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* We discussed how T cells become activated and that they cannot recognize
antigens directly unless these antigens are presented by antigen-presenting cells
(APCs) such as macrophages, dendritic cells, and B lymphocytes.
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* These APCs display the processed antigen on their plasma membrane bound to
membrane glycoproteins called major histocompatibility complex (MHC)
molecules, which are crucial for activating T lymphocuytes. o

There are two types of MHC molecules: e
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MHC class I, which presents antigens to cytotoxic (CD8") T cells. cc . iinsoe
MHC class Il, which presents antigens to helper (CD4*) T cells.
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We also discussed how helper T cells play a central role in coordinating immune
responses. For example, AIDS patients have a deficiency of CD4* T helper cells,
which weakens their immune defenses and makes them susceptible to persistent

and recurrent infections.



e Early transfusions
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* In the past, physicians performed blood transfusions without understanding the underlying
science or the concept of blood group compatibility. They observed that transfusions
succeeded in some patients but caused severe, sometimes fatal, reactions in others.
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- Severe transfusion reactions, often fatal
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* In other cases, well-tolerated and beneficial (ngﬁii%:ij:i“‘;;
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* More than 100 red blood cell antigens have since been identified, but approximately 30
of them are commonly shared among different populations. | Take-horme) ol
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The ABO System

* Red blood cell surface antigens: glycolipids or glycoproteins

(Agglutinogens = Antigens) o lusiull @
cebeall aull oA ghas sle sagie

- Present on all cells in the body, not just blood cells 7 &= isa.
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- Agglutinogens “AKA antigens”: surface antigens (A,B) -~
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- Genes: A, B, O (maternal, paternal alleles) T At
- Genotypes: 00, 0A, OB,AA, BB,AB 2 ottt
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» Agglutinins “AKA antibodies” (immunoglobulins): anti-A, anti-B -,
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- Agglutination is a reaction that occurs when an antigen binds specifically to its
corresponding antibody, resulting in the clumping of red blood cells (RBCs).
- This reaction can be observed either with the naked eye or under a microscope.
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2 Blood type, which is defined by the specific antigen expressed on the surface
of red blood cells, is inherited from both parents. 12 5 A

o In the ABO blood group system, there are three main alleles — IA, IB, and i. 5

o Each individual inherits one allele from each parent, and the combmatlon of
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these two alleles determines the person’s blood type.

e There are six possible genotype combinations in the ABO blood group system.

o Individuals with the genotype ii (formerly written as OO) have blood type O,
because the i allele is recessive and does not produce any antigen on the red blood
cell surface.

o Individuals with the genotypes IAi or IAIA have blood type A, since the IA allele is
dominant and produces the A antigen.

o Individuals with the genotype IAIB have blood type AB, because both alleles are
codominant, leading to the expression of both A and B antigens.

o Individuals with the genotypes IBi or IBIB have blood type B, because the IB allele
is dominant and produces the B antigen. ‘=% ..
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A key feature of the ABO blood group system is that individuals naturally
develop antibodies (agglutinins) against the antigens (agglutinogens) that
they do not possess. These antibodies typically appear within the first few «
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months after birth, without any prior exposure to other blood types. ;-
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e The exact mechanism behind this natural antibody formation is not
completely understood, but several hypotheses exist.

e One widely accepted explanation is that after birth, exposure to
environmental antigens, such as those present in food or the normal gut
microbiota, stimulates the immune system to produce these anti-A or anti-B
antibodies. ;55— il
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* Antibodies, mostly
IgM and IgG
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o As shown in the figure, after birth thereis a
gradual rise in the titers of natural antibodies
(agglutinins) directed against the ABO antigens
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o Specifically, anti-A antibodies develop in
individuals with blood types B and O, while anti-
B antibodies develop in individuals with blood
typesAandO. | ... ..o

=) lsin 10-8 oo sie G 5,100 dlar
ool sl (o ey LS Gyl (8 2l o Loy 5 Bl (sl | Ty cclld ange

N

o

o
|

Anti-A agglutinins in
groups B and O blood
300 = el e sl @

wolel slsius = (O B Jiliad 5d) aNti-A Jiay yas¥l bille
JiTslsiue = (O A Jiliad () anti-B Jias 3,5Y1 Lalle
ot piing ¥ S0 elay (gsieall (A8 B pblall e syt

200 A

Anti-B agglutinins
in groups A and
O blood

Average titer of agglutinins
o
o

o These antibody titers increase during 0 T ——
childhood, peak around 8-10 years of age, and 0 10 20 30 40 50 60 70 80 90 100
then gradually decline in the middle of age. Age of person (years)
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Blood Groups
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o The main principle of blood

transfusion compatibility is to avoid

transfusing red blood cells (RBCs)

that possess antigens recognized by
~..the recipient’s antibodies.
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c o Both the donor and recipient have
RBC antigens and plasma antibodies,
but it is the recipient’s immune
system that determines whether a
transfusion reaction will occur.
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< Therefore, the donor’s RBC antigens

must not include any antigens that
the recipient’s antibodies can
recognize, thereby preventing
immune-mediated hemolytic
reactions.
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Blood Typin
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-The principle of ABO blood typing is based on agglutination reactions that occur when specific
antibodies in the test sera bind to their corresponding antigens on red blood cells.
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-Two types of antisera are used:

one containing anti-A antibodies and the other containing anti-B antibodies.
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1.Anti-A serum — saill ss 8sbias alual le $sing A,
2.Anti-B serum — weaiill sa suliae sl le $53a B.
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A small blood sample is mixed separately with each antiserum, and the presence or absence of .- sssnion 2 4
agglutination (clumping) is observed:
Agglutination with anti-A serum only — Blood type A (A antigen present).
Agglutination with anti-B serum only — Blood type B (B antigen present).

Agglutination with both sera — Blood type AB (both A and B antigens present).
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Anti-B

No agglutination with either serum — Blood type O (no A or B antigens present). S,
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o Each antibody molecule has two or more antigen-binding
sites, allowing it to attach to more than one RBC at a time.

As a result, each red blood cell becomes linked to several
antibodies, and each antibody connects multiple cells, forming a
network of cross-linked cells that appears as visible clumps.
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- Although agglutination may look similar to clotting, it is not the same process — no fibrin sl Ol
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is formed, and the mixture typically appears as a grainy or slightly cloudy fluid.
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e Hemolysis resulted from red blood cell (RBC) agglutination can be immediate or delayed, s>«
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depending on the underlying immune mechanism. romonss
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o If hemolysis is caused by macrophage activation and phagocytosis of antibody-coated RBCs, it is
considered delayed hemolysis, which usually develops over several hours to days.
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o In contrast, immediate hemolysis occurs when antibody binding activates the complement
system, leading to rapid destruction of RBCs within minutes. e aE
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o This reaction depends on the antibody type and titer — when IgM levels are high, there is a greater
likelihood of immediate, complement-mediated hemolysis during transfusion reactions.
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- Hemoglobin released from RBCs is phagocytosed by macrophages, mainly in the liver and spleen,
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and broken down into bilirubin, which may cause jaundice s wss wa s s i ypuar S0 o Bl Bl et ioodn =
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o However, the main concern is the activation of the immune system: macrophages release s

s Lageas ((Microcirculation
# Laalle

cytokines, initiating an inflammatory response. This inflammation causes vasodilation and ".«
increased vascular permeability, allowing fluid to leak into tissues and reducing blood volume;”
which can lead to circulatory shock. Severe hypotension decreases blood flow to vital organs such
as the brain, and RBC agglutination can obstruct microcirculation, especially in the kidneys.
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* D ("Rh positive”) is prevalent (S% EA 100%/Africans) i

and particularly antigenic e X
» C and E can also cause transfusio reactions, e
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o In the Rh system, an Rh-negative person does not lmtlallg have anti-D antibodies, so the
first exposure to Rh-positive blood usually does not cause an immediate reaction.
However, the first exposure sensitizes the immune system, producing anti-D antibodies. A

subsequent exposure can then trigger a hemolytic transfusion reaction.
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-delayed mild transfusion reaction (can be unnoticeable)
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Anti-Rh Transfusion Reactions

* Naive Rh-recipient
(D
— usually no reaction initially =< =" 7
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— delayed reaction, usually mild hemolysis within
tissue macrophages
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- Any subsequent transfusion with Rh+ blood
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Clinical

rerspective F1€MOLYtic Disease of the Newbom o
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- Most anti-A is IgM, does not cross placenta
- ABO antigens not well developed in fetus

o
« Rhincompatibility (RhD+ fetus and Rh- mother) more common T
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+ This condition becomes concerning when an Rh-negative mother and an Rh-
positive father conceive a child, because the baby may be Rh-positive, potentially
triggering maternal sensitization and hemolytic disease in future pregnancies.
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Hemolytic Disease of the Newborn
(Erythroblastosis fetalis)

How Rh hemolytic disease develops
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at delivery

Rh-positive
baby’s blood
cells enter
mother’s
bloodstream
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Rh antibodies
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_ months later
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Rh antibodies
attack the
Rh-positive
baby’s blood
cells, causing
Rh disease
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o First Pregnancy (Sensitization): When an Rh-negative (Rh-) mother carries an
Rh-positive (Rh+) baby, fetal RBCs do not cross the placenta during gestation.
The mother is usually exposed and sensitized only at delivery. The resulting slow
primary immune response does not produce enough antibodies to harm the first
baby. SEoRims
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o Second Pregnancy (Pathology): A subsequent Rh+ pregnancy triggers a rapid
secondary immune response, resulting in high levels of 1gG anti-Rh antibodies.
IgG antibodies cross the placenta, enter the fetal circulation, and cause

(C mplications) Jsta! gilis fousaill piall dylae 3

massive hemolysis (RBC destruction). swmmowcs S o e e
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- This destruction leads to severe anemia and hyperbilirubinemia. Unconjugated
bilirubin accumulation in the brain can cause kernicterus (mental retardation).

- The fetus attempts to compensate through blood production in the liver and
spleen (extramedullary hematopoiesis), leading to the disorder known as

Erythroblastosis Fetaliss™ =5 _

Erythroblastosis fetalis
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Maternal antibodies cross the placenta and cause agglutination
and lysis of fetal erythrocytes

Fetal macrophages convert hemoglobin to = ;;u:w»% G
bilirubin — jaundice
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Anemic at birth; continued hemolysis 1-2months =i w0
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May have permanent neurologic damage from deposition of ===~
b|||rub|n In neural tissues (“'kernicterus”) D

ebd oliclas 5@
.(Blood-brain barrier) s Leall sseall Salall s o1 ey (0581 st ¢l Laguas) w1311 cpagabadle
s 5 .\JM\_;JrS)u

2l L3 il il LS ol 3 B3Lse plucs]

(Jaundice) ¢ Onoxladl @Sy

> Kernicterus (xils p2Los it
sl yLM )

(Mental retardation) slie <ilas o o0 415 2l S sross
s i les JL3 5 0

Pt it s Jrdls suSJl s bl 25 po 2]

(Kernicterus) (£loos als gloadl W] Gl Joso




adls a¥1 g Rh Jale 33155 aoe e @Sl (Hemolytic Disease of the Newborn) sa¥sll easa as Islasl (ays Bk T §y5eall
Sgdabll audl Jas® 1 Exchange Transfusion M Ol (58 Lol Gkl
Jeeaiilly 0l o]

cinicat Hemolytic Disease oftheNewborn: iz
Perspective Treatment ;‘i/ww e
il "R griall as Lpta 0
a1 ol S il e gL G131 g aladl ©

- Exchange transfusion involves the repeated removal of Rh-positive blood
and its replacement with Rh-negative blood, performed either before birth or
shortly after delivery (typically about 400 mL exchanged over 60-90
minutes), .2 T
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oltis replaced with Rh-negative blood because maternal anti-Rh antibodies in the {“M P

newborn’s circulation attack Rh-positive red cells.This procedure reduces hemolysis and
bilirubin production, although some tissue damage may have already occurred before
treatment.
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« May be done several times over a few weeks - ot gt i

Sl 6 ;
el O il gl bl A5 5),Sio Lo

ol us 5 oo Jalall laa

(oY ol sk o Jlssiead of Jalll ¢ Bia ¥ [“> Sl i
7 3t 21 JLa o3y (383 (ANHi-D) 30 SuLiakl aloua¥l © sl Sl Ourad JU5 Jabl o (o soliaadl oY1 plul Jlgj asy
( Ve asngll 2,05 o Sl *RN adl Lola (Ll ans© sl £ L1 e @il (Ken

Long-term replacement isn’t needed because matemal antlbodles disappear within
1—-2 months, so Rh-positive cells are no longer attacked.



oally a¥1 o Rh Jale 38155 aue (e sl (Hemolytic Disease of the Newborn — HDN) 85¥s!l &uaa i cpiall pa el G2y o= (Prevention) Llssll ¢ s 3 suall

cinical Hemolytic Disease of the Newborn:
Perspective Prev ent| on

SRh gl o s s Rh oY) e lio Sl ulund e 52 LlslT e gl
7 3 yilas Ba¥gll aay of Jasdl Llgs (o3 23U (@nti-D antibodies) s3als 3uliae aluad slae] sk oo ol 1iag

Prowde exogenous anti-D antibodies to the mother
in late pregnancy that don't cross the placenta and
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just after birth "= Sz

These bind to D antigenic sites on fetal
erythrocytes that enter the mother’s
circulation, preventing an immune
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o Why is there usually no concern about ABO incompatibility between the
mother and the fetus, for example, when the mother is blood type O and

° 9 Soiadly 41 o ABO E53 e pall ilad 33155 pe e 36 5ole Jlia 005 Y 15U
the baby is blood tupe B? 8 4 st ik 155 L
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That’s because: 7 fcsizmzes™
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1. The mother’s anti-A and anti-B antibodies are mainly IgM, which are large
molecules that cannot cross the placenta, so they cannot reach the baby’s
blood. e

Ciadl e il sl i
sl Ut il o Lol ole Susmsll B 5 A claszialle

/‘ 231 50 (196 Jie) BuLall pleual (e Byshm Lae iy of (i B Jo L Y olla) il uds L3 2y 54l LesT T
RO Alla o LS (558 au olasl saay ¥ il G

2. The A and B antigens on the fetal red blood cells are not fully developed,
making them less reactive even if a small amount of maternal IgG crosses
the placenta.
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cinical Blood Component Transfusion

Perspective
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 Processed into components
Packed Red Cells; Stored ~30-40 days S

- :(Plasma) Loyl .
- Plasma (dotting factors); Frozen N i v
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Platelets; Stored for 8-10 days “::Q“LWM
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- White blood cells; Rarely used -
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Occur because of mismatched blood v
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Redpient antibodies react against donor antigens = P
Either immediate or delayed agglutination and .?:: e
hemolysis’ = ... |
Fever, chills, shortness of breath; potentially g <=
shock, renal shutdown ) s et
Macrophages produce biliru bll1 Ms’i@:‘iﬁs“
08) Ol e — i badl] US alas aabiin ¥ a1 ) 5

With normal liver function, no jaundice unless
=400 ml blood hemolyzed in <1 day
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o During blood transfusion, our main concern is that the recipient must
not have antibodies against the donor’s red blood cell antigens, since
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this can cause hemolysis. . P e Tt

o When type O blood is giuen t5'a "r’“é“cflpleri‘t U)lth type A or B blood, there
is generally no problem because type O red cells lack both A and B
antigens, making them compatible with all blood types. Although type O
plasma contains anti-A and anti-B antibodies that could theoretically
react with the recipient’s antigens, the amount of donor plasma in one
or two units of whole blood is very small compared to the recipient’s
total blood volume. These donor antibodies become highly diluted, so
(euen if some hemolysis occurs, it is minimal and clinically insignificant.
N
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* Products of hemolysis cause powerful RIS
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- Immune-mediated circulatory shock i .
 Free hemoglobin can leak through e
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glomerular membranes into tubules— h|gh
quantities may block tubules
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- May require acute or even chromc R
hemodialysis
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