
Inngangur

Helstu þættir ónæmiskerfisins

Ræsing ónæmiskerfisins

Helstu sjúkdómar í ónæmiskerfinu

Rannsóknir og nokkrir meðferðarmöguleikar

Allt er ónæmisfræði



Allt er ónæmisfræði

Inngangur

(ath: útdráttur (og ekki tæmandi) úr

ónæmisfyrirlestrunum sem eru á youtube)



Bakteríur …a … vírusar!!! … sveppir!!



Sjálf og non-sjálf



Klínísk immúnólógía



Frumur ónæmiskerfisins

Pluripotent cell

Granulocyta – monocyta lína

Monocytar/macrophagar

Granulocytar

Eosinophilar

Basophilar

Neutrophilar

Lymphocyta lína

B-frumur

T-frumur

NK-frumur

… og undirflokkar

Auk þess …
Kompliment

Frumuboðefni

….. o.m.fl



The immune system

Innate immunity

(non-specific)

Adaptive immunity

(specific)

Souluble factors Phagocytes Humoral immunity

B-cells

Cellular immunity

T-cells



Souluble factors Phagocytes Humoral immunity

B-cells

Cellular immunity

T-cells



Ónæmisgallar / Immune defects

Humoral defects

B-cell defects

Neutrophil defects

Macrophage function

Cellular defects
T-cells defcts

Complement defects



Humoral defects
– B-cell defects

– Number and function

– Not in first months of life

– Recurrent infections (RTI)

– Bacterial infections (esp. capsulated)

Cellular defects
– Early in life

– Recurrent infections, 

viral, fungal and parasitic

– Malignancies

Neutrophil defects
– Number or function

– Skin infections

– Mucous membranes infections

– Granulomas

– Umbilical cord

Complement defects 
– Recurrent bacterial infections

– Inf with capsulated bacteria             
(meningococcus, pneumococcus)

– Autoimmune disorders

Ónæmisgallar / Immune defects



Allt er ónæmisfræði

Helstu þættir ónæmiskerfisins

(Um frumurnar og fleira!)



Frumur ónæmiskerfisins

Pluripotent cell

Granulocyta – monocyta lína

Monocytar/macrophagar

Granulocytar

Eosinophilar

Basophilar

Neutrophilar

Lymphocyta lína

B-frumur

T-frumur

NK-frumur

… og undirflokkar

Auk þess …
Kompliment

Frumuboðefni

….. o.m.fl



Complement



Classical pathway
Antigen/antibody 

complex

Alternative pathway
Pathogen surface 

Tissue damage

Opsonizaton 

of pathogenes 

Recruitment of

inflammatory cells 
Killing of 

pathogens

Complement 

activation

Lectin pathway

CH 50 AP 50
MBL

Kompliment kerfið / magnakerfið



Kompliment kerfið / magnakerfið

Complement defects

Recurrent bacterial infections

Inf with capsulated bacteria
(meningococcus, pneumococcus)

Autoimmune disorders

SLE

Glomerulonephritis

HUS

Angio-oedema



Neutrophilar

(og aðrir granulocytar)



Neutrophilar - þroski

Myeloblast Promyelocyte

Neutrophile myelocyteMetamyelocyte

Neutrophile rods Neutrophils

G-CSF, GM-CSF, IL-3, IL-6, SCF

Process 9-11 days, can be 24 h in newborns



Neutrophilar - fjöldi

Storage pool

Marginating pool

Circulating pool

Vefir



Neutrophil defects

Neutrophil numbers

Neutrophil function

– Recurrent resp inf

– +/- fever

– Skin infections

– Mucous membranes infections

– GE infections / disorders

– Sepsis

– Granulomas , +/- abscesses

– Unusual pathogens

– Umbilical cord !



Granulocyta gallar

√ Neutropenia

√ Dysfunction of granulocytes

Neutrophils < 1500  = neutropenia

Neutrophils < 1000  = moderately severe neutropenia

Neutrophils <   500  = severe neutropenia



Macrophagar – Dendritic cells

Angafrumur



T-frumur



Drápsfrumur

Minnisfrumur

Hjálparfrumur



T-cells

Helper (CD4+), several subsets

Cytotoxic (CD8+, CTL), several subsets

Memory (CD4+ eða CD8+)

Regulatory (Treg)

NK (NKT fr)

................

............



T cell disorders

Cellular defects

(with B- cell involvement)

✓ Early in life

✓ Failur to thrive

✓ Recurrent infections, 

viral, fungal and parasitic

✓ Autoinflammatory 

reactions

✓ Malignancies

✓ etc



T-frumur B-frumur



Helper (CD4+), several subtypes

Control/activering/cytokine production



B-frumur



IgM

IgA IgG

IgG affinity/avidity

B memory cells

B-cells

Mótefni



IgG

IgG1

IgG2

IgG3

IgG4

IgA

IgM

IgE

IgD



Immunoglobulins



Hinge

CH3

CH2

CH1
VH1

VLCL

Elbow



Hypervariable regions

Hypervariable CDRs are 

Located on loops at the end 

of the Fv regions



B-cell immune defects

Humoral defects

– B-cell defects

– Number and function

– Not in first months of life

– Recurrent infections (RTI)

– Bacterial infections (esp. capsulated)

Agammaglobulinaemia

Hyogammaglobulinaemia

Transient hypogamma of infancy

IgA deficiency

Suclass deficiency (i.e. IgG2 def)

Hyper IgE Sx

Hyper IgM Sx

Heavy chain deletion

Kappa chain deficiency

CVID



Allt er ónæmisfræði

Virkjun ónæmiskerfisins

Hvernig þekkir ónæmiskerfið sýkla 

og bregst við!

//upload.wikimedia.org/wikipedia/commons/0/06/TLR3_structure.png


Sýklar→ ónæmissvar



Complement



Neutrophilar

(og aðrir granulocytar)



Macrophagar – Dendritic cells

Angafrumur



Hinir glæsilegu TLR!
(Toll like receptors)

//upload.wikimedia.org/wikipedia/commons/0/06/TLR3_structure.png


Hinir glæsilegu TLR!
(Toll like receptors)

TLR1

TLR2

TLR3

TLR4

TLR5

TLR6

TLR7

TLR8

TLR9

TLR10
(TLR 11, 12 og 13 ekki í mönnum)

Cell membrane

Intracellular vesicles

Eru á macrophögum/dendritic cells,

Einnig NK, T & B, epi & endothleial fr

o.fl

Greina mismunandi sýkla og flokka 

af bakteríum, veirum og sveppum

PAMP:   Pathogen associated molecular pattern

PRR(P): Pattern recognising receptors (proteins)

//upload.wikimedia.org/wikipedia/commons/0/06/TLR3_structure.png


Hinir glæsilegu TLR!
(Toll like receptors)

MØ T-frumur Ræsing sérhæfða

ónæmissvarsins

Stöðvar prótein 

framleiðslu
Apoptosis

Örvar framleiðslu 

antiviral cytokina
Veirudráp

//upload.wikimedia.org/wikipedia/commons/0/06/TLR3_structure.png
//upload.wikimedia.org/wikipedia/commons/0/06/TLR3_structure.png
//upload.wikimedia.org/wikipedia/commons/0/06/TLR3_structure.png
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Ræsing ónæmikerfisins



Allt er ónæmisfræði

Ýmsir sjúkdómar í ónæmiskerfinu

… en þeir eru miklu fleiri!



Complement



Complement defects

Complement defects
Ѵ Recurrent bacterial infections

Ѵ Inf with capsulated bacteria
(meningococcus, 
pneumococcus)

Ѵ Autoimmune disorders

− SLE

− Glomerulonephritis

− HUS

− Angio-oedema

ѵ
ѵ



Neutrophilar

(og aðrir granulocytar)



Sýking Nf losna úr

marg pool

Fjöldi

Nf í blóði 

Nf eyðast

hratt
Storage pool 

og framl 

Neutroph  

Neutrophilar í (neonatal) sepsis



Granulocyta gallar

√ Neutropenia

√ Dysfunction of granulocytes

Neutrophils < 1500  = neutropenia

Neutrophils < 1000  = moderately severe neutropenia

Neutrophils <   500  = severe neutropenia



Neutrophils

storage pool

marginating pool

circulating pool

tissue

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://commons.wikimedia.org/wiki/File:CSF_pleocytosis_neutrophils.jpg&ei=pqjQVP_9CY3daNOxgtAC&bvm=bv.85076809,d.d2s&psig=AFQjCNFhLcXmbjLElm95iSzUqcaQICW07Q&ust=1423047004356335


Granulocyte disorders

Neutropenia
Neutrophil

dysfunction

CongenitalAcquired

Iatrogenic

Post-infectious

Chronic

granulomatous disease



Neutrophil defects

Neutrophil numbers

Neutrophil function

– Recurrent resp inf

– +/- fever

– Skin infections

– Mucous membranes infections

– GE infections / disorders

– Sepsis

– Granulomas , +/- abscesses

– Unusual pathogens

– Umbilical cord !



Áunnar neutropeniur

✓ Aplastic anaemia

Pancytopenia

(drugs, toxins, infections, etc.)

✓ Postinfectious neutropenia

Autoimmune neutropenia

✓ Iatrogen

(drugs, irradiation)

✓ Chronic diseases

Autoimmune dis

Infections

Drugs

Malignant dis

Hypersplenismus

etc



Neutrophile gallar

✓ Lazy leukocyte sx

✓ Leukocyte adhesion defects

✓ Hyperimmunoglobulin E sx

✓ Chronic granulomatous disease

✓ Glucosa-6-phosphatase def

✓ Myelokathexis

✓ Def ic killing



Neutropenia and neutrophil dysfunction

✓ Aplastic anaemia
Pancytopenia (drugs, toxins, infections, etc.)

✓ Postinfectious neutropenia

Autoimmune / benign

✓ Iatrogen
(drugs, irradiation)

✓ Chronic granulomatous disease



Ónæmisgallar

T-frumur



T cell disorders

Cellular defects

(with B- cell involvement)

Early in life

Failure to thrive

Recurrent infections, 

viral, fungal and parasitic

Autoinflammatory

reactions

Malignancies

etc

ѵ
ѵ

ѵ

ѵ

ѵ

SCID

WAS

TCR def

Omenn sx

HIV

DiGeorge

AT

CVID



Meðfæddir T (og B) ónæmisgallar

• Frumubundnir og blandaðir gallar

– CVID (common variable immunodeficiency) með yfirgnæfandi mótefna / 

frumubundnum göllum

– SCID (severe combined immunodef) T-B- / T- B+

– ADA SCID (adenosine deaminase deficiency)

– PNP-SCID (purine nucleoside phosphorylase def)

– MHC class l / class ll skortur



Ónæmisgallar

B-frumur



B - frumugallar

Humoral defects

– B-cell defects

– Number and function

– Not in first months of life

– Recurrent infections (RTI)

– Bacterial infections (esp. capsulated)

Agammaglobulinaemia

Hyogammaglobulinaemia

Transient hypogamma of infancy

Antibody deficiency

IgA deficiency

Suclass deficiency

HyprerIgE Sx

Hyper IgM Sx

Heavy chain deletion

CVID



Immunoglobulins



Secondary immunodeficiencies



Secondary immunodeficiencies

• Congenital diseases and metabolic disorders

(trisomy 21, malnutrition, nephrotic sx, protein loosing enteropathy, etc ) 

• Immunosuppression

• Infections

– Congenital (CMV, parvo, rubella) 

– Acquired (HIV, EBV, sepsis)

• Haematological diseases and malignancies

• Surgery, trauma, burn injuries, spenectomy

• Others (SLE, toxins, medications, liver failure etc) 



Ónæmisgallar - yfirlit

Neutrophila gallar eða skortur

Áunnir vs meðfæddir

CVID

Antibody/ cellular defects

SCID (severe combined immunodef) 

T-B- / T- B+

O.s.frv.

Kompliment

gallar

Transient hypogammaglobulinaemi of 

infancy

“Antibody deficiency”

IgA skortur

IgG undirflokkaskortur

.... O.s.frv.



Allt er ónæmisfræði

Rannsóknir á ónæmiskerfinu

Helstu meðferðarmöguleikar

Rannsóknir á ónæmiskerfinu



Helstu blóðrannsóknir

Status og diff!

Kompliment

Immúnóglóbúlín

Deilitalning eitilfrumna

Neutrophil function

Rtg thorax (thymus)

Beinmergur

HLA – flokkun

Lymphocyte stimulation tests

Cytokine production

TLR

O.fl!



Helstu blóðrannsóknir

Status og diff!

Kompliment

Immúnóglóbúlín

Deilitalning eitilfrumna

Neutrophil function



Helstu blóðrannsóknir

Status og diff!

Kompliment

Immúnóglóbúlín

Deilitalning eitilfrumna

Neutrophil function

Classical pathway
Antigen/antibody 

complex

Alternative pathway
Pathogen surface 

Tissue damage

Opsonizaton

of pathogenes

Recruitment of

inflammatory cells 
Killing of 

pathogens

Complement 

activation

Lectin pathway

CH 50 AP 50MBL



Helstu blóðrannsóknir

Status og diff!

Kompliment

Immúnóglóbúlín

Deilitalning eitilfrumna

Neutrophil function

Aldursstöðluð 

viðmiðunarmörk



Helstu blóðrannsóknir

Status og diff!

Kompliment

Immúnóglóbúlín

Deilitalning eitilfrumna

Neutrophil function

Sérhæfð mótefni



Helstu blóðrannsóknir

Status og diff!

Kompliment

Immúnóglóbúlín

Deilitalning eitilfrumna

Neutrophil function



Helstu blóðrannsóknir

Status og diff!

Kompliment

Immúnóglóbúlín

Deilitalning eitilfrumna

Neutrophil function



Helstu blóðrannsóknir

Status og diff!

Kompliment

Immúnóglóbúlín

Deilitalning eitilfrumna

Neutrophil function



Allt er ónæmisfræði

Meðferð við ónæmisgöllum og 

frávikum í ónæmiskerfinu

Nokkrir meðferðarmöguleikar



Sýklalyf – en af skynsemi!



IgG

IgG1

IgG2

IgG3

IgG4

IgA

IgM

IgE

IgD

Mótfnagjafir / IVIG - ScIG

Sérhæfð mótefni !



Líftæknilyf



Frumuboðefni



Beinmergsskipti / stofnfrumumeðferð



Genalækningar !



Ábendingar

I. Illkynja sjúkdómar í beinmerg 

II. Krónískir sjúkómar í beinmerg

III. Meðfæddir ónæmisgallar

IV. Blóðsjúkdómar 

V. Haemoglobinopathiur

VI. Storage diseases

VII.Sjálfnæmsisjúkdómar?

VIII.„Rescue“ meðferð?

SCID – ýmsar tegundir

T-frumugallar - ýmsar tegundir

Chronic granulomatous disease

Severe congenital neutropenia

Hyper IgE sx, WAS, FEL

o.s.frv.



Aukaverkanir og áhætta

Snemmkomnar aukaverkanir

Sýkingar

Höfnun

Graft vs host disease

(og Graft vs tumor effect)

Hemorrhagic cystitis, 

Mucositis

Veno-occlusive disease

Lymphoproliferative sx

Síðkomnar aukaverkanir

Illkynja sjúkdómar

Áhrif á vöxt og þroska

Graft vs host disease

Lymphoproliferative sx

o.s.frv.



Sem bjargað hefur fleiri mannslífun 

nokkur önnur heilbrigðismeðferð 

– að hreinu vatni undanskildu

Að ógleymdri fyrirbyggjandi meðferð…



Embætti Landlæknis - Sóttvarnarlæknir



Getum við notað þessa þekkingu

til að þróa bóluefni ???

© ÁH 2021



Dauðar veirur

Veiklaðar veirur

Veiruhluta

Dautt dauðir sýklar (oftast veirur)

Inflúensa, IV polio, Hepatitis A

Veiklaðir sýklar

MMR, Hlaupabóla

Rotaveira, Bólusótt, Yellow fever

Veiruhluta

Toxin: Tetanus, Barnaveiki

© ÁH 2021



Dauðar veirur

Veiklaðar veirur

Veiruhluta

Dauðir sýklar

Sýklahlutar

Með trikkum!

Polysaccharide vaccine

PPV (pneumococcal polysaccharide vaccine)

(Hepatitis B, HPV)

Protein conjugated vaccine

Haemmophilus influensae, type b, 

PCV (pneumococcal conjugated vaccine)

MenC

BCG (úr öðrum tegundum)

Kúabóla

© ÁH 2021



Dauðar veirur

Veiklaðar veirur

Veiruhluta

Dauðar bakteríur

Bakteríuhluta

Með trikkum!

Eitthvað annað?

Betra?

Virkara?

Ódýrara?

Markvissara?

……….?

?

RNA vaccine: 

mRNA sem skráir fyrir próteini, pakkað inn í vector (veiru, lipid nanópartikkla). 

Dæmi: SARS CoV-2 

DNA vaccine: 

DNA úr veiru komið fyrir í manna eða dýrafrumum, DNA/mRNA-protein ! 

Væntanlega afar langvinnt ónæmissvar. 

Dæmi: enn í tilraunum (hestar og West-Nile virus, monoclonal Ab?)

Recombinant vector: 

Samþætta eiginleika ákveðins sýkils við DNA úr öðrum. 

Dæmi: RVSV-ZEBOV (Ebóla bóluefni!)

T-cell receptor peptide vaccines: 

Breytir T-frumu samskiptum og frumuboðenfun. 

Bóluefni gegn sjúkdómum (atopic dermatitis o.fl). Dæmi: enn í tilraunum

Dendritic cells (angafrumurnar): 

Bóluefni gegn sjúkdómum

(brain tumor, mal melanoma), ex-vivo mRNA (DNA?) programming



mRN

A

© ÁH 2021



Lokaniðurstaðan!

Allt 

er ónæmisfræði !!!

ÁH
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