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CD34 numeration Lymphocyte subsets

#surveys 2-3 3

#samples/survey 2 2

type Stabilized blood (if possible fresh 
cord blood)

Fresh K2EDTA blood

Participants 20 49



Clinical context

• Lymphocyte subsets
• Work-up of lymphocytosis – lymphoproliferative disease screening

• Screening/monitoring of immune deficiencies
• Congenital ID (+ T/B cell subclasses)

• Acquired ID: CD4+ cells in HIV infection

• CD34 cell count
• Monitoring of stem cell mobilisation/collection procedures (peripheral blood)

• Cell therapy products QC: apheresis, cord blood



Lymphocyte subsets
Annual report 2024



Double vs single platform

Double platform

• Flow Cytometer: 

% target cells* relative to total 
CD45+ leucocytes

• Hematology analyser: 

#leucocytes/μL

Single platform

• Flow Cytometer: % target cells* 
relative to beads

• Beads with defined concentration in 
#beads/ μL

* CD34+ cells or lymphocytes

X
X



Single platform lymphocyte numeration

BD



Equipment

• 12% single platform, 88% double platform



Performance monitoring

• With bead reference material, 100%

• Additional cellular material, 80%
• stabilized cells with target ranges for common cell subsets



Methodology
• T/B/NK assay: 55% lyse no wash

• κ/λ assay: 100% labs used ≥ 2 washing steps



Results (CV%)

% lymphs # 109/L

CD3 <5 5-10

CD4 ~5 ~10

CD8 ~5 ~10

CD19 10-15 10-15

NK 10-15 10-15

Kappa %B lymph 5-10 NA

Lambda %B lymph 5-10 NA

Technical validation:

• lymphosum (sum of CD3+% plus CD19+% plus CD3-CD16+ and/or CD56+%) should equal the total 
lymphocytes gate ± 5%

• sum of kappa and lambda (expressed as a % of CD19+ B-cells) should be between 90 and 110



Methodological issues affecting performance



CD34+ cell numeration
Annual report 2024



ISHAGE-derived 
single platform 
protocol

BD



Methodology

• 75% single platform

• 14/20: ISHAGE protocol

• 4 BD stem cell enumeration kit

• 1 BD procount

• 1 stem kit Coulter



Results (%CV), 2024

10 cells range: CV ~ 11,65% (median UK NEQAS 12%) 
35 cells range: CV ~ 7,95% (median UK NEQAS 8%)



Total error in DP versus SP CD34+ cell 
enumeration (UK NEQAS)

In the 10-25 CD34+ cells/µL range:
delta aTE |DP-SP| = 0,87 % i.e. <0,1-0,25 cell/µL Brando, CCLM 2025, 63:1190

%aTE = [Absolute Value (Reported Result–
Median)/Median] × 100 



Where does EQA fit in a 15189 
QA program?
1. Performance monitoring

2. Method validation (UM)



Performance monitoring



EQA: Requirements of ISO 15189 §7.3.7.3

a) Performance monitoring by 
comparison with other 
laboratories
• EQA programs for (all) tests and 

interpretation of results



EQA yearly planning (e.g., technicians)

data record with full traceability (instrument, calibration, IQC, reagent lot, operator)

timely result review

OK

archive

KO Corrective action

Efficiency assessment

Full communication!!









EQA and method validation



EQA and method validation ISO 15189 7.3.4

• 7.3.4 Measurement uncertainty evaluation (MU)

MU for measured quantitative values shall be evaluated and 
maintained for its intended use, if relevant. MU shall be compared to 
performance specifications and documented.

• u(IQC) = between-run imprecision, stdev IQC

• u(KEQC) = bias, max bias /√3

COFRAC, GTA 14

U(c) = 𝑢2 𝐼𝑄𝐶 + 𝑢2 𝐾𝐸𝑄𝐶



Run CD45 c. CD34 c. %CD34

1 153.670 869 0,5655

2 139.824 770 0,5507

3 154.144 861 0,5586
4 155.935 891 0,5714
5 156.621 894 0,5708
6 156.052 899 0,5761

7 153.162 916 0,5981

8 154.455 934 0,6047

9 154.633 888 0,5743

mean 0,5745
u(IQC) 0,0173
u2(IQC) 0,00030

% CD34

result median bias

2023/1 0,556 0,58 -0,024

2023/2 0,55 0,534 0,016
2023/3 0,569 0,593 -0,024
2024/1 0,574 0,595 -0,021
2024/2 0,54 0,64 -0,1

2024/3 0,487 0,489 -0,002

2025/1 0,442 0,477 -0,035

2025/2 0,488 0,488 0

MAX -0,035
u(KEQC) 0,020
u2(KEQC) 0,0004

U 0,0266
U95% (k=2) 0,0532

Absolute error 0,5745 ± 0,0532
Relative error 0,5745 ± 9,23%

BIAS EQC IMPRECISION IQC

U(c) = 0,0004 + 0,00030

U(c) = 𝑢2 𝐼𝑄𝐶 + 𝑢2 𝐾𝐸𝑄𝐶



Additional EQA programs  - flow cytometry

• UK NEQAS – INSTAND (DE)
• CD34+ stem cell enumeration
• Leukemia/lymphoma immunophenotyping
• Paroxysmal nocturnal hemoglobinuria
• Measurable residual disease (MRD): ALL, AML, CLL, MM (UK)
• CSF immunophenotyping (UK)

• Euroflow
• Lymphocyte screening tube (LST) (w*)
• MRD ALL (w*/d)
• MRD MM (d)
• Primary immunodeficiency orientation tube (PIDOT) (w*/d)

• *Wet lab includes standardisation of fluorescence intensities
• Digital: analysis of raw data
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