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LE ANEMIE EMOLITICHE

: Il processo e fisiologico (eritroptosi) ed avviene in sede;

.EXTRAVASCOLARE nell’lorgano emocateretico per eccellenza che & Ia-

' MILZA e, in misura minore nel FEGATO e nel MIDOLLO OSSEO, ad opera .
:\ " - delle cellule macrofagiche (sistema reticolo endoteliale) che eliminano iz
VN = globuli rossi pitl vecchi ed operano con finalita di riciclo
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i Emolisi processo che porta alla ™

- :
I distruzione del globulo rosso ’
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T ,/ =E’ un processo patologico quando sono presenti condizioni =
{/' = INTRINSECHE od ESTRINSECHE all’eritrocita, che determinano unaE

EACCELERAZIONE del processo fisiologico con RIDUZIONE della E
Esopravvivenza eritrocitaria e dell’emoglobina e possono avvenire in sede 1
= INTRAVASCOLARE, EXTRAVASCOLARE o entrambe
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LE ANEMIE EMOLITICHE

Anemie
emolitiche

Da causa
estrinseca

Da causa
intrinseca

Da cause
Autoimmuni estrinseche NON
autoimmuni

Da difetto di
membrana

Emoglobinopatie Enzimopatie




LE ANEMIE EMOLITICHE:
approccio diagnostico

EII processo diagnostico € rappresentato da tappe OBBLIGATORIE, la cui:
= successione e dettata da un processo LOGICO

=La raccolta della storia clinica e l'esame obiettivo sono atto:
= imprescindibile.

'anamnesi familiare e personale sono fondamentali per:
Orientamento diagnostico
Prospettare e pianificare indagini (counselling genetico)
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Anemie emolitiche autoimmuni:
epidemiologia

v’ Incidenza 0,8-3x10° /anno
v Prevalenza 17:100.000
v Mortalita 11%
v Rare nel bambino 0,2x10° /anno

v’ Predominanza femminile




Autoimmune hemolytic anemia, autoimmune neutropenia and aplastic
anemia in the elderly

Wilma Barcellini™*, Bruno Fattizzo”, Agostino Cortelezzi”

2 UOC Oncoematologia, Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico di Milano, Italy
> U0OC Oncoematologia, Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico di Milano; Universita degli Studi di Milano, Italy

European Journal of Internal Medicine 58 (2018) 77-83

Table 1
Clinical characteristics of AIHA patients according to age at onset.

> 65 years N = 205 < 65yearsN = 173 P value

Baseline characteristics

M(%)/F (%) 79(39)/126(61) 56(32)/117(68) ns
Hb g/dL 7,7 (2—13) 6,8 (2—10) 0.003
LDH U/L 687 (164-12,028) 773 (160-9149) 0.03
Retyculocyte x 10%/mme 151.5 (22-644) 175 (13-780) 0.09
Warm AIHA (N%) 106 (51.8) 87 (50.3) ns
CAD N (%) 70 (34.2) 39 (22.6) 0.01
Mixed AIHA N (%) 26 (12.6) 30 (17.3) ns
Atypical AIHA N (%) 3(1.4) 17 (9.8) 0.0007
Treatment

N° of first therapy lines 188 (91.7) 155 (89.5) ns

N° of further therapy lines 81 (39.5) 91 (52.6) 0.01
Complications and fatality

Infections N (%) 28 (13.7) 24 (13.8) ns
Thrombosis N (%) 39 (20) 17 (9.8) 0.01
Acute renal failure N (%) 5 (2.4) 3(1.7) ns
ACA + N (%) 6 (2.9) 7 (4) ns
Evans syndrome N (%) 6 (2.9 17 (9.8) 0.009

Death-AIHA related N

(%)

85 (41.6)-4(4.7)

77 (44.5)-7(9)

ns



5 DOMANDE PRIMA DI PORRE DIAGNOSI DI
ANEMIA EMOLITICA IMMUNE

1. Negli ultimi 3 mesi il paziente e stato sottoposto a trasfusione?

2. |l paziente e stato sottoposto a trapianto di midollo allogenico o di
organo solido?

3. Quali farmaci ha assunto o sta assumendo il paziente

4. Cipossono essere altre cause di emolisi?

5. Nel neonato: malattia emolitica del neonato?



Detecting alloantibodies in patients with autoantibodies

TABLE 1. RBC alloantibodies in patients with warm

autoantibodies

Number of Percentage

alloantibodies found/  of sera with

Reference number of sera tested alicantibodies
Morel et al.t 8/20 40
Branch and Petz” 5/14 36
Wallhermfechtel et al.’?* 19/125 15
Laine and Beattie'* 41/109 38
James et al.'>* 13/41 3z
Issitt et al."" (alloadsorptions)t  13/34 38
Issitt et al."' (autoadsorptions)t  5/41 12
Leger and Garratty'%t 105/263 40
Totals 209/647 32

¢ Forty-two to 77 percent of alloantibodies were not evident be-
fore adsorption.

1 Calculations excluded autoantibodies that mimicked alloantibod-
1es.

T Serawere first tested for autoantibodies using low-ionic-strength
saline solution. When autoantibodies were initially detected us-
ing PEG, 47 percent of sera contained alloantibodies.

TRANSFUSION 1999;39:6-10.



Type of AIHA Etiology
Warm AIHA Hematologic disorders and lymphoproliferative diseases (CLL, Hodgkin's and non-Hodgkin's lymphoma)

C LASSI FICAZIO N E Solid malignancy (thymoma, ovarian or prostate carcinomal)
SI E Ro LOG ICA Autoimmune diseases (SLE, Sjigren syndrome, sytemic sclerosis, rheurnatoid arthritis, colitis ulcerosa, PEC)

Viral infections (HOV, HIV, V2V, OV, SARS-CaoV-2)

Bacterial infections (tuberculosisis, pneumococcal infections)
Leishmania parasites
Bone marrow or solid-organ transplantation
Primary immune defidency syndromes (CVID, ALPS)
Sarcoidosis
CAD Lymphoproliferative diseases (Waldenstrdm macroglobulinemia, non-Hodgkin's lymphoma)
Solid malignancy
Infections (parvovirus B19, Mycoplasma sp., EBY, adenovirus, influenza virus, VZV infections and syphilis)
Autoimmune disease
Post-allogeneic HSCT
PCH Bacterial infections (Mycoplasma pneumoniae, Haemophilus influenzae, Escherichia coll infections and syphilis)
Viral infections (adenovirus, influenza A virus, V2V infection; mumps, measles)

Myeloproliferative disorders

Mixed AIHA Lymphoma
SLE
Infection
DIHA Antibiotics (cephalosporins, beta-lactamase inhibitors, cotrimoxazole)

Antiviral drugs: HAART

Anti-PD-1 monodaonal antibodies (nivolumab, pembrolizumakb)
Chemotherapy (carboplatin, oxaliplatin)

Non-steroidal anti-inflammatory drugs (diclofenac)

Others: methyldopa

AlHA autoimmune haemolytic anaemia, ALPS autoimmune lymphoproliferative syndrome, anti-PD-1 anti programmed death-1, CAD cold agglutinin disease, CLL
chronic lymphocytic leukaemia, GMV cytomegalovirus, CVID common variable immunodeficiency, DIIHA drug-induced immune hemolytic anaemia, EBV epstein-
barr virus, HAART highly active antiretroviral therapy, HCV hepatitis C, HIV human immunodeficiency virus, HSCT haematopoietic stem cell transplantation, PEC
primary biliary cirrhosis, PCH paroxysmal cold haemoglobinuria, SLE systematic lupus erytremathosus, VZV varicella zoster virus



DAT negative
Da IgM calde
Da IgG fredde

DIAIHA Da IgA

ANEMIE
EMOLITICHE ATIPICHE

/ PCH

/ ANEMIA EMOLITICA DA

ANTICORPI FREDDI

ANEMIA EMOLITICA DA
ANTICORPI CALDI



DRUG INDUCED AHA

Hapten and drug adsorption mechanisms
Drugs such as penicillins, cephalosporins, tetracycline, carbromal, hydrocortisone,
oxaliplatin, and tolbutamide

Immune/ternary complex mechanisms
Drugs such as stibophen, metformin, quinine, quinidine, cephalosporins,
amphotericin b, rifampicin, antazolinc, thiopental, tolmetin, probenecid,
nomifensine, cephalosporins, diclofenac and doxepin

Autoantibody mechanism
Drugs such as cephalosporins, tolmetin, a-methyldopa, .-dopa, mefenamic acid,
teniposide, pentostatin, cladribine, fludarabine, lenalidomide, procainamide and
diclofenac

Non-immunologic protein adsorption
Cephalosporins, carboplatin, cisplatin and oxaliplatin

Unknown methods of AIHA causation
Drugs such as mesantoin, phenacetin, insecticides, chlorpromazine,
acetaminophen, ibuprofen, thiazides, omeprazole, carboplatin, nalidixic acid,
erythromycin, and streptomycin




QUANDO SOSPETTARE UNA AEA

Anemizzazione di n.d.d

Difficolta determinazione gruppo ABO-Rh

TCI positivo panagglutinante

TCD positivo




APPROCCIO DIAGNOSTICO



E’ PRESENTE EMOLISI?

Tests di laboratorio:

> Bilirubina indiretta

» Reticolociti (generalmente aumentati)
» LDH aumentata
» Aptoglobina ridotta

» Striscio di sangue periferico: sferociti, policromasia,
agglutinazione

» Esame urine: se emolisi intravascolare emoglobinuria




L'EMOLISI E' IMMUNE?

Test di Coombs Diretto: positivo per immunoglobuline (IgG, IgM o IgA) e/o
complemento

ATTENZIONE FALSI POSITIVI

* Disordini alloimmuni

* Assorbimento non specifico dell’ Ig anti-farmaco
* Terapia con Ig ad alte dosi



MECCANISMI PATOGENETICI

'agente causale:

1. Si lega ad un antigene eritrocitario e ne modifica la normale via di
degradazione

2. Contiene una struttura antigenica simile a quella di un antigene eritrocitario
(molecular mimicry)

3. Induce modificazioni di un antigene eritrocitario (alfa-metildopa)



Direct antiglobulin test

Patient erythrocytes coated with
autoantibodies

Serum directed to human IgG or
complement C3c/d

Agglutination patient
3

T1CD

/

»

positive

|

Polyspecific direct antiglobulin test
positive

v




Spontaneous agglutination

Spontaneous agglutination of patient
erythrocytes coated with IgM

CAS: autoagglutinazione intensificata a 4° C e sirisolve
a 37° C.
D.D. con formazione diroleaux e con agglutinazione
da anticorpi caldi che non sirisolve a 37° C

o A2
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The NEW ENGLAND JOURNAL of MEDICINE

Autoimmune Hemolytic Anemias

12G Warm Antibody—Mediated Autoimmune Hemolytic Anemia " -




ALGORITHM FOR A DIAGNOSTIC WORKUP OF
AUTOIMMUNE HEMOLITYC ANEMIA (AIHA)

Anemia

'

Hemolytic markers (increased unconjugated
bilirubin, increased LDH, increased reticulo-

cytes, decreased haptoglobin)
Consider confounding factors (Gilbert's L Mo
syndrome, hypohaptoglobinemia, necrosis

Mot hermnolytic anemia

Li

or increased turnover, vitamin or iron
deficiency)

[
Yes

J

Morphologic features of blood smear:

Typical findings on microscopy are
anisocytosis, spherocytes, polychromasia,
nucleated rad cells in warm AIHA, and
agglutinates in CAD or CAS

Mormal findings do not rule out AIHA




Yes

'

Morphologic features of blood smear:

Typical findings on microscopy are
anisocytosis, spherocytes, polychromasia,
nucleated red cells in warm AIHA, and
agglutinates in CAD or CAS

Normal findings do not rule out AIHA

'

DAT

— Negative

Positive

:

DAT with monospecific antisera

Probably not AIHA

L

Rule out other causes of hemolysis (congenital,
toxic, mechanical, drugs, paroxysmal nocturnal
hemoglobinuria)

Consider more sensitive DAT methods in refer-
ence labs (microcolumn, solid phase, cold
washes, ELISA, flow cytometry, dual DAT,
mitogen-stimulated DAT)




DIAGNOSI DI LABORATORIO

Ricerca anticorpi
eritrocitari nel
siero

Eluizione
anticorpale

dell’antiglobulina

(DAT) o test di
Coombs diretto

Test diretto |

|dentificazione di Tipizzazione

Ricerca emolisine eventuali eritrocitaria
mono e bifasiche alloanticorpi (almeno fenotipo
associati Rh completo e kell




TAD: test di Coombs diretto

Il TAD da solo non definisce una condizione di AEA:

puo risultare positivo in individui sani e in pazienti senza evidenza di
emolisi (<0,1% dei donatori sani e nello 0,3-8% dei pz ospedalizzati)
Puo rimanere positivo in pazienti con AEA in remissione clinico

Puo essere positivo per altre circostanze (alloimmunizzazione, farmaci)



TEST DI ELUIZIONE

Dissociazione degli anticorpi dalle emazie mediante impiego di clorochina
difosfato o glicina/EDTA in modo da poter tipizzare le emazie trattate o

utilizzarle per ulteriori test sierologici.

ANEMIA EMOLITICA AUTOIMMUNE
MEN

Reazioni post-trasfusionali




AEA: specificita dell’autoanticorpo

* Principalmente rivolta verso Ag del sistema Rh, ma non solo

* Anche: Lw, Kell, kidd, duffy, Diego

Raramente autoanticorpi caldi posono presentare specificta rivolte verso Ag
apparentemente non espressi: anti-E, anti-e, anti-c.

In questi casi e molto difficile distinguere se l'anticorpo sia di natura autoimmune o
alloimmune: tuttavia le cellule prove dell’Ag possono adsorbire l'anticorpo




TAD E LIMITI SOGLIA TEST

Test in provetta>=500 molecole Ac/GR
Microcolonna e fase solida>= 200/300 molecole Ac/GR

Specificita/sensibilita: fase liquida: 87%-43%
Microcolonna e fase solida:70-95%



Positive

:

DAT with monospecific antisera

¢ Y

;

v

Rule out other causes of hemolysis (congenital,
toxic, mechanical, drugs, paroxysmal nocturnal
hemoglobinuria)

Consider more sensitive DAT methods in refer-
ence labs (microcolumn, solid phase, cold
washes, ELISA, flow cytometry, dual DAT,
mitogen-stimulated DAT)

lgG+, C3d+/-,

lgG+, C3d-, IgM- gM-+/—

C3d+, 1gG+/-,
lgM+/-

: :

;

— Yes —»

Warm AIHA IgG Cold agglutinin titer
Warm AIHA 1gG+C  |=— No — =64
|
Yes
Y ¢
Consider that 3—10% of AIHAs are DAT- - Mixed AIHA

negative. A false positive DAT may

occur in several conditions (hyper-
gammaglobulinemia, paraproteins,
therapy with IVIG or daratumumab).
The DAT may be positive for alloanti-
bodies in recently transfused patients.

Consider Donath—Landsteiner test (PCH)
in cases with a DAT positive for C3 only
and no detectable cold agglutinin

CAD or CAS
Y
Underlying disease |~ Yes —= CAS

' '
No

* Workup for associated

disease
CAD

Bone marrow evaluation,
electrophoresis




DIAGNSOTIC TEST FOR

AUTOIMMUNE HEMOLITYC
ANEMIA (AIHA)

Test or Analysis
Hemoglobin

LDH, unconjugated
bilirubin,
haptoglobin

Absolute reticulocyte
count

Free hemoglobin

Polyspecific (simple)
DAT

Monospecific (extended)
DAT

Cold agglutinin titer

Donath—Landsteiner test

Immunoglobulin class
quantification

Serum protein
electrophoresis

Immunofixation

Bone marrow biopsy

Flow cytometry

Specimen
Blood
Serum or plasma

Blood

Urine, or serum or
plasma

Blood

Blood

Serum or plasma

Blood

Serum or plasma

Serum or plasma

Serum or plasma

Bone marrow

Bone marrow
aspirate

Purpose
Detect anemia

Detect hemolysis

Verify increased erythrocyte
turnover

Detect hemoglobinuria or free
hemoglobin in blood

Detect immunoglobulin,
complement, or both on the

erythrocyte surface

Identify immunoglobulin class
or type of complement
protein on the erythrocyte
surface

Comments

Elevated LDH and bilirubin levels,
low or undetectable haptoglobin
levels, or both indicate hemolysis

Counts above normal support
hemolysis, but the count may be
normal or low

Shows intravascular hemolysis

Positive test supports autoimmune
pathogenesis; test is negative
(DAT-negative AIHA) in 3-10% of
affected patients

Required for classification and for
diagnosis of purely 1gA-mediated
AIHA; positive test for C3d
indicates IgM involvement

Semiquantitative assessment of Specimen must be kept at 37-38°C

cold agglutinins

Detect biphasic autoantibody
in paroxysmal cold
hemoglobinuria

Abnormal levels occur
in common variable
immunodeficiency and,
often, in monoclonal
gammopathies

Detect monoclonal
immunoglobulin or
hypogammaglobinemia

Identify low-concentration
monoclonal
immunoglobulin, in
particular in CAD

Detect and classify
bone marrow disorders

Detect clonal bone marrow
disorder

from sampling until separation of
serum or plasma from clot or cells

Indicated mainly for acute hemolytic
anemia in children

If cold agglutinin is present, specimen
must be kept at 37-38°C from
sampling until separation of
serum or plasma from clot or cells

Indicated in CAD; indicated in warm
AIHA if treatment fails or if bone
marrow disorder is suspected




HISTOLOGIC FEATURES OF COLD AGGLUTININ-
ASSOCIATED LYMPHOPROLIFERATIVE BONE MARROW
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Nodular lymphoid infiltrates in a sample from a trephine biopsy of
bone marrow are characterized by an intraparenchymal rather than
paratrabecular location




Review

Diagnosis and treatment of autoimmune hemolytic anemia in adults:

Recommendations from the First International Consensus Meeting

Ulrich Jager™', Wilma Barcellini”, Catherine M. Broome®, Morie A. Gertz’, Anita Hill", _
Quentin A. Hill®, Bernd Jilma', David J. Kuter®, Marc Michel”, Marco Montillo’, Alexander Roth/,

n,0,*

Sacha S. Zeerleder"™, Sigbjgrn Berentsen

e All patients should have baseline values of LDH, bilirubin, hap-

toglobin, reticulocyte count, and review of peripheral smear
(looking for spherocytes with wAIHA, RBC aggregation with CAD,
and schiztocytes to exclude thrombotic microangiopethies) (99%
agreement).

The direct antiglobulin test (DAT) should be performed with
monospecific antisera (anti-IgG, anti-IgA, anti-IgM, anti-C) (96%
agreement).

It is advisable to consider that about 5-10% of AIHAs may be DAT
negative (85% agreement).

In case of DAT negativity, other causes of congenital or acquired
haemolysis should be considered, but if no alternative is found, the
DAT should be performed with more sensitive methods in a re-
ference center (99% agreement). If sensitive tests are not available,
a trial of corticosteroids may be considered.

All wAIHA patients should be evaluated for underlying autoimmune
diseases (ANA, RF, antiphospholipid antibody), lymphoproliferative
disorders (flow cytometry of peripheral blood, review of peripheral
blood smear, possible CT scan assessing for lymphadenopathy and
splenomegaly) or immune deficiency (serum protein electrophoresis
with immunofixation) disorders (93% agreement).



Review

Diagnosis and treatment of autoimmune hemolytic anemia in adults:
Recommendations from the First International Consensus Meeting
Ulrich Jager™', Wilma Barcellini”, Catherine M. Broome®, Morie A. Gertz’, Anita Hill®,

Quentin A. Hill®, Bernd Jilma’, David J. Kuter?, Marc Michel", Marco Montillo’, Alexander Roth/,
Sacha S. Zeerleder"™, Sigbjgrn Berentsen™"*

e Diagnosis of CAD should include DAT (C3d+), a cold agglutinin
titre and bone marrow examination (at least by histology and flow
cytometry) (87% agreement).

e Primary CAD should be differentiated from secondary CAS (88%
agreement).

e All patients with suspected CAD should be evaluated for clonal B cell
disorder with SPEP, immunofixation, peripheral blood and bone
marrow flow cytometry, bone marrow biopsy, and, if indicated, CT
scans looking for lymphadenopathy and splenomegaly (96%
agreement).

e Baseline assessment for signs of acrocyanosis in patients with CAD
(93% agreement).

e In patients with DAT positive for IgG and C3 and presence of
symptoms of CAD, mixed AIHA should be considered and diagnosed
by performing CA test and titer (92% agreement).

e Diagnostic uncertainty after AIHA evaluation in a patient with fit-
ting history should elicit the performance of a Donath-Landsteiner
biphasic test in an experienced laboratory (77% agreement).

® In a patient with hemolysis and DAT negativity, other non-immune
types of haemolysis should be excluded; if none are found, atypical
AIHA should be considered and pursued with appropriate diagnostic
tools in reference centers. Clinical severity and increased relapse
risk should be taken into consideration (90% agreement).




PROGRAMMA DI TIPIZZAZIONE
ERITROCITARIA ESTESA



TIPIZZAZIONE ERITROCITARIA SIEROLOGICA ESTESA (numero di antigeni tipizzati)
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IL PASSATO
ANDAMENTO DELLATTIVITA’ DI TIPIZZAZIONE: DONATORI SAN MARTINO (EMONET)

PROFILO 1 PROFILO 2
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ANDAMENTO DELLATTIVITA’ DI TIPIZZAZIONE: ALTRI CENTRI - GASLINI, ASL3, GALLIERA,

LAVAGNA, LA SPEZIA (EMOMASTER)
PROFILO 1
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NUMERO DI DONATORI TIPIZZATI ESTESAMENTE CON METODICA SIEROLOGICA
Profilo: Fy, Jk, Ss, Cw, Kp

Emonet+Emomaster
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ALTRO...I SEMESTRE 2021

1. Miglioramento del matching trasfusionale donatore : ricevente
85 (43) pazienti ematologici caratterizzati per genotipo Rh in biologia molecolare

2. Creazione di una genoteca di donatori r'r (Ccdee) & r”’r (ccdEe), per la riqualificazione
dello stato di RHD negativita (individuazione di assetto Del)

214 (104) campioni di DNA gia estratto, con 138 det. molec. gia effettuate

3. Creazione di una genoteca di donatori KK, per la rigualificazione dello stato di k
negativita

46 (15) campioni gia caratterizzati
4. Creazione di una genoteca per campioni sospetti varianti ABO
19 (17) campioni di DNA gia estratto e criopreservato

5. Creazione di una plasmoteca di campioni con titoli patologici di crioagglutinine



ERITROGENOMICA

Tipizzare gli eritrociti nelle condizioni in cui non e
possibile con i metodi sierologici

. : Distinguere auto-alloanticorpi
'applicazione delle metodiche 5 P

molecolari in

) : . Prevenire e gestire I'alloimmunizzazione nei
immunoematologia consente di:

pazienti a rischio
Ottimizzare la terapia trasfusionale

Prevenire e gestire anemie emolitiche immuno-
mediate






