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Immunohematology

 Specialized branch of medical science studying clinical and
laboratory aspects of

— antigens of blood cells (mainly erythrocytes /transfusion
compatibility/, erythrocytes and thrombocytes /fetomaternal
Incompatibility/, leukocytes /TRALI, HLA system)

and

— Immune system (mainly antibodies and complement /HTR,
HON, AIHA/, event. efector cells /function tests/)




Immunohaematological Safety =
Compatibility
Compatible Blood Transfusion = substitution with
blood components selected to eliminate or

minimise iImmunohaematologically mediated
adverse effects

Compatibility Testing = all serologic tests and
clerical checks involved in determining the
compatibility between the donor and recipient




Adverse Immunohaematological Effects
of Blood Transfusion

» Immediate post-transfusion haemolytic reaction
...Intravascular haemolysis
... main cause: ABO incompatibility

 Delayed post-transfusion haemolytic reaction
... extravascular haemolysis
... main cause: alloantibodies to red cell antigens

 Alloimmunization to blood group antigens

... danger for next transfusions and pregnancies




Intravascular Haemolytic Transfusion Reactions

Immediate transfusion reactions
Usually due to antibodies in the recipient reacting with transfused
ABO incompatible red cells

« A and B antigens present at high density

* IgM, IgG1 or IgG3 anti-A, -B or -A,B avidly fix complement

* lysis due to C1>>>MAC cascade

 acute symptoms due to complement activation >>> C3a and Cba
>>> serotonin and histamine release from mast cells (vasoactive)
>>> hypotension and shock

 antigen/antibody/complement complexes >>> activate factor XIlI
>>>coagulation cascade >>> DIC >>> fibrin deposition in kidney
and haemorrhage
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Complement and Red Cell Haemolysis

Intravascular

C-activation by large dose of
red cells

>>> overwhelms regulatory

and phagocytic systems

>>> MAC + vasoactive peptides

N\

Extravascular
C-activation by small
dose

>>> CR on MPS




Complement and Red Cell Haemolysis

N\

Intravascular Extravascular
“last resort”
lysis phagocytosis

complement cleavage products are
vasoactive & chemotactic

>>> systemic inflammation

>>> severe systemic reactions
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Extravascular Lysis

* DHTR (Delayed Hemolytic Transfusion Reaction)
« HDN (Hemolytic Disease of Newborn)
« warm AIHA (Autoimmune Hemolytic Anemia)

E-1gG (with or without C3bi) are almost always destroyed
In the spleen.

E-IgM + C3 may be transiently captured by the liver.



Morbus haemolyticus Neonatorum (MhN)
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HDN Is a Multifactorial Disorder
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circulation circulation
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Erythrophagocytosis by Macrophages
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Antigens

« Membrane structures which are able to induce Immune
response:

—allo-reaction - response to ,,foreign® antigens

e . different antigens In recipient/donor or in
mother/fetus

— auto-reaction - pathologic aggression of
immune system to ,,own‘ antigens /AIHA/




Beispiel :
ABO-Blutgruppensystem
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2018 — 360 antigens, 322 in 36 BG systems, 14 in 5 BG
collections, 17 in LFA and 7 in HFA series
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Symbol ISBT Ch

Molecrlar Gene FOIROSOINE Protein or Iipid§ Size (kDa)® VC'opies per Bio.)égz'c:aI function
class symbol RBC
Transporter DI 010 17q21 Band 3 (CID233) 90 10° Anion exchanger [AE1]
or channel CcO 015 7pl4 AQP-1/CHIP28 28** 2x107 Water channel
JTK 009 18qll-ql12 Kidd 50 15x10° Urea Transporter [hUT-B1]
RH 004 1p34-p36 Rh (CID240) 30-32 2x10° RhAG(CD241)* - Amonium
Transporter
XK 019 Xp21.1 Kx 37 Transporter?
Receptor EX 008 1922-q23 DARC (CD234) 35-45 15x10° Recepror . vivax /chemokines /
(HIV-1 2)
KN 022 1q32 CR1 (CD35) 170-280 10° Receptor P. falciparum / C3b,
C4b
MNS 002 4q28-g31 GPA/B 36/20 10°/3x10° Recepror . falciparum (EBA-
(CD235A/CID235B) 175)f bacteria / viruses
CROM 021 1932 DAF (CID55) 70 6-15x 1.0'3 Recepror £. coli / Enterovirus
P 003 22gll-ter Globoside 10x10° Receptor Parvovirus B19
Adhesion IN 023 11pl3 CD44 80 5-10x10° Ligands= Hyaluronate, Colla-
gens I and VI, fibronectin, Ser-
glycin, ETA-1
IL\X 016 19p13 ICAM-4 (CID242) 42 3-5x10° Ligands= integrins a4f32 (and
a4p1, avp3 ?)
| 5 B 005 19q12-q13 Lu/B-CAM (CD239) 78-85 1.5-4x10° Ligand= Laminin (chain a5)
XG 012 Xp22-p32 XG1(Xg")/XG2(CD99) 22-29 150/960 ? ligand ?
OK 024 19p13.2 EMMPRIN 54-65 Leukocyte adhésion molecule
(CD147)/Ok* M6 (ligand = ?)
JIMEL 026 15q23-q24 JMH/SEMA7A 75-80 Semaphorin 7A (Cell attachment
(CDw108) through RGD sequence ?)
Enzyme ABO 001 9q34-q34.2 GlycosylTransferase 40-42 3-a-D-GalNAc/Gal-transferases
(A/B)
H 018 19q13 GlycosylTransferase 2-a-L-fucosyltransferase
(H= FUT1 / SE= FUT2)
LE 007 19p13 GlycosylTransferase 3/4-a-L-fucosyltransferase
(FUT3)
Y3 011 17q22.1- Carcwright 160 3x10° Acertylcholinesterase
22.3
KEIL 006 7932-q36 Kell (CID238) 93 3-6x10° Zn-Mertalloproteinase
DO 014 12p13.1- Dombrock 54-57 ADP-ribosyltransferase ?
132
Structure’ GE 020 2ql4-q21 GPC/D 32/23 2x10° Mechanical/elastic properties of
(CD236C/CD36D) red cell membrane and recepror
P. falciparim (BAEBL)
Others CH/RG 017 6p21.3 C4A/CAB fragments Complernernt fractions adsorbed orn
RBCs
SC 013 1p32-p34 Scianna 60 wrrkrown
RAPH 025 11pl5 MER2 40# 70-500# wnlernown




Principle of Detection (ABO, Rh)
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ABO system

« Antigens:

terminal sugars of glycoproteins (65-75%) and glycolipids (25-35%) of rbc membrane

— ,,histo-blood-group antigens* ... present on almost all epithelial tissues (exc.: not in CNS)

Subgroups with quantitative and qualitative differences (Al, A2 and several weak
subgroups: A3, Am, Ax, Ael etc. )

 Antibodies:

,,haturally occuring® ... produced in postnatal perion (detected in 3.-6.month, increasing to
5-6 year, then stable, decreasing in elderly and in immunodefficiencies)

Induced by exposition to foreign substances in the environment (bacteria, pollen, dust etc.)
with similar biochemical configuration on basis of response to NON-SELF antigens

IgM (high potential of complement activation) and 1gG (crossing placenta, mild forms of
HDN)

anti-A, anti-B, (anti-A,B /in gr.0/), anti-Al /in A2 v 2%, in A2B in 25%, frequent in weak
subgroups)
anti-H (cold antibody, not clin.signif.except in Oh/Bombay/




ABO system

Antigen (epitopes) number:
— Al:1x10°
— A2:0,2-0,3 x 10°
— newborn A: 0,2-0,3 x 10°

— A3:5x 10°
Frequency:

UHKT Germany USA(c) USA(b)  USA(a)
A 40 48 41 217 27
B 18 9 9 19 25
AB 85 4 4 4 8

0 335 39 46 50







Rh system

 Antigens:

— Second most important system
« Most frequent cause of HDN
» Most frequent alloantibodies
» Frequent target of autoantibodies

— RhD antigen — the most immunogenic rbc antigen — no allelic
counterpart — D- person are lacking whole RhD protein

— Very polymorfic system — more than 50 antigens, molecularly
defined more than 100 allels

— main Ags: D—-C—-c—E—-e—Cw ... alot of ohters (mostly HFA or
LFA)

— Function: membrane transport of ammonium (susp.)
 Antibodies:

— Immune origin (after contact with foreign rbcs), causing HDN and
HTR by exravascular hemolysis, not activating complement




Defining the Rh Blood Group Antigens™

Rh-positive Rh-negative
D . D _,.NoD
gene protein ~ protein
CE _. CcandEe ' _. CcandEe
gene ~ protein ~ protein

*J. P. Cartron in Blood Reviews (1994) 8, 199-212

CIBT General Hospital and University Clinics Innsbruck Dr. Ch. Gassner 1998



RhD+ (D+ C+c+E+et) RHD-RHCe/RHD-RHcE

RhD- (D- C- ct+E- et) RHce/RHce
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Rh system

Frequency of Rh haplotypes:

caucasians africans aslans
DCe R1 RH1,2,-3,-4,5 42 6 73
dce r RH-1,-2,-3,4,5 39 20 2
DcE R2 RH1,-2,3,-4,-5 14 12 19
Dce RO RH1,-2,-3,4,5 2 59 3
dcE r”’ RH-1,-2,3,4,-5 1 <] <]
dCe r’ RH-1,2,-3,-4,5 1 3 2
DCE RZ RH1,2,3,-4,-5 <] <]
dCE Y RH1,2,-3,-45 <1 <]




Rh varianty se zménami v RHD
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Serologicka detekce variant:

» monoklonalni protilatky reaguji s malou presné
definovanou oblasti RhD proteinu = D epitopem

normalni: anti-epl+, anti-ep2 +

variantni:anti-ep1l+, anti-ep2 -
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Models of the Structure of MinorBlood Group
Ac tive Proteins
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Clinical Significance of Antibodies
Reactive at 37C

Usually Sometimes Never ?
ABO Cartwright (Yt?) Bg
Rh Lutheran (LuP) Ch/Rg
Kell Gerbich Lewis (Leb)
Duffy Lan Kn/Mc/Yk
S,s,U Dombrock JMH
P Ata Xg2
Kidd Inb

Vel

Csa

From Garratty, 1998



Historical Aspects of Compatibility

Pre-laboratory era - “compatibility by chance”

- The efforts to substitutee blood loss by transfusion recorded
centuries ago

- Because of the use of animal blood or human (but often ABO

Incompatible) the results were unsatisfactory (as in case of Pope
Innocent VII in 1492)

- From 1667 to 1829 blood transfusions were illegal

-1829 ... James Blundell succesfully transfused human blood In
a case of postpartum haemorrhage

.. but the results still were unpredictable and transfusions were
used only as a last resort
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Historical Aspects of Laboratory
Compatibility Testing (1)
Overview of major contributions:
o |.
1900 - Landsteiner’s discovery of A,B and O groups
= Beginning of Immunohaematology and Transfusion Medicine

1902 - Group AB (Decastello and Sturli)

(Independent parallel discovery of the four groups /I-11-111-1VV/ by a
Czech doctor Jan Jansky)

1900-1944 - Compatibility based on the knowledge of ABO status of donor
and recipient and on test methods detecting ,,in-vitro* agglutination or
haemolysis in a simple saline system

= Prevention of Fatal Transfusion Reactions - Intravascular
Haemolysis Due to ABO Incompatibility




Historical Aspects of Laboratory
Compatibility Testing (2)

o |l.
1939 - Rh system described by Levine and Stetson

= Prevention of Alloimmunization Against RhD

1945 - Agglutination enhancement with bovine aloumin (Diamond et
al)

1945 - Antiglobulin Test (Coombs et al)
1947 - Enzyme Test (Morton and Pickles)

1974 - LISS antigen- antibody interaction enhancement (Low and
Messeter)

= Prevention of ,.In Vivo* Red Cell Destruction Caused by
Incomplete (IgG) Antibodies




Historical Aspects of Laboratory
Compatibility Testing (3)

e |V
Last two decades:
- attempts to increase the sensitivity of serologic methods

1980 - Lalezari et al. - Polybrene Test
1984 - Plapp et al. - Solid Phase Test
1987 - Nance and Garratty - Polyethylene-Glycol (PEG) Test

1990 - Lapierre et al.: Gel Agglutination Test

= Increased Sensitivity, Reproducibility and Reliability of
Serologic Methods
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Methods in erythrocyte
Immunohematology

e serologic tests
— antibody detection In serum/plasma
— antigen detection (phenotyping)

* DNA techniques - genotyping
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Serologic tests

e saline test (,direct agglutination” test|
- IgM
 Coombs test (Antiglobulin Test)
- 1gG
— reactions with secondary antibody (AGH) = anti-IgG + anti- C3d

— direct
— Indirect

* enzyme test
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Increasing of sensitivity of IgG tests

e LISS (Low lonic Strenght Solution)
* polyethylene-glycol (PEG]
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Saline test

MNaCl - Milieu

0,9 % NaCl
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Direct Coombs test (DAT)




Direct Coombs test (DAT)




Direct Coombs test (DAT)
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Direct Coombs test (DAT)
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Indirect Coombs test (IAT)




Indirect Coombs test (IAT)
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Enzyme test

- protease treatment (bromelin, papain, ficin)

- decrease of negative charge of the cell membrane
- destruction of some antigens (MNSs, Duffy)




Enzyme test




Enzyme test
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Enzyme test
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Enzyme test
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TECHNIQUES

* tube test
* solid phase test
* gel test (column agglutination)
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Eeizpiel:

Anti-A Antikdrper Erythrozyten mit Antigen A Agglutination
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