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Medical Immunology - Lecture Summary
Self-tolerance and selected autoimmune diseases (SLE, Type 1 Diabetes,
Graves' disease)

Source: Lecture slides provided by the user (Medical Immunology - Lecture 14, Dr Anas Abu-Humaidan).

How to use this PDF
Memorize the disease tables first, then use the diagrams to connect: trigger/mechanism →
immune driver → target → clinical result.

1. Core concept: Self-tolerance
Type Where it happens Goal Main outcomes

Central
tolerance

Primary lymphoid organs (thymus for
T cells; bone marrow for B cells)

Remove or fix strongly
self-reactive lymphocytes
before they enter circulation

Deletion (negative
selection) and/or
receptor editing

Peripheral
tolerance

Peripheral tissues and lymphoid sites
after lymphocytes mature

Prevent self-reactive cells that
escaped central tolerance from
causing damage

Anergy, apoptosis,
and suppression by
regulatory T cells
(Treg)

Memory diagram
S e l f - r e a c t i v e  l y m p h o c y t e  |  + - - >  C e n t r a l  t o l e r a n c e  ( t h y m u s  /  b o n e  m a r r o w )  |  -  d e l e t i o n  O R
r e c e p t o r  e d i t i n g  |  + - - >  P e r i p h e r a l  t o l e r a n c e  ( t i s s u e s )  -  a n e r g y  O R  a p o p t o s i s  O R
s u p p r e s s i o n  b y  T r e g

 ينبرقلما ةكئلالماو ينلسرلما ظَفحو ينيبنلا مَهف كلأسأ ينإ مهللا
امًلع يندزِو ،ينتملّع امب ينعفناو ،ينعفني ام ينملّعو ،ينفراعلا حوتف يّلع حتفا مهللا

احًلاص يلمعو اعًفان يملع لعجاو ،ّيلع لا يل ةًجّحُ هملعتأ ام لعجا مهللا
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2. Autoimmune diseases: overview
Autoimmune diseases can be classified as organ-specific (focused on one organ) or
systemic (multi-organ). Risk is commonly influenced by genetic susceptibility (often
involving HLA) plus environmental factors.

3. High-yield disease table (memorize)
Disease Type Target Immune driver /

hallmark
Clinical result

Systemic Lupus
Erythematosus (SLE)

Systemic Multiple organs
(skin, joints,
kidneys, blood, etc.)

B cells produce
autoantibodies;
immune
complexes;
innate activation
(pDC/TLR →
IFN-alpha, NETs)

Multi-system
inflammation and
tissue injury

Type 1 Diabetes (T1D) Organ-specific Pancreatic beta cells
(islets)

T cell-driven
beta-cell
destruction (HLA
association)

Beta-cell loss →
hyperglycemia →
clinical diabetes

Graves' disease Organ-specific Thyroid Autoantibodies
against TSH
receptor mimic
TSH

Hyperthyroidism
+ goiter

4. Mechanisms in detail
4.1 SLE: breaking immune tolerance (step-by-step)
Step Mechanism What it leads to

1 Loss of adaptive tolerance → increased autoreactive B cells Start of autoantibody-prone
B-cell responses

2 Amplifiers: self-antigens + TLR ligands + BAFF/APRIL + T-cell
cytokines → germinal centers

More autoantibodies and
immune complexes

3 Innate defects: increased NETosis + impaired apoptotic
debris clearance + reduced phagocytosis

More available self-antigens →
stronger feedback loop

4 Innate sensing: TLR on pDC activated by immune complexes
→ IFN-alpha (plus NETs)

Inflammation amplification
and persistence

SLE loop diagram
I n n a t e  c l e a r a n c e  d e f e c t s  /  N E T o s i s  - >  s e l f - a n t i g e n s  +  i m m u n e  c o m p l e x e s  - >  p D C  ( T L R )
a c t i v a t i o n  - >  I F N - a l p h a  - >  B  c e l l s  ( a u t o a n t i b o d i e s )  +  T  c e l l s  ( h e l p )  - >  m o r e  i m m u n e
c o m p l e x e s  - >  m u l t i - o r g a n  i n j u r y  - >  ( c y c l e  c o n t i n u e s )

:”ةلسلس“ ـك اهيف يركّف .ضعبب ةطبترم لحارم ٣ لكش ىلع )ةبئذلا( SLE روّطتيو أدبي فيك صخّلت ةحفصلاه—مامت

1) Loss of adaptive immune tolerance

تاذلل لمّحتلا تدقف ةيفيكتلا ةعانلما ينعي
للخ ريصي نكل ،”اهنيمجاهت لا يمسج تانيتورب يذه“ نوملّعتي B و T ضورفلما ناك →

.)تاذلا مجاهت B cells autoreactive )B علطتف →

رثاكتت اهيلختو autoreactive B cells ـلا يّذغت تاراشإ )2

:زليس-يبِلل ”عفد يطعت“ ءايشأ ركذت ديلاسلا انه
• Self-antigens: هسفن مسجلا نم داوم  ( اصًوصخ  DNA/RNA ةيوون تانيتوربو ).
• TLR ligands: تلابقتسم  TLR لخاد  B cells ( لثم  TLR7/9) ـب زّفحتت  DNA/RNA.
• BAFF/APRIL: ـل ومنو ءاقب لماوع  B cells ( زليس-يبِلل ”دامس“ اهنأك ).
• T-cell cytokines: نم تادعاسم  T cells.

ريصي :ةجيتنلا
• Germinal centers ( برّدت“ ةيوافمللا دقعلا يف زكارم ” B cells)

.)تاذلا دض ةداضم ماسجأ( autoantibodies جتنت أدبتو•

يعانلما زاهجلا مادّق ”تاذلا ةدام“ ديزت ةيرطفلا ةعانلماب لكاشم )3

؟ريثك self-antigens راص لًاصأ شيل
• ↑ NETosis: علطت تلادعلا  NETs اهيف  DNA/ ديزت → تانيتورب  antigen.
• Impaired clearance of apoptotic debris: سيوك لاشنت ام ةتيلما ايلاخلا اياقب .
• Reduced phagocytosis: ةفيعض ةمعلبلا .

:ظفحلل ةدحو ةلمجب ةصلاخلا
germinal centers → autoantibodies → SLE → ةيتاذ TLR/BAFF → B cells زيفحت + تاذلا اياقب فيظنت للخ
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4.2 Type 1 Diabetes (T1D): stepwise pathogenesis
Step Mechanism Result

1 Reduced negative selection in thymus → escape of beta-cell
specific T cells

Autoreactive T cells reach the
periphery

2 Suboptimal development/function of beta-cell specific
Foxp3+ Treg

Less suppression of
autoreactive T cells

3 Activation in pancreatic lymph nodes (pLN) by APC from islets
→ Teff differentiation

Effector T cells are generated

4 Teff infiltrate islets → chronic inflammation Decreased beta-cell
function/survival

5 Inflammation generates neoautoantigens Epitope spreading and
worsening disease

6 Sufficient beta-cell loss Hyperglycemia → clinical
diabetes

T1D timeline diagram
T h y m u s :  e s c a p e  o f  a u t o r e a c t i v e  T  c e l l s  +  w e a k  T r e g  - >  p L N  a c t i v a t i o n  ( A P C )  - >  T e f f  - >
i s l e t  i n f i l t r a t i o n  - >  c h r o n i c  i n f l a m m a t i o n  - >  b e t a - c e l l  l o s s  - >  h y p e r g l y c e m i a

4.3 Graves' disease: key mechanism
Autoantigen/target Autoantibody action Outcome

TSH receptor Autoantibodies mimic TSH (stimulating the
receptor)

Hyperthyroidism and
goiter

Graves diagram
A n t i - T S H  r e c e p t o r  a n t i b o d i e s  - >  s t i m u l a t e  r e c e p t o r  ( l i k e  T S H )  - >  i n c r e a s e d  t h y r o i d
h o r m o n e  o u t p u t  - >  h y p e r t h y r o i d i s m  +  g o i t e r

 ةعانلما زاهج ناك ام ”ديدج“ دضتسم :ينعي
 وأ باهتللاا ءانثأ علطيب—فدهك هفوشي دّوعتم
.جيسنلا فلت

:ةرضاحلماب Type 1 Diabetes قايس يف
 رزج يف نمزم باهتلا ريصي الم•

/تارّيغت ببسي نكمم باهتللاا اذه ،سايركنبلا
β ايلاخ تانيتورب يف ليدعت/ريسكت

 فادهأ( neoautoantigens نّوكتتف•
)ةديدج

 ”عسوتي“ يعانلما موجهلا ريصي اذكبو•
  .β ايلاخ روهدت ديزيو

HLA ( اصًوصخ  HLA-DR) ةيساسلأا هتفيظو :
 ةدعاسلما T ايلاخ ىلع )antigens( تاديتببلا ضرع•

CD4+
 ,APCs (dendritic cells ىلع دوجوم MHC class II وه ينعي

macrophages, B cells).

؟ةيتاذلا ةعانلماب مهم شيل
 self-peptides ضرعت HLA تلايلأ/عاونأ ضعب•

 B cells دعاست → CD4+ T cells ليعفت لامتحا ديزت → ىلعأ ةءافكب
autoantibodies لمعت

Exophthalmos means abnormal bulging/protrusion of one or both eyes 
(the eyeball sits forward in the socket), often giving a “staring” 
appearance.

Most commonly it’s due to Graves’ disease (thyroid eye disease), where 
inflammation and swelling of tissues and muscles behind the eye push 
it forward.  
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Medical Immunology - Lecture Summary
(Lec 2 / “Lecture 16”)

Main theme: How mature B cells capture antigen, become activated (T-dependent vs
T-independent), and differentiate into plasma cells and memory B cells; plus a key effector
function of antibodies (ADCC).

1) Where mature B cells live and how they find antigen

Mature B lymphocytes continuously recirculate through secondary lymphoid organs in search of
antigen.

Most B cells enter follicles guided by CXCL13 (from follicular dendritic cells) binding CXCR5 on
naive follicular B cells.

Naive follicular B cells survive only for limited periods unless supported by signals from the BCR
and BAFF (BLyS) via the BAFF receptor.

Antigen capture and delivery to B cells (overview)
Antigen type / location Main “delivery” route to follicle Key idea

Small soluble antigens (< ~70 kD) Travel through conduits from subcapsular sinus to
follicle

Can contact specific B
cells directly

Large microbes & immune
complexes

Captured by subcapsular sinus macrophages and
delivered to follicles

Antigen kept
intact/native

Medium-sized antigens Captured by resident dendritic cells (medulla) and
transported into follicles

Facilitates B cell
activation

Immune complexes + complement Bind complement receptors (esp. CR2) on
marginal zone B cells; transferred to follicular B
cells

Efficient “hand-off” to
follicular B cells

2) B cell receptor (BCR) basics and immediate activation changes

Naive B cells express membrane IgM and IgD with very short cytoplasmic tails; signaling is
transmitted by associated Igα and Igβ.

Antigen binding to the BCR triggers signaling and internalizes antigen for endosomal processing
(protein antigens) so peptides can be presented on MHC class II to helper T cells.

After BCR cross-linking, resting B cells enter G1, increase in size/RNA/organelles, upregulate
survival proteins (notably Bcl-2), may proliferate and secrete some antibody, and increase
cytokine receptor expression.

Signals that cooperate with BCR engagement
Signal type Examples from the lecture Why it matters

BCR engagement (core
signal)

Antigen binding + receptor cross-linking Initiates activation + antigen
internalization

 لا يف BCR لا class switching ـلا دعب
switch memory b cells اما IgG وأ IgA وأ 

IgE لدب IgM/IgD

1. Initiation
.Igα/Igβ عم )BCR نم ءزج( membrane Ig ـب طبتري ينجيتنلأا الم أدبي طيشنتلا•
:ينجيتنلأا طابترلا ينتيروف ينتجيتن.2
.اهليعفت أدبتو ةيلخلا لخدت ةيويح ةيئايميك تاراشإ :Signals )أ(•
.endosomes يف لخادلل طفشني ينجيتنلأا :Internalization )ب(•
Protein ينجيتنلأا ول.3
peptides ىلإ صقصقتي•
MHC II ىلع B cell حطس ىلع ضرعُت مث•
.)T-dependent responses ـلا ساسأ اذه( Helper T cells اهيلع فرعتت ناشع•

4. Full response عم ةيفاضإ تارثؤم جاتحي  BCR لثم :
• complement proteins

• pattern recognition receptors ( لثم  TLRs)
T helper ةدعاسم :اصًوصخ تانيتوربلا يفو•

 لمعي الم اصًوصخ( antigen ـلا كسمي ام لوأ naïve B cell ـلل ريصب وش حرشتب ةمسرلا ياه
binding + cross-linking ـلل membrane Ig/BCR(. ةزهاج اهيلخت ”تارييغت“ علطتب اهدعب 

بيجتست
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Innate / “extra” signals Complement, pattern-recognition receptors (e.g.,
TLRs)

Amplifies response;
supports full activation

T cell help (protein antigens) CD40L-CD40 + helper T cytokines Drives strong responses:
isotype switching, affinity
maturation, memory

T-independent antigens (often polysaccharides with repetitive epitopes) can strongly cross-link
many BCRs and induce responses without helper T cells; they mainly induce IgM with little
isotype switching.

3) Major B cell subsets (high-yield)

Subset Where found / origin Typical role

Follicular (recirculating) B cells Most mature B cells; live in B cell follicles;
express IgM and IgD

Dominant population for
T-dependent responses

B-1 B cells Develop from fetal liver-derived HSCs; enriched
in peritoneum; contribute at mucosal sites

Spontaneously secrete “natural”
IgM; rapid responses to
microbial polysaccharides/lipids

Marginal zone B cells Primarily spleen marginal zone Limited diversity; respond to
polysaccharides; generate
natural antibodies

4) Helper T cell-dependent antibody responses to protein antigens

Protein antigens require: (1) B cell recognition + internal processing, (2) peptide presentation to
helper T cells, and (3) physical B-T collaboration.

Precursor frequencies are low (as rare as 1 in 105-106 lymphocytes), so activated B and T cells
must migrate and find each other.

How B and T cells meet at the T-B interface
Cell type Chemokine receptor change after

activation
Resulting movement

Activated CD4+ helper T
cells

↓CCR7, ↑CXCR5 Leave T cell zone and move toward
follicle (CXCL13 gradient)

Activated B cells ↓CXCR5, ↑CCR7 Move toward T cell zone
(CCL19/CCL21 gradient)

A T-dependent response typically uses two epitopes: a native (often conformational) epitope
recognized by the BCR, and a linear peptide epitope presented on MHC II to helper T cells. The
antibodies produced are usually specific for the native antigen structure.

Hapten-carrier effect: haptens are not immunogenic alone but become immunogenic when
coupled to proteins; this principle is used in conjugate vaccines (polysaccharide + protein
carrier).

Activated helper T cells provide CD40L (binds CD40 on B cells) and cytokines; early proliferation
occurs in extrafollicular foci, and later specialized reactions occur in germinal centers.

 ريتك هيف B cell ـلا حطس ىلع
BCRs )دحاو وم(.

 اًبلاغ polysaccharide ـلا•
 ـلا سفن هيف :multivalent نوكي

epitope رركم )repeating 
units(، ةفلتخم عاونأ“ طرش وم” 

.epitopes نم
 ءيزج يلاتلابف•

polysaccharide ردقي دحاو 
 BCR #2و BCR #1 كسمي
تقولا سفنب …BCR #3و
 → cross-linking وه اذه →

.ةيوق ةراشإ يطعي

 capsular :ظفح لاثم
polysaccharide ايريتكبلل 

-T → يوق cross-linking لمعي
independent response )اًبلاغ 

IgM(

At mucosal sites, 
as many as half 
the IgA-secreting 
cells in the 
lamina propria
may be derived 
from B-1 cells

 respond اهلزيصب polysaccharides لا بلغا
 نم نوكت يللا polysaccharides اصًوصخ انه
 )capsular polysaccharides( ةفَّلغَمُ ايريتكب

مدلل لصوتو

 نكل ،تايوافمللا ينيلام هيف كمسج لخاد
 ادًيدحت epitope ـلاهل ”ةبسانم“ يللا ايلاخلا

:ادًج ةليلق
 لك نم 1 ىلإ 100,000 لك نم 1 نكمي•

 ةرداق نوكت T cells وأ B cells نم 1,000,000
.epitope سفن ىلع فرّعتت

 strong antibody response علطي ناشع•
 + IgG لثم T-dependent اصًوصخ(

memory(:
 ـلاهب ةصاخلا B cell ـلا طشّنتت مزلا.1

antigen
 فوشي يللا CD4 T helper ـلا طشّنتت مزلاو.2

peptide ىلع هنم MHC II
 اًبلاغ( ناكلما سفنب اًيلعف اوقتلي مزلا نيدعبو.3
 ريصيو )T–B دودح دنع :ةيوافمللا ةدقعلا يف

:physical interaction مهنيب
• T يطعي  B: CD40L + cytokines

 class ريصي ام ةدعاسلماه نودبو•
switching/affinity maturation يوق لكشب

:ةمهلما ةطقنلا
 اهنلأ B cell دعاست T cell ـلا

 نم يّطخ peptide تفاش
،ينتوربلا سفن

 يللا ةداضلما ماسجلأا ـلا نكل
 حار اقًحلا B cell اهجتنت

 native ـلا دض نوكت
antigen determinants = 

 يثلاث يعيبطلا لكشلا دض
 يللا( antigen ـلل داعبلأا
 ،)ًلاصأ هتكسام B cell تناك
 peptide ـلا سفن دض مزلا وم

MHC II ىلع هتضرع يللا

DC primes naïve CD4 T cells in the T-
cell zone. Activated Tfh then meets 
antigen-specific B cells at the T–B 
border; both present the same 
peptide–MHC II, and T cells deliver 
help (CD40L + cytokines).
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5) Germinal center reactions: switching, affinity maturation, memory

Germinal centers form a few days after activation and are the main site for: isotype switching,
affinity maturation, memory B cell generation, and long-lived plasma cell differentiation.

Follicular dendritic cells (FDCs) in follicles display antigen using complement receptors
(CR1/CR2/CR3) and Fc receptors, enabling selection of high-affinity B cells.

Affinity maturation (somatic hypermutation + selection)
Affinity maturation = increased antibody affinity over time due to somatic mutation of Ig genes
followed by selective survival of the highest-affinity clones.

Requires helper T cells and CD40:CD40L signaling; therefore mainly seen in T-dependent
protein antigen responses.

Mutation rate is about 1 per 1000 V-region base pairs per cell division (roughly 1000x higher
than typical genes), concentrated in complementarity-determining regions (CDRs).

In the light zone, IL-21 from TFH cells promotes apoptosis unless B cells are rescued by antigen
recognition; high-affinity BCRs bind limited antigen best, so these clones survive preferentially.

Isotype switching (cytokine-directed)
Typical trigger Dominant helper T subset / cytokine Common isotype outcome

(as emphasized)

Polysaccharide antigens
(T-independent)

No T cell help Mostly IgM; minimal
switching

Viruses & many bacteria TH1 → IFN-γ Switching to IgG subclasses

Helminths TH2 → IL-4 Switching to IgE

Mucosal tissues Local site-specific signals Switching to IgA (best
transported across epithelia)

6) Plasma cells and long-term antibody production

Plasma cells are terminally differentiated B cells specialized for massive antibody secretion;
generated after B cell activation via signals from the BCR, CD40, TLRs, and cytokine receptors.

Plasma cell type When generated Where found / maintained Key feature

Short-lived plasma cells T-independent responses;
early T-dependent responses
(extragenic/ extrafollicular foci)

Secondary lymphoid organs
and peripheral nonlymphoid
tissues

Rapid burst of
antibody; limited
lifespan

Long-lived plasma cells T-dependent germinal center
responses to protein antigens

Home to bone marrow;
maintained by BAFF-family
cytokines

Sustain antibody
secretion for
months to years

About 2-3 weeks after immunization with a T-dependent antigen, the bone marrow becomes a
major site of antibody production.

:FDC عم نوكت light zone ـلا يف ىلولأا ةوطخلا اًيلعف
1. B cell ـلل حورت  FDC ـلا كسمت برّجتو  antigen ( ـك ضورعلما  native antigen).

.MHC II ىلع peptide ضرعتو هطقتلت → سيوك هكسمت تردق اذإ.2
:ىنعلما.لمكتو وجنتو help (CD40L + IL-21…) ذخات ناشع Tfh ـل حورت اهدعب.3

 ام اهنلأ( rescue تذخأ ام B cell اذإ
.تومت → )سيوك antigen تطقتلا
 عفدي“ IL-21 نأك اهغاص ديلاسلاف
/recognition يف اذإ لاإ ”توملل

rescue.

:ظفحلل ةدحو ةلمجب ةصلاخلا

 → light zone: High affinity ـلا يف
more antigen → more Tfh help 

(IL-21/CD40L) → survive.
Low affinity → no help → 

apoptosis.
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Long-lived plasma cells can keep secreting antibodies long after antigen disappears; almost half
of circulating antibody in healthy adults may come from long-lived plasma cells specific for
past antigens.

7) Memory B cells and secondary humoral responses

Some germinal center-derived B cells become memory B cells by expressing high levels of
anti-apoptotic proteins (notably Bcl-2) and can survive long-term without ongoing antigen
stimulation.

Memory B cells may remain in the original lymphoid organ or recirculate; they are produced in
T-dependent responses and often emerge in parallel with memory helper T cells.

On re-exposure, memory B cells respond faster and generate large quantities of
isotype-switched, high-affinity antibodies; they rapidly form plasma cells and can re-enter
germinal centers to further improve affinity.

8) Antibody feedback (negative regulation of B cells)

Secreted antibodies can inhibit ongoing B cell activation by forming antigen-antibody
complexes that bind both the BCR (via antigen) and inhibitory FcγRIIB (via the antibody Fc).

Co-ligation brings inhibitory phosphatases close to the antigen receptor signaling machinery,
dampening BCR signaling.

9) Effector mechanism highlighted: ADCC

Antibody-dependent cellular cytotoxicity (ADCC): NK cells (and some other leukocytes) bind
antibody-coated cells through Fc receptors and kill them.

Engagement of FcγRIII on NK cells by antibody-coated targets triggers cytokine production (e.g.,
IFN-γ) and granule release that mediates killing.

Quick high-yield checklist (exam-style)
• Follicle homing: CXCL13 → CXCR5; survival help: BAFF (BLyS).
• BCR = membrane IgM/IgD + Igα/Igβ; BCR binding internalizes protein antigen for MHC II

presentation.
• T-dependent response requires CD40L-CD40 + cytokines → germinal center → switching, affinity

maturation, memory, long-lived plasma cells.
• Affinity maturation = somatic hypermutation + selection (CD40 help required).
• Isotype cues: TH1/IFN-γ → IgG; TH2/IL-4 → IgE; mucosa → IgA; polysaccharides → mostly IgM.
• ADCC: NK cell FcγRIII binds Ab-coated target → IFN-γ + degranulation.

Secreted antibodies enter the circulation and mucosal secretions, but mature
plasma cells do not recirculate
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Lecture 3 - Vaccination (High Yield Summary)
Focus: immunization concepts, vaccine platforms, key examples, herd immunity, and adjuvants.

1) Immunization: core concepts
Goal: induce protective immunity (neutralizing antibodies, cellular responses, and immune
memory) without causing disease.

Feature Active immunization (vaccination) Passive immunization

What you
receive

Antigen (live attenuated, inactivated,
subunit, toxoid, etc.) to trigger your own
immune response

Pre-formed antibodies (IgG) or
antibody-containing products

Onset Slower (days-weeks) Immediate

Duration Long-lasting (memory B/T cells; may
need boosters)

Short-term (weeks-months)

Immune
memory?

Yes No

Typical uses Prevention at population level Post-exposure prophylaxis;
immunodeficiency; maternal IgG
(natural passive)

Prime-boost principle: many non-live vaccines require repeated doses and/or adjuvants to
build strong, long-term immunity.

2) Vaccine platforms (how they work + pros/cons)

Platform What it contains /
mechanism

Main
strengths

Main limitations Examples

Live attenuated Weakened pathogen
replicates to a limited
extent; closely mimics
natural infection.

Strong humoral
+ cellular
immunity; often
long-term
protection with
1-2 doses.

Contraindicated
in immunocompr
omised; rare reve
rsion/complicatio
ns (e.g., OPV).

MMR,
varicella;
OPV; BCG.

Inactivated
(killed)

Whole pathogen
inactivated by
heat/radiation/chemicals;
cannot replicate.

Safer; stable;
can be used in
immunocompr
omised.

Weaker/shorter
immunity than
live; usually
needs boosters/a
djuvant.

IPV;
whole-cell
pertussis;
rabies;
hepatitis A.

Subunit / split /
recombinant
protein

Selected antigens (protei
ns/polysaccharides) or
purified fragments; may
include VLPs.

Fewer adverse
reactions;
focused
immune
response.

Lower
immunogenicity;
often requires
adjuvant and
multiple doses.

Acellular
pertussis;
influenza
split/subunit;
hepatitis B
(HBsAg in
yeast).

Passive 
immunization refers 
to the transfer of 
“ready-made” 
antibodies, from 
one
individual to 
another. It can 
occur:
1) naturally by 
transplacental 
transfer of maternal 
antibodies to the 
developing fetus, or
through colostrum 
and breast milk rich 
in IgA.

2) it can be induced 
artificially by 
injecting a recipient 
with exogenous 
antibodies targeted
to a specific 
pathogen or toxin.

1) Naturally 
through 
infection 
with a certain 
pathogen.

2) Artificially 
through 
administratio
n of vaccines 
containing 
weekend or 
inactive 
pathogen

Prime-boost principle: 
many non-live vaccines 
require repeated doses 
and/or adjuvants to
build strong, long-term 
immunity.

Some malaria vaccines are 
recombinant subunit (VLP-
based) vaccines because 
they present parts of the 
Plasmodium falciparum 
circumsporozoite protein 
(CSP) on an HBsAg VLP 
scaffol

made by combining gene 
segments from a human 
virus and an animal virus 

Tetanus toxoid, 
inactivated split & 
subunit seasonal
influenza, acellular 
pertussis and 
pneumococcal 
polysaccharide 
vaccines
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2) Vaccine platforms (continued)

Platform What it contains /
mechanism

Main
strengths

Main limitations Examples

Toxoid Inactivated bacterial toxin;
induces neutralizing
anti-toxin antibodies.

Prevents
toxin-mediated
disease (patho
genesis).

Does not prevent
infection/transmis
sion; boosters
needed.

Diphtheria
and tetanus
toxoids.

Polysaccharide Purified capsular
polysaccharide; tends to
be T-cell independent.

Can provide
short-term
protection in
some settings.

Poorly
immunogenic
(esp. infants);
weak memory;
shorter
protection.

Pneumococc
al polysacch
aride
(concept).

Conjugate
polysaccharide

Polysaccharide coupled
to a protein carrier ->
becomes T-cell
dependent.

High-affinity
antibodies +
immune
memory;
effective in
infants.

More complex/ex
pensive
manufacturing.

Pneumococc
al conjugate;
Hib; meningo
coccal
conjugate
(concept).

Viral vector /
nucleic acid
(DNA/mRNA)

Delivers antigen-encoding
genetic material; host
cells produce antigen.

Strong cellular
immunity; rapid
design; can be
highly
effective.

Cold
chain/technology
considerations;
reactogenicity
varies.

COVID-19:
viral vector
and mRNA
platforms.

Reassortant
live

Genetic reassortment
between strains/species
to create vaccine virus.

Can broaden
protection
while
maintaining rep
lication-based
immunity.

Platform-specific
constraints; still a
live vaccine
approach.

Reassortant
rotavirus
vaccines.

3) Herd immunity
Definition: indirect protection that occurs when a large percentage of the population is immune,
reducing transmission and protecting non-immune individuals.

Key idea: higher vaccine coverage -> fewer infectious contacts -> outbreaks are contained.

4) Polysaccharide vs conjugate: why conjugation matters

Point Polysaccharide vaccine Conjugate vaccine

T-cell help Mostly no (T-independent) Yes (T-dependent)

Antibody
quality

Lower affinity; limited class switching Higher affinity; better class switching

Memory Weak/limited Strong immune memory

Best age group Less effective in infants Effective in infants

Streptococcus 
pneumoniae, 
Haemophilus 
influenzae type 
b and N. 
meningitidis 

Streptococcus 
pneumoniae, 
Haemophilus 
influenzae type 
b and N. 
meningitidis 

Protein subunit (purified protein)

Recombinant protein subuni
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Medical Immunology — Lecture 21
High-Yield Summary: Immunodeficiencies

Immune malfunction can present as hypersensitivity, autoimmunity, or immunodeficiency.
Immunodeficiency reflects a failure/absence of immune elements (lymphocytes, phagocytes,
complement) and may be primary (congenital/genetic) or secondary (acquired).

Primary vs Secondary Immunodeficiency
Feature Primary (Congenital) Secondary (Acquired)

Cause Genetic defects in immune
development/function

Environmental/clinical factors that compromise
immunity

Typical onset Often infancy/childhood (may be
detected later)

Any age; depends on
exposure/condition

Frequency Less common Far more common

Clinical clues Recurrent infections, infections with
rare organisms, opportunistic
infections

History suggests an underlying
condition (infection, malnutrition,
drugs, cancer, etc.)

Other risks Certain cancers (often related to
oncogenic viruses e.g., EBV)

Depends on cause (e.g., HIV,
immunosuppression)

Congenital (Primary) Immunodeficiencies: Big
Buckets
Primary defects can affect innate immunity (phagocytes, complement, NK cells, pattern recognition)
and/or adaptive immunity (T cells, B cells, combined defects). Clinical presentation and prognosis
are heterogeneous and depend on defect severity.

1) Defects in Innate Immunity
Innate immunity is the first line of defense. Two key mediators are phagocytes and complement;
congenital defects commonly cause recurrent infections.
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Disorder Key mechanism/defect Classic clinical points Management
pearls

Chronic
Granulomatous
Disease (CGD)

Mutation in phagocyte
oxidase (phox) complex → ↓
reactive oxygen species
(superoxide)

Failure to kill phagocytosed
microbes, esp.
catalase-positive;
granuloma formation

Antibiotics/antifunga
ls; IFN-γ often used
(X-linked CGD)

Leukocyte
Adhesion
Deficiency (LAD)

Defects in adhesion
molecules → impaired
neutrophil recruitment

Recurrent
infections/periodontitis
starting early; no pus

Supportive care:
manage infections
aggressively

Complement
deficiencies

Classical components
(C1q/C4/C2/C3) or terminal
C5-9; C2 most common

C3 deficiency → severe
pyogenic infections;
terminal C5-9 → Neisseria
infections

Vaccination/prophyl
axis; consider
terminal
complement risk
(meningococcal)

Chédiak-Higashi
syndrome

LYST mutation → defective
phagolysosome fusion;
abnormal lysosomal
trafficking

Recurrent pyogenic
infections; albinism;
neurologic & platelet defects
(bleeding)

Supportive/anti-infe
ctive care; manage
bleeding risk

TLR signaling
defects

Defects affecting TLR/IL-1R
or NF-κB pathways →
impaired innate activation

Recurrent infections due to
impaired inflammatory
responses

Supportive; tailored
prophylaxis based
on defect

 H2O2 ـلا ”حسمت“ ايريتكبلاف
 شردقتب تايمعلبلاف ، اهعبت
 تايمعلبلا ريصتحو هلمعتست
 اهدنع ام CGD اهيف يللا

ROS تلفيف، ةهج يأ نم 
بوركيلما

Because the infections are not controlled by phagocytes, they stimulate chronic cell-mediated immune responses, resulting in T cell–mediated macrophage activation and 
the formation of granulomas composed of activated macrophages.

The disease is often fatal, even with aggressive antibiotic therapy.

IFN-γ therapy is now commonly used for the treatment of X-linked CGD.

There are different types of LAD such as LAD 1 (The molecular basis of the defect is absent or deficient expression of the β2 integrins) and LAD 2 (results from an absence of 
sialyl Lewis X, the tetrasaccharide carbohydrate ligand on neutrophils and other leukocytes that is required for binding to E-selectin and P-selectin. 
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2) Combined Immunodeficiencies (SCID Focus)
Combined immunodeficiencies affect both humoral and cell-mediated immunity. A subset with
missing/defective peripheral T cells are Severe Combined Immunodeficiencies (SCIDs). SCID
results from impaired T-lymphocyte development with or without B-cell maturation defects; ~50% are
autosomal recessive and the rest are X-linked.

Category Example disorders Key mechanism Functional result

Cytokine signaling
defects

X-linked SCID;
autosomal recessive
forms

Mutations affecting cytokine
receptor signaling (e.g., IL-2Rγ
chain / JAK pathways)

↓ T cells; variable
B/NK effects; ↓ serum
Ig

Nucleotide salvage
pathway defects

ADA deficiency; PNP
deficiency

Toxic metabolite accumulation
in lymphocytes

Progressive loss of T,
B, and/or NK cells; ↓
serum Ig

V(D)J
recombination /
DNA repair defects

RAG1/2 deficiency;
Artemis; DNA-PKcs,
etc.

Failed antigen receptor gene
rearrangement / repair

Markedly reduced T
and B cells; ↓ serum
Ig

Thymus
development
defects

DiGeorge syndrome Defective thymic development
(3rd/4th pharyngeal pouches)

T-cell deficiency (often
improves with age in
many patients)

DiGeorge Syndrome (T-cell Deficiency)
DiGeorge syndrome is due to congenital malformation affecting structures derived from the third and
fourth pharyngeal pouches → defective thymus and parathyroid development. Correction may be
achieved with fetal thymic transplantation or bone marrow transplantation; often not necessary
because T-cell function improves with age in a large fraction of patients.

Remember: thymic hypoplasia → T-cell deficiency and parathyroid hypoplasia → hypocalcemia.

 T cells ـلا ينعي
-cell يلاتلابو( ةرثأتم

mediated immunity 
 نامك اًبلاغو )ةفيعض
 humoral ـلا رثأتت

immunity.

 humoral“ نكل
immunity” طرش وم 

 يساسلأا للخلا نوكي
 ؛اهسفن B cell لخاد
 نوكت B cell اًنايحأ
 لغتشت ام سب ةدوجوم
T help ةجاتحم اهنلأ

DiGeorge syndrome

Severe Combined Immunodeficiencies:
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3) Antibody Deficiencies (B-cell
Development/Activation)
When the primary abnormality is in antibody synthesis (with relatively preserved T-cell development),
the phenotype is dominated by recurrent infections due to impaired humoral immunity.

Disorder Typical lab/immune
finding

Mechanism (high-yield) Clinical notes

Selective IgA
deficiency

↓ IgA (often isolated) Defects in TACI in some
patients (heterogeneous)

Most common primary
immunodeficiency (~1/700
Caucasians); variable:
asymptomatic to recurrent
respiratory
infections/diarrhea

X-linked agammaglo
bulinemia (Bruton)

Very low/absent
serum Ig; absent B
cells; no germinal
centers/plasma cells

BTK mutation → failed
B-cell maturation

T cells normal; treated with
periodic pooled Ig (gamma
globulin) injections

Common variable
immunodeficiency
(CVID)

↓ serum Ig; poor
antibody responses

Heterogeneous; mutations
in ICOS/TACI in some

Increased infections;
variable B-cell numbers

Hyper-IgM
syndrome (X-linked)

High/normal IgM with
low other isotypes

CD40L (CD154) mutation
→ no class switching &
impaired germinal centers

Defects in T
helper-mediated B-cell
activation; also affects
macrophage/DC activation

Defects in T-cell Activation & Multisystem Syndromes
Variable degrees of T and B cell immunodeficiency occur in congenital diseases with multisystem
abnormalities. A classic example is Wiskott-Aldrich syndrome (X-linked): eczema,
thrombocytopenia (low platelets), and susceptibility to bacterial infection.

🤏


