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Target group: the patient and doctor.

Signs and symptoms of primary immune deficiency:

Early and correct diagnosis is crucial for optimal treatment and support of
patients, so that their quality of life raised and permanent damage to the
organs are prevented. While inborn immune deficiencies are rare, they do exist
in clinical reality.

Infection and inflammation

The most common problem in relation to primary immune deficiency (PID) is
susceptibility to infections. (As infection means that a microbe penetrates the
tissue or a cell. Inflammation means a swelling and redness). In people with PID
infections might be frequent, serious, persistent or difficult to get rid of.

Prevalence

Even healthy infants and young people can suffer from frequent colds and
inflammations of the middle ear. Many children and young people with a normal
immune system may have one to three episodes of middle-ear inflammation a
year.

However, children with PID may have infections which follow in rapid
succession. Or they may have two or three simultaneous infections. When
the child is weakened by infections his or her gain in height and weight will be
compromised.

Chronicinfections

Despite management with antibiotics, infections often drag on, or they return,
i.e. become chronic. A common problem is chronic sinusitis (inflammation of
the sinuses in the forehead and the jaw), another is chronic bronchitis (infection
or inflammation of the airways).
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Serious infections
Especially serious infections are:

« Pneumonia: an infection of the smallest airways in the lungs, which can
lower the oxygen level of the blood.

 Meningitis: an infection of the membranes which surround the brain and
spinal cord. The symptoms are: fever, severe headache, unconsciousness,
coma, or in the worst case death.

» Osteomyelitis (bone marrow infection): an infection which attacks and
destroys the bones.

e Cellulitis (connective tissue infection): a serious infection of the
connective tissue in the skin.

« Blood poisoning (an infection in the blood vessels): an infection which
spreads quickly to the whole body.

» Abscesses: (pockets of pus), which are created around infections in the
skin or within the internal organs.

Opportunistic infections

Some patients with PID are infected with microbes which should be cleared
without problems by a normal immune system. These infections are termed
“Opportunistic infections”, because the microbe takes advantage of a
weakened immune system. Such an infection may often be a pointer to a PID.
Pneumocystis jiroveci is an example. It can infect many people without making
themiill. But, if the immune system is weakened, Pneumocystis jiroveci may
cause severe pneumonia.

Toxoplasma is another widespread parasite which does not always cause
serious disease in otherwise healthy people. But in humans with a compromised
immune system it can cause toxoplasmosis, a life threatening infection of the
brain with confusion, headache, fever, paralysis, unconsciousness and coma.

Autoimmune reactions

Beside all the infections, the immune deficiency diseases may cause other
problems in the immune system: e. g. autoimmune reactions, where the
immune system erroneously regards the body’s own cells and organs of
foreign.

In some autoimmune reactions the immune system only attacks a single type
of cells or tissue. For example an autoimmune attack on the blood cells may
lead to anemia. An attack on the cells in the pancreas may lead to diabetes,
because the attack damages insulin production.

In other situations the immune system affects several types of cells or
tissue and may cause diseases such as rheumatoid arthritis or systemic lupus
erythematosus (SLE). Rheumatoid arthritis mostly affects the joints. SLE
involves the skin, muscles, kidneys and other organs, leading for example to
exanthema, pain, tiredness and fever.

The complete picture of diseases
An immune deficiency might also be part of a large picture with a combination
of many signs and symptoms. For example just suffer from CATH22 syndrome
do not just suffer from an underdeveloped thymus with deficiency of T cells.
They may also have congenital heart defects, malfunctioning or undeveloped
parathyroid glands and characteristic facial features. Young boys with Wiskott-
Aldrin syndrome, in addition to their predisposition to infections, also develop
bleeding problems and eczema.
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Warning signs of primary immune deficiency Diagnosis of primary immune deficiency:
If your child shows one or more of the following signs, you should General investigation of primary immune deficiency
consult your doctor on the possibility of a primary immune deficiency:
» 6 or more infections of the middle ear a year, 1-5
or complications such as chronic perforation of A= Emengency! Refer at
the ear drum or mastoiditis (infection of nearby Suspected PID m"‘“““’“"“
bone) I —
« Children: 2 or more episodes of bacterial 1-2 r | Ve |
. . a.  Meningococcal infection?
sinusitis a year. - Only bacterial E-; b, Abecassac andfor fungf? E" oy
« Infections which do not respond to antibiotic sinusitis and € I Aypical mycobacteria? T
t t t preumaniat II; Systemic infection?
reatment. II: Opportunistic infection? Mo

 Severe pneumonia or frequently recurring
infections in the lower airways.
« Failure to thrive, with many infections.

» Chronic fungal infection in the mouth or on the
skin (after the first year of life).
« Infections with an unusual course or cause.

1=9
m Cellular or combined 10?7

« Internal infections, e. g. osteomyelitis (bone marrow infection), meningitis
(infection of the membranes of the brain), sepsis (blood poisoning), or
abscess on/in internal organs.

« Family history of immune deficiency.

(-] L]

Undefined ID or other
problem

1-10

If you show one or more of the following signs as an adult, you should 1-11
consult a doctor on the possibility of a primary immune deficiency: Refer to a specialist unit/treatment | ©

e 2 or more airways infections requiring antibiotics a year, e. g. infection of
the middle ear, bacterial sinusitis, bronchitis, pneumonia.

« Infections not responding to antibiotic treatment.

« Internal infections, e. g. osteomyelitis (bone marrow infection), meningitis
(infection of the membranes of the brain), sepsis (blood poisoning), or
abscess on/in internal organs.

« Infections with an unusually course or cause.

« Family history of immune deficiency.
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Diagnostic milestones:
1926: L. Syllaba and K. Henner:

Ataxia — telangiectasia.
1929: E. S. Thrope and H. E. Handley:

Mucocutaneous candidiansis.
1937: A. Wiskott:

Wiskott-Aldrish syndrome

1950: The Swiss researchers E. Glanzmann and P. Riniker describe:

Essential lymphocytophthisis
1952: O. C. Bruton discovers a new disease, which he calls

Agammaglobulinaemia.
1957: H. Berendes et al:

Fetal chronic granulomatous disease of childhood = CGD
1958: W. H. Hitzing:

Swiss-type
Agammaglobulinaemia = SCID
1965: M. R. Klemperer:

Complement C2 deficiency
1965: A. M. DiGeorge describes his syndrome.

We only have to stand on the shoulders of the colleagues mentioned, and other
pioneers, to make diagnosis. And we are never alone, at least if we dare to ask
those of our colleagues who are cleverer than we are! Before that, we shall
take a look at the differential diagnosis of PID.

1- Non-immunological causes:
The following more common causes of infections must be considered and
eventually excluded.

2- External causes:

1. Exposure to infections: day care, day nursery, etc.

2. Psychosocial conditions: housing, stress, Munchhausen by proxy (projection
by the parents of exaggerated concern about disease and anxiety to their
children).

3. Passive smoking.

3- Internal causes:

1. Insufficiency diseases: iron and vitamin D insufficiency

2. "local" problems/congenital malformations:

 Skin: atopic dermatitis (asthma-eczema)

 Airways: asthma, cystic fibrosis, foreign body, ciliary defect, congenital
malformations

 Ear: adenoid vegetations, allergy

« Membranes of the brain: congenital malformations

« Urinary system: congenital malformations

 Heart: congenital malformations

+ Nerve-muscle tissue: muscular atrophy

The presence of non-immunological causes does not exclude a primary

immune deficiency.

50% of children who see a pediatrician because of frequent infections are
completely healthy.

Another 30% are suffering from allergies, and 10% from other diseases.

Only 10% have a primary (inborn) or secondary (acquired) immune deficiency.
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Who is to be investigated for immune deficiency?
When a pattern of frequent infections suggests PID the doctor starts by asking
questions about the disease pattern in the patient and the family.

Only then does he carry out an investigation.

1- The patient’s medical history.

Which infections has the patient had, previously or now? Were they periodic?
Have they been frequent or serious or prolonged? Have they been difficult to
combat with common standard treatments? Have there rarely or commonly
been fairly innocuous infections?

(When an immunologically normal child suffers a number of infections, these
usually tend to be mild and transient. Between the infections the patient
recovers completely).

Have they been symptoms in the stomach or gut, neurological, autoimmune
symptoms?

For the purpose of shedding light on these questions it might be useful to
complete an “Infection dairy”, month after month.

Could secondary ID explain a high number of infections? A normal immune
response might be suppressed by many factors, e. g. malnourishment and/or
undernourishment, wounds, (e. g. burn), and some types of medicines (e. g.
steroid = suprarenal gland cortex hormone).

The immune system can also be weakened as a consequence of certain
diseases, e. g. leukaemia and certain Infections: Infections mononucleosis,
chickenpox and HIV. Any serious disease in fact affects the immune system.

2- Physical examination.

Is the child well-nourished with normal growth in height? A seriously
immunodeficient child should look sick and pale. Very often the child is
underweight and lags behind in growth and development.

The child may be timid. (An active, robust, child with a healthy appearance is a
less likely candidate for a serious immunodeficiency diagnosis).

The doctor should listen for changes in sounds in the lungs and look for thrush
in the mouth, investigate for an enlarged spleen or liver or swollen joints. Some
immunodeficient children lack tonsils or adenoids.

3- Family history.
Has any member of the family ever been diagnosed with PID, or been prone to

catch every infection?

Earlier deaths of infants in the family due to infections? Only boys affected?
Related parents?

A ;
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What is to be investigated?
The arsenal of laboratory tests is extensive, and many roads lead to Rome!

In the investigation of suspected immune deficiency it is usual to proceed
stepwise.

The preliminary laboratory tests should often be as follow:

« Haemoglobin.

» Blood count. A complete blood count shows the levels of red and white
blood cells as well as platelets. A differential blood count distinguishes
the different types of white blood cells, lymphocytes, neutrophils and
eosinophils.

« Quantitative concentration of immunoglobulins. This laboratory tests
estimates the level of the different immunoglobulins: IgG, IgA and IgM in
the blood. The normal ranges vary with age.

« Antibodies: A blood test can demonstrate whether the blood contains
antibodies against certain vaccines. Antibodies levels (titers) against
pneumococci, Haemophilus influenza type B, tetanus and diphtheria can
often be monitored.

o HIV titre (with the patient’s consent)

The result of the above tests should be available before any referral for

specialized immunology tests. The initially responsible doctors should confer

with a paediatrician or a specialist in internal medicine with an interest in
immunology department should also be involved.

Microbiological tips:

It is very important that, as far as possible, the focus and the microorganisms
are identified.

Samples of pus, expectoration (mucus and cells from the airways) or where
appropriate surgically removed biopsy from the infected tissue might
frequently reveal the microbe by culturing in the laboratory. Immunological and
serological techniques are also used.

1) Pyogenic (inflammation-causing) extracellular (outside the cell),
capsule-bearing, Gram-positive bacteria, Haemophilus influenza, hepatitis A
(inflammation of the liver), and enteric (gut) virus: B cell deficiency.

2) Viruses, fungi, mycobacteria (tuberculosis), Gram-negative bacteria,
pneumocystis jiroveci: T cell deficiency.

3) Staphylococcus aureus, highly pathogenic (disease-inducing) bacteria,
Gram-positive bacteria, catalase positive (hydrogen peroxide splitting),
aspergillus: phagocytes deficiency.

4) Systemic infections with non-typical mycobacteria (e. g. avian (bird)
tuberculosis): Interferon /interleukin — 12 deficiency.

5) Pyogenic (inflammation-inducing), Gram-negative intracellular
meningococci: Complement deficiency

An experienced doctor also finds hints in particular combinations of details, e.
g. age and gender, alongside the clinical observations. An infant suffering from
diarrhea, pneumonia and thrush, who does not thrive normally, is suffering
from SCID. A four year old child with swollen lymph glands, skin problems,
pneumonia and bone infections may have CGD. A ten year old child with
sinusitis, airway infections, enlarged spleen and signs of autoimmune problems
might be suffering from CVID.
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An experienced doctor also finds hints in particular combinations of details, e.
g. age and gender, alongside the clinical observations. An infant suffering from
diarrhea, pneumonia and thrush, who does not thrive normally, is suffering
from SCID. A four year old child with swollen lymph glands, skin problems,
pneumonia and bone infections may have CGD. A ten year old child with
sinusitis, airway infections, enlarged spleen and signs of autoimmune problems
might be suffering from CVID.

Special immunological laboratory tests:

1. B cell function

Immunoglobulin E
Immunoglobulin D
Pneumococcus titre (antibody
against Prevenar, if the patient
is <2 years, and against
Pneumovay, if the patient is <2
years), Hib titre. Both 4 weeks
after the vaccination.
Diphtheria and tetanus vaccine
titres.

ABO blood type and
isohaemagglutinin titre (natural
antibodies).

Somatic hypermutation: a test
which indicates the maturation
of the affinity for the B cells, that
is to say the ability to bind to a
specific antigen or microbe.
Autoantibodies.
Immunoglobulin G subclasses
(IgG1, 1gG2, IgG3 and IgG4)
Anti- IgA antibodies.

2. Lymphocyte function

Marker investigation:

CD4 T —helper cell
CD8 T —cytotoxic cell
CD4+CD25 T -requlator cell

CD16/65 NK cell
CD19 B cell
CD11/18 Monocyte/

granulocyte

Transformation:

Unspecific mitogens

(stimulate cell division): PHA
(phytohaemagglutinin), Con A, PIWM
(Poke-weed mitogen)

Specific antigens: (PPD (purified
protein derivative), Candida, S.
aureus, E. coli)

Allogen cells (MLC (mixed
lymphocyte culture))

Tissue type destination
ADA (adenosine deaminase)
and PNP (purine nucleoside
phosphorylase)

3

. The phagocyte system
Peripheral blood microscopy
(Wright staining) for specific
granules and Chediak-Higashi
syndrome.

NBT test (Nitroblue tetrazolium)
Dihydrorhodamine 123 flow
cytometry assay.

Granulocyte — adhesion, -
migration, - chemokinesis
Granulocyte phagocytosis of
opsonised latex particles.
Granulocyte antibodies

4. The cytokines
Function:

IL = 12/ INF — gamma pathway
TLR — signaling pathway

Genetic (DNA) analysis of
candidate genes:

STAT 1 and 3
TYK2

IRAK4
NEMO
MyD88

5. The complement system

Total haemolytic complement
(classical and alternative
pathway)

C1 esterase inhibitor

Single factors when function has
ceased

C3band C4

MBL (Mannose-binding lectin)
concentration and genetic
determination

Properdin concentration

. Genetic analysis

Chromosome analysis
DNA analysis
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7. Diagnosis before birth (prenatal)

« Some PID might be discovered before birth. Prenatal investigation may be
desirable for families already having a child with PID.

 Cells usable for prenatal diagnosis can be acquired in several ways: It is
possible in the 9 th — 10 th week of the pregnancy to take cells from
the: “chorion”, the tissue which later on develops into the placenta. An
aminocentesis (taking a sample of amniotic fluid) in the 14 th week of
pregnancy or later can provide important information on possible PID by
investigation of cells from the foetus. After the 18 th week of pregnancy it
is possible to take foetal blood samples.

» Prenatal tests make it possible to find abnormal cells, in some cases

abnormal enzymes. If gene mutation is detected in one or both the parents,

DNA from the foetus can be tested for the same defect. In some cases
the results of the prenatal tests imply that the child can be treated with
bone marrow transplantation just after birth. Studies are being done on
the possibility of bone marrow transplantation in unborn infants, but it is
unclear whether such a technique would provide better results.

The Immunoglobulin

concentrations in newborns fall ~ Jies
to a low level in the age of 6 ik
months.

Newborns have a high level of
IgG, transferred via placenta from
the mother during pregnancy.

After the birth the production of IgM is beginning almost immediately, but
the production of IgG does not start until the age of six months resulting in a
fall of the total IgG level, as the immunoglobulin, coming from the mother, is
decomposed.

Thus, the IgG levels are low from the age of 3 months to one year, which may
lead to increased susceptibility of disease.

Some laboratory values

Investigation ‘ Age Normal range
Haemoglobin (Fe) | 1 — 4 days Mmol/litre 87-15.2

5 — 14 days 87-133

15 - 30 days 6.7 -10.8

1 — 2 months 56-103

3 — 12 months 6.2-9.0

1 — 14 years 6.6 -9.8

Men 80-11.0

Women 70 -10.0
Leukocytes Age 10(9) / litre Normal range
(White blood 1 - 7 days 9.0 - 30.0
cells) 8 days - 2 50 - 19.5

months

3 months - 3 6.0 - 175

years

4 — 7 years 55-155

8 — 14 years 45-135

Adults 4.0-10.0
Leukocyte Age (selected) % Normal range
Nectopnicols. 1= 3 0 23 - 58%
(total) 15 days -2 14 - 67

years

7 — 14 years 36-77

Adults 45 - 75
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Investigation ‘ Age ‘ Unit ‘ Normal range
IgG2 1 - 30days Grams/ litre 04-38
7 — 12 months 03-22
1 — 3 years 0.3-39
Adults 1.5-59
IgG3 1 - 30days Grams/ litre 04-15
7 — 12 months 01-0.8
1T — 3 years 01 -11
Adults 03-04
IgG4 1 - 30days Grams/ litre <0.3-04
7 — 12 months <01 -04
1 — 3 years <0.7-0.9
Adults <1.9
Immunoglobulin | Age Grams/ litre
A Normal range
1 - 30days 0.01 -0.2
7 — 12 months 01 -11
1 — 3 years 0.2-17
Adults 0.7 - 3.65
Immunoglobulin | 1 — 30 days Grams/ litre 012 -1.2
M 7 — 12 months 0.04 - 22
1 — 3 years 0.6-3.0
Adults 0.39-208

Investigation ‘ Age ‘ Unit ‘ Normal range
Neutrophil cells | 1 — 3 days % 3-5
(granulocytes) | 15 days — 2 3-5

years

7 — 14 years 3-5
Lymphocytes 1 - 3 days % 26 - 57

15 days — 2 35-64

years

7 — 14 years 13 -43

Adults 20 - 45
Thrombocytes Age 10(9) / litre Normal range
(Platelets) 0 - 7 days 84 - 478

1 week — 14 150 - 400

years

voksne 150 - 450
Immunoglobulin | Age Grams/ litre Normal range
G 1 - 30 days 2.2-10.3

7 — 12 months 1.8-97

1 — 3 years 51 -141

Adults 6.1 -14.9
IgG1 Age Normal range

1 - 30days 22-94

7 — 12 months 19-54

1T — 3 years 28-73

Adults 42 -111
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Investigation ‘ Age ‘ Unit ‘ Normal range
Immunoglobulin | Women Grams/ litre 10.0 - 74.0
D* Men 10.0 - 51.0
Immunoglobulin E | newborn KU/litre <0.3

14 days - 1 year <15

1 - 6 years <100

6 — 14 years <150

Adults <100
Mannose-binding | Adults Micrograms/litre | <100 (total
lectin (MBL) deficiency) 100 -
concentration 500 (low level)
CDS8 (T - <12 months 10(9) /Litre 14 -15
cytotoxic cells) 1 - 5 year 13-12

Adults 01-09

Individual laboratories might have differing normal ranges, and the units used
might also differ. The individual blood test result is part of a whole and is
evaluated by the attending doctor.
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Treatment of primary immune deficiency:

BMTigene
therapy

IVIG or
$¢[G

lf-\

Prophylactic Immunization
antibody

L

E
6. Complement or
phagocytes deficiency

BMT: bone marrow transplantation, CVID: common variable ID, IVIG:
intravenous immunoglobulin. SCIG: subcutaneous immunoglobulin

NB: Cytokine therapy is not included in the algorithm.

Therapeutic milestones:

1952: O. C. Bruton: gammaglobulin against agammaglobulinaemia 1968: A. R.
Gatti: Successful bone marrow transplantation against SCID 1991: International
CGD coop. study group: Interferon-gamma prevention by CGD 2000: M.
Cavazzana — Calvo et al: Gene therapy of SCID The treatment of PID implied
not only curing infections and inflammations, but also attempting to correct
the actual immune deficiency. Besides that, it is necessary to be aware of the
increased risk of certain complications, e. g. autoimmune conditions and cancer.

The investigation and management of immunodeficient patients must take
place in a hospital setting at or in cooperation with a university hospital.

Treatment of infections

The primary object of the treatment is to combat a current infection. The
doctor has the option of prescribing several different antibiotics. Some of them
have a board spectrum, and act against a number of microbes, while other
drugs are directed specifically towards particular microbes.

It might be necessary to admit the patient to hospital with a view to improved
microbiological diagnostics and intensified treatment, e. g. by intravenous drip.

Fever-reducing and pain-relieving drugs may be appropriate.
Some medicines may reduce swelling of the mucous membranes in the nose,
sinuses and throat. Others can reduce the viscosity of the mucus in the

airways.

In addition, a PEP mask (positive expiratory pressure) can be used to make it
easier to expectorate mucus.
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Prevention of infections

When the immune system is weak, it is important to avoid sources of infection.

The precautions range from common sense measures such as good hygiene
(use of a mild soap to keep the skin clean and brushing the teeth at least twice
a day) to healthy diet and vitamin supplements.

Anyone with an immune deficiency must avoid unnecessary contact with
sources of infection. It is advisable to keep away from people with colds or
other infections and avoid large crowds.

On the other hand, it is important to avoid being over-fussy. Young children
now and then have to stay at home, but older children can go to nursery and
school, play in small groups and play sport.

The doctor may initiate continuous, long-term treatment with a low dose of
antibiotics. Prophylactic treatment might contribute to the patient avoiding
deafness or permanent breathing difficulties.

When there is a danger of pneumonia caused by pneumocystis jiroveci in a
child with serious T-cell deficiency, an appropriate preventive treatment is
trimethoprim + sulfamethoxazole.

Treatment of primary immune deficiency
It is not long since nothing or very little could be done to cure an immune
deficiency.

Scientists have now developed several options. There is no standard solution
for all immune deficiencies or in all cases. But overall the new treatment
options have changed a poor prognosis to one where there is hope.

Bone marrow transplantation (BMT)

In several potentially fatal immune deficiencies, bone marrow transplantation
(BMT) represents a chance of a dramatic, complete and long-lasting cure. The
principle is that in BMT bone marrow is moved with stem cells from the large
bones in a donor and then given to the patient (recipient).

Since the first BMT was carried out in 1968, more than 1000 children with
PIDs, including SCID, Wiskott — Aldrich syndrome, Leukocyte Adhesion
Deficiency and other immune deficiencies have shown remarkable progress in
their health. They recover after infections, gain in weight and develop so that
they can live normal lives.

Unfortunately a BMT will not work in every body. For it to be successful the
bone marrow must come from a donor who is a good biological “match”. That is
to say the tissues of the donor and the recipient must have identical, or almost
identical, sets of marker molecules (the HLA antigens), which serve as unique
“tissue type markers”.

Without a good “match” a “graft-versus-host reaction” (GVHD) might occur,
that is to say a reaction where the cells in the donor marrow regard the tissue
of the recipient as foreign and react against it.

As the sets of marker molecules can occur in many variations, it can be difficult
to find a good “match”.
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However, it has become easier following the introduction of a new technology
and establishment of large databases containing donor information. The best
“match” is normally found among close family members, especially brothers
and sisters.

Another possibility is bone marrow from a haplo(half)-identical close relative,
typically a parent, who has half of the HLA antigens in common with the
patient. After clearing of mature T cells, which might induce a GVDHD reaction,
the cleared stem cells are given. The drawback of this method is that it takes

at least 4 months before the transplantation “takes”, with resultant increased
risks of opportunistic infections. “Half-matching” transplants have nevertheless
saved the lives of many children.

BMT is especially effective in SCID, because children with SCID have no, or
almost no, T cells, which might attack the transplanted bone marrow and reject
it.

Every recipient, who has active T cells, has to undergo radiotherapy or medical
treatment before a BMT. This kills the recipient’s T cells, but also destroys other
part of the immune system and consequently increases the patient’s risk of
infections.

Even with a good “match” BMT is not always successful. The best results are
achieved when the child is small, in reasonably good health, and free of serious

infections at the time of the transplantation.

There is a very little risk of the development of cancer after a BMT.

Stem cell transplantation (SCT)
Stem cells can also be found in the umbilical cord blood, where there are plenty
of them.

These Stem cells are long-lived “parent cells”, which produce new blood cells all
the time.

The Stem cells are obtained by draining blood from the umbilical cord and the
placenta just after birth, when the umbilical cord is ligated and cut. The blood is

typed, frozen and stored.

At a later time it can be used for a “matching” PID patient.

{\ y Stem cell

Cardiac

SR L4
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Blood cell Hepatocytes
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Standard plan for Allogenic* stem cell transplantation (SCT)

Time ‘ Actions

7 — 9 days before SCT Pre-treatment with chemotherapy and/

or radiotherapy

Day O Admission without white blood cells

Day O — 3-4 weeks Isolation and prophylactic treatment
with antibiotics and, where appropriate,

transfusion

About 3-4 weeks after day O Discharge

Day O — 3 months later Weekly outpatient checks

After about 3 months The Weekly checks stop
For 3 — 6 months outpatient checks when necessary
medication

After about 6 months

End of outpatient checks and medication

* Allogenic = SCT between individuals of the same species, but with
different genes.

Doctors have used stem cells from the umbilical cord to treat many different
blood diseases in children. The blood for these treatments is most commonly
obtained from banks of umbilical cord blood.

Research appears to show that stem cells from umbilical cord blood do not
need to “match” as exactly as bone marrow.

Stem cells transplantation can be considered for the following groups of
immune deficiencies:

1. Deficiencies in the lymphocytes (T and NK cells)
2. Deficiencies in the phagocytes (granulocytes)

Gene therapy

Gene therapy is the introduction of a “healthy” gene (i.e. a DNA sequence) into
the body treating the deficient cells from the patients’s own bone marrow with
an artificial virus, which carried the “real” gene, whereupon the treated cells are
returned to the patient. In principle the “healthy” cells have the best ability to
survive, and thus reproduce more than the deficient cells.

This treatment may be an alternative in certain IDs, when a suitable donor of
histo -compatible bone marrow transplantation is not available.

It must be emphasized, however, that gene therapy is still an experimental
approach.

Therapeutic trails have been/are being carried out in a number of IDs, among
which the following will be described: SCIDX1 (X linked severe combined
immunodeficiency), and ADA-SCID (adenosine deaminase deficiency — severe
combined immunodeficiency).
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SCIDX1:
Gene therapy of this ID has been carried out in ten patients in France using the
technology illustrated in the following figure:

The technology is “relatively straightforward”, see figure I1X.b.3.4, on page 98.

Overview of gene therapy procedure for SCIDX1 (Y ¢ (common gamma chain
receptor deficiency):

Step 1: Human HSC (Haematopoietic Stem Cells) and progenitor (ancestor)
CD34+ cells are separated from a bone marrow or peripheral blood harvest.

Step 2: this separation is done by magnetic bead technology.

Step 3: CD34+ cells are activated with a cocktail of cytokines (growth
factors) for 48 hours.

Step 4: transduction of the CD34+ cells with the MFG retrovirus based vector
encoding yc c DNA.

Step 5: after three rounds the cells are reinfused into the patient.

Following the early reports in 2000 of success in the French trail, a similar trail
was initiated in the UK.

However the vector was “pseuodotyped” with a different envelope, that of
gibbon leukaemia virus.

Ten children and two older patients were included in this protocol. The
treatment of the older patients has not resulted in immunological recovery.

Out of the 20 children, the therapy was immunologically successful in 17
patients, with lasting T and NK cell reconstitution and catch-up in weight and
height. Humoral immunity was also restored, in terms of antibody production
and increasing rates of somatic hypermutation (mutation of affinity, that is
to say the ability to bind to a specific antigen or microbe). The immunological
response was only inadequate in two patients.

It is not all good news, however. So far, five patients, four of them French, one
of whom died, and one British, have developed lymphoproliferative disease (T
cell leukaemia).

This is thought to be a result of a process termed insertional mutagenesis,
an aberrant expression of the cancer causing proto-oncogene, LMO2 (LIM
domain only 2). The particular type of vector used may preferentially insert
close to oncogene and genes controlling growth.

The two trails are now closed, and several strategies are being tested
to improve the safety profile of gene therapy. Viral vectors other than
retroviruses are being investigated which may lead to safer therapy.

Vectors are being created with an SIN (self-inactivating) configuration,
meaning that strong viral promoters associated with vectors are deleted. This
renders them less capable of promoting expression, if they do insert near or
within an oncogene. Another area of interest is the use of gene and tissue
specific promoters with the aim of inducing expression of the normal copy of
the gene in a tissue specific and physiological manner.
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ADA-SCID:

Unlike other forms of SCID, patients with ADA deficiency may be partially
treated by enzyme replacement therapy until HSC (haematopoietic stem cell)
transplantation is available. However, if a donor is not available, continued and
expensive treatment with PEG (polyethylene glycol) — ADA is not effective
with respect to increase in T, B and NK cell counts, and immunoglobulin
substitution is often necessary.

Trails with gene therapy were therefore initiated in 1990. However, immune
reconstitution was disappointing. This was probably due to continuation of
PEG—ADA treatment, which would have eliminated any selective advantage of
the gene corrected cells.

Recent studies in Milan and London have been conducted in the absence

of exogeneous enzyme replacement, and with implementation of a non-
myeloablative chemotherapeutic conditioning regimen prior to reinfusion of
the transduced stem cells. (The transduction procedures have been the same
as those used for SCIDX1). More than 10 patients have been treated with
success, so far without side effects.

Further research on lentiviral vectors encoding the ADA gene is in progress.

Substitution with immunoglobulin

In many patients with deficiencies of immunoglobulin substitution therapy may
be life-saving. Regular infusions or injections are given of immunoglobulin taken
from the blood of many healthy donors and then cleared. Immunoglobulins
from thousands of donors are mixed, in order that every single portion
contains immunoglobulins against many different types of microbes.

But the clearance of the donor blood removes most of the IgM and IgA, and
the final product therefore is consisting mostly of IgG.

Before starting immunoglobulin treatment of patients with complete lack of
IgA anti- IgA antibodies in the patient should be excluded.

If immunoglobulin is received at regular intervals and in an adequate dose, it is
possible to increase the concentration in the blood to the normal level and to
prevent most infections. Dosage: 0.4 — 0.8 g/kg/month. The aim is a serum
IgG concentration of 5 — 8 g/I. if the treatment has begun early enough it is
often, but not always, possible to prevent damage of the lungs secondary to
pneumonia. During the treatment serum IgG is estimated at least once a year,
immediately before the next infusion.

In addition, blood samples should be taken to test for function of the kidneys
and the liver, hepatitis C, and where appropriate A and B (PCR = polymerase
chain reaction).

Immunoglobulin may be given in different way: intramuscularly, in the muscles
(IMIG), intravenously, directly into a blood vessel (IVIG) or subcutaneously,
under the skin (SCIG).

In smaller children intravenous treatment is normally preferred, because it is
then possible to give high doses, and the pain associated with large doses in the
muscles are avoided. Intravenous treatment lasted several hours and is carried
out at reqular intervals (2 — 4 weeks) as outpatient treatment in hospital.
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Subcutaneous treatment may be carried out at home for regular/older patients
using a small, electronic, portable pump, which dispenses immunoglobulin in
fairly small amounts under the skin several times a week.

Cytokine treatment

Treatment with cytokines is a fairly new way of treating immune deficiencies.
The cytokines are injected under the skin (subcutaneously). They are natural
chemical substances, made by immunological cells. A naturally or artificially
synthesized immune cell product, gamma interferon, for example can be used
prophylactically in CGD.

Neutrophil stimulation

In association with some immune deficiencies the number of Neutrophil
granulocytes is diminished, because they are destroyed by autoimmune
processes, or because they are producing in sufficient numbers.

In some cases this problem may be relieved by injecting growth factors, which
increase the production of neutrophils.

Granulocytes-macrophage colony stimulating factor (GM-CSF) is a natural
chemical substance which increases the development of blood cells, among
which the white blood cells are known as granulocytes and macrophages.

Another granulocyte colony stimulating factor (G-CSF) also promotes an
increase in the level of granulocytes.

Questions

1) Primary immune deficiencies are more common than secondary ones.
Yes / No

2) Non-immunological causes of infection problems
» Should be excluded before investigation for primary immune deficiency
» Are not seen together with primary immune deficiency

3) A primary immune deficiency typically only includes a single function
of the immune system
Yes / No

4) Which of the following microbes are opportunistic?
* Meningococci

» Y-haemolytic streptococci group A

» Pneumococci

e Yeasts

e Pneumocystis jiroveci

5) Autoimmune symptoms are often seen in immunodeficient patients
Yes / No

6) Meningococcal infections suggest:
» B cell deficiency

» T cell deficiency

» phagocytes deficiency

« Complement deficiency

« Interferon /interleukin — 12 deficiency
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7) Abscesses and/or fungal infections suggest:
» B cell deficiency

» T cell deficiency

» phagocytes deficiency

» Complement deficiency

« Interferon /interleukin — 12 deficiency

8) Bacterial sinusitis and pneumonia suggest:
» B cell deficiency

» T cell deficiency

» phagocytes deficiency

» Complement deficiency

« Interferon /interleukin — 12 deficiency

9) Viruses, fungi, tuberculosis, gram neg. bacteria, pneumocystis jiroveci
suggest:

» B cell deficiency

o T cell deficiency

» phagocytes deficiency

« Complement deficiency

« Interferon /interleukin — 12 deficiency

10) Systemic infections atypical mycobacteria suggest:
B cell deficiency

» T cell deficiency

» phagocytes deficiency

« Complement deficiency

« Interferon /interleukin — 12 deficiency

11) Which of the following IDs can be treated by bone marrow
transplantation?

» T cell deficiency

B cell deficiency

» Phagocyte deficiency

* interferon gamma receptor deficiency

12) Which of the following IDs can be treated by gene therapy
« Adenosine deaminase deficiency

« Common gamma chain receptor deficiency

» Chronic granulomatous disease

13) Which of the following IDs can be treated by gammaglobulin?
e T cell deficiency

» B cell deficiency

« Phagocyte deficiency

« Complement deficiency

 Partial interferon gamma receptor deficiency

14) Which of the following IDs can be treated by interferon gamma?

« T cell deficiency

» B cell deficiency

« Phagocyte deficiency

» Complement deficiency

« Partial interferon gamma receptor deficiency / interleukin -12 deficiency






