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The Immune System =

1. Innate
*  Present from birth
 Specificity is “p
* Includes “nor

2. Adaptive
. Develops dur
. Increases affi

. Two compart
= Cellular- Mec
= Humoral-Medis

- Memory and Specificity are key features




Immune effector mechanisms

Antibody
production

Extracellular
Killing

Cytotoxicity



The rules

* 1. We should thi problems more

often

e 2. We shoul e problems
even thoug common

* 3. We shoul look for

e 4. We shoul



Rule 1-Why should we think about
immune issues more often?
* Many people with immune problems look completely

normal-until they get ic infection that their
immune system fail

treatment, and
infections,
worse outcomes

* Delayed recognitio
delaying treatment
debilitating end-org
from available treatme

* Some of this is going to be easier if newborn screening
starts (424849-50) states active or planned)



1

2
3
4
5
6
7
&
9
0

OWc:rning Signs

of Primary Immunodeficiency

Primary Immunodeficiency (Pl) causes children and adulis to have infections that come back frequently or
are unusually hard to cure. 1:500 persons are affected by one of the known Primary Immunodeficiencies.
If you or someone you know is affected by two or more of the following Warning Signs, speak
to a physician about the possible presence of an underlying Primary Immunodeficiency.

Four or more new ear infections within 1 year.

Two or more serious sinus infections within 1 year.
Two or more months on antibiotics with litlle effect.
Two or more pneumonias within 1 year.

Failure of an infant fo gain weight or grow normally.
Recurrent, deep skin or organ abscesses.

Persistent thrush in mouth or fungal infection on skin.

Need for infravenous antibiotics fo clear infections.

Two or more deep-seated infecfions including septicemia.

A family history of PI.

Warning Signs of
Immune deficiency

The Jeffrey Modell
Foundation Medical
Advisory Board



Is it just an infection? HIIN R ZE BRI

and help promote awareness of
primary immunodeficiency diseases.

You should be suspicious if you have an infection that is...

Seve re If any of these words describe your infection, the Immune
Deficiency Foundation (IDF) recommends that you ask
your physician to check for the possibility of a primary
immunodeficiency disease. These diseases are caused

P er S' Stent by genetic defects and can affect anyone, regardless of

age or sex. People with primary immunodeficiencies are
more susceptible to infections and health problems that
lead to serious and debilitating diseases. It is critical to

Un usua’ get an early diagnosis and proper medical care.

IMMUNE
DEFICIENCY
FOUNDATION

Questions? Contact IDF to learn more.

Runs in the Fami’y www.primaryimmune.org * 800.296.4433

Recurrent

or if it

WWW.primaryimmune.org



Rule 2-Why should we check for
immune problems (even though they
are uncommon)

sick kids from
kids are nice
ards question

e Difficult to sort
those with im
enough to look

4

mmon, they’re
e thought they

* While immune
significantly less u
were a decade ago



Symptoms of immunodeficiency

1. Infections

- Frequen
- Failure

2. Autoim

- Immune
from non

difficult to treat

y distinguish self

3. Immune

- Hematopoietic



Why are immnr es more
commo

ewborn Screening: Current Status of Implementation Map*
s Currently Screening for SCID - 90% of all newborns in the U.S. are receiving SCID screening
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How do you screen newborns for
immune problems?

SEVERE COMBINED IMMUNODEFICIENCY (SCID)

Normal SCID

[ S * Normal = Hofurther action
T Il.llll . III .. .-:I
Confirmate
o prmal =3 &

Immune syslem Immune system testing

Dec eased
immune
respo se

T cells l
B cells Cannot fight
infections

Can flght infections

TCRE Eacigio Circle

TREC AMNALYSIS BY REAL-TIME PCR



California data from newborn
screening

96% needing immune
reconstitution surviving

Severe immune
deficiency

T-cell
lymphopenia
secondary
to other
conditions Preterm

birth
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>
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Diagnoses associated with T-cell lymphopenia found by
screening with TRECs




Rule 3-what should we be looking for?

* Some immune probl ry common, but

fortunately less s

e Others are seve

* Everyone want Immune
system, but w tervene so
there aren’t a | ople whose

Immune systems



Primar

Immunodeficiencies

B combined cellular
and antibody
deficiencies 15%

B cellular
deficiencies 5%

O phagocytic
deficiencies 10%

B complement
deficiencies 5%

B antibody
deficiencies 65%



Immune effector mechanisms

Antibody
production

Extracellular
Killing

Cytotoxicity






B cell / humoral / antibody deficiencies

Antibody
production

Cytotoxicity



Antibody deficiency: pattern of infections

* Bacteria: pneumo
aureus, mening
Campylobacter

Mycoplasma,

raxella, Staph
S,

* Viruses: comm
(including vacci

enteroviruses

* Protozoa: Giardia, Cryptosporidium



@elaglelln
(SCID,




Combined immunodeficiency

Antibody
production

Cytotoxicity



Combined immunodeficiency: pattern of
infections

* Mycobacteria es ding BCG
* Salmonella
e Candida

* Herpes virus
* Pneumocysti
* Bacteria: List

* Viruses: herpe
measles (also va

* Fungi: Pneumocysti ptococcus,
INGIJENUE

* Protozoa: Toxoplasma, Cryptosporidium

arainfluenza,






Phagocyte defects

Antibody
production

Cytotoxicity



Phagocyte defects: pattern of infections

e Bacteria: catalas

* Most commo
(Pseudomon

* Also: Klebsi
* Mycobacteri

Burkholderia
s, Nocardia,

* Fungi: Candid



Rule 4-How sh

* It depen



Looking

* You can’t look at have to follow

your history an

* Family history cations of
infections all u look

* Age, acute illn can limit what

you look at

* You should critica e labs you already
have
* Newborn screen

* CBC with dif (ALC), platelet count



Impact of age on immune evaluation
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Still looking

e Parts of the ev individualized,
but general s
* Newborn
 CBC with

* IgG, A, an
has been

the patient



Primar

Immunodeficiencies

B combined cellular
and antibody
deficiencies 15%

B cellular
deficiencies 5%

O phagocytic
deficiencies 10%

B complement
deficiencies 5%

B antibody
deficiencies 65%



Diagnostic Tools for Antibody Deficiency

Deficiency Screening Tests “Advanced Tests”

Antibody Quantitative serum IgG subclasses
immunoglobulins (only helpful in some
('gGl A, M, E) CaSES)

Antibody response to Antibody response to
vaccinations vaccinations post
(tetanus, diphtheria, boosting
pneumococcus)

Isohemagglutinin titer B cell enumeration
(lgM) CD19, CD20

Bacteriophage
(neoantigen)

Antibody deficiencies comprise about 65% of primary
immunodeficiency diseases




Diagnostic Tools for T cell deficiency

Cellular Absolute lymphocyte count T cell enumeration
(T cell or combined) CD3, CD4, CD8

NK cell enumeration
CD16/56

Delayed Type Hypersensitivity Lymphocyte proliferation to
Skin Testing mitogens:
PHA, PWM, ConA
Lymphocyte proliferation to
antigens:
Tetanus, Candida

HIV Antibody or PCR

*T cell deficiencies generally characterized by FTT, diarrhea, rash,
recurrent viral, fungal, and opportunistic infections.

*SCID is an absence of T cell number and function, also associated
abnormalities of B cells, NK cells or both.




Diagnostic tools for Complement Deficiency

“Advanced Tests”

Complement CH50 Individual component testing
AH50 MBL genotype

C3,C4

MBL level

* Complement pathway defects

Deficiency

Screening Tests

* Early components: Clq, C2, C4, C3 = recurrent encapsulated bacterial infections
* Terminal components, C5-C9: recurrent meningococcal infections



Diagnostic tools for Neutrophil defects

Screening Tests “Advanced Tests”

Neutrophil/Phagocyte Absolute neutrophil count Evaluation of oxidative burst:
Cell morphology DHR (flow cytometry)
NBT (microscopy)

Evaluation of adhesion
molecules
(CD18,CD11)

IFNg R on monocytes

Phagocytic, chemotaxis,
bacterial killing assays
(research labs)

* CGD = defectin oxidative burst. Recurrent infxn with catalase + organisms,
abscesses of liver, lung, brain, osteo, granuloma, aspergillus.

* LAD = defectin leukocyte migration, leukocytosis (marked), delayed umbilical cord
separation, gingivits. (RARE!)

* IFNGR deficiency =recurrent mycobacterial infections




What do we end up finding in
patients sent for immune eval?

Immune
deficiency

Chronic

disease (non-
immune)
Normal
child with
~____more

infections
than
expected

Atopic/




Conclusions

deficiency is going
ch to primary

* Newborn screenin
to dramatically
immune defici

e Secondary im ’t get caught

by nhewborn s

to be vigilant
nd how to screen

* Screening isn’t
and remember th

* Early diagnosis allows better treatment outcomes



Case #1: Antibody deficiencies

History

fections 500)
pheumonia

meningitis

occal sepsis

Ific antibody
ses to vaccines
ular immunity normal



Flow Cytometry: T cells vs B cells

Control Patient




Diagnosis: X-linked Agammaglobulinemia

Infection Susceptibility: pyogenic infections, viral meningo-
encephalitis, vaccine strain poliomyelitis, mycoplasma
arthritis

recurrent
with neutropenia

Clinical Features: inf
sinopulmonary pyo

Inheritance X-link

Diagnosis: Abse
Approximate
IgG usually <100 mg/dL
B cells < 2% of lymphocytes (~ 0.05-0.3%)
Normal T cell number and function

e family history



Antibody Deficiencies: Specific Diagnoses

Agammaglobulinemia
 X-linked
« Autosomal Rece

Hyper IgM Syndro
« X-linked (lac
* Autosomal R
Common Variable |
IgG Subclass Deficie
Specific Antibody Deficie
Transient Hypogammaglobulinemia of Infancy
TREATMENT: Immunoglobulins, antibiotic prophylaxis






Case #2;

History

Combined immunity deficiencies

Laboratory

ogressive
rmatitis.

o of control
cells of host origin & oligoclonal



Case #2: Cellular and Combined Immune
Deficiencies

Diagnosis: Omenn’s syndrome
Treatment at age 3 mon
Cyclosporine th
haploidentical
4 month hospi
Post-transplant co
anemia, thrombocy
GVHD,
Eventual bone m

hemolytic
testinalis, Chronic

Now doing well, normal immune function, mild chronic colitis









Genetics figured out in 1998




Normal
function

Absent
function

Decreased
Function



Severe Combined Immunodeficiency
(SCID)

Infection Susceptibility: All infectious organisms including
live vaccine strains and opportunistic infections

onic diarrhea,
ecific gene defects

Clinical Features: Failur
erythroderma or other
may have associated

Inheritance: X-linked ( autosomal

recessive

Diagnosis: Lymphopenia in most, diminished or absent T
cells in most (maternal T cell engraftment or aberrant
oligoclonal T cells in Omenn, may confuse the picture),
poor/absent in vitro mitogen-induced T cell proliferation in
all.



Cellular and Combined Immune Deficiencies:
Specific Diagnoses

SCID
Wiskott Aldrich

Ataxia Telangie
DiGeorge Syn
Chronic Muco
IL-12/IFN gamm
X-linked lymphopro
Ectodermal dysplasia with immune deficiency

WHIM syndrome



Case #3: Disorders of Phagocytes

History




Case #3:. DHR test for neutrophil oxidative burst

Control Patient

Pre-
stimulation

Post-
stimulation




Diagnosis: Chronic Granulomatous Disease

Infection Susceptibility: catalase positive organisms, and
iIndolent fungal infections.

ranulomas of skin,
S, Jjoints. GI/GU

Clinical Features: Rec
liver, lungs, lymph
obstruction secon

y by flow cytometry
NBT test)

Diagnosis: Neutrop
using dihydrorhoda

Treatment:
« Prophylactic antibiotics

« Gamma interferon

« Bone marrow transplantation



Phagocyte defects: Specific Diagnoses

e Chronic granulom
e X-linked
e Autosomal

* Chediak-Hi
* Leukocyte

* Neutrophil
* Congenital a



Case #4. Complement deficiency

A

History:
Alternative
Pathogen
surfaces

Pathogen
Oligosaccharide

ik

Immune
Complexes
Clq, Cle, MBL,

Cls, C4, MASP1/2
C2 , C4,C2

ratory:

lture and gram stain

cs CSF = N. meningitidis
ell activatio

o5 H50 = zero

co e Terminal complement

c7 components analysis:

cs Deficiency of C6.

C9

Lysis



Complement Component Deficiency

Infection Susceptibility and Clinical Features: Recurrent
pyogenic infection and also connective tissue disease
(especially C2 and C4)

Late component deficie ) recurrent Neisseria

species infection

« Deficiency of regul erase inhibitor is

associated with an

Diagnosis: CH50 for cl
pathway, and/or indivi

H50 for alternative
ent component levels

Treatment:;

* Prophylactic antibiotics

« Immunizations with bacterial polysaccharide vaccines
(e.g. Pneumococcal vaccines)



Complement Disorders : Specific Diaghoses

Classical component deficiency: Early (C1-C4); Late (C5-C9)
Alternative component deficiency: Properidin, Factor D
Regulatory Components: C1 inhibitor — HAE, factor I, factor H
Lectin pathway deficiency: Inding Lectin

C2 deficiency most co

SLE-like au
Component(s) immu
Cl,C2,C4 Yes
C3 No
C5, C6, C7 Yes
C8, C9 No Neisseria
Properdin Yes Multiple

Factor D No Multiple




Summary

markably from the
munodeficiency
molecular cures.

* In less than 40 years, we
description of newly di

* Molecular imm fects in many

immunodeficien

* Prompt diagnosis



