
Term Paper

• Any topic related to SARS-COV-2

• 8-10 pages

• Timer New Roman, 12, 1” margin

• Due 12/12 at midnight

• Homework and other make ups are due the 

same time.
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Immunodeficiency

• A defect in one or more components of 

the immune response

• History of recurrent infections with 

similar pathogens suggests a diagnosis 

of immunosuppression 



Involves Both Innate and Adaptive Immunity



M ajor category Examp le Gen e defect Inheri tance Cells affected Immun e defect Antibod y levels

Common 

infection s an d 

oth er features

Combined 

immun odeficiencies, C 

I  Ds, limited to th e 

immun e system

Gam ma 

subscript  c 

def ici ency

I  L 2 R G X L
T cells , N K 

cells

Defi cient  T -cell 

and N K-cell 

development

Low

General 

suscept ibilit y to 

opportuni st ic and 

standard 

pathogens

R A G-1 or R 

A G-2 

def ici ency

R A  G  1;  R A  

G 2
A  R T cells, B cell

Defi cient  T - and 

B-cell 

development

Low

General 

suscept ibilit y to 

opportuni st ic and 

standard 

pathogens

C I  Ds with  defects in 

tissu es o utsid e the 

immun e system

F O X N 1 

def ici ency; 

Nude 

phenotype

F O X N 1 A  R

Thym ic 

epithelium , T 

cells

Defi cient  T -cell 

development
Decreased

General 

suscept ibilit y to 

opportuni st ic and 

standard 

pathogens

Job syndrom e S T A T 3 A D

T subscript H 

17 and T 

subscript  F H 

cells

Defect ive T 

subscript  H 17 

and T subscript  

F H cell 

development

High I g E

Ext racell ular 

bacteria,  

m ucocutaneous 

candid

Antibod y deficien cies

Bruton’s X-

linked 

agam maglob

ulinem ia,  X  L 

A

B  T K X  L B  cells
Absent  m ature 

B  cells
Low

Pyogenic bacteria 

and enteroviruses

A  I  D 

def ici ency
A I  C D A A R B cells

Defect ive I g 

c lass-switching 

and som atic 

hypermutation

I  g G and I g A  low;  

I  g M increased

Bacterial 

infect ions, 

enlarged germ inal 

centers

Select ive I  g 

A  def ici ency
Unknown ? B cells

Defi cient  c lass-

switched I  g A 

and B cell s

Low-absent I g A ; 

other isotypes

Typically 

asym ptom ati c

Human Immunodeficiency Syndromes



Human Immunodeficiency Syndromes



Major category Example Gene 

defec

t

Inheri

tance

Cells affected Immune defect Antibody levels Common infections and 

other features

Autoinflammatory disorders
Muckle-Wells 

syndrome

N L R 

P 3

A D, 

G 0 F

Neutrophils and 

monocytes

Inflammasome 

hyperactivity
Normal Recurrent fever, urticar ia

Complement deficiencies C 1 q deficiency
C 1 

Q A
A R Apoptotic cells

Deficient activation of 

classical complement 

pathway

Normal

Infections by encapsulated 

bacteria, for example, 

Streptococcus pneumoniae, 
Klebsiella pneumoniae, 

immune-complex disease, 
example S L E

M A S P deficiency
M A 

S P 2
A R None

Deficient activation of 

lectin complement 

pathway

Normal
Pyogenic bacteria, 

autoimmunity

Phenocopies of inborn errors 

of immunity

A P E C E D 

syndrome

A I R 

E
A R T cells

Impaired negative 

selection of T cells

Normal, with auto 

antibodies

Chronic mucocutaneous 

candidiasis, multiple 

endocrinopathies

Human Immunodeficiency Syndromes



The Boy in the Bubble



Lymphocytes Development Defects Lead to Immune Deficiency



Purine Salvage Pathway 



B Cell Defects



Results of B Cell Defects

Loss of T cell help: Susceptible to extracellular bacteria an

d some viral infection



Transient IgG Deficiency in Newborns



Lymphocytes Activation Defects Lead to Immune Deficiency

CVID, common variable immune deficiency



Results of T Cell Defects

• CD 4 T cells activates macrophages, 

dendritic cells and B cells



Defects in Cytotoxic T Cell Function



Defects in Innate Immunity



Disea se Examples Gene defec t Inherita nce Immune def ect Common inf ections

Severe congeni tal 

neut ropen ia

Elastase-2 d eficiency, S C 

N 1
E L A N E A D

Neutr ophil def icien cy

Severe  pyogen ic bacter ia l 

infect io ns

G F  I-1 d eficiency, S C N 

2
G F  I 1 A D

Severe  pyogen ic bacter ia l 

infect io ns

H A X 1 def icien cy, S C N 

3 o r Kostma nn’s disease
H A X 1 A R

Severe  pyogen ic bacter ia l 

infect io ns

G 6  P C 3 deficiency,  S C 

N 4
G 6  P C 3 A R

Severe  pyogen ic bacter ia l 

infect io ns

Leukocyt e adhesi on  

defici ency

Beta 2  integr in  deficiency, 

L A D-1
I T  G B 2 A R

Defect ive  leukocyte 

extr avasation

Ulcerat in g skin infect io n 

without  pus

G D P-fuco se tra nsport er 

def icien cy, L A D-2
S L C 35  C 1 A R

Recur rent bacter ia l 

infect io ns

Kindlin-3 d eficiency, L A 

D-3
F  E R M T  3 A R Severe  bacter ial infections

T  L R/I  L-1 R s ignaling 

defect s

My D 88 def icien cy M Y D 8 8 A R

Im paired T L R and I L-1 

re ceptor  signaling

Noninvasive bacter ia l 

infect io ns, skin an d 

re spirator y tra ct

I R A K 4 d eficiency I R A K 4 A R

Noninvasive bacter ia l 

infect io ns, skin an d 

re spirator y tra ct

T  L R-3 d eficiency T  L R 3 A D or A R

Im paired types 1 and 3 

inter fero n resp onses

Herp es simplex a nd 

var ice lla-zoste r 

ence phalitis

T  R A F 3 deficiency T  R A F 3 A D

Herp es simplex a nd 

var ice lla-zoste r 

ence phalitis

Non-T  L R P R R 

signa ling
C A R D 9 de ficie ncy C A R D 9 A R

Defect ive  phago cyte 

re cognition o f fung i,  

impa ir ed T  subscr ip t H 17 

re sponse

Inva sive  funga l in fections

Chron ic g ra nu lomatous 

disease
X-linked C G  D C Y B B X L

Im paired in tracellular  

killin g in neu troph ils a nd 

mo nocyte/m acrop hages

Severe , recu rren t 

bact erial infect io ns of 

bar rier tissues

Defects in Phagocytic Cells Are Associated 

with Persistence of Bacterial Infection



Leukocyte Adhesion Deficiency



Granuloma-Defect Killing

http://missinglink.ucsf.edu/lm/IDS_106_LowerGI/Lower%20GI/sicases/case1.htm



Complement Deficiency



Complement 

protein

Effects of 

deficiency

C 1, C 2, C 4
Immune-complex 

disease

C 3

Susceptibility to 

encapsulated 

bacteria

C 5 to C 9
Susceptibility to 

Neisseria

Factor D, Factor 

P, properdin

Susceptibility to 

encapsulated 

bacteria and 

Neisseria but no 

immune-complex 

disease

Factor I
Similar effects to 

deficiency of C 3

M C P, factor I, or 

factor H

Atypical hemolytic 

uremic syndrome

Polymorphisms in 

factor H

Age-related 

macular 

regeneration

D A F, C D 59

Autoimmune-like 

conditions, 

including 

paroxysmal 

nocturnal 

hemoglobinuria

C 1 I N H
Hereditary 

angioedema, H A E

Complement Deficiency



Immune Complex is Removed in the Spleen



Question

• Defects in which gene results in the most 

severe immune deficiency?

• A) MHC I

• B) MHC II

• C) AID

• D) C3



Outline
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Acquired Immune Deficiency Syndrome (AIDS)



Course of Untreated HIV Infection



Opportunistic Infections and Malignancies 

Are the Cause of Death of Patients with AIDS



HIV  Structure



Cellular Tropism of HIV Is Determined 

by Expression of CCR5 and CXCR4 Receptors

http://scienceblogs.com/denialism/HIV_attachment.gif



HIV Tropism



HIV Enters Through Mucosal Surfaces



The Life Cycle of HIV

HIV can latently infect cells



The Life Cycle of HIV

HIV replication requires activation of infected cells



HIV Evades Host Immune Responses



Lymphoid Tissue is the Major Reservoir of HIV Infection

Nature Medicine  9, 847 - 852 (2003) 



Strategies to Combat HIV Infection



Success of Anti-Retroviral Therapy



Success of Anti-Retroviral Therapy



Why is HIV So Hard to Control?

• Kill CD4 T cells

– The cells required to control infection

• High mutation rates

– Combination drugs

• Latent infection

– Most effectively controlled by blocking 

colonization

• Entry blocker

• Vaccine (various strains? neutralizing antibodies)

• Prevent the spread of HIV



Bone Marrow Transplant As a Treatment for AIDS
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