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Can this be immunodeficiency?

When to suspect it ?

How / what can you test?
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Suggested cellular defect

Type
B-cells T-cells ! Stem cells
Infantile X-linked agammaglobulinaemia +
Selective immunoglobulin deficiency (IgA) +
(some)
Transient hypogammaglobulinaemia of infancy +
X-linked immunodeficiency with hyper-igM + ?
Thymic hypoplasia (pharyngeal pouch syndrome,
Di George’s syndrome)
Episodic lymphopaenia with lymphocytotoxin
Immunodeficiency with or without hyperimmunoglobu-
linaemia (Faulk, Tomsovic & Fudenberg, 1970) +

+
(sometimes)
Immunodeficiency with ataxia-telangiectasia + +

Immunodeficiency with thrombocytopaenia and eczema
(Wiskott-Aldrich syndrome)

Immunodeficiency with thymoma

Immunodeficiency with short-limbed dwarfism
(Gatti et al., 1969; Lux et al., 1970) + +

Immunodeficiency with generalized haematopoietic
hypoplasia + + +

Severe combined immunodeficiency

autosomal recessive + + +
X-linked +
sporadic +

Variable immunodeficiency {common, !argely
unclassified) + +

b (sometimes)
LuND 3%
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Check for

ORIGINAL ARTICLE

updates

2022 Update on the Classification

from the International Union of Immunological Societies Expert

Human Inborn Errors of Immunity
Committee
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Symptoms from

Classifisation . "

1-2 Predominantly T cell deficiency

— Eczema
R_ecurrenﬂ)ronchlys _ Dermatitis
.. . . . . Idiopathic bronchle_cta5|s BN
Immunodeficienciegffectingcellularand humoralimmunity Recurrenpneumonias hroder
Chronicbronchialinfection g‘;f/"g:ggg?{

Abscess angheumatocele

Combinedmmunodeficienciesvith associatedr syndromicfeatures intersiallungdisease IECHEIETES

Bronchiolitisobliterans
Alveolar proteinosis

Predominantlyantibodydeficiencies Pulmonanaspergillosis
3 Antibody deficiencies
. . ; Recurrentbronchitis
Diseasesf immunedysregulation \diopathicbronchiectasis

Recurrent pneumonias
. ; Repeatecbneumonia
Congenitablefectsof phagocytenumberor function Chronichronchialinfection
4 Immunedysregulation
.. . . . . ) Recurrentbronchitis
Defectsan intrinsicandinnate immunity idiopathic bronchiectasis
Chronic bronchial infection
. i Pneumonia due to encapsulated bacteria
Autoinflammatorydisorders Interstitial lung disease
5 Phagocyteadisorders
Lo . Recurrentpneumonia$
Complement deficiencies Abscess anineumatocele
Alveolar proteinosis
) 6 Innate immunity disorders
Bonemarrowfailure Recurrenipneumonias
Pneumoniadueto encapsulatedacteria
. . . ] Abs_cess anpneume_atocele
10. Phenocopie®f inborn errorsof immunity .
ecurrentserositis
8 Complementdeficiency
Recurrentpneumonia¥
Recurrentbronchitis
Chronicbronchialinfection
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3% TangyeSGet al. JClinimmunol 2022;40:2464.
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Contents lists available at ScienceDirect

respiratory MEDICINE

Respiratory Medicine

journal homepage: www.elsevier.com/locate/rmed

Review article

Primary immune deficiency diseases as unrecognized causes of chronic
respiratory disease
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Check for
updates

Melvin Berger™”, Bob Geng”, D. William Cameron®, Ladonna M. Murphy®, Edward S. Schulman‘
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Pk Journal of Allergy and Clinical Immunology
Volume 127, Issue 6. June 2011, Pages 1414-1417
ELSEVIER

| etter to the editor

Longitudinal decline in lung function in patients with primary

iImmunoglobulin deficiencies

Yan Chen MB, BS ®, Rob G. Stirling MB, BS, FRACP = . Eldho Paul MSc ©, Fiena Hore-Lacy BSc (Hons) ©. Bruce
R. Thompson BAppSci, CRFS. PhD = ®, Jo A. Douglass MD, FRACP & P&
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FIG 1. Average decline in FEV, (mL/y) for PID (total group), CVID, and XLA AG 2. Average dedine in FVC (mUy) for PID (total group), CVID, and XLA groups.

N1t has Dbeen s hoongoingdacane in lurig dunceon abeve pradicted levels in
PAD patients and that is greater than in heavy smokers. 0

PAD- primaryantibodydeficiency
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Trontiars in REVIEW ARTICLE
ublished: Jul
PEDIATRICS foi 10 3380/ o 2014 00077

Pulmonary manifestations of primary immunodeficiency

disorders in children

Milos Jesenak'*, Peter Banovcin', Barbora Jesenakova' and Eva Babusikova?*

Table 1 | Respiratory presentations and complications of primary immunodeficiencies

MNon-infectious complications Infectious Chronic lung Chronic Benign Malign
complications disease inflammatory lymphoproliferative neoplasma
diseases disease

RESPIRATORY COMPLICATIONS OF PRIMARY IMMUNODEFICIENCIES

Bronchial abnormalities Otitis Fibrosis Granulomas Parenchymal Solid organ
(bronchiectasis, bronchial wall lymphoid hyperplasia tumors
thickening, atelectasis, mucus plugs, (lelomyoma,
emphysema, bullae, pneumatocoele) adenocarcinoma)
Lung parenchyma abnormalities Rhino/sinusitis Fulmonary Interstitial lung Reactive follicular Lymphomas
(nodules, cavity) hypertension disease hyperplasia
Ventilation abnormalities (obstructive, Bronchitis Cor pulmonale Mediastinal Thymic tumors
restrictive, combined) lymphadenopathy
Laryngeal angioedema Fneumonia Respiratory Lung metastasis
failure
Empyema Allergies

Lung abscess




4 comparntments
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“~ Newborn

A 2 newbornbabies
b Boy born 2017
b Girl born 2018

A Why should we suspect PID?

b Because in this family:

A The first child died in sepsis/meningitis at age of 6
weeks =>5ClOdiagnosed posmortem

A Second child diagnosed wiSCIDat age 2 weeks,
HSCT at 4 months, doing well

Family history!!

SCID, severe combined immunodeficiency
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Recurrent, deep skin and soft tissue infections, organ abscesses-arfacious granuloma

Infections that respond with little or no effect to antibiotics or with unusual localization or
caused by unusual agents

Pronounced chronic oral or cutaneous candidiasis
adzt GALIX S Fdzi2AYYdzyS RA&SIFaSa 2N OSNEB SIN
Extensive skin lesions, erythroderma or eczema that respond little or not at all to treatment

Autoinflammatory diseasesg. recurrent episodes of generalized inflammation, where no
Infectious, malignant or autoimmune cause can be identified

Failure of an infant to gain weight or grow normally

[ 10. Family history of primary immunodeficienc}/
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Recurrent, deep skin and soft tissue infectiamsjan abscesses or namfectious granuloma

Infections that respond with little or no effect to antibiotics or with unusual localization or
caused byinusual agents

bW N

Pronounced chronic oral arutaneous candidiasis
adzt GALIX S Fdzi2AYYdzyS RA&SIFaSa 2N OSNEB SIN

Extensive skin lesions;ythroderma or eczema that respond little or not at all to treatment

Autoinflammatory diseases, i.e. recurrent episodes of generalized inflammation, where no
Infectious, malignant or autoimmune cause can be identified

N O O

9. Failure of an infant to gain weight or grow normally
10. Family history of primary immunodeficiency
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"~ Newborn

Immunodeficiencies affectingellularand humoral immunity

%Z\
» Complete blood count

» Lymphocyte subsetsiow cytometry)

Except if patient is born in Norway, Denmark, Sweden, Finland, Gerimiaagon Israel, USA,
Brazil¢ F A6l Yy bSg %SItlIYyRZ /[ FOFft2yALl X

Why?
Common denominator for these countries:
Newborn Screeningmplemented




Severe Combined Immunodeficiency

Traditionalsymtoms Clinicalpicture today
AY QY 2léaseNdfoment ie Sweden

» Recurrentinfections

bacteriavirus & unusual pathogens(alsoBCGtis) = Mild lun MEOMNS- ¢bronchitist
o Skinsymptoms ) &>

(erythrodermia severeeczema » Mild SlKhﬂSVﬂﬂikpﬂ@lﬂi’ES— feczemd
- Interstitial pneumonia » Poor weight gain / slow development of
., Candidanfections failure-to-thrive
» Diarrhea

. Severamalnutrition

. SeverdDiarrhea

BUT ! NOT ALL forragSCllareidentifiedo &€ &4 ONBSY A Y
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") Infant 0-6 months

Congenital defects of phagocyt@umber or function

‘/'\
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A Completeblood count

b Neutropenia
congenitalneutropenias

b Neutrophilia

certain types of neutrophile dysfunctions
(i.e. Chronic Granulomatous Disease, LAD )

Kostimann
Congenital neutropenia LAD11 b Lymphopenia SCID

Leukocyte Adhesion Defect type 1
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Defects of phagocyte number or function

Warning ssigns:

A Skin: infectedeczemaabscessdsellulites(earlyin congenitalneutropenias
A Mucosalinfections gingivitig parodontitig aphthousulcers

A Perianalinfections

A Respiratorytract infections(incl. otitis/sinusitig

A Otherrecurrentbacterialinfections

A Septicemiameningitig osteomyelitis

5 Most common:N @Utfﬁﬁeﬂiia
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m Infant 7-12 months

Fraction of adult .
level of serum transient
i i low IgG
immunoglobulins _ e g
100 - passively
transferred

maternal IgG

n — =
Clinical & Experimental Immunology L 6
1 The Journal of Translational Immunology INCIOIOY
Clin Exp Immunol. 2018 Feb; 191(2): 212-219. PMCID: PMC5758375
Published online 2017 Nov 3. doi: 10.1111/cei.13068 PMID: 28990652

Bronchiectasis and deteriorating lung function in agammaglobulinaemia
despite immunoglobulin replacement therapy

A. Stubbs, ' C. Bangs, ! 2 B. Shillitoe, 3 J. D. Edgar, 24 S. O. Burns, ® M. Thomas, % H. Alachkar, 7 M. Buckland, 2
8 E. McDermott, °G. Arumugakani, 10Mm. s, Jolles, "R, Herriot, 12 and P.D. Arkwrigm®1
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XLA and the lungs
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Symptoms atiagnosis Complicationafter diagnosis
Loy % LougarisV, et al. Longterm follow-up of 168 patients with Xinked agammaglobulinemia reveals increased morbidity and morte

J Allergy Clin Immunol. 2020 Au



Wiskott-Aldrich Syndrom

Boy with

0 Eczema
0 Recurrent infections

0 Trombocytopenigevsmall sizedrc)

+ev
A Bloodydiarhea
A Autoimmunity
% A Malignancies




Infant 7-12 months

Antibody deficiencies Combined Immunodeficiencies
with associated or syndromic features
I XLinkedAgammaglobulinemia £ WiskottAldrich
I Hyper IgMsyndromes b DiGeorg&22qiideletion)

I Transienthypogammaeaof infancy

| %{
LABS
A Completeblood count

A Immunoglobulins : IgG, IgM, IgA
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h Infant 7-12 months  continued

“In

Complementdeficiencies

FulminantNeisserialnfection
Properdindeficiency

LABS
A Complement

3 pathways
functional tests (CH50, AH50 or simile




Chronic Granulomatous Disease (CGD)
Functionaldefect

H202"ypoH*

Respiratoryburst




Chronic Granulomatous Disease (CGD)

Functionaldefect
Symptoms:
V Neutrophilia Staphaureus
V Infectionswith catalaspositivdbacteria Burkholderiacepacia
Aspergillusfumigatus
Serratiamarcessens
V Abscesses Chromobacteriunviolaceum
] Torulopsiglabrata
lymph nodes|ung, liver, Hansenulzgpolymorha
. . : Paecilomycesgarioti
skeleton, other internal locations and ths&in Pseudallescheriboydii etcetc

Treatment

Antibiotics (with intracellular penetration) + antimycotics

HSCT



Toddler1-3y

x Congenital defects of phagocyte number fumction ‘

LABS
A Completeblood count

L _ _ _ A Neutrophile function
x Defects In intrinsic and innate immunity Test oxidative burst

A Predisposition to severe viral infection

Routlne immunology tests usually normal

A Specific assays for measuring
: P y
x Combined immunodeficiencies ~ response(s) to specific stimuli |
: : . depending on the suspected dlsorder
with associated or syndromic features
A Ectodermabysplasiawith immunodeficiency A WGS/WES |

A TLRsignalingpathwaydeficiencies

A Immunoosseouslysplasias

% TLR, toHike receptor; WES, whole exome sequencing; WGS, whole genome sequer



Hyper IgE syndrome

Autosomal dominant STAT3 deficiency (Job syndrome)

Proportion of

patients

Earlyonset severeeczema 100 %
Skin infekti0n$staph aur & candida abscesses) 88 %
Recurrentrespiratoryinfections 87 %
Speciafacialfeatures 100%
Skeletal and connective tissue abnormalit 76 %
DentalanomalieSretention of deciduouseeth) 72 %
Patologicafractures 56 %
HighlgE 2000 IE¥ eosinophilia 100 %

No allergies




Hyper | gsyndiromes(HIES )

\
ADHIES STAT3 deficiency (Job syndrome)

ARHIES ZNF34leficiency

DOCK&leficiency .
IL6 receptodeficiency Oneof the symptoms isiways
IL6 signal transducer (IL6ST) deficiency moderate tosevereeczema
ERBINleficiency
LoeysDietzsyndrome(TGFBHReficiency lgEoften high/veryhigh
ComeiNethertonsyndrome
PGMa3deficiency :
CARD1deficiency Canhaveallerglgs

often food allergies

MNIVERSITY



Preschool-6y

Combined immunodeficiencies with associated or syndromic features

A HyperlgByndromgs)
A Mendelian susceptibility to mycobacterial disease (MSMD)
A Predisposition to invasive fungal diseases

A Ectodermodysplasiaith immunodeficiency

S

&

Routine immunology tests usually normal

A Specific assays for measuring response(s) to specific stimuli
depending on the suspected disorder

A WGS/WES
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Hereditary Angioedema

CZLINHdeficiency

=>increaseddradykinin production

=>Swellings

Recurrent skin,mucosalsurfacesincllaryngeal(!)
Most commong extremitiesand abdominal

Noritching, last 25 days

Usuallystartsbetween4-18 yearsof age

Causedn 1/3 trauma, 1/3infectionbut alsostress, hormongtc



&/ Schoolage7-12y

Commontelativelycommon disorders
Complementdeficiencies

Antibody deficiencies
ACVID

A Specifiaantibodydeficiencies

A WHIM Syndrome
(Warts, Hypogammaglobulinemjdnfectionsand Myelokathexi$

Other

A Ataxiateleangiectasia
A X-linkedlymphoproliferativesyndromeXLP

3%

Z
i

LABS
A Complement ¢v CEINH)

A CompleteBlood Count
A Immunoglobulins
A Specific antibodies



«
% Teenagerda3-18y

Commontftelativelycommon disorders

Complementdeficiencies

L C2

b Terminalcomplex(i.e. C5C9)
b Properdin(DisseminatedNeisserialnfectiong

b Hereditaryangioedema

Antibody deficiencies

L CVID

b lgAdeficiency
b Specifiantibodydeficiency

P

LABS
A Complement ¢v CEINH)

A CompleteBlood Count
A Immunoglobulins
A Specific antibodies




Antibody deficiencies

Unclassified Immunodeficiencies 1,4% —

Defects in innate immunity 2,1%
Autoinflammatory disorders 3,1%

Complement deficiencies 3,5%

Bone marrowfailure 0,1%

Diseases of immune dysregulation 6,2%

Phagocytic disorders 8,1%

Predominantly antibody
deficiencies 49,8%

Combined
Immunodeficiencies
10,6%

- = European Society
=>|D for Immunodeficiencies

ESID Registry

Other well defined PIDs 15,1%

ESID Database frod3 October 2023.



Antibody deficiencies (AD)

Today(2024)known genes:45
+ [ well described diseases with unknown mutatfon

Most common
o lgAdeficiency
o CVID

o  Specifiantibodydeficiency

Rare
o  XLA(linkedagammaglobulinemia
o  Hyper IgMsyndromesgAID, UNGtc)
o  APDSActivatedp110 syndromé

* Table 3 Predominantly antibody deficienciesTangyeSG, et alHuman Inborn Errors of Immunity: 2022 Updaté Clin Immunol 2022



= DSl guidelines - DSI X o

¢« > C M@ % infmed.dk/guidelines

DSI

DANSK SELSKAB FOR
INFEKTIONSMEDICIN
Kalender

Guidelines

DSI guidelines

CVID behandling (2023)

Denne vejledning er tilteenkt behandling af CVID hos voksne patienter. Der er ikke foretaget en gradering af evidensniveau, da der ikke foreligger solid evidens for flere dele af feltet.

Den aktuelle udgave er opdateret med anvendelse af PCV20.

CVID udredning og opfalgning (2023)

Denne vejledning er tilteenkt diagnostik og kontrol af CVID hos voksne patienter. Der er ikke foretaget en gradering af evidensniveau, da der ikke foreligger solid evidens for flere dele af feltet.

LuND
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Orphanet Journal . A

of Rare Diseases

Orphanet J Rare Dis. 2018; 13: 201. PMCID: PMC6233554
Published online 2018 Nov 12. doi: 10.1186/s13023-018-0941-0 PMID: 30419968

The burden of common variable immunodeficiency disorders: a
retrospective analysis of the European Society for Immunodeficiency
(ESID) registry data

Irina Odnoletkova,m’2=11 Gerhard Kindlc—:-,?”4 Isabella Quinti,5’6 Bodo Grimbaoher,4’7 Viviane Knerr,3’4

Benjamin Gathmann,3=4 Stephan Ehl,e”4 Nizar Mahlaoui,8’9=m Philippe Van Wilder,11 Kris Bt:)gaerts,12’13
Esther de \/ries,M’15 and in collaboration with the Plasma Protein Therapeutics Association (PPTA) Taskforce

» Author information » Article notes » Copyright and License information Disclaimer
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The burden of lung disease in AD

Digestive system disorders

Lymphoma

Solid tumors

Autoimmune haemolitic anemia

Idiopathic Thrombocytopenia Purpura
Alopecia areata/ vitiligo

Rheumatoid arthritis

Type 1 diabetes

Autoimmune hypothyroidism

[If”'”llr‘[

(" Inerstitial Lung Disease )
COPD
Asthma
\ Bronchiectasis y
0 5,000 10,000 15,000 20,000 25,000

® General population mCVID

Fig. 4 Prevalence of non-communicable comorbidities. Average annual age-standardized prevalence rate per 100,000 over the period 2004-2014.
CVID cohort versus general population*. All ages, both sexes. *Source: Global Burden of Disease Studies, Western
Europe: http//ghdx.healthdata.org/gbd-results-tool

3%




REVIEW

Bronchiectasis in common variable immunodeficiency: A
systematic review and meta-analysis

Nasim Ramzi MD, Mahnaz Jamee MD, Mahmood Bakhtiyari PhD, Hosein Rafiemanesh PhD, Hamed
Zainaldain MD, Marzieh Tavakol MD, Amir Rezaei MD, Mustafa Kalvandi MD ... See all authors v

First published: 13 December 2019 | https://doi.org/10.1002/ppul.24599 | Citations: 15

55 studies comprising 8535 patients with CVID
Overall prevalence of bronchiectasgd%
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Asthma Allergic rhinits Atopic dermatitis
U N
Control severe |gh deficiency Partial IgA deficiency ¥ Controls 7.46% 25.37% 4.48%
M sIgAD 55.56% 44 44% 15.56%
M plgAD 60.00% 72.00% 10.00%
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sIgAD- severe IgA deficiency plgAD- partial IgA deficiency



