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Donors 3%

(1.7 million)

66% males

34% females

3 million

donation/year

d.r. 1.8

84% 

whole blood

16% 

Apheresis

Italy

Italian blood

transfusion

system

2024 data

Age 2024

Total donors

18-65

1.678.573

(4.6%)

Total population

18-65

36.449.573

(62%)

L. Catalano, CNS 

unpaid voluntary

donation
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2024 data

ITALIAN BLOOD TRANSFUSION SYSTEM

PATIENTS

640.713/year

1755/die

Blood components 
transfused per 
patient: 4.4

SELF-SUFFICIENCY

red blood cells 

Plasma-drugs

Transfusion data

Ѵ



RIL
Reference 

Immunohematology
Laboratory

RILS

Serology

100 study/year

RILMB

Molecular Biology

500 tests/year
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ITALIAN BLOOD TRANSFUSION SYSTEM
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RIL
network

support
Safety

and 
afficency

Lombardia

Sicilia

Rare blood bank

SICILIA
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Lombardia Region (LR)
12 provinces and ~550k blood collections/y
➢ Before 2014: LR had 36 TC with their own

Blood Component Processing and
Validation Center (BCPVC)

➢ After 2014: rationalization of the network
into 9 macro areas lead by Blood Banks,
following national and regional guidelines
as in other EU countries

Brescia Province

Spedali Civili hospital in Brescia

Dr. Susanna Bresciani Vilnius 2025

+60
Specialties

1.600
Beds

40 k
surgeries

5 million
ambulatory 

care services

ITALIAN BLOOD TRANSFUSION SYSTEM

Immunohaematology and 
transfusion medicine service

(SIMT)

Brescia Blood Bank 
(BBB)
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ITALIAN BLOOD TRANSFUSION SYSTEM

Immunohaematology and transfusion medicine service (SIMT)
➢ 45k transfusion requests/y
➢ RILS in Brescia province
➢ 1500 IAT ID/y: single and multiple immunizations for about 866 patients known and unknown (surgical, pregnant

women, haematology /BMT/kidney patients transplant)
➢ 35/y PLT suspected refractoriness with CCI evaluation and follow-up
➢ An average of 10-15 studies of suspected FNAIT/y
➢ 200k tests per year for all activities related to transfusion medicine

Spedali Civili hospital in Brescia     

Brescia Blood Bank (BBB)

➢ 21 VBDA centers (AVIS/CRI)
➢ 3 hospitals into the Province
➢ 65k donations
➢ 130k Blood products per year
➢ 12k tests weakly for biological qualification of the blood

components
➢ Support 60k transfusions per year



• Tube technology (different
sensitivity, subjective endpoints, 
less standardization, lack IT)

• IT traceability not available
(identification, manual data entry 
errors)

• IE reference laboratory

Risk

analysis

• SAFETY & 
EFFICIENCY

Aim

The evolution

Dr. Susanna Bresciani Vilnius 2025
Asst Spedali Civili di Brescia

Dipartimento dei Servizi (SIMT/CLV)

• Column Agglutination

• Manual Tests

• Microplate (Olympus)

• Microplate Immucor/Werfen
(Platelet Refractoriness and Blood 
unit ABD check)

Until 2018
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• Avoid pre-analytical errors

• Avoid manual entry errors
First    
issue

IT automation
great relevance
Check-in/results

Problem
solving

LIS LIS

Erytra

Eflexis

DG Reader

Atlantis
DG-Link

Serological investigations
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Avoid pre- post analytical

errors

First    
issue IT solutions

Problem
solving

Serological investigations

Training 

Training

Training
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Serological investigations

Choose the correct
reagents

Second 
issue

Analyse all available clones by 
balancing the different technologies

Problem
solving

ABO

m-IgM-A
- 9113D10 (T)
- Birma 1 (P/C)
- F98 7C6 (P)

Blend m-IgM+IgG-A
- 16243G2+16247E6 (C)

m-IgM-B
- 9621A8 (T)
- LB-2 (P/C)
- F843D6+F972D6 (P)
- 9621A8 (C)

ABO

m-IgM-AB

- 152D12+9113D10+ES15 (T)

- Birma1+ES4+ES15  (P)

-F98 7C6+F843D6+F972D6+F1257B6 (P)

-LA-2+LB-2+ES-15 (C)

Blend m-IgM+IgG-AB

- 16245F11D8+16247E6+7821D9 (C)

A1; A2; B; 0 red cell
for reverse test 

(T/C/P)

(T): Tube; (C): Column; (P): Plate AB0 AB0ctl
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Serological investigations Choose the 
correct reagents

Second 
issue

Analyse all available clones by 
balancing the different technologies

Problem
solving

RhDVI+

m-IgM-DA
- ESD1M+P3x61 (C)
- RUM-1+ESD-1M (C)
- LDM1 + ESD1M (P)

m-IgG-DA
- D415 1E4 (P)
- MS26 (T)

RhDVI-

m-IgM-DA

- RUM1 (P/T)

- D175-2 (P)*

- MS-201 (C/T)

RhDVI+

m-IgG-IAT
- D415 1E4 (P)*
- ESD1 (C)
-MS-26 +RUM1(T)

(T): Tube; (C): Column; (P): Plate; *blend IgG+IgM for D weak IAT

RhD epitope

m-IgG-IAT
- Antiserum 1-5

m-IgM-IAT
- Antiserum 6

VI- VI+

AB0 Rh 1^A B ABA1A2 B 0 ACD D ctl Dil.

1

2
3
4

5

6

7
8
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Serological investigations Choose the 
correct reagents

Second 
issue

Analyse all available clones by 
balancing the different technologies

Problem
solving

CcEe

m-IgM-DA
- Anti-C: MS-24 (P/C/T); MS-273 (P)
- Anti-E: MS-80+Ms-258 (P/T); MS-12+260 (P) 
clone906 (C)
- Anti-c: MS-33 (P/C/T); MS35 (P) 
- Anti-e: MS16+31+63; MS62+369;
MS21+63+16(P/C/T); MS-62+MS-69 (P) 

(T): Tube; (C): Column; (P): Plate

Cellano

m-IgG-IAT

P3A1180L67 (P/C)

Kell

m-IgM-DA
- MS-56 (P/C/T)
- AEK4 (P)

Kidd

m-IgM-DA
- MS-15/MS-8 (P/C)

MNSs

m-IgM-DA

- M11H0 (P)

- 1422C7 (P)

- MS-94 (P/C)

- LM110/140;LN3/MN879(C)

- P3BER (C)

Duffy

m-IgG-IAT
- P3TIM (P/C)

m-IgM-DA
-SpA264LBg1 (P/C)

• Cw

• MNSs

• P1

• Lea/b

• Lua/b

• Kpa/b

• Fya/b

• Jka/b

• Kk
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Serological investigations Choose the 
correct reagents

Second 
issue

Analyse all available combinations 
of Panels

Problem
solving

Irregular Ab Test

(IAT)

Screening
- 3 cells (T/C/P)

- 2 cells (P)

ID Test
- 10/11 cells (T/C)
- 14 cells (P)

Homo and Hetrozygous

IAT

3 cells

screening

Column

ID Identisera

- treated/untreated, 11 cells

ID Data Cyte

- untreated, 11 cells

Solid Phase

Capture-R ready

- ID 14 cells

- Extend-1, 14 cells

- Extend-2, 14 cells

Manual

Panocell-10

- ID, 10 cells
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Serological investigations Choose the 
correct reagents

Second 
issue Analyse all available  special tech.Problem

solving

Irregular Ab Test

(IAT)

ID Test
- Special tech.

Special

techniques

Techniques 
for removing

Ab

Auto/allo/hetero

Absorption

ZZAP

Ag

inactivation

DTT

Enzyme

papain

Techniques for 
reducing/isolating

Ab activity

Inhibition tech.

sCD38

Elution

Sulphydryl reagents

IgM/IgG
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Serological investigations Choose the 
correct reagents

Second 
issue Analyse all available  special tech.Problem

solving

PLT
Irregular Ab Test

- Refractoriness
- FNAIT

Special

techniques

Refractoriness

Cross-match
(SPRCA)

Ab
Screening

(SPRCA)

Ab-ID
- ELISA (Pak plus)
- Luminex (Pak-lx)

FNAIT

Ab Screening/ID
(SPRCA/ELISA/Luminex)

HPA1a type Ag 

Differential Cross-match
(SPRCA)

….. Adressed later
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Esatablish workflows                                                                                                                    
Third    
issue

Appropiate to the 
different situations

Problem
solving

Serological investigations

Ag/Ab

Donor

Patient



AB0 
P: F- A,B,AB and R- A1,A2,B,0

CAT:  F- A,B,AB and R-A1,B

Concordant Report BT

Discrepant

Reverse

Weak or no reaction

Perform CAT/P/T

▪Enhance reaction:

1.Cold

2.Plasma/cell ratio

Report BT

Additional reaction

Perform CAT/P/T; 

Perform Cold/Warm test

▪(Assess subject: perform
IAT/DAT)

Report BT

Forward

Weak or no reaction

Perform:

- CAT/P/T

-Absorpition elution
studies

Send to

RILMB

Call 
donor/patient

for 2^ sample Report 
BT

AB0 Blood Type 

management

•Plate (P) for Donors/patients

•CAT for pre transfusion tests

Dr. Susanna Bresciani Vilnius 2025

Algorithm
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AB0 discrepancy

CAT/Plate: interference related to the medium

➢Female, 82 years old
➢ orthopaedic patient
➢No transfusion
➢ unknown blood type
➢ following a  blood request, 

pre-transfusion tests are 
Performd: 

➢AB0 CAT discrepant (2 
different clone)

➢DAT pos IgA, IgM, C3c 
and C3d.

➢AB0 liquid phase
microplate concordant- no 
interference

➢AB0 F/R liquid phase in 
tube: concordant

➢ IAT negative
➢Report group

first clone

second clone

Extended reverse

microplate

DAT



AB0: CAT/Plate: A2B donor unrecognized

(technician’s evaluation-expertise)

➢ Female Donor,  38 y. Old
➢ previously classified as AB
➢Value and agglutination not perfect
➢Detected:
• Ag A1 neg
• Ag H neg
• Anti-A1 neg
➢ CAT BT: A3+; B4+, AB4+
➢ Results has enabled to assign A2B 

without anti-A1 

4+

Agglutination grade Agglutination value

4+



➢ In 2024: new automated column technology was evaluated

➢ technologies in use are subject to rigorous performance monitoring
(UKNEQAS / NIBSC WHO14/300 / national and regional external quality control)

➢Samples analysed: 
• 7 subjects (5 BMT candidates and 2 HPC-A donors)

• 4 repetitions of the WHO standard at a known concentration

➢Results:
• Anti-A/B IgM: samples all concordant within one dilution
• Anti-A IgG: samples all concordant within one dilution
• Anti-B IgG: two dilution deviation in two cases
➢ Good correlation/ other sample to study 

AB0

CAT:  anti-A/B titration (t-IHA)

anti-A/B IgM 1:128 

neutral CAT RT; 

IgG 1:256 in AHG 

CAT 37°C



AB0

CAT/Plate:  anti-A/B titration t-IHA

Minor AB0 mismatch BMT

➢2024: Risk analysis - plasma reduction in AB0 minor 
mismatch HPC-A with titer ≥ 1:256 (Nina Worel:Transfus Med
Hemother 2016;43:3–12)

➢Aim:
• New decision-making workflow for plasma reduction 

in HPC-A using donor’s titer
• Comparison t-IHA- CAT/Plate
➢8 allogenic HPC-A donors
➢ Sample analysed:
• Donor’s peripheral blood (PB)
• Pre-tratment HPC-A (A-pre)
• Post-treatment HPC-A (A-Post)
• Plasma removed in wash solution (W)
➢Results: 
• PB and A-pre complete concordance
• A-post and W t-IHA confirm the efficacy of plasma 

reduction
• 5/8 HPC-A, plasma reduction would not be necessary
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Serological investigations

RhD

CAT/P: 3 different

reagent IgM; 
IgM+IgG; DVI-/DVI+

Neg IAT

pos

Perforeme

- CAT/P

-DAT

- Epitope CAT/P
Weak/neg

DAT neg

Report pos (donor), 

neg (patient) and send for MB

CAT/P
weak/neg

DAT pos

- 2^ sample

- IAT

NO report 
Type

Neg Report Type

Pos Report type

Weak pos/

discrepant

Algorithm
RhD management

•Plate (P) for Donors/patients

•CAT for pre transfusion tests

Patient’s history



RhD CAT/Plate: ability to detect variants

➢ Female Donor, 48 y.old
➢ RHD genotype: DFR
➢ classified as:
• Donor: RhD positive
• Patient: RhD negative
• anti-D immunoprophylaxis: YES

Epitopes

liquid phase

CAT



41125179002301

DONOR

RHD genotype:

D weak type1 

RhD CAT/Plate: ability to detect variants

PATIENT

RHD genotype:

D weak type11 

RhD
D weak
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Serological investigations

RhCE

Kell; Kidd, Duffy, 
MNSs

P: 2 clones IgM

CAT:1 clone IgM

Tube: 1 clone IgM

RhCE

Weak pos/

discrepant

Perform:

- CAT/P/T

- Tube test

Call 
donor/patient

for 2^ sample

Report Ag 
weak pos

(don.)

Negative 
(patient) 

Send to

RILMB

Ag Type management

•Plate (P) for Donors/patients

•CAT for pre transfusion tests

Algorithm

Perform:

- DAT

- CAT/P

-Tube test CAT/P

Weak/discrepant

DAT NEG

Report 

- Ag weak pos (don.)

- Negative (patient)

- Send to RILMB

Minor Ag

Weak pos/

discrepant

Pa
tie
nt’
s history

CAT/P/T

Weak/discrepant

DAT pos

Send to

RILMB

NO Reportd

release
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Column: CcDee kk

RhCE

CAT/Plate: discrepancy management

➢2024: potential donor, 25-year-old Romanian male
➢Rh phenotype in liquid phase P: CcEe
➢Historical data in LIS: Ccee
➢Report blocked by IT 
➢ Perform test with CAT technology; Ccee
➢No report issued, 2^ sample sent to RILMB
➢RILMB: discrepancy in CAT with two different 

clones and genomic determination Wrhce
BeadChip: Ce/cEW variant RHCE*0301 (cEW)

➢ Importance of IT
➢Conclusion: Ag E positive if Donor; Ag E negative 

if patient.

Plate: CcDEe kk



Minor Ag Typing

CAT/Plate: interference related to DAT pos: evaluation

Reasons/Aims
➢ Interference by DAT pos in AHG/SPRCA typing
➢ Long time for genomic typing
➢ 15 MM patients sample DARA candidates, pos DAT, genomic Typing
➢Ag typing in P (liquid phase and SPRCA)

Results:
➢Good correlation
➢ 1 s false negative, 1 Jka discrepant resolved by CAT
➢3 Fya discrepant (solid phase) dependent on the type of specific

mono DAT 
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IAT management

•Plate (P) for Donors/patients

•CAT for pre transfusion tests

IAT 
screening

(3/2 cells)

Plate/CAT/T pos
Perform panel 

ID

Ab 
identification

Report 
result

Non specific
or

Pan-
agglutinant

positivity

Perform:

- DAT/AC 

- ID with ≠ tech.

IAT non 
specific or 

pan-aggl.

DAT neg Perform

- Special 
tech.

Report result

Send sample 
to RIL

IAT pos specific

DAT neg

Report 
result

IAT Negative

DAT/AC 
negative

Report result

(medium-related
interference)Neg

Report 
result

The patient's clinical and 
transfusion history must be 

taken into account at all times.

Algorithm Serological investigations

IAT non 
specific or 
pan-aggl.

DAT pos
Perform

- DAT mono

-specal tech.

Report 
result



➢Female, 88 years old
➢Myelodysplasia
➢ transfuses 15 units of GRC 

from October 2021 to 
december 2022 with negative 
IAT. 

➢ In January 2023 following a 
new blood request, pre-
transfusion tests are 
Performd:

• IAT in CAT 3 and 11cells non 
conclusive; 11 cells papaine 
possible anti-Jka

• DAT in CAT: IgG 1+ /C3d +/-.
• IAT eluate in CAT: negative
• IAT in SPRCA: 3 and 14 cell

identify anti-Jka.
• IAT eluate in SPRCA Confirm

anti-Jka

IAT management

CAT/SPRCA: synergic action for ID Allo-anti-Jka

Dr. Susanna Bresciani Vilnius 2025

CAT-DAT
IgG 1+ /C3d +/-

ID on eluate

Papain cellsAHG cells

Jka pos cell

CAT AHG

CAT pap.

SPRCA
plasma



IAT/DAT management: CAT/SPRCA: apparent DAT discrepancy

Capture-R

plasma

➢Male, 59 years old, previous Hodgkin's lymphoma, diagnosis of AIHA, 
BT: 0 pos CcDee kk -urgent blood request-

➢No pregress trasfusion: Pre trasfusion test
➢ IAT CAT plasma pos 2+/3+. DAT CAT pos IgG/A 4+, C3d/IgM 1+.
➢ IAT Solid phase pos 1+/2+. CM with 17 donors AB0 RhDCE: 17/17 NO comp
➢ IAT CAT plasma auto adsorbet (2): auto-anti-D+C.
➢ typing minor Ag in plate.  DAT in solid phase (Fya+): DAT NEG
➢ IgG subclAssess??? IgG4 92.5 mg/dL (40-86mg/dL)
➢ DAT discrepancy resolved, no allo-Ab high-titer, assigne units with high Ag 

match

CAT/IAT

plasma

CM: 17/17 non comp.

Self-absorpition: non conclusive

DAT plasma
Eluate

Capture-DAT (Ag Fya+)

Minor Ag type

unless



➢Male, 14 years old, sickle cell disease patient of 
African ethnicity

➢ BT: B pos ccDee kk, Fya-b-;Jka+b-; Ns.
➢ pregress trasfusion: 
• until 2017 RBC rr and R0r
• Since 2018 RBC only rr (DIIIa variant and 

homozygous for the GATA-1 mutation 
FY*02N01- Fyb expression related)

➢IAT CAT neg antil 2020 with DAT pos IgG1+ 
since 2012 (no allo-Ab) 

➢IAT CAT/SPRCA since 2020:
• CAT: panagg.
• SPRCA: anti-Kpa

IAT management: CAT/SPRCA synergy

Kpa pos cell
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Anti- c
Anti- c + Anti- e
Anti- c + Anti-E

Anti- c + Anti-E + Anti-Jkb
Anti- e
Anti-C

Anti-C + Anti- e
Anti-Cw

Anti-Cw + Anti-Lua
Anti-D

Anti-D + Anti-C
Anti-D + Anti-C + Anti-E

Anti-D + Anti-E
Anti-D + Anti-Jka

Anti-E
Anti-E + Anti-c + Anti-Cw

Anti-E + anti-Cw
Anti-E + Anti-Cw + Anti-S

Anti-E + Anti-Fya
Anti-E + Anti-Lua

Anti-E + Anti-S
Anti-Fya
Anti-Jka
Anti-Jkb

Anti-K
Anti-K + anti E
Anti-K + Anti-C

Anti-K + Anti-Fyb + Anti-E
Anti-K + Anti-M
Anti-K + Anti-S

Anti-Kpa
Anti-Lea
Anti-Leb
Anti-Lua

Anti-M
Anti-N

Anti-P1
Anti-S

Anti-S + Anti-M

Ab due to transfusion total number of cases

Surgical

Hematologist

(MM/AIHA ecc)

Pregnant women

BM/Kidney transplant

New immunization (237/866): year 2024
S

p
e
c
if

ic
it

y

95/237 (40%)



Algorithm

(Specific)
Management of patients in treatment with anti-CD38 mAbs

After starting treatment

therapy with anti-CD38 mAb

➢ DAT

NO transfusion

Minor Ag PHENOTYPE

Kidd, Duffy, MNSs

NEG

POS

NEG
YES transfusion <3 ms

Minor Ag GENOTYPE

POS

NO transfusion

Minor Ag PHENOTYPE

(Liquid phase/SPRCA)

➢ CM (CAT/SPRCA) with comp. 

AB0 RhDCE Kell units

➢ Minor Ag phenotype/genotype

➢ Pos/ CAT ID 

DTT/sCD38

➢ panagg./Asp.

➢ Pos CAT

➢ ID with DTT/sCD38

treatment- specific Ab

Perform ID

(CAT/SPRCA)

➢ CM (CAT/SPRCA) with strategies

(mitigate) DTT/sCD38 treated units 

AB0 RhDCE Kell, specific Ag neg.

➢ CATpos SPRCA neg

➢ CAT neg SPRCA pos

Neg

Our experience

CM (CAT/SPRCA) 

according to AB0 

RhDCE Kell  

➢ CAT neg

➢ SPRCA neg

Before starting therapy with anti-CD38 mAb

➢ CAT 3 papain-treated cells

➢ 3 cells SPRCA solid phase

CAT AHG pos

➢ AB0/RhDCE

➢ kell

➢ IAT ID

➢ CAT and SPRCA positive

➢ CAT3 cells withDTT/sCD38 

treatment



Conclusion 
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Avoid pre- post 
analytical errors

First    
issue IT solutions

Problem
solving

Choose the correct
reagents

Second    
issue

Analyse clones  
balancing the  
technologies

Problem
solving

Define  workflows
Third    
issue

know the different
situations

Problem
solving

Safety

Accuracy

and

Efficiency 
at every step of the process

Critical thinking
expertise

collaboration of professionals



Brings home the message: Learning-Communication-Network

Asst Spedali Civili di Brescia
Dipartimento dei Servizi (SIMT/CLV)

Thanks for your attention
susanna.bresciani@asst-spedalicivili.it

Together,

we can!
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