestation/infection (e.g. Norovirus, EBV...) 

20 Any other organ dysfunction / malady (e.g. hepatopathy, cardiomyopathy, kidney failure, allergies...) 

21 Nutrition / dietary status and habits & 

22 Malignancy, lymphoma (separately noted, not added to numeric score) 

Formula for IDDA 2.1 score total (Excel® format) 
=(SUM(line1:line14)+IF(line16<40;line16*0.1;4)+IF(line17<10;line17*0.8;8)+SUM(line18:line21))*IF(line15
>29;150/line15;6) 

¹ Grading for lines 1-14: 0 = absent, inactive; 1 =mild, transient, not requiring treatment; 2 = moderate, intermittent 
therapy needed; 3 = severe, continuous therapy needed; 4 = life-threatening, refractory, irreversible. 

² Lines 15-17 are percentages, lines 18-21 are scored as follows: 

Line 18: 0 = no; 2 = sporadic; 3 (intravenous) = regularly intravenous immunoglobulin; 3 (subcutaneous) = regularly 
subcutaneous immunoglobulin. 

Line 19: 0 = no; 1 = asymptomatic infestation; 2 = oligosymptomatic recurring infection; 3 = recurring symptomatic infec-
tion requiring on/off treatment; 4 = chronic infection requiring permanent treatment or refractory infection; only score one 
(worst) infection if more microbial agents are relevant. 

Line 20: 0 = no organopathy; 1 = mild transient dysfunction; 2 = chronic mild dysfunction; 3 = moderate-to-severe dys-
function; 4 = clinically compromising dysfunction requiring treatment or replacement therapy; only score 1 (worst) if more 
organs are involved. 

Line 21: 0 = normal; 1 = modified, disease-adjusted; 2 = part-formula, medically advised; 3 = tube feeding, full-formula, 
partial parenteral nutrition (irregularly); 4 = total parenteral nutrition 
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Figure 7: Graphical data visualization of possible applications of the original version 

of the IDDA score, as it was applied in a retrospective study of patients with LRBA defi-

ciency by Tesch et al. 2020 (2)  

A. Patients receiving conventional treatment (blue) versus HSCT (red) are compared by their latest reported disease activity. 

B. Patients with residual protein expression (pink) as compared to those with absent LRBA protein (black). 

C. The longitudinal changes in disease activity pre and post HSCT is shown as the graphical illustration. 

D. Graded organ manifestation in patients with LRBA deficiency before and after HSCT is shown as a heatmap. 

B 

 

D 

 

C 

 

A 
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The simply designed scoring method (0-4) is beneficial in many ways, but holds 

limitations when it comes to the severity of infections. In this regard, Seidel et al. 

mention that, e.g., the quantification of molluscum or mucocutaneous HSV infection 

in a patient with DOCK8 deficiency and a patient with CVID, are to be assessed 

differently but always receive 3 or 4 points in the scoring based on the grading cri-

teria. Moreover, it can be difficult to distinguish whether organ lesions are caused 

by infection or triggered immune dysregulation due to infections and should hence 

be considered as organ involvement. However the general focus of the score and 

longitudinal assessment are not affected by these judgemental difficulties (1). 

Since the score is supposed to be applied to all IEI with immune dysregulation an 

additional new feature, the so-called "kaleidoscope function", was added and serves 

as a phenotype visualization and documentation tool. This "kaleidoscope function" 

relies on the same underlying data as the IDDA 2.1 score and covers 17 of the 22 

parameters (represented as rows 1-14, 18, 20 and 22, shown in Table 12) (1). 

The information on organ manifestations as well as additional characteristics within 

a patient cohort are illustrated in a radar chart on 17 circularly arranged y-axes. Thus 

the “kaleidoscope function” provides the possibility of a visual comparison of differ-

ent diseases showing the frequency of phenotypic characteristics. Seidel et al. ex-

emplarily applied this feature to 18 different IEIs, categorizing them for educational 

purposes into primary immune regulatory disorders (Tregopathies), CVID/CVID-like 

disorders, and PIRDs with EBV susceptibility. Figure 8 depicts the group of primary 

immunoregulatory disorders as an excerpt of the created kaleidoscope patterns by 

Seidel et al. The kaleidoscope patterns of checkpoint defects (CTLA-4 insufficiency, 

LRBA deficiency, and DEF6 deficiency) show a high degree of similarity, and, in 

contrast, these patterns differ from those of IPEX syndrome or CVID. In combination 

with the rest of the described observations, it could be demonstrated that no definite 

conclusion of similarity of kaleidoscope patterns based on the biomechanical basis 

and no treatment recommendations could be derived just from this first, retrospec-

tively generated plot (1,6). 
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Figure 8: Visualization of Immune deficiency and dysregulation phenotype variance 

and possible application illustrated by the Clinical Immune Deficiency and Dysregu-

lation Activity (IDDA Version 2.1) “Kaleidoscope” Score, taken from Seidel et al. 2021 

(1) 

 

Most of the other established scoring methods for IEI described above tend to be 

highly specialized, such as disease-specific anatomical (e.g. HIES), infectious (e.g. 

CVID), or inflammatory (HScore, CVID, AIDAI). Compared with these and especially 

with the other measures of morbidity and disease activity, the IDDA 2.1 score oper-

ates as a semiquantified, organ-specific tool, captures the most important features 

of immune dysregulation in IEI and information about the actual burden of disease. 

Due to practical aspects, results of specific functional, laboratory, and imaging anal-

yses (e.g. in CHAI study) or questionnaire-based assessment of patient-reported 

symptoms and quality of life as used in the AIDAI or P-CID studies were not incor-

porated. This comprehensive but simple composition of the score allows retrospec-

tive chart review after patient visits by a medical professional without additional ef-

fort. The IDDA 2.1 score’s assessment should take place regularly and in a stand-

ardized manner for a detailed representation of the clinical status and course of a 

patient with PIRD or IEI with immune dysregulation (1).  

  



 

 51 

4.1.3 Treatment stratification scoring systems 

Scoring systems can be an assistive tool to specifically guide therapy decisions and 

procedures based on laboratory parameters and patients’ clinical status. 

4.1.3.1 Scoring systems to guide the initiation of immunoglobulin ther-

apy in patients with hypogammaglobulinemia  

A widely used tool to decide whether to initiate immunoglobulin replacement in adult 

patients with varying degrees of hypogammaglobulinemia (including CVID) is the 

scoring system by Agarwal et al., published in 2013 (177). 

This scoring method includes clinical and laboratory data combined with a decision 

tree. Laboratory parameters include immunoglobulin levels (IgG, IgA, and IgM) as 

well as vaccination titers scored from 0 to 5. The clinical parameters include a wide 

range of manifestations associated with immune deficiency, more detailed shown in 

Table 13 and are also assigned with point values from 0 to 5.  

Agarwal et al. additionally propose a decision tree, shown in Table 13. For patients 

with laboratory scores of 10 or more points, immunoglobulin therapy is recom-

mended. For laboratory scores <10, additional clinical parameters should be con-

sidered and for cumulative scores >16, immunoglobulin therapy is  advised. In pa-

tients with cumulative scores of 10 to 16, the treatment decision is based on further 

critical medical judgement, but immunoglobulin therapy may be considered. In con-

trast, in patients with cumulative scores of less than 10 points, immunoglobulin sub-

stitution is less useful and therefore further monitoring of these patients is re-

quired(177). 

Another tool with a similar purpose is provided by the AWMF as an interdisciplinary 

consensus and evidence-based guideline and has recently been updated by Ha-

nitsch et al. (178). This instrument, however, is not designed as a "score" but as an 

algorithm for patients with primary antibody deficiencies and provides support for 

indication, application and monitoring of immunoglobulin replacement therapy 

(178,179). 
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 POINT VALUE 0 1 2 3 4 5 
L

a
b

o
ra

to
ry

 

IgG (mg/dl) 600+ 350-599  150-349  0-149 

IgA (mg/dl) normal   reduced  ≤10 

IgM (mg/dl) normal   reduced  ≤15 

Diphteria or tetanus protective     non protective 

% of pneumococcal 
serotypes 

≥50%   20-49%  0-19% 

C
li

n
ic

a
l 

H
is

to
ry

 

Pneumonia/lifetime none 1 2 3 4 five or more 

Upper Respiratory In-
fection/year 

none 1 2 3  >3 

Antibiotic Courses/year none 1 2 3 4 
five or more or 
prophylactic 

Autoimmune Disease - 
ITP, AIHA, or other 

none   present   

Sepsis / Meningitis / 
Osteomyelitis / Empy-
ema / Septic Arthritis 

none     present 

Splenomegaly or  
Splenectomy 

none   present   

Lymphadenopathy none   present   

Infectious Diarrhea  
(excluding Clostridium 
difficile) 

none   present   

Malabsorption, Chronic 
Gastroenteritis, Inflam-
matory Bowel-like Dis-
ease 

none   present   

Weight loss/Failure to 
thrive 

none   present   

Hospitalizations/5 years none 1 2 3 4 five or more 

O
th

e
r Pulmonary Function 

Tests 
normal 

FEV1/FVC 
or TLC<80% 
predicted 

 
FEV1/FVC 
or TLC<70% 
predicted 

 
FEV1/FVC  
or TLC<60% 
predicted 

Bronchiectasis none     present 

Laboratory Score 
   

      

≥10 <10 Clinical Score Cumulative Score 

      

  <10 10-16 >16 

Ig (intravenous  

or subcutaneous) 

    

 monitor off Ig consider Ig treat with Ig 
 

AIHA: Autoimmune hemolytic anemia 
FVC: forced vital capacity 
ITP: idiopathic thrombocytopenic purpura 
TLC: total lung capacity 
Ig: Immunoglobulin 

 
Table 13: Scoring system and scoring decision tree for indications for initiation of im-

munoglobulin therapy in patients with hypogammaglobulinemia, adapted from Agarwal 

et al. 2013 (177).  
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4.1.4 Comparison of established scoring methods for IEI by category 

 DIAGNOSTIC, SEVERITY AND 
CLINICAL SUBTYPES 

MORBIDITY, ORGAN IMPAIRMENT AND  
DISEASE ACTIVITY 

TREATMENT  
STRATIFICATION 

Parameters HIES1 HLH2 WAS3 CVID4 P-CID5 CTLA-46 IPEX-OI8 
LRBA-
IDDA7 

AIDAI9 Hypo-gam¹º 

Anatomical11                    

Skoliosis                   

Facial dysmorphia                   

Inadequate fractures                   

Mid line defect, high palate                   

Nose width                   

Hyperextensible joints                   

Retained primary teeth                   

Autoimmunity                    

Not further specified (n.f.s.)12                  

Endocrinopathies                  

CNS incl. Neurological n.f.s.13                 

Eye13                

Skin13               

Lung (see below) - - - - - - - - - - 

Gut (see below) - - - - - - - - - - 

Liver                 

Kidney                 

Immune cytopenias                

Musculoskeletal13                

Inflammatory1                    

Fever                 

Splenomegaly13                

Lymphadenopathy, non-malignant 
lymphoproliferative disease 

                
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Parameters HIES1 HLH2 WAS3 CVID4 P-CID5 CTLA-46 IPEX-OI8 
LRBA-
IDDA7 

AIDAI9 Hypo-gam¹º 

Parenchymal lung disease, 
GLILD, LIP 

              

Granuloma (except GLILD)                  

Carditis                   

Vasculitis                   

Enteropathy, celiac disease, gas-
tritis, inflammatory bowel disease, 
protein-losing enteropathy 

               

Neonatal exanthema                   

Eczema n.f.s.                  

Respiratory impairment n.f.s.                   

Abdominal pain                  

Nausea, Vomiting                  

Diarrhoea                  

Headaches                  

Chest pain                  

Painful nodes                  

Infection-related                    

Abscesses 

  
(skin, organ) 

                 

Pneumonia                   

Bronchiectasis                   

ENT and respiratory infections                  

Candidiasis                   

Other invasive infections                  

Infections n.f.s.                 

Infections viral or opportunistic 
n.f.s. 

                  

Gut incl. Helicobacter pylori                   

CNS                   

Fatal infection                   

Asymptomatic / chronic infestation                   
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Parameters HIES1 HLH2 WAS3 CVID4 P-CID5 CTLA-46 IPEX-OI8 
LRBA-
IDDA7 

AIDAI9 Hypo-gam¹º 

Laboratory                    

Genetic diagnosis                   

IgE                   

Eosinophil count                   

Cytopenias  
(usually not autoimmune) 

                 

Small platelets                   

Hypertrigliceridemia                   

Hypofibrinogenemia                   

Hyperferritinemia                   

Increased sIL2R                  

Hemophagocytosis                  

Myelodysplasia                   

Reduced NK cell activity                   

Serum aspartate aminotrans-
ferase (AST) 

                  

Cellular markers of immune acti-
vation, naivety, memory formation 

                  

Hypogammaglobulinemia  
(see below IVIG or SCIG therapy) 

                  

Specific antibody concentrations                    

QoL, supportive measures, 
performance scales 

                   

Patient-reported quality of life, 
symptom burden 

                

Failure to thrive, malnutrition, 
weight loss 

               

Karnofsky/Lansky scale                   

Hospitalization (except ICU)                   

ICU, mechanical ventilation                   

IVIG or SCIG therapy                   

Nutrition / dietary status                   
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Parameters HIES1 HLH2 WAS3 CVID4 P-CID5 CTLA-46 IPEX-OI8 
LRBA-
IDDA7 

AIDAI9 Hypo-gam¹º 

Other                    

Allergies                   

Vascular disease n.f.s.                   

Known underlying immunosupp-
ression 

  in H score                

Iatrogenic complications                   

Amyloidosis                   

Other organ dysfunction n.f.s.                   

Antibiotic (courses/year)                    

Pain relief drugs taken                  

Malignancy                    

Malignancy n.f.s. 
  

in FHL:  
absence  

            

Lymphoma                   

Age correction                  

 

1, extracted from the HIES score for STAT3LOF (77,97) 

2, a sum of parameters for familial hemophagocytic lymphohistiocytosis (FHL) and secondary hemophagocytic syndrome (H score) (100,101) 

3, summarized from (109) 

4, extracted from the modified version by Ameratunga, 2018 (145) 

5, taken from (149) 

6, extracted from the ABACHAI trial that evaluates the safety and efficacy of abatacept in patients with CTLA- 4 insufficiency and LRBA deficiency (000972-40 EU Clinical Trial Registry) 

7, modified from (2) 

8, IPEX organ involvement score, taken from (153) 

9, summarized from (161,162) 

10, Hypogam, slightly simplified from hypogammaglobulinemia treatment (immunoglobulin therapy) indication scoring system (177) 

11, in the wide sense, including also results of functional defects that cause secondary changes 

12, n.f.s., not further specified 

13, overlap between infectious, autoimmune and inflammatory pathogenesis of features n.f.s. 

ENT, ear nose throat 

CNS central nervous system 

QoL, quality of life 

ICU, intensive care unit 

IVIG, SCIG, intravenous or subcutaneous immunoglobulin therapy. 

Table 14: The immune deficiency and dysregulation activity (IDDA) and other current clinical scores for inborn errors of immunity compared 

by their main characteristics and divided into categories derived from their application, adapted from Seidel et al. 2021 (1) 
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5 Discussion 

The use of scores in patients with IEI can be clinically helpful in finding a diagnosis, 

severity classification, disease activity assessment and treatment decisions. Due to 

the existence of this variety of very specific tools, the implementation of more gen-

eral disease scores should be accelerated, as this ensures the comparability of scor-

ing results of different diseases and treatments, both cross-sectionally and over a 

period of time. Ideally, it provides a standardized quantitative definition of the clinical 

phenotype of IEI in its entirety and its impact on the patient's quality of life and bur-

den of disease. Additionally, it could demonstrate the need for supportive care and 

is relevant in both disease- or drug-specific studies and prospective patient registry 

studies (1). 

The ability to make a genetic diagnosis is steadily improving due to the increasing 

availability of next generation sequencing, and thus the list of monogenic PID with 

immune dysregulation is also expanding. As a consequence, we are faced with the 

challenge of linking the diagnosed genotype to the phenotype and finding standard-

ized treatment or making predictions – things that can be simplified by standardized 

treatment protocols involving a scoring method (33). 

The heterogeneity of IEI, frequently lacking genotype-phenotype correlation, makes 

the cross-disease application of specific scores, mostly designed for one disease or 

phenotype, very difficult. The first group of measures, comprising HIES scoring sys-

tem, H-score, and WAS score, allow clear results for clinical diagnosis and simple 

subclassification of the underlying disease. They are based mainly on yes/no criteria 

to assign specific symptoms to a diagnosis or on a semiquantitative scale to distin-

guish severity and clinical subtypes (1). However, because they are scoring meth-

ods for diagnostic purposes and, for example, the HIES score includes highly spe-

cific clinical and laboratory criteria for the diagnosis of an HIES genotype, a more 

detailed comparison with morbidity measures can be considered as irrelevant. The 

other morbidity measures and treatment stratification scoring systems find applica-

tion in evaluating the clinical course of a patient or for interindividual comparison. 

Therefore, all scoring systems belonging to these two groups rely on repeated ap-

plications, as only follow-up assessments can detect additional or altered manifes-

tations and complications. Thus, the burden of disease or specifically the severity at 

different stages of the underlying disease or group of IEI, as in the CVID score, is 



 

 58 

reflected (1). By evaluating the efficacy of different treatment options, these scoring 

methods can provide guidance for treatment decisions. However, these methods 

also hold limitations, such as a lack of differentiation between acute and chronic 

symptoms in the PCID morbidity measure. In comparison, the IDDA-2.1 score dis-

tinguishes between acute and chronic events, thus chronic and recurrent infections 

are counted separately and scored differently than acute ones. While the AIDAI rep-

resents a valid tool to distinguish active from inactive disease, activity cannot pro-

vide information about the entirety of the disease's impact on a patient. As the name 

implies, the organ involvement scoring system for IPEX syndrome only measures 

organ involvement and assigns points based on their relevance to IPEX syndrome. 

However, this score has very limited applicability and does not sufficiently reflect a 

patient's actual disease burden. In contrast, the IDDA 2.1 score captures organ in-

volvement and disease activity using the comprehensive parameters and shows 

disease burden using additional parameters that include performance scales and 

needed supportive care (1,2,149,161,180).  

However, applying one particular score, as aimed with the IDDA score, to more than 

one IEI results in a number of challenges. First off in terms of user-friendliness main-

taining simplicity and feasibility while still acknowledging the complexity and speci-

ficity of the various disorders represents a balancing act. Furthermore score-com-

paribility may be compromised since the assessment and thus grading of items such 

as organ manifestations and especially their severity depends on the user. On top 

of that some definitions, for instance autoimmunity or granulomatous disease, may 

not necessarily be understood in a uniform way. Moreover, it is unclear whether 

specific organ manifestations that do not occur in the more precisely described pa-

rameters should be assigned to "other factors and symptoms" or "any other organ 

dysfunction". This possible confusion due to lack of further description regarding 

pathomechanism or target organ might hinder accurate scoring. In addition, some 

IEI have a tendency to present with specific manifestations in particular organ sys-

tems or are characterized by very distinct features (e.g. HIES) and are thus not pro-

portionally represented by a general score. Hence, the weighting of organ manifes-

tation can vary significantly and could lead to a potential bias. In these individual 

cases, a disease-specific score can still be applied in addition to a more general 

score to provide a more adequate assessment (1). 
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Another very important factor is that disease activity is therapy-dependent and 

therefore it is not always possible to draw conclusions about a patient's actual con-

dition. Since medication, e.g. immunosuppressive therapy, can obviously reduce 

disease activity and organ manifestations and thus also lower the score, it may mask 

information regarding the underlying disease. Therefore, as already described 

above, it is important that scores assessing organ involvement, morbidity, and dis-

ease activity, such as the IDDA 2.1 score, are reevaluated regularly. The add-on 

feature of documentation of changes in therapeutic interventions should also be 

performed, which may be helpful for timely correlation with ongoing therapy and thus 

evaluating the therapeutic effect (1).  

No field of medicine would ever rely exclusively on a score and consider it a stand-

alone criterion, although this appears to be convenient. Particularly in IEI, due to the 

complexity of the diseases, the many possible phenotypic manifestations, and the 

fact that we are still in the process of learning how to diagnose and treat IEI, it is not 

possible to simply rely on a specific score. Instead it should only be applied as an 

assistive tool and the assessment of a patient in its entirety needs to be done by a 

physician to ensure excellent care (1).  

The human phenotype ontology (HPO) project, that has already been applied to a 

number of IEIs by now (181–184), aims to define phenotypic characteristics, disease 

manifestations, clinical symptoms, and laboratory values using standardized termi-

nology. In order to improve the applicability of HPO terms in IEIs, constant efforts 

are being made and an international initiative is ongoing (1,181). Initially, Seidel et 

al. tried to integrate these HPO codes into the IDDA 2.1 score. This attempt was 

postponed as the inclusion of the 22 parameters into the ESID registry database 

had to be as simple as possible and without any obstacles. Thus, an inclusion of the 

HPO codes operating in the background of data entry fields, is intended in the future. 

By adding this feature to the IDDA 2.1 score, each entry in the score sheet could 

automatically be assigned to the codes. This could significantly simplify the docu-

mentation of clinical data and increase the accuracy of documentation by further 

adding more specific subitems (1). 

Clinical evaluation of other IEIs with immune dysregulation could be facilitated by 

using the IDDA 2.1 score as the range of included parameters and combination with 

other objective factors and additional features are not only applicable for LRBA de-

ficiency. Seidel et al. have already initiated an international prospective study in the 
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ESID registry, which aims to obtain sufficient data on IEIs and, most importantly, a 

large number of patient time points in different treatment regimens. With these data 

and the IDDA 2.1. score as a basis, a machine-learning-powered tool is intended to 

be constructed. Seidel et al. aim to use data of the prospective study to optimize the 

composition and applicability of the ESID registry. With special statistical tools, a 

ranking of the relevance of the information is intended to achieve a potential im-

provement in diagnostics and treatment decisions. Furthermore, an intraindividual 

longitudinal monitoring to allow an objective assessment of a patient’s clinical 

course and potential complications can consequently be ensured. It also provides 

the possibility of an interindividual comparison (e.g. in drug trials or multicenter stud-

ies) and the comparison of different genetic defects or immunodeficiencies among 

each other. In particular, the newly added "kaleidoscope" function can be used for 

this purpose, which shows the phenotypic features of IEIs and how they partly over-

lap in a visual and thus easy-to-understand way. These illustrations can be used to 

highlight similarities of presenting symptoms in specific IEIs and patients, respec-

tively. Especially if these patients are still undiagnosed, the “kaleidoscope feature” 

in combination with unsupervised machine learning algorithms for detection of pat-

tern similarities can serve as a supporting guidance for phenotype-driven therapies 

(1).  

Since in certain IEIs the best outcomes of long-term follow-up after HSCT have been 

noted with low organ manifestations and disease activity prior to HSCT, reduction 

of these should be performed with the help of an induction therapy (2,180). Targeted 

therapy, if available for the specific disease, would be favoured as "remission induc-

tion therapy". A comprehensive and detailed observation of a patient's condition is 

necessary before, during and after HSCT. Especially in the preparative phase be-

fore HSCT, known as "bridging", a minimization of potential infections, inflammation 

and organ damage is required and must be monitored precisely. Consequently, the 

goal of this score-monitored induction therapy may be to identify a specific cutoff at 

which HSCT can be performed. For this purpose, the IDDA-2.1 score can be used 

to provide an objective monitoring tool to ensure best possible pre-transplant condi-

tions (2,33,153). Nevertheless, it is important that HSCT should not be postponed 

under any circumstances, even if remission has not been achieved previously. In 

addition, the IDDA 2.1 score can be used to document engraftment after HSCT. 

Close monitoring of engraftment and, particularly, detection of possible graft-versus-
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host disease (GvHD) with an appropriate instrument is required over an extended 

period of time. Protective recovery of the immune system can take months or even 

years, and GvHD can thus occur at any time. In most cases affecting the gastroin-

testinal tract, liver, skin and lungs, all potential manifestations captured by the IDDA 

score. Of course, stable transplant conditions cannot be guaranteed, but potential 

side effects, e.g. graft failure, GVHD or infections, can be detected at an early stage 

using the IDDA 2.1 score. Thus, life-threatening complications or possible long-last-

ing impairment of quality of life can be prevented by appropriate supportive treat-

ment. Considering that supportive care is necessary during and after HSCT to pre-

vent and treat infections and other complications, the IDDA 2.1 score could also be 

used as a decision support whether and to what extent additional supportive care is 

needed (185). The further implementation and clinical application of the IDDA 2.1 

score as standard for monitoring patients with PIRDS and other IEI with immune 

dysregulation aims to provide a clinical assessment of disease burden and activity 

under different long-term treatments. With the implemented background information 

and its user-friendly handling, it can serve as a perfect support in treatment deci-

sions for caring physicians, as well as for documentation of the treatment response 

and its effects. The IDDA 2.1 score is regarded as complementary measure to clin-

ical experience to enhance the awareness regarding the complexity of these dis-

eases and to provide an improvement in the quality of care and patient outcomes.  
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