
B cell Immunophenotyping
for PID diagnosis and 

Classification

Marianna Tzanoudaki
Dept. of Immunology & Histocompatibility, 

Specific Reference Centre for Primary Immunodeficiencies-
Paediatric Immunology,

“Aghia Sophia” Children’s Hospital,  Athens. Greece



Bone Marrow

Basic B cell development pathway

Germinal Center

Spleen

B



pro-B

Bone Marrow

pre-B

Basic B cell development pathway

Germinal Center

Spleen



pro-B

Bone Marrow

Germinal Center

pre-B Transitional
B

Spleen

Basic B cell development pathway

Marginal
Zone

B

Short lived plasma cell

IgM

Naïve
Follicular

B



Β



Th

pro-B

Bone Marrow

Germinal Center

pre-B Transitional
B

Spleen

Basic B cell development pathway

Marginal
Zone

B

Short lived plasma cell

IgM

Naïve
Follicular

B

Germinal

Center

B

Isotype
switch

Affinity maturation
(Somatic 
Hypermutations)



Naive

B

Lymph nodes



Lymph nodes

Naive

B

IgD+IgM+



Th

Lymph nodes

Naive

B

IgD+IgM+



Lymph nodes

Naive

B

T cell help (CD40-CD40L)
Class switch

IgD+IgM+

Th



Naive

B

T cell help (CD40-CD40L)
Class switch

IgD-IgM+

Th

Fate depends on BCR 
affinity!!!!



Naive

B

T cell help (CD40-CD40L)
Class switch

IgD-IgM+

Th

Fate depends on BCR 
affinity!!!!

Low affinity BCR



T cell help (CD40-CD40L)
Class switch

IgD-IgM+

Th

Fate depends on BCR 
affinity!!!!

Low affinity BCR

IgD-IgM+

memory



T cell help (CD40-CD40L)
Class switch

IgD-IgM+

Th

Fate depends on BCR 
affinity!!!!

IgD-IgM+

memory

Intermediate affinity
+ IL21 signals

B



B

B
B

B
B

B

B
B

B
B

B

Intermediate affinity
+ IL21 signals



B

Th

B
B

B
B

B

B
B

B
B

B

B

Germinal center
Centrocytes.
Ag affinity 
check
Blys survival 
signals

Centroblasts
(proliferation, class 
switch recombination, 
somatic hypermutations)



B

Th

B
B

B
B

B

B
B

B
B

B

B

Centrocytes.
Ag affinity 
check
Blys survival 
signals

Centroblasts
(proliferation, 
class switch 
recombination, 
somatic hypermutations)

CD10+, CD23+ 
(survival)

B sm

Β

CD27+ IgD-IgM-

Germinal center



pro-B

Bone Marrow

Th

Germinal

Center

B

Germinal Center

Isotype
switch

Affinity maturation
(Somatic 
Hypermutations)

pre-B Transitional
B

Spleen

Marginal
Zone

B
Naïve

Follicular
B

IgM

Short lived plasma cellLomg lived plasma cell

Memory
B

IgG, IgA or IgE

Basic B cell development pathway



pro-B

Bone Marrow

Th

Germinal

Center

B

Germinal Center

Isotype
switch

Affinity maturation
(Somatic 
Hypermutations)

pre-B Transitional
B

Spleen

Marginal
Zone

B
Naïve

Follicular
B

IgM

Short lived plasma cellLomg lived plasma cell

Memory
B

IgG, IgA or IgE

Basic B cell development pathway



Which markers are useful 
to identify these subsets??



Basic immunophenotypic markers 
of Peripheral Blood B cell characterization

Marker Role
B cell subset

Naïve 
Transitional

Naïve 
Follicular

Memory 
switched

Exhausted Plasmablasts
Marginal 
Zone like

CD19
forms complex 
with CD21 and 

CD81-
co stimulation

+ + + + +low +

CD21
Complement
Receptor-
Co receptor

med + + low med ++

CD27 TNF-R family-
co stimulation - - + - ++ +

CD23
FcεR-

IgE coated 
Ag capture in 

GC

- + - - - -

CD24
GPI anchored-
Cell adhesion 

+…
+++ + ++ - ++

IgM ++ low/+ - - - ++

IgD low ++ - - - low

CD38
cyclic ADP 

ribose
hydrolase-???

++ + + +++ -

C
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Basic gating strategies on CD19+ cells (I) 



There is a need for 
extra B cells 
markers to…  

…Predict the level
of the defect

…Avoid pitfalls in 
subset definition…

…Classify
the defect

ie EuroCLASS for 
Common Variable 
Immunodeificiency

(CVID)

CD21low Bcells
(CD21loCD38-)

Transitional B 
cells

(IgD-IgM-
CD24++CD38++)

Plasmablasts
(CD27+CD24-

CD38++)

Is this enough??
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Basic gating strategies on CD19+ cells (II) 



HELPS DEFINE 
TRANSITIONAL 
REGION

Transitional B cells

Basic gating strategies on CD19+ cells (III) 



Does this patient have so many memory switched B cells?

a quite common pitfall

Most of them are plasmablasts!

Basic gating strategies on CD19+ cells (IV) 
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They increase the % of the Memory switched region

Basic gating strategies on CD19+ cells (IV) 



Be careful 
with normal values!

Basic gating strategies on CD19+ cells (IV) 

Exclude Plasmablasts when estimating memory B cells 



B cell subset values for adults







B cell subset values for children
(Beware of subset definitions!!)



Which molecules are essential 
for the process??
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V D J

VDJ Recombination

RAG!!!
Artemis, DNAligase IV, DNA PKcs…
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How can we spot the defect ?
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Detectable B cells in the Peripheral Blood

with antibody deficiency

B cell subsets can give clues on underlying 
mechanisms

5 Patterns have been proposed 
(Driessen GJ et al., Blood 2011; 118 (26):6814-6823) 
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Common mechanism: DNA repair
(eg. Niimengen sy)
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Possible mechanism: lack of survival signals
(e.g. BAFFR def. CARD11 def.)
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Possible mechanism: Impaired response to Ag: 
lack of costimulatory signals

(e.g. CD19, CD81, TLR signal def.)
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Pattern 4
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(From Driessen GJ et al., Blood 2011; 118 (26):6814-6823) 

Possible mechanism: Germinal center dysfunction - NOT necessarily 
CVID -

(T cell deficiency, CD40def., DNA recombination and repair def. (AID, 
UNG,NEMO), PIK3δ GOF )
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Possible mechanism: ?
Post GC cell survival?
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European Concencus Classification for CVID 
(EUROclass) 2008

>1% B 
cells  = 
group B+

>2% switched 
memory  B cells  
= group smB+

≤2% switched 
memory  B cells 
= group smB-

≥10% 
CD21lo B cells  

= group 
smB+21 lo 

<10% 
CD21lo B cells  

= group 
smB+21norm

≥10% 
CD21lo B cells  

= group 
smB-21 lo 

<10% 
CD21lo B cells  

= group 
smB-21norm

≥9 
Transitional

B cells 
= group

smB-Trhi

<9%
Transitional

B cells 
= group 

smB-Trnorm



Some, non CVID, PIDs correlated with 
abnormal B cell subsets

Wiskott Aldrich  sy. Low B
Defective actin
polymerization/ 

reorganization. Poor B 
cell shuttling and 
interaction with T 

cells
Hyper IgE sy. Low memory B

XLP
Low switched 
memory B Poor GC formation

DOCK 8 def.
Low 

memory B

Comel-Netherton sy. Low MZ B

Useful for diff. 
diagnosis from allergy
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