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Sediva A, Milota T, Litzman J, Quinti I, Meyts |, Burns S, et al. Medical algorithm: Diagnosis and
management of antibody immunodeficiencies. Allergy [Internet]. 2021 Jun 12;76(12):3841-4.



Primarni imunodeficience s prevahou poruchy tvorby protilatek

m stanoveni sérovych koncentraci IgM, 1gG, IgA
[ | vonuéeni sekundarni pFl’éiny (polékové, ztraty ledvinami/GIT/kazi, malignity — CLL, myelom
m stanoveni poc¢tu B lymfocytd (CD19+ bunék)

A) Hypogammaglobulinémie

Absence B lymfocytu

m X vdzana: X vazana
agammaglobulinémie (BTK)

m AR: Deficience fetézce u (IGHM),
CD79A/B, BLNK, IGLL1 deficience

m AD: TCF3 deficience

B lymfocytlu > 1%

m B&Zny variabilni imunodeficit

m APDS1 (PIK3CD GOF)

m APDS2 (PIK3R1 LOF)

m CD19, CD20, CD21, CD81
deficience

m NFKkB1/NFkB2 deficience

m TWEAK, TACI, BAFF-R
deficience

m lkaros deficience

B) Ostatni poruchy tvorby

protilatek
m Hyper IgM syndromy (atypické):
AID, UNG, MSH6 deficience

m /zotypové: selektivni IgA/IgM/IgG
podtfid deficience

m Funkéni: deficit specifickych
protilatek s normalni hladinou IgG

m Deficit s vysokym poctem B
lymfocyti: BENTA syndrom
(CARD11 GOF)

Bousfiha A, Jeddane L, Picard C, Al-Herz W, Ailal F, Chatila T, et al. Human Inborn Errors of Immunity:
2019 Update of the IUIS Phenotypical Classification. J Clin Immunol [Internet]. 2020 Jan;40(1):66—-81.



Primarni imunodeficiences postihujici bunécnou i humoralni imunitu

A) Tézké kombinované imunodeficience (SCID)

T-B- SCID T-B+ SCID
m T-B-NK-: m T-B+NK-:
ADA deficience y chain deficience (IL2RG),
Retikularni dysgeneze (AK2) JAK-3 deficience
m T-B- NK+: m T-B+ NK+:
RAG1/2, DCLREILC (Artemis), DNA LIG4, IL7Ra deficience (/L7R), CD3d, CD3e, CD247,
CERNUNNOS (NHEJ1), DNA PKcs (PRKDC) CDA45 (PTPRC), Coronin-1A (CORO1A), FOXN1
deficience deficience

B) Kombinované imunodeficience (CID) méné zavainé nez SCID

m Nizké CD4+ T lymfocyty: m Nizké CD8+ T lymfocyty:

MHC Il deficience (RFXANK, CIITA, RFX5, RFXAP), || CD8A, ZAP-70 deficience

MAGT1, LCK, UNC119 deficience MHC | deficicience (TAP1, TAP2, TABB, B-2-M)

m Nizké B lymfocyty: m Nizké hladiny Ig:

DOCKS, MST1 (STK4), IL-21, NIK (MAP3K14), DOCK2, CARD 11 (CARD11 LOF), BCL-10, IKBKB,

Moesin (MSN) deficience ICOS, TFRC, RELB, CD40/CD40L (CD154)
deficience

m Normalini hladiny Ig: m Porucha tvorby specifickych

CD3g, TCRa (TRAC), BCL11B, OX40, LAT protilatek

deficience IL-21R, MALT1 deficience

Bousfiha A, Jeddane L, Picard C, Al-Herz W, Ailal F, Chatila T, et
al. Human Inborn Errors of Immunity: 2019 Update of the IUIS
Phenotypical Classification. J Clin Immunol [Internet]. 2020
Jan;40(1):66-81.



Agammaglobulinemie
(absence B lymfocytl)

BTK, IGHM, IGLL1, CD79A,
CD79B, BLNK, PIK3CD,
PIK3R1, TCF3 SLC39A7,
TOP2B, FNIP1, SPI1, PAX5

CVID fenotyp

(nizké nebo normalni

B lymfocyty)

PIK3CD, PIK3R1, PTEN,
CD19, CD&1,
MS4A1(CD20), CR2
(CD21), TNFRSF13B,
TNFRSF13C,

TNFSF12, TRNTI,
NFKB1, NFKB2, IKZF1,
IRF2BP2, ATP6AP1,
ARHGEF1, SH3KBP1,
SEC61A1, RAC2, MOGS,
PIK3CG, POUZ2AF1,
KARS, unknown defect

Selektivni deficit /
funkcni porucha
(normalni B lymfocyty)

Hyper IgM fenotyp
(normalni B lymfocyty)

AICDA, UNG, INOSQ, IGKC, CARD11,
MSH6, CTNNBL1, unknown defect
TNFSF13

Tangye SG, Nguyen T, Deenick EK, Bryant VL, Ma CS. Inborn errors of human B cell development,
differentiation, and function. Journal of Experimental Medicine [Internet]. 2023 Jun 5;220(7).
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L2 JEM | Jownsl of Experimantal Medicine

Tangye SG, Nguyen T, Deenick EK, Bryant VL, Ma CS. Inborn errors of human B cell development,
differentiation, and function. Journal of Experimental Medicine [Internet]. 2023 Jun 5;220(7).



CD40, NEMO, » CD40LG, AR CD40, AICDA, CTNNBL1 (1 SHWCSR)
CREL, NIK/NFKB2 - AD AICDA, AR INO80, AR UNG, AD IRF4™" (i CSR)

POU2AF1 (OBF1) Germinal Center (= 44 serum igG, IgA)
({ B cell activation)

Long-lived plasma cell

Plasmablast

IL21R/STAT3/STAT1%,

CD40LG, ICOS, IRF4™*®, CD40, CARD11%,

SH2D1A, RLTPR, NIK/NFKB2/CREL,
NIK/NFKB2, CD19/CD81, ICOSLG, CD20,
IL21, STAT3', IRF4™"  RLTPR, PIK3CD*¥, PIK3R1"*
(4 Tfh cellsAunction) (4 memory B cells SOTY.
L4 serum lg)

LJEM | Joumal of Experimental Medicine

Tangye SG, Nguyen T, Deenick EK, Bryant VL, Ma CS. Inborn errors of human B cell development,
differentiation, and function. Journal of Experimental Medicine [Internet]. 2023 Jun 5;220(7).



Rel. pocet | Abs. pocet

Subpopulace B lymfocytu Charakteristika
hop ymioey (%) (E9/L)
B lymfocyty (celkové) CD19+ 6—22 0,1-0,53
Naivni CD19+ IgD+ CD27- 48,4 — 79,7 0,06 -0,47
Tranzientni CD19+ IgD+ IgM+ CD24+ CD38+ 0,9-57 0-0,03
CD27-

Pamétové s izotypovym

° ypovy CD19+ CD27+ IgD- 83-278  0,02—0,09
presmykem
Plazmablasty CD19+ CD27+ CD38+ IgM- CD24- 0,4-2,4 0-0,01
Marginal zone — like CD19+ IgD+ CD27+ 7-23,8 0,01 -0,08

CD21low CD19+ CD21low CD38- 1,6 -10 0,01-0,02

Warnatz K, Schlesier M. Flowcytometric phenotyping
of common variable immunodeficiency. Cytometry
Part B Clinical [Internet]. 2008 Jun 16;74B(5):261-71.



Slezina

Kostni dfen Cévni systém , Cévni systém Kostni dfen
(lymf. uzlina)
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ESID diagnosticka kritéria

Klinické kritérium (alespon 1 z nasledujicich)
m zvySena vnimavost k infekcim

m autoimunitni komplikace

m granulomatdzni projevy

m nevysvetlena lymfoproliferace

m vyskyt protilatkového deficitu v rodiné

Hypogamaglobulinémie
m vyznamné snizeni (<2SD pro dany vék) sérové hladiny IgG a
IgA (méreno alespon 2 x)

Narusenad tvorba specifickych protilatek (alespon 1 z
nasledujicich)

m nedostatecna odpovéd na vakcinaci

m absence isohemaglutinin(

m sniZeny pocet pamétovych B lymfocytti po izotypovém
presmyku (<70 % pro dany vék)

Vylouceni sekundarni priciny

DEfi n itivni d |agnéza Sta noveno po 4_ roce iivota Seidel MG, Kindle G, Gathmann B, Quinti I, Buckland M, van Montfrans J, et al.

The European Society for Immunodeficiencies (ESID) Registry Working
Definitions for the Clinical Diagnosis of Inborn Errors of Immunity. The Journal

Vyl 9) uée N |I T b un één é ho d efl Cltu of Allergy and Clinical Immunology: In Practice [Internet]. 2019 Jul;7(6):1763—

70.



Paris scheme =—

%CD27+
<11%

l

MBO
144
48%

%CD27* >11%

<8%

MB1
130
43%

65 pts./47%*

44 pts./34%

40 pts./28% 23 pts./18%

25 pts./17%+ | 10 pts./8%

24 pts./17% 15 pts./12%

%CD27*IgMIgD-

neither MBO
nor MB1

l

MB2
29
9%
6 pts./23%

5 pts./17%

0 pts./0%

CVIiD

patients
CD27+igMIgD-
< 0.4% of PBL
& N
%CD21'¥ B cells
>20% <20%
la Ib
Number of patients 50 130
Percentage of patients 21% 56%
Incidence of (%)
splenomegaly 29 pts./58%F | 53 pts./41%
lymphadenopathy 16 pts./32% 29 pts./22%
granuloma 10 pts./20%S | 18 pts./14%
4 pts./14% autoimmune cytopenia 13 pts./26% 19 pts./15%

== Freiburg scheme

CD27+IgMigD-
> 0.4% of PBL

]
54
23%
10 pts./19%
9 pts./17%

2 pts./4%

6 pts./11%

Wehr C, Kivioja T, Schmitt C, Ferry B, Witte T, Eren E, et al. The EUROclass trial: defining
subgroups in common variable immunodeficiency. Blood [Internet]. 2008 Jan 1;111(1):77-85.



A European consensus classification for CVID: EUROCIlass
>1% B cells
= group B+
/ group \ <2% switched A
memory Beells ~— ———————p < 9% transitional B cells
“papone oo
z 9% transitional B celis
= group smB-Tr"
>2% swilched
memory B celis
< 1% B cells
= group B- = group smB+
B+ smB+ smB- |  smB-T" smB-Tr™™
Number of patients 303 127 176 25 108
42% of total 58% of total 19% of smB- 81% of smB-
Incidence of (%)
splenomegaly 115/284 pis./ 41% | 28/116 pis./ 24% | 87/168 pts./ 52%" || 13/24 pts./ 54% 551107 pts./ 51%
lymphadenopathy 68/260 pts./26% | 23106 pts./ 229  45/154 pis/ 24% || 12/21 pts./ 57%% | 21/95 pts./ 22%
granuloma 35303 pts./12% | 5127 pts./ 4% | 30/176 pts/ 17%«+ )| 6/25pts./24%  17/108 pts./ 16%
autoimmune cytopenig 43/213 pis./20% | 22/117 pts./ 199 36/169 pis./21% | 4/21pts./19%  24/93 pts./ 26%

>1% B cells

= group B+
/ \ <29% switched
memory B celis

= group smB-
< 10% CD21'"* B cells

>2% switched
memory B cells
= group smB+

“

2 10% CD21'"* B cells

i

2 10% CD21'*B cells

b

< 10% CD219* B cells

= group smB+21* = group smB+21%™ = group smB-21% = group smB-21°™
smB+21" smB4+21™™ smB-21" smB-21™™
29 60 Number of patients 69 7
33% of smB+ 67% of smB+ 49% of smB- 51% of smB-
Incidence of (%¢)
13/26 pts./ 50%¢S | 8/57 pts./ 14% splenomegaly 41/68 pts./ 60%%9 | 30/71 pts./ 42%
423 p1s/17%  10/50 pts./ 20% | lymphadenopathy 24/63 pis./ 38% 15/61 pts./ 25%
4/29 pts./ 14%)|| | 1/60 pis./ 2% granuloma 14/69 pts./ 20%# |11/71 pts./ 15% Wehr C, Kivioja T, Schmitt C, Ferry B, Witte T, Eren E, et al. The EUROclass
trial: defining subgroups in common variable immunodeficiency. Blood
320 pts/ 15%  4/40 pts./ 10% |autoimmune cytopenia| 16/60 pts/ 27%  14/59 pts./ 24% [Internet]. 2008 Jan 1;111(1):77-85.



Granulomatdzni lymfocytarni intersticidlni plicni nemoc (GLILD) o o o et e common

B Lymphocytes subsets.

Variable Immunodeficiency (CVID): A Multicenter Retrospective Study of Patients
From Italian PID Referral Centers. Front Immunol [Internet]. 2021 Mar 10;12.

Controlsn=125 GLILD n=47
Median (IQR) Median (IQR)

ulLD n =26 p value p value p value

Median (IQR)  (GLILD vs. ctrls) (ulLD vs. GLILD) (ulILD vs. ctrls)

In Immunology

Interstitial Lung Disease

Lymphocytes % 29.0 (22.3-37.6) 27.8(21.8-39.4) 29.0(26.0-35.0) 0.87 0.54 0.93
Lymphocytes count 2.05(1.4-2.6) 1.54(0.99-2.57) 1.87(1.10-2.30) 0.02 0.67 0.44
CD19+ B cells (% of lymphocytes) 7.0 (3.0-12.6) 6.0 (3.0-10.0) 4.0 (2.0-11-0) 0.91 0.17 0.32
Naive (% of B cells) 72 (56.6-86.0) 81.2 (54.2-88.2) 75.9(52.0-81.2) 0.48 0.10 0.63
Switched memory (% of B cells) 2.5 (1.0-6.6) 1.3 (0.1-5.0) 3.0 (0.6-5.9) 0.043 0.20 0.71
Marginal zone (% of B cells) 11.1 (2.4-24.6) 3.5 (1.3-11.0) 8.0 (5.0-16.7) 0.043 0.27 0.48
Transitional (% of B cells) 1.0 (0.2-2.5) 0.6 (0.0-4.0) 2.7 (0.6-7.5) 0.94 0.14 0.09
Plasmablasts (% of B cells) 0.1 (0.0-0.8) 0.3 (0.0-1.1) 0.1(0.0-1.2) 0.11 0.47 0.66
CD21lo (% of B cells) 39(1.9-7.7) 142 (10.1-30.0) 6.0 (2.8-29.3) <0.0001 0.24 0.051
}' frontiers

Friedmann D, Unger S, Keller B, Rakhmanov M, Goldacker S, Zissel G,

B ro nc h oa IveOI a r Lava g e FI u i d et al. Bronchoalveolar Lavage Fluid Reflects a TH1-CD21low B-Cell

Interaction in CVID-Related Interstitial Lung Disease. Front Immunol

Reflects a TH1-CD21IDW B-Ce" [Internet]. 2021 Feb 5;11.
Interaction in CVID-Related

David Friedmann 3", Susanne Unger ', Baerbel Keller'**, Mirzokhid Rakhmanov ">,
Sigune Goldacker™?, Gernot Zissel®, Bjérn C. Frye®, Jonas C. Schupp®’, Antje Prasse®®

and Klaus Warnatz™**



Yyl i ! /(lamm

IgM/D IgG/A CD11c FCRL4 FCRL5 CD21 CD27 CXCR3/6 CXCR4

CD21pes CD21e

Gjertsson, |., McGrath, S., Grimstad, K., Jonsson, C. A., Camponeschi, A., Thorarinsdottir, K., & Martensson, I.-L. (2022). A close-up on
the expanding landscape of CD21—/low B cells in humans. In Clinical and Experimental Immunology (Vol. 210, Issue 3, pp. 217-229)

m Exprese prozanétlivych
chemokinovych receptort —
CXCR3, CXCR6

m Vlastnosti antigen
prezentujicich bunék

m Fenotyp pamétovych bunék

m Schopnost produkce
autoprotilatek

m Mimo CVID popsany u SLE, RA
a chronickych infekci (malarie,
HIV, HCV)



Visit 1 * Screening Visit 2 « Baseline

O CVID/ HCs recruitment 0 Blood sample collection

[ 2 [ ]
w ﬂ O Inclusion & exclusion
criteria assessment

o Clinical data collection

0 Administration 1st dose
of BNT162b2

|@ID Patients clinical

questionnaire (AE/SAE)

VISIT

Visit 4 « Month 1 Visit 5 « Month 3

}‘ 0 Blood sample collection }‘

Milota T, Smetanova J, Skotnicova A, Rataj M, Lastovicka J, Zelena H, et al. Clinical Outcomes, Immunogenicity, and
Safety of BNT162b2 Vaccine in Primary Antibody Deficiency. The Journal of Allergy and Clinical Immunology: In
Practice [Internet]. 2023 Jan;11(1):306-314.e2.

0 Blood sample collection
O Immunophenotyping

o T cell-immune response
]'i'li'l assessment
0 Humoral response
assessment

0 Humoral response
assessment

[Ed]

Visit 3 « Day 21
0O Blood sample collection

O Administration

of the 2nd dose

O Patients clinical

questionnaire (AE/SAE)

Visit 6 * Month 6

0O Blood sample collection

0 Humoral response
assessment

O T cell-immune response
assessment

;

O

Humoral response

21 CVID pts.

21 CVID pts.

l_>

18 CVID pts.

l_.

15 CVID pts.

T cell response

21 CVID pts.

low viability /

l——bunresponsweness

17 CVID pts.

—

v
11 CVID pts.

lost to follow up

™\

lost to follow
up (n=3)

RT-PCR+
(n=3)

(n=4)

(n=3)

RT-PCR+
(n=3)




Protilatkova odpovéd’
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Prediktory protilatkové odpovedi

Characteristics All Responders  Non-responders p-value
DEMOGRAPHY
Age (yrs., +/-SD) 46.3(9.7)  39.1(8.10) 51.36 (8.13) 0.003
LABORATORY PARAMETERS
Serum IgM (g/L, +/-SD) 0.19 (0.18) 0.29 (0.21) 0.1 (0.06) 0.002

CD19+ CS (% of CD19+ cells, +/-SD) 5.0 (3.2) 7.58(3.09)  3.39(2.09) 0.009
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