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Thank you. I'm delighted to bave ■ been a-s-ked -to- ta4k today^on immunodeficiency whcih 

is one of my favorite areas of immunology.
~ c"* priA^U &- a/£ivi4.

It is a topic which for better or worse has captured the imagination of the American 
public. In part this is due to T.V. specials like the Boy in the Plastic Bubble 
who appears on this slide.

The real infant has the X-l inked disorder severe combined immunodeficiency (SC ID) .VxyV p rwu 
At birth by C-section he was immediatelt transferred to protective isolation 
where he has remained ever since awaiting the treatment of choice, a BMT from ,rO
and HLA-matched donor. ’’

In part as a result of the increasing public awareness of ID through TV and magazines, 
we are seeing greater numbers of adults with frequent bacterial or viral infections 
referred for workup

Most, of course, turn out to be perfectly normal by our current standards of immune 
function^ OSWFWffUi. Uli J 'h mrmlii i... r

a ohoi«t pet reel'O"l L i iiSWfeRmn ~i 1 r nt by flatted—te-ann pntiamf ;;.
^h«"onl y hu'u'g fui'LTTTe.u Jus rs .—Mo^t" uf",tliL-Au turn out to ha-ve^chren i g &taph caiTrer

■ .. . rL,|UL^
However a surprising number of patients whom we see on referral do in fact prove to 

be immune deficienct.

ID's can be divided into two categories, primary and secondary.

Primary kffisS are those in which the patient has no other obvious disease or condition 
known to increase susceptibility to infection. They are relatively rare, except 
in our clinics.

Cults. Secondary ID's are at least 300 time- more frequent^ SLIDE 'kL

^e^primary ID's are most easily though of as falling into 4 categories altho 

there is some overlap. Roughly 50% are

would like to spend most of our time on the first two caregories, the dosorders 
of lymphocyte function since they are the most common. If there are specific 
questions about poly or complement disorders please feel free to raise them 
in the discussion period.

SLIDE
This slide should be familiar to you from Dr. Saxon's talk earlier this week. 

It shows the ontogeny of the immune system with pluripotent lymphoid stem 
cells migrating from the bone marrow to the thymus where they are educated 
to become T-cells important for helper function in the antibody response, 
and for killer cell responses against viruses and fungi. Some pluripotent 
cells migrate to the human equivalent of the Bursa of Fabricius (wherever 
it is) where they become B-cells, acquire surface Ig, and the capability 
of maturing to antibody secreting plasma cells.

In general the B-celI arm is most essential for defense against bacteria and to 
.soffre extent against viruses. The T£el I arm is in
host defenses against viruses, fungi including Cand i da, and protozoans such 
as Pneumocystis carinii.



SLIDE-LYMPH
This is of course a lymphocyte. They all look alike by light and electron microscopy. 
We can't tell if its a T or B-cel1.

Human T-cells are identified by their capacity to form rosettes with sheep red 
blood cells, so-called e-rosettes. This SLIDE is an E.M. photo of a lymphocyte 
with 3 sheep erythrocytes bound to the membrane.

B -<xUls c\.ag.
SLIDE-CLIN FEAT * 1

Well then, what are the clinical features which should appropriately arouse 
your suspicion for ID?

There are also specif

or failure to thrive may be underlying ID.

tures such as 0axia and ocular tel ang iectas ias as in AT.

In general the type of infections which occur provide important tipoff's to the type 
of ID. Recurrent otitis, sinusitis or pneumonia suggest §"~an t i body d^fcioioncy .^^4 
Viral fungal or parasitic infection suggests a T-cel1.defioierrey. Infections 
with organisms of low virulence such as Staph epi in infants suggest chronic 
granulomatous disease^ a. defect •

In adults, chrqhic or recurrent sinopulmonary infection is highly suspicious 
for antibody deficiency

Infections with unusu isms. P. carinii or Staph epi.

In infants chronic di

Now on to some specific deficiency states.
SLIDE
The first is X-linked or Brutons agammaglobulinemia, the first ID disorder described 

by Bruton in 1952. Only males.

B-cel1 defect. Failure of development or function of the human equivalent of the
bursa if Talu i "tlT1 OfFF'fl LllUL llfULULLS F^pM'l 111J ill ...... e 1 1

The infants are usually asymptomatic until age 6 mos at which time the passive 
transferred maternal IgG (the only Ig class to cross the placenta) reaches its 
lowest level. Rarely they are not symptoma-ic until early childhood.

The major problem 
is frequently

is recurrent infection with H. flu and Pneumococcus. Diarrhea 
due to Giardia, a major problem for patients with antibody deficiency.

Laboratory findings are the absnece or marked deficiency of all Ig classes with 
total Qlg's less then 250 mg/dl. B cells are absent, but T-cells present in 
normal numbers. LN biopsy is rarely necessary to make the dx.

The treatment i»/xgammag1obu1in injections for life, the liberal use of antibiotics 
and treatment of the giardiasis. Chronic lung disease may be a complication.

The major confusion in the dx of Brutons is something called "transient hypogamma 
of infancy." All infants go through a period of physiologic hypogamma at 5 or 6 
months of age^ Transient hypogamma results from a delay in the normal onset of 
Ig synthes i s . They be male or female, normal numbers
of B-cel Is in the peripheral blood, vs. -h> v->
Tkve **

requrreA6 month course of gammaglobulin injections because of recurrent
i nfect ions*.



SLIDE *

The next syndrome is Common Variable ID or what I'd prefer to call Adult, 
Acquired Hypogammaglobulinemia. This is the second most common prkmary 
humoral ID of adults. The most common is, of course,
It is called variable because it appears to have a variable pathogensis 
in some cases due to a B-cell defect and in others a T-cell problem.

The clinical manifestations are similar to Brutons with pyogenic sinopulmonary 
infections, skin infections, bacterial conjunctivitis but beginning 
usually in the age range of 13-35.

Lymphadenopathy is common and pts are frequently subjected to unnecessary 
lymph node biopsies before the dx is made.

Most cases sporadic, rarely familial, Both sexes are affected.

In most instances QIg levels are very low, less than 400 mg/dl total. Usually 
not a subtle dx. However there are occasional pts with recurrent infection with 
borderline levels who may represent this disorder in evolution. We really 
have little idea of the kinetics of development of this disease. In these cases 
wuth borderline levels we frequently immunize once or several times with 
typhoid vaccine and measure fenrile agglutinins. If there is no antibody 
response, CVID is ptobably the correct dx.

Most pts have normal numbers of B cells. Thus it is not so much a quantitative 
B-cell deficiency as a failure of B-cekl differentiation to plasma cells 
Some suggestion that EBV may play a role in the pathogenesis.

Complications include an increased incidence of lymphoma, and pts may present 
with an associated thymooma which is best diagnosed by CT scan.

SLIDE '
GIinvolvement is a common feature. Giardia mya be refractory to the usual 

Flagyl regimen..

General treatment is based on IM gamma in substantial 
intervals. Ig helps to use a little lidocaine.

doses given at 2-4 week

need to add antibiotics often prophylactivally to control sx of infectionWe frequently
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Chi Iren or young adults with recurrent skin and pulmonary staph infections.

Characteristically "cold abscesses" lacking in redness and warmth.

Chronic dermatitis or eczema.

The laboratory finding of major interest is a sky-high IgE level 
usually 20-40,000. Other Ig's are normal. They also have a -pe4-y 
chemotactic defect.

SLIDE-shows a young woman with this syndrome. Note the eczema and thick features 
said to be characteristic.

Most of these patients benefit from chronic antibiotics usually Bactrim or Septra.

~ ...I'd like to bri.eflyment ion the Wiskott-Aldrkoge Syndrome which consists of: 
SLIDE

These patients have normal neutrophi 1 ^function ^nekaminfa^ES. Infection is
due to antibody deficiency. •■'-77-"' . <

A ^Typot'he^’i s link i ng eczema, antibody deficiency, and thrombocytopenia Ls—not available

I want to go on now and briefly mention 3 T-cell disorders: CMC, SCID, and a T-cell 
immunodeficiency syndrome of adults which we have just reported from UCLA.

CMC CHILD SLIDE
CMC is characterized by persistent Candida infection of mucous membranes, skin, 

hair and nails. The severity varies from single nail involvement to the 
entire skin. Candida esophagitis may occur, but they do not get deep 
sic Candida wfoe-fe-fen. t

Roughly 50% of cases have an associated endrocrinopathy which usually appears 
several years after the start of Candida infection.

These include hypopara , hypothyro i d i sm, Addisons disease, and diabetes

Family history is positive in only 20%.

A selective T-cell defect to Candida, Candida skin test is negative in 50%, 
The patients do make antibody to Candida.

SLIDE vwwL
Patients fall into 4 groups.

I. early onset--most severe form— hypothyroidism is the most frequent endocrine prob

II. late onset --mi 1dest--often a single nail or oral thrush

III. Fami1ia 1--mi 1d to moderate--autosomal recessive--endocrinopathy rare

IV juveni1e/fami1ia 1, the so-called Candida-endocrinopathy syndrome where hypopara 
and Addison's disease are frequent.

In the last year there has been a major development in the treatment of CMC.
KET0C0NAZ0LE SLIDE



Severe combined immunodeficiency, the disease of the boy in the plastic bubble, 
essentially a failure of development of both humoral and cellular immunity. 
Many variants exist. Survive to adulthood only with extraordinary measures 
or successful BMT. Major difficulty with Pneumocystis and Candida infection.

At UCLA we have recently seen an acquired cellular ID of adult homosexual men 
which resembles SC ID.



SKIN DISEASE IN IMMUNE DEFICIENCY DISORDERS

1) 1 ID's most easily considered in terms of 4 major arms of the Isystem. Some overlap.
1 ID's are those in which...

2) 2 ID's are 300x as common.

3) Infantile X-linked agamma first of the ID's reported by Bru in 1952.
As you are all well aware in the chicken there is a out-assoc lymphoid organ 
the B of F
May have pyogenic skin infections. Also a dermato-M-like syndrome rptd. in several pts. 
Since T-cell immunity intact smallpox vac went smoothly without dissemination as was 
seen in infants with combined B and T defects. Even so we recommend against live-virus 
vacci nes.

4) Common variable ID, the most common symptomatic ID in adults.

Bacterial skin infection is uncommon unless it represents superinfection, e.g. herpes 
zoster with associated cellulitis or another breakdown of the skin barriers.

There is an increased incid. of RA-like arthritis, dermato-M, scleroderma an SLE-like 
illnesses in this population, and also in the families of patients.

I have seen rare patients with generalized erythroderma and eczema.

Some patients have an associated T cell defect which can be severe. Many may have 
seen our pt. D.K. who has chronic warts and molluscum contagiousum as well as 
laryngeal Candida.

This dx is unlikely in young individuals with chronic furunculosis who are otherwise 
well, ie lack sinopulmonary disease or history of S-P disease. Most patients with 
chronic furunculosis alone are chronic staph carriers, a condition which does not 
represent a documented ID.

Just why particular strains of Staph, aureus are pathogenic for certain individuals 
is unknown and this area needs further research. Routine measurement of QIg's in 
patients who present this way is probably not w arranted.

5) Select!ve<deficincy of IgA

increased incidence of SLE; 1 case Candida granuloma; 1 case disseminated varicella
4 as well as RA and Sjogrens

less than 5 mg/DL, no other Ig class deficiency

many in fact most are healthy, other S-P infection 
assoc with gluten enteropathy and malabsorption

nl # of IgA B cells

antibodies to IgA spontaneously arise, alanphylactoid rx to blood tx

IgG2 subclass defic in sick IgA deficients but not healthy ones 
may explain



7) Wiskott-Aldrich — recessive of boys

--triad of eczema, thrombocytopenic purpura, recirrent infection
high IgE melena then excema

-—infection may not begin until age 6 mos
--eczema in the usual locations frequently secondarily infected

a pruritic eczematoid dermatitis in the usual locations with purpura at the 
sites of scratching.

— also have herpetic Skin infections. hypercatab of G, A and M, anergy 
12% malignancies poor response to imm c polysacc

8) Ataxia telangiectasia bmt has corrected

1:40,000 births heterozygous state 1:100
kids are normal at birth and sometime after walkinh begins clumsiness is noted 

‘ usually come to the attn of a neurologist by age 4 who makes the dx.
loss of Purkinje cells and granular cell layer in the cerebellum

: IgA low in 70% , as ij pts with other ID's they get lymphoid cancers
and IgE elevated alpha fetoprotein

telangiectasias occur 1st on the bulbar conjunc. With time they involve lateral 
nose, antecubital and popliteal fossae and dorsa of the hands and feet 
may have S-P infection but neurologic usually dominates 

may have a progressive cutaneous atrophy resemblin scleroderma 

also areas of hypo and hyperpigmentation

Samuel Gotoff a radiotherapist made a sharp observation when he published 
that there were untoward responses to radiation in AT skin. AT may in fact be 
a DNA repair defect analogous in some way to xeroderma pigmentosum altho AT 
pts do not get skin cancers. Some pts have a 14q tandem transloc and AT fibro­
blasts do not repair radiation injury well.

9y Chronic mucocutaaheous candidiasis



6) Hyper IgE syndrome; its not clear where the major immunologic defect resides. I 
mention it here because of the prominent antibody abnormality, an enormous 
hypersecretion of IgE.

in children and young adults the abscesses cluster about the scalp, face and neck 
Said to be "cold" and lacking in the normal PMN response.

Eczema but not typical atopic dermatitis. Pruritic, lichenified but not the usual AD dis

--cutaneous and pulmonary infections with Staph -lifelong
--cold abscesses furunculosis
--"coarse" facies both sexes
--chronic dermatitis or eczema
--Lab: sky-high IgE. Others normal. blood&tissue eosinophilia 

defective poly chemotaxis, but normal bacterial killing andNBT test
--Rx: continuous antibiotics have been used. 

defect in oxidative metabolism of neutrophil
Chronic Granulomatous Disease
--X-linked (altho a rare female variant exists) onset in infancy
--enzyme deficiency (NADH or NADPH reductase) leads to abnormal neutrophil

metabolism and impaired intracellular killing
--draining lymphadenitis with unusual pathogens in child under 2 is almost 

d i agnost i c
--Lab: decreased bacterial killing leukocytosis, anemia, hyperglob

absent NBT (ni t robluetetrazol i urn dye) reduction test 80-90% nl neut reduce to F
carrier state can be diagnosed 10% CvD reut reduce

--may survive to adulthood with aggressive therapy

abscesses and granulomas in liv, spleen, lung and bones

nl chemotaxis, phago but can't kill worth a damn 
except non-catalase producing bacteria (hem strep and pneumococci)



SYSTEMIC DISEASES WITH IMM FEATURES

rheumatic diseases, vasculititides, autoimmune hemolysis and 
thrombo, MGravis

association with MHC, ie HLA
ABC and D loci with D locus viewed as analog of Ir gene region in mse

B-27 with AS strongest 
but most interesting associations are with D locus 

SLE c DR2 and DR3 alleles
RA c DR4 suggest genetic predisp + unknown env fact

autoantibodies are characteristic 

SLE anti DS-DNA, SS-DNA, nucleoproteins, saline extractable nuclear 
ag's RnP (MCTD) and Sm (SLE) 

ANA + in 90% SLE 
LE cell test obsolete

RA RF+ 70% lymphocyte recativity to collagen in DR4+ normals

Sjog lymphocytic infilt of exocrine glands sicca syndrome
Primary-alone Secondary-with RA,SLE or others

anti-sal duct ab in 70% of 2‘, 25% 1’ 

+ CIC's of ? signif.

Sclero 40% ANA + 
anti-centromere ab in CRST

PA anti parietal, anti-intrinsic factor or both

Primary biliary cirrhosis 90% AMAntibody, also antiSM, ANA

Grave s anti-TSH receptor on thyroid folliclular cell

Hashi - lymph infiltration + increased antithyroglob ab

MG anti-ACH receptor in 80%, 75% have thymic 
but also

abns usually hyperplasi 
thymomas
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Immunosuppressive rx

Steroids are not that potenet suppressors of immunity.

Ig decreases only modest

redistrib of cells

most important is inhibition of migration of inflamm cells

(less prominent with god)
Leuko or lymphopheresis.
ALG used; monoclonals coming in.

Plasmapheresis widely used but minimally effective in RA, SLE 
useful in diseases with high circ anti-tissue ab's (Goodpastures 
with anti-GBM or MG).

Cytotoxics fall into 2 groups:

antimetabolites aza, methotrexate which act on dividing cells 
(aza+ allo a no-no)

alkylating agents cytox, chlor act on resting and dividing cells

in general alk in high doses are most potent, but also most toxic

Steroid adequate for AHD except cold, and ITP, some SLE

Cytoxan drug of choice for vasculis (Weg, PAN) except for small vessel 
wbich usually respond to steroids.

Immunopotentiation really a thing of the future.
BCG, Levam diappointing.

Oncofetal Ag’s CEA non-specifc cigs, IBD 
maybe OK for monitoring ca rx S/P lung, colon surgery

Alphafetoprotein-nl adult levels by 2 yrs

hepatoma, germ cell tumors of testis& ovary 
follow with B-HCG in non-seminoma testicular tumors

j



IMMUNODEFICIENCY

Mi chael Gottiieb
August 19, I98O

CT M- I

Immunodeficiency diseases result from disturbances in the body's host defense 
mechanisms. They can be divided into primary and secondary categories.
Secondary are at least 300 times as frequent (ma 1nutrition,splenectomy,burns, 
steroid and cytotoxic drug treatment,radiotherapy,etc.)

For primary, 4 basic categories (although there is considerable overlap)

1. humoral 50%
2. cellular (T-cell) . 40%
3- phagocyt i 6%
4. complement deficiency 4%

14 3- Humoral immunodeficiency

(A) X-linked agammat»A/^A4ir,
-- the first described ID disorder (Bruton, 1952)
-- B-cell defect (possible failure development of bursa-equivalent in man)
-- asymptomatic until age 6 months when maternal I gG reaches Doelrr Unues-f-
--X-1 inked recessive (4ey-^s only)
--recurrent H. flu, pneumococcus infections of ears,sinus,1ungs.
--Lab: marked deficiency of a 11 Ig classes. Total Ig less than 250 mg/dl.

absent isohemagglutinins
absent B-cells, normal to increased T-cells
[)XH skin tests &. (&
Lymph node biopsy ra re Ly-.necess ary for diagnosis.

--Rx: gammaglobulin injections or plasma, antibiotics, giardia treatment

0. Transient hypogammaglobulinemia of infancy
--major differential dx for X-l inked
--8PM Ai nfants have a period of transient hypogamma*'at age 5-6 mqnths , ,
- - tnairjOL.uiBy-.iibe  Jag in the onset of normal Ig synthesis marten • a hw g 0 q ucnt

i nfect ions
--may required months of gamma globulin rx.
--both sexes
--normal B-cell numbers in blood.

3. Selective IgA deficiency
--1:600-1:800 normal blood donors
--IgA Jess? than 5 mg/dl Lee-s- 4. z■

--mostAasymptomatic
--somp^f ecurrent s i nopul monary infection, severe nasal allergy

r- - -autoimmune di sease .JRA,SLE)
- -gamma g 1 ob u 1 i n^cdn tra indicated (pt s -Have anti hoHy^olgA-’^f^-)-



4. Common variable immunodeficiency (adult acquired hypogammaglobulinemia)
--common
--variable pathogenesis
--present usually ages 13_35
--pyogenic infection (D. pneumo, H. flu, staph)
--malabsorbtion, giardia, autoimmune disease, malignancy in some cases
--normal B cell numbers. Some have T cells which suppress antibody secretion.
--may have associated T-cell defects which worsen with age
--Rx: gamma globulin injections, antibiotics

C. Cellular (T-cell) Immunodeficiency

1. Severe combined immunodeficiency disease (SCID)
--lymphoid stem-cell defect leads to complete absence of T and B-cel1 immunity, 
--susceptible to any microbe.
--oral candida,otitis,pneumocystis carinii,CMV,graft vs. host disease
--2 forms of inheritance
--can be corrected completely with bone marrow transplantation
--partial correction with fetal liver or thymus transplant

2. SC ID vari ants
--adenosine deaminase or nucleoside phosphorylase deficincy

--cellular immunodeficiency with abnormal immunoglobulins (Nezelof's)

--immunodeficieny with short-limbed dwarfism
Type I-combined
Type Il-cellular immunodeficincy
Type III- humoral immunodeficiency

3. Wi skott-Al drixtcje Syndrome
--triad of eczema,thrombocytopenia,recurrent infection
--high IgE
--infection may not commence until age 6 mos.
--eczema in usual locations, frequently secondarily infected
--Rx: plasma, antibiotics, platelets. Marrow transplantation-1 case.

4. Chronic Mucocutaneous Candidiasis (CMC)
--persistant Candida of mucus membranes,skin,hair,naiIs
--50% have associated endrocrinopathy
--20% have positive family history.
--narrow defect in T-cell mediated immunity (to Candida, sometimes T. rubrum and 

Epidermophyton floculosum
--varying severity, ie 1 fingernail vs. diffuse cutaneous
--systemic Candidiasis does not occur because of otherwise intact host defenses
--onset usually in infancy, but anytime in first 20 years
--Lab: most tests WNL. Negative Candida skin test in 50%. Pts have antibody 

to Candida.



--similar clinically to CGD

4. Myeloperoxidase deficiency

5. Lazy-1eukocyte syndrome
--defective chemotaxis and neutropenia
--abnormal random migration
--susceptible to severe bacterial infection

E. Complement Deficiency

Complement is necessary for normal opsonization, bacterial killing, and 
neutrophil chemotaxis. However some component deficiencies are not associated 
with infection.

Evaluate complement system in patients with recurrent infection in whom you 
have laready looked at everything else. CH50 is a good screening test.

C2 deficiency is the most common component deficiency.
Codominant inheritance.
Many pts. with homozygous C2 deficiency have SLE-like illness with prominent 

discoid lesions.



11) Comp 1 ement defects manifest in the skin in\everal ways.
Patinets with homozygous C6, C7, or C8 deficiency are unusually susceptible 
to meninigococcemia or gonococcal sepsis\L^ic effect of these terminal 
components apparently essential for kiHin\ o\Neisseria species. Patients 
who have these infections shoul be screened\via CH 50 or 100 which.should 
be 0. If this is the case further studies to pinpoint the missing component 
are recommended, and studies of asymptomati family members as well.

Also patients with homozygous C2 deficiency have a lupus like illness.

12) Last but not least the immunodeficient homosexual patients with AID.
Some of these patients have Kaposi's sarcoma as seen on the next slides.
We have also seen unusual manifestations fo infection in the skin as seen 
on the next slide
In patients with lesser severity of ID fungal skin infection has been common 
Also have observed a high incidence of rashes to Bactrim which is administered 
for rx of Pep, and of facial seborrhea.
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Objectives for "Immunodeficiency States" Section 
Immunology Minicourse, Daniel Freeman Memorial Hospital 
June h, 1981 - Michael S. Gottlieb, M.D.

List of Objectives:

1. To review the clinical manifestations of the most frequently encountered 
adult and pediatric immunodeficiency syndromes.

2. To describe current concepts of the pathophysiology of immunodeficiency 
states.

3. To present guidelines 'for the cost-effective laboratory assessment of the 
patient with suspected immunodeficiency.

4. To discuss the principles of management of patients with documented 
humoral and cellular immunodeficiency.

Test Questions for "Immunodeficiency States"
Immunology Minicourse, Daniel Freeman Memorial Hospital

Test Questions:

1. The most useful test in the evaluation of a patient with suspected 
antibody deficiency is:

1) serum protein electrophoresis
2) immunoelectrophoresis
3) quantitative immunoglobulins by

radial immunodiffusion
4) chailenge with typhoid immunization

2. Features of the Wiskott-Aldrich syndrome include:

1) eczema
2) neutropenia
3) thrombocytopenia
4) elevated IgE level ' '

3. The most useful drug in the management of severe chronic mucocutaneous 
candi d i as i s is:

1) amphotericin B
2) mycostatin suspension
3) ketoconazole
4) transfer factor

4. Frequent causes of diarrhea in adult acquired hypogammaglobulinemia
i nc1ude:

1) gi ardi a
2) bacterial overgrowth
3) mucosal atrophy
4) non-granulomatous jejunoileitis
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ID is a topic which for better or worse

Bubble

As a result of increased public awareness

Tonite discuss clinical features, pathophysiology, rx of more common ID

encountered in practice of adult medicine with emphasis on primary ID's.

Increased suscept to infection is

What should increase suspicion that you are dealing with an ID patient?

Chronic or recurrent infection, failure to respond to usual rx, unusual organisms.

Primary ID's Def.

Most are congenital, but with improved mgmt, and new antibiotics... like cystics

Relatively rare, however many systemic diseases are associated 300x

Evaluation of humoral ID * (OH

Qlg's are single best and cost effective test for

I EP and SPEP less adequate.

Pt. with borderline G.

THERAPY

IM-0.6cc/kg/3-^ weeks because of T 1/2

Adult acquired. (CVID) autoimmunity in families

human immune globulin replacement therapy —CPtf*7 -L$ ; t

Response to immuniz.

I V IG, subcu infusion pump, 

postural drg.
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COMBINED IMMUNODEFICIENCY DISEASES (Severe Combined Immunodeficiency (SCID), 
Swiss-type Agammaglobulinemia, Cellular Immunodeficiency with 
Abnormal Ig Synthesis (Nezelof's Syndrome)

Historical - 1950 1st description
Sibswith diarrhea, candidiasis, lymphopenia, decreased 
lymphoid tissue.

1958 Definition of inheritance patterns autosomal recession.
1963 x- 1 i nked .
1968 Reconstitution with bone marrow transplant (Gatti).
1972 ADA deficiency - heterogeneity.
1973 Thymus transplant.
1978 Thymic epithelium

Pathogenesis -Va r i ed
Constant feature of thymic hypo/dysplasia suggested thymic defect, but fetal thymus 
transplant alone did not reconstitute.
Complete correction by BMT suggested absent lymphoid stem cell
but demonstration of thymic helper defect or intrathymic defect, and detection of 
cells early in T-lineage in some patients is inconsistent with absent stem cell 
i dea.
Possible role of intrauterine infection interrupting normal stem cell differentiation

Cl in ica 1
Candida, Pneumocystis, CMV or measles pneumonia - bacterial pneumonias occur later 
skin problems- fungal infections - resistant to therapy; intrauterine GVHD (erythro­
derma) hepatitis - CMV or other
Chronic diarrhea -*■ ma labsorpt i on
Hematologic - neutropenia, red cell aplasia
Neurologic - chronic viral encephalopathy

Labo ratory
Lymphopenia usually - though not necessary.
May have nl percentage E-rosettes, detectable PHA & MLC.
Some degree of normality does not necessarily indicate milder disease.
Absent proliferative response to antigens is a constant feature.
IgG <200; IgA & IgM non-detectable. Occasional hyper IgM.
Occ. monoclonal paraproteins - I EP may be useful
Lo ADCC (Sanai & Buckley, 1978)
Lo Clq 1evels.

Treatment
and D

1. BMT - treatment of choice - HLA-A, B, C sibling match - 10/16 successful 
with 6 mo. followup.
Only 1 of 19 D mismatched survived.
2 patients have received unrelated D matched - 1 survived.

2. Other approaches. Fetal thymus, fetal liver, liver and thymus, thymosin 
cultured thymic epithelium transplants, transfer factor.



THYMIC HYPOPLASIA (DiGEORGE SYNDROME)

Congenital immunodeficiency -- hypocalcemia seizures usually in 1st 2A hrs. of life 
congenital heart disease 
unusual facial configuration 
infections-chronic nasal drainage, Pneumocyst i s 
pneumonia, oral Candida, diarrhea, "failure to thrive." 
thymus and parathyroid absence or hypoplasia

H i stor i ca1 - 1 829 Harrington - anatomic abnormalities and seizures
1965 DiGeorge - association with immunodeficiency 
1968 Cleveland, August - fetal thymus transplants 
1975 Lischer and Huff - partial syndromes

Pathogenesis - abnorma1 embryologic development of pahryngeal pouches during 
weeks 6-10 of embryogenesis.
Thymus develops from 3rd and Ath pouches during weeks 6-8.
Parathyroid from 3rd, lip and external ear from 1st and 2nd, 
pulmonary artery from 6th.

Spectrum of thymic deficiency (attached Table). Why? Degree 
of hypoplasia varies, and hypertrophy or further trophy can occur.

Probable deficiency of a "humoral" inducer substance.
T-cell reconstitution can be accomplished with fetal thymus 
transplant in a Millipore chamber-occurs as soon as 6 hrs. after 
implantation and is permanent. Suggests that the substance is not 
required continua11y-Stee1, 1972.

Wara, 1975 and Wara and Ammann found that Thymosin Fraction 5 
(bovine) increases the number of T cells in v i tro. Suggests DiGeorge 
patients have an inducible substrate, but unclear if it is pre- or 
post-thymi c.

Laboratory
Low serum calcium and elevated phosphorus (PTH deficiency).
Absent thymus shadow on xray.
Usually decreased rosette percentage (can be WNL "in partial").
PHA severely depressed to normal.
Depressed antibody response to immunizations, however nl infants often have 
poor responses at <3 mos. Hypogamma in several cases (Gatti, 1972).

Treatmen t
10-1A week old fetal thymus implanted in muscle or intraperitoneally, T cell 
reconstitution usually within A days. Permanent in 1 of 1st 2 patients with 6 yr. 
fol 1 ow u p.
Millipore approach if thymus is >1A weeks to avoid GVHD.
Bovine thymosin may be useful.
cultured thymic epithelium led to partial reconstitution (Thong, 1978, Hong 1976)

Prognos i s
Reasonable for correction of the ID. Congenital heart disease, hypopara, and 
frequently mental retardation are major problems.



TABLE 16—2. Summary of Selected Cases of Chronic Mucocutaneous Candidiasis without Endocrinopathy

Immunologic Studies

Age Sex
Age of 
Onset

Antibody 
to 

Endocrine 
Organs PHA" MIF

D.H.-f 
Skin 
Tests

Candida
Skin
Tests

Lympho­
cyte 

Response 
to 

Candida

Serum 
Candida 
Antibody

Beneficial
Treatment References

17 F 1 yr- + Neg. Neg. Neg. + + Lymphocytes Chilgren et al., 1967, 1969
10 F 1 yr- Neg. Neg. + Amphotericin Buckley et al., 1968

Marrow
21 F 12 yr. 4- Neg. Neg. Marmor and Barnett, 1968
25 M 2 yr. + Neg. Neg. Neg. + Amphotericin Hermans et al., 1969
25 F ? + Neg. Neg. Neg. - + Neg. Valdimarsson et al., 1970

9 F 1 yr. + + Neg. Neg. Neg. Goldberg et al., 1971
10 M 1 mo. None + + 4" + + + Kirkpatrick et al., 1971a
20 M 6 mo. None ! Neg. Neg. . +- Kirkpatrick et al., 1971a

6 M 8 mo. 4" I + Neg. I + Transfer Factor Kirkpatrick et al., 1971a
26 F 3 yr. None + Neg. + Neg.. i • 4- Lymphocytes Kirkpatrick et al., 1971a

9 M 6 yr. None + 1 + + + 4- Kirkpatrick et aL, 1971a
23 F 8 yr. + 4-’ + + 4- Amphotericin Kirkpatrick et al., 1971a
16 F 10 yr. None + 1 + Neg. + 4- Amphotericin Kirkpatrick et al., 1971a
9 F 1 mo. None + 4- ? Neg. + 4- Transfer Factor Schulkind et al., 1972

PHA: phytohemagglutinin; MIF: migration inhibitory factor; D. H.: delayed hypersensitivity.
'Considered decreased if response was less than that of skin test positive controls.
fResponse to antigens other than Candida (such as PPD, mumps).
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TABLE 16-3. Summary of Selected Cases of Chronic Mucocutaneous Candidiasis with Endocrinopathy

Immunologic Studies

Endocrine Lympho-

Age Sex
Age of 
Onset

First 
Abnormality

Organs 
Involved 
or Assoc. 
Disease

Antibody 
To 

Endocrine 
Organs PHA"

D.H.
Skin

MIF Testst

Candida
Skin
Tests

cyte 
Response 

To 
Candida

Serum 
Candida 
Antibody

Beneficial
Treatment Reference

anemia, 
adrenal

25 F 9 yr. Endocrine Parathyroid
parietal cell + ~r

25 M 6 yr Candida None + Neg. +
13 F 8 yr. Endocrine Parathyroid + +
17 F 6 yr. Candida Diabetes + Neg. Neg. Neg. +
23 M 13 yr. Endocrine Adrenal + Neg. Neg. Neg. +
19 F 2 yr. Candida Chronic + +

hepatitis,
adrenal,
thyroid

4 F Pituitary + Neg. Neg. +

23 F 1 mo. Candida Thyroid None J Neg. Neg. I

18 M 1 yr Candida Parathyroid + + I Neg. Neg. +

24 M 2 yr Candida Adrenal, + + Neg. + +
thyroid,
diabetes

16 M 2 yr. Candida Adrenal None + Neg. I
18 M 3 yr. Candida Adrenal 4- I 4- Neg. I
14 M 1 yr. Endocrine Pernicious + I Neg. Neg. 1

+ Chilgren et al., 1967
4 Lymphocytes Chilgren et al., 1967
+ Chilgren et al., 1967
J- Amphotericin Chilgren et al., 1969
+ Chilgren et al., 1969

Amphotericin Wuepper and Fudenberg, 1967

+ Castells et al., 1971
+ Transfer 

factor
Kirkpatrick et al., 1971a

+ Transfer
factor

Kirkpatrick et al., 1971a

+ Kirkpatrick et al., 1971a

+ Kirkpatrick et al., 1971a
+ Kirkpatrick et at., 1971
+ Thymus transplant Levy et al., 1971

PHA: phytohemagglutinin; MIF: migration inhibitory factor; D. H.: delayed hypersensitivity. 
"Considered decreased if response was less than that of skin test positive controls. 
■[Response to antigens other than Candida (such as PPD, mumps).



.......... ...................................1............._/;i a . " ; :.;J.'

318 ------------ IMMUNODEFICIENCY DISORDERS

TABLE 16-4. Clinical and Genetic Classification of Chronic Mucocutaneous Candidiasis*

Group Type Severity of Candidiasis Endocrinopathy Inheritance
I. Early-onset chronic mucocutaneous candidiasis

a. Candida granuloma
II. Late-onset chronic mucocutaneous candidiasis

III. Familial chronic mucocutaneous candidiasis
IV. Juvenile familial polyendocrmopathy with candidiasis

(Cand/da-endocrinopathy syndrome)

Moderate-severe 
Severe
Mild
Mild-moderate

Mild-moderate

Common 
Common 
Rare 
Rare

Always

Sporadic
Sporadic
Sporadic
Autosomal recessive

Autosomal recessive

‘From Stiehm, E. R., et al.: Ahn. Intern. Med., 89:91-106, 1978.

trick et al., 1971a; Valdimarsson et al., 1970). In 
general, the laboratory findings suggest an immun­
ologic defect more severe than the clinical symp­
toms would indicate.

Antibody defects are unusual in CMC. These 
include isolated IgA deficiency (Claman et al., 
1966; Aralananthem et al., 1979), deficiency of 
serum candidacidal activity (Louria, 1967; Chil- 
gren et al., 1967; Wuepper and Fudenberg, 1967; 
Lonsdale and Gavan, 1970), and deficient IgG (but 
normal IgM) response to diphtheria immunization 
(Cahill et al., 1974).

Some CMC patients have plasma factors that 
inhibit lymphocyte function. Paterson et al. (1971) 
reported a plasma factor in a patient with CMC 
which inhibited proliferation of normal lympho­
cytes to Candida antigen. The inhibitor disappeared 
after amphotericin B therapy, and its loss was 
associated with the development of a positive skin 
test and a normal in vitro proliferative response to 
Candida antigen. Twomey et al. (1975) studied a 
similar inhibitor and showed that it also inhibited 
lymphocyte responses to mitogens or allogeneic 
cells.

Defective regulatory mechanisms may be pres­
ent in CMC. Stobo et al. (1976) reported the 
presence of antigen-specific suppressor T cells in 
patients with other chronic fungal infections. By 
contrast, Aralanantham et al. (1979) found defi­
cient non-specific suppressor function in two chil­
dren with the Candida-endocrinopathy syn­
drome.

One anergic CMC patient had abnormal mono­
nuclear leukocyte chemotaxis to C5a and abnormal 
production of lymphocyte-derived chemotactic 
factor (Snyderman et al., 1973). Another CMC 
patient has also been reported with macrophage 
dysfunction and a plasma inhibitor (Twomey et al., 
1975). Rosenblatt et al. (1979) noted defective 
monocyte-mediated antibody-dependent cellular 
cytotoxicity (ADCC), using human erythrocytes as 
targets, in several severe CMC patients. A mother 
and daughter with CMC have defective neutrophil 
chemotaxis and marked elevation of IgE (Van Scoy 
et al., 1975).

The variability of the laboratory abnormalities in 
CMC and their frequent return to normal after 
antimicrobial treatment suggests that many are 
epiphenomena which do not represent the basic 
immunologic defect.

The endocrinopathies are not a result of Candida 
infection of endocrine organs. Repeated attempts to 
culture Candida or to demonstrate Candida organ­
isms histologically in involved organs are unsuc­
cessful. The endocrinopathies are more likely sec­
ondary to the tendency toward autoimmunity. A 
triad of thymoma, candidiasis, and myositis has 
•been reported (Montes et al., 1972). Autoantibody 
formation is particularly common in the Candida- 
endocrinopathy syndrome (Blizzard and Gibbs, 
1968) and may precede overt endocrine deficien­
cy.

An attractive unifying hypothesis suggests an 
autoimmune disorder directed at the lymphoid 
apparatus, leading to a cell-mediated defect that in 
turn results in chronic candidiasis and progressive 
endocrinopathy. Another hypothesis suggests that 
the entire syndrome is a manifestation of a minimal 
congenital thymic defect.

Clinical Manifestations. Stiehm (1978) has 
classified CMC into four clinical variants (see Table 
16-4). The most severe and typical form is early 
onset CMC; Candida granuloma ma', occur in this 
form, and about 50 percent of the patients have an 
endocrinopathy, usually hypothyi idism. Late- 
onset candidiasis is the mildest forn and may be 
limited to paronychia or buccal mucosal involve­
ment. A third form is familial candidiasis, an 
autosomal recessive disorder in which endocrino­
pathies are uncommon. The fourth form is the 
autosomal recessive juvenile familial polyendo- 
crinopathy with candidiasis, the Candida- 
endocrinopathy syndrome. In this syndrome, the 
endocrine disorder (usually hypoparathyroidism) 
predominates and may even precede the onset of 
the Candida infections.

1 he Candida infection is most commonly present 
on the oral mucous membranes. Fingernails and 
toenails are frequently involved and, less common­
ly, the skin of the face, hands, or feet (Figs. 16-25,
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Hypersensitivity to the polypeptide antibiotic polymyxin 
B sulfonate is a rare clinical occurrence (1). To our 
knowledge, documented immediate allergy to polymyxin 
had not been recorded in the literature before our recent 
investigations of an IgE-mediated type-1 hypersensitivity 
reaction. The reaction occurred in a functionally T-cell 
suppressed patient after bone marrow transplant who re 
ceived repeated intranasal aerosolization of the material 
(2). Subsequently, a second and alternate form of adverse 
reaction to polymyxin B has been observed after bone 
marrow transplant in a patient who also received the anti­
biotic by intranasal insufflation.

Case History
A 15-year-old white boy had developed acute infectious hepa­

titis with impending hepatic coma in November 1973. He was 
treated with neomycin and prednisolone. His course was compli­
cated by Staphylococcus aureus sepsis, treated with a 5’^'ee^ 
course of methicillin. Progressive, persistent depression of all 
formed elements of the blood was noted and a bone marrow 
biopsy showed severe hypoplasia. The patient was given oxy- 
methalone, prednisone, folic acid, and multivitamins. His ane- 
► From Research Work Unit No. MR04i.06.01 .OO25AYGI, the Clinical 
Immunology Division and the Tissue Bank Division, Department of 
Clinical and Experimental Immunology, Naval Medical Research In­
stitute, Bureau of Medicine and Surgery, Navy Department, Bethesda, 
Maryland.

mia did not improve, and he was transferred to the National 
Naval Medical Center on 9 March 1974 for bone marrow 
transplantation. His sister, the potential donor, was HL-A lden* 
tical to the patient on histocompatibility testing. History of 
the patient and his immediate family was negative for atopy. 
On admission, the leukocyte count was 300/mm ; plate.ets, 
15 000/mm’; hemoglobin, 8.5 g/dl; hematocrit, 25 volume /o. 
Results of immunologic studies were as follows: IgG, 13-2 
mg/dl; IgA, 170 mg/dl; IgM, 125 mg/dl. On delayed skin test­
ing the patient showed 8 mm of duration at 48 hours to I PD’S, 
5 tuberculin units. Mixed lymphocyte culture and cell-mediated 
lymphocytotoxicity assays showed T-cell activity against a 
standard lymphoblast culture equal to normal positive control 
levels The patient’s prednisone was discontinued the next day. 
He was maintained with platelet, leukocyte, and erythrocyte

The patient was placed in a “germ-free” laminar flow unit 
on 26 April 1974 and subjected to a regimen of oral vanco­
mycin, gentamicin, and nystatin; skin cleansing with Betadine , 
vancomycin, polymyxin B, and neomycin solutions; oropharyn­
geal sprays of solutions of vancomycin, polymyxin B, neomycin, 
and nystatin to eradicate the endogenous Hora. A 4-day immuno­
suppressive course of cyclophosphamide, 1.9 g/nr body sur­
face area per day, was administered, followed by infusion of 
2 1 X 10’ of his sister’s bone marrow cells. On the next day 
and again 1 and 6 weeks later, methotrexate, 20 mg, was given 
intravenously. Sixteen days after marrow infusion (18 May 
1974) a generalized macular erythema, blushing easily wi 
pressure, was observed (Figure 1/t) with fever to 38.8 C. NO 
T cells could be shown in the peripheral blood by rosette 
formation. Repeat delayed skin test battery was completely 
negative. Bone marrow biopsy showed continuing aplasia 
without evidence of engraftment. Total serum IgG, IgA, ana 
IgM were normal. Direct scratch testing was done on the pa­
tient with solutions of polymyxin B, vancomycin, neomycin, 
kanamycin, gentamicin, and Betadine at 1 mg/ml each, 
strongly positive wheal and Bare reaction to polymyxin B was 
noted at 20 minutes. Patch testing to these solutions was nega­
tive at 48 and 72 hours. Polymyxin B was omitted from tne 
regimen after 20 May 1974, at which time the eruption haa 
progressed to discrete erythematous maculopapular lesions 
(Figure IB). Over the next 72 hours, the patient defervesceu 
and the rash resolved. A repeat bone marrow biopsy on 3U 
May 1974 was aplastic, the initial marrow transplant having 
failed to engraft. Three weeks later a second, subsequent,y 
successful marrow transplant was done, using the same done. 
The patient is currently doing well 8 months posttransplan 
tion.

A patient with aplastic anemia was immunosuppressed with 
cyclophosphamide and transplanted with allogenic bone 
marrow. While lacking demonstrable T-cell activity 
posttransplantation, he developed a generalized macular 
erythematous eruption and fever, clinically attributed to 
intranasal polymyxin B. A specific IgE antibody, 
demonstrated by direct skin testing, Prausnitz-Kustner 
passive transfer, and indirect passive hemagglutination was 
temporally related to the reaction. Discontinuation of the 
drug led to. prompt defervescence and resolution of the 
drug eruption.
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ftfure 1A. Initial dermal eruption 
noted in association with polymyxin 
g administration. B. Dermal erup­
ts 4 days after onset.
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Materials and Methods
polymyxin-bovine serum albumin and
POLYMYXIN-KEYHOLE LIMPET HEMOCYANIN PREPARATION

Polymyxin was conjugated to bovine serum albumin and 
to keyhole limpet hemocyanin as previously described (2).

PRAUSNITZ-KUSTNER SKIN TESTING

Passive transfer skin testing was done in normal adult male 
chimpanzees using the method as adapted for the rhesus mon­
key (3).

MEASUREMENT OF HUMAN IGE ANTIPOLYMYXIN B
ANTIBODY BY INDIRECT HEMAGGLUTINATION

Polymyxin-coated sheep erythrocytes were prepared and 
reacted with patients’ serum as previously recorded. IgE anti­
body specific for polymyxin B was measured by a micro­
hemagglutination method developed by our laboratory for 
this purpose (2, 4). Briefly, fresh sheep erythrocytes were 
treated with chromic chloride, coated with polymyxin, and 
reacted with serial twofold dilutions of patients’ serum. The 
cells were then washed three times and reacted with an equine 
antiserum that, after adsorption, has been shown to be highly 
specific for epsilon-chain determinants and devoid of de­
tectable cross-reacting anti-light chain activity (2).

Results
PRAUSNITZ-KUSTNER PASSIVE TRANSFER

OF REAGINIC ACTIVITY

To confirm that the positive immediate skin test to 
polymyxin B was indeed mediated by specific reagin 
rather than by nonimmunologic mast-cell degranulation 
and histamine release, Prausnitz-Kiistner passive transfer 
to normal chimpanzees was done. When challenged at 
48 hours with free polymyxin B, 50 pg intradermally, the 
sites showed immediate wheal and flare reactivity to a 
titer of 1:50. Serum samples obtained 4 weeks before 
the development of the generalized maculopapular erup­
tion and 8 weeks after the episode were found to contain 
no skin-sensitizing activity. Control sites previously having 
been injected witn normal human serum were negative 
when challenged with this concentration of antigen (Table

measurement of ige antipolymyxin antibody
Using indirect passive hemagglutination, IgE antibody 

specific for polymyxin B was demonstrable during the 
Period in which the patient experienced his generalized 
eruption. Samples of serum obtained 4 weeks before and 8 
weeks after this period were devoid of IgE antibody di­
rected against the antibiotic, correlating with those results 
obtained with Prausnitz-Kiistner testing.

A serum sample obtained from the bone marrow donor 
at the time of marrow removal was also negative for IgE 
antipolymyxin B antibody. Likewise, blood component 
donors’ serums did not contain detectable IgE antipoly­
myxin activity (Table 1).

Discussion

Immunologically mediated adverse reactions to poly­
myxin B have rarely been reported. Intrabronchial aerosol- 
ization of the antibiotic has been associated with broncho­
constriction and severe hypoxia (5). The mechanism of 
this reaction was unclear, however, as polymyxin B is a 
well-documented nonspecific mast cell-degranulating and 
histamine-releasing agent (6). To our knowledge, the only 
previously documented type-1 hypersensitivity reaction to 
polymyxin B associated with specific IgE antibody was 
presented in our recent study (2). That patient, an acute 
myelocytic leukemic in relapse, was transplanted with re­
lated-donor bone marrow after whole body irradiation and 
rabbit antithymocyte globulin administration. This pro­
duced a state of functional 1-cell suppression during which 
she developed increasingly severe bouts of rhinorrhea, 
perinasal and periorbital pruritis, erythema, and edema 
immediately after intranasal insufflation of low-concentra­
tion polymyxin B. The reaction was temporally associated 
with specific IgE antibody (2).

The classic dermal reactions produced by combination 
of IgE antibody and specific antigen are those of urticaria

Table 1. IgE Antipolymyxin B Antibody Levels Measured by 
Prausnitz-Kiistner Skin Testing and Indirect Hemagglutination

Source Date Titer

Prausnitz- 
Kiistner 

Skin Testing

Indirect 
Hemagglu­

tination
Patient 26 April 74 0 0

22 May 74 1:50 1:64
29 July 74 0 0

Marrow donor 26 April 74 0 0’
Normal human serum 0
Phosphate buffered saline 0
Blood component donors

1 02 03 04 05 06 0

Lakin et al. • Polymixin B Reactions 205
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and angioedema (7). Our previously reported patient’s 
local nasal symptoms are consistent with this. The circu­
lating IgE antibody to polymyxin observed in the current 
patient is less easily related causatively, although related 
temporally to the appearance of his generalized maculo­
papular eruption. Elevated total serum IgE levels have been 
variably associated with a number of dermatoses, including 
Wiskott-Aldrich syndrome (8), exacerbated atopic derma­
titis (9), and pemphigoid (10). In each of these condi­
tions, it is not known if IgE antibody is in some manner 
causal or merely reflective of a more central disorder of 
the immune system. Likewise, the eruption developed by 
our patient while receiving intranasal polymyxin may have 
been produced through the participation of IgE antibody. 
Alternately, however, the production of this IgE specificity 
may merely have been a concomitant manifestation of a 
common underlying process. We tend to favor the latter 
possibility. Local Arthus-type reactivity may on occasion 
be IgE mediated. However, evidence for its participation 
in maculopapular eruptions is lacking (11).

Although the etiologic role, if any, of IgE antibody in 
the production of the observed maculopapular eruption in 
our patient cannot be determined with the available in­
formation, the very presence of this specificity of reagin 
in titers previously associated with clinical atopy is of 
both theoretical and clinical interest. The development of 
IgE antipolymyxin antibody in response to topical ap­
plication of the antibiotic has not been noted in 11 normal 
individuals, age-matched to our patient. It has not been 
detected in any of the blood component donors in the 
bone marrow transplant program (2), nor retrospectively, 
in 4 patients after bone marrow transplant who did not 
react adversely to polymyxin although exposed to the 
agent. Immediate atopy to polymyxin B has rarely, if ever, 
been reported. However, predisposing factors may have 
been present in this case, promoting formation of this un­
usual IgE antibody.

Iatrogenic disruption of the normal bioregulation of 
B 'cell-mediated IgE synthesis may have been produced in 
this patient. The control of B-cell synthesis of IgE appears 
to be in part T cell-dependent (12). This interaction 
probably occurs through several mechanisms, graphically 
summarized in Figure 2 (13). Helminth infection (14), 
X-irradiation (15, 16), antithymocyte serum (17-19), or 
cyclophosphamide (20) will potentiate preexistent IgE re­
sponses to a number of antigens in several species. In 
most instances, this seems to be accomplished by release 
of IgE B cells from a suppressor effect exerted by a T- 
cell subpopulation. Cyclophosphamide may also potentiate 
IgE B-cell activity by suppressing IgG B cells and reduc­
ing IgG antibody levels. Gamma-G immunoglobulin has 
been shown to inhibit IgE synthesis in the rat (12) {see 
Figure 2).

In addition, a carrier-specific T-cell helper function in 
the initiation of synthesis of IgE antihapten antibody has 
been described in the mouse (13, 21). However, collabora­
tion between carrier-specific T cells and hapten-specific B 
cells or subsequent differentiation of B cells, or both, ap­
pears to be subject to suppression by a radiosensitive cell 
population (16). In man, the association of congenital

Figure 2. Hypothetical mechanisms of initiation and regulation of 
IgE antibody synthesis, modified from Tada et al. (12). Hapten: 
specific B precursor cells differentiate to immunoglobulin-syn- 
thesizing B cells after collaboration with carrier-specific T helper 
cells (-f- + + ►)• The biosynthesis of IgE antibody is further 
regulated by an inhibitor T-cell subpopulation (----------- ►) and.
in some instances, by specific IgG antibody levels.

Antigen

ig Gx-
Antibody"

,igE ■
Antibody

(f)
(IgG)

w
(IgE)

CH 

(IgE helper)

absence of T cells has been associated with elevated serum 
IgE (22). These findings may be applicable to IgE bio­
synthesis in the T cell-suppressed patient after bone mar­
row transplant to account for the extraordinary incidence 
of responsiveness to an antigen of low reaginic immuno­
genicity.

Insufflation of polymyxin intranasally may also have 
been a predisposing factor in the cases we have observed. 
This route of administration has been associated with an 
increased incidence of atopic sensitization to antibiotics of 
high reaginic immunogenicity, such as penicillin (1).

We conclude that clinicians should be alerted to the 
possibility of an increased incidence of type-1 hyper­
sensitivity in spontaneously or iatrogenically immuno­
suppressed patients. The use of routes of administration 
that are associated with increased atopic sensitization 
should be minimized or avoided. When immediate skin 
testing to polymyxin B or other drugs capable of direct 
mast-cell degranulation is attempted, the drug concentra­
tion must be less than the threshold above which the drug 
will produce false-positive reactions. Results, as always, 
should be interpreted with caution.
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COMPLEMENT DEFICIENCY STATES
VINCENT AGNELLO, M.D.

In recent years the study of complement 
deficiency states has revealed that deficiency 
of specific complement components may predis­
pose to certain diseases, much like the predis­
positions that occur with selective deficiencies 
of the immune system. In addition to the hered­
itary deficiencies of complement, there are ac­
quired deficiencies of complement which persist 
over long periods and which also appear to 
predispose to certain diseases. It is the purpose 
of this review to discuss both the hereditary 
and acquired complement deficiency states of 
man.

The recent advances which have occurred in 
this field can be directly related to the rapid 
expansion of our understanding of the comple­
ment system. There have been major advances 
in the isolation and study of the biochemistry 
of individual complement components, delinea­
tion of the various pathways of activation, and 
elucidation of the biological activities associ­
ated with complement activation (10, 83, 84, 
160, 128). To facilitate the discussion of comple­
ment deficiency states, a brief summary of the 
complement system with emphasis on its bio­
logic activities will be given.

Activation of the Complement System
The complement system consists of a series of 

discrete plasma proteins which are present as inac­
tive precursors until they are activated by highly 
specific biochemical reactions, some of which in­
volve limited proteolytic cleavage. Thus far 19 com­
ponents have been isolated and characterized (Table
1).  There are two known pathways of activation, 
the classical and the alternate or properdin path­
way. The classical pathway is more thoroughly 
characterized (Fig. 1). It is activated by antigen­
antibody complexes. The Cl component consists of 
three subunits, Clq, Clr and Cis, which are held 
together in the presence of calcium ions. Clq con­
tains the combining site for a specific receptor on 
the Fc portion of IgGl, IgG2, IgG3 and IgM. These 
immunoglobulin molecules, when complexed to an-
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tigen. will fix and activate Clq. The activation does 
not result in cleavage. However, its fixation does 
activate an enzymatic activity in Clr that cleaves 
Cis and thereby generates the first major enzyme 
in the complement systerffici or Cl esterase as it 
is commonly called. A serum inhibitor for this 
enzyme exists, the Cl esterase inhibitor. Cl then 
cleaves C4 and C2 whose major cleavage products 
form a bimolecular complex, C4b2a which has a 
new enzyme activity. This is the cIassicarU3 conver- 
tase. which is capable of splitting C3 into a small 
fragment C3a and a larger fragment C3b. The 
attachment of C3b to the C4b2a complex leads to 
the formation of the last enzyme in the classical 
pathway; C4b2a3b, which is capable of binding and 
cleaving, C5 (73, 85). Following the binding of C5b, 
the remainder of the terminal components of the 
complement sequence are assembled without enzy­
matic activation.

The alternate pathway of complement activation 
was first described in 1954 by Pillemer and his 
colleagues as a mechanism whereby complement 
could be activated without the presence of antigen­
antibody complexes. Zymosan, a yeast cell wall 
polysaccharide was found to activate C3 and the 
terminal components of complement without utili­
zation of Cl, C4, or C2 (96). Pillemer thought that 
this pathway may represent a natural defense sys­
tem against foreign organisms in the unimmunized 
host. In the last few years intensive renewed study 
of this pathway has confirmed many of his original 
observations and impressions. The alternate path­
way does appear to be a mechanism for activation 
of the complement system by yeast and bacterial 
wall components as well as possibly other sub- 
stances without the presence of specific antibody 
(47, 51, 69, 84). A number of components of this 
pathway have been isolated and identified (Table 
1), including properdin. The pathway has not as yet 
been completely delineated and for the purpose of 
this discussion a simplified scheme (Fig. 1) is pre­
sented. The activating substance, which may be 
zymosan, a variety of polysaccharides including 
bacterial lipopolysaccharides, aggregated IgA or ag­
gregated IgE, interact with a serum protein called 
the initiating factor (IF), which appears to be iden­
tical with C3NeF or nephritic factor (77, 125). This 
protein was originally identified in the serum of 
patients with mesangiocapillary glomerulonephritis 
and lowered serum levels of C3 (123). Following the 
interaction of this complex with Factor B, Factor D, 
C3 and C3b, a C3 convertase is formed, C3bB. This 
enzyme, like the classical C3 convertase, can split

1
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C3 into C3a af&C3b. A most unusual aspect of this 
pathway is that the product of the substrate cleav­
age is incorporated into the cleavage enzyme estab­
lishing a potential positive feedback system (86). A 
serum inhibitor, the C3 inactivator (C3INA), can 
cleave C3b into C3c and C3d. These fragments 
cannot participate in the formation of a C3 conver-

TABLE 1
Molecular Weights and Serum Concentrations of 

Complement Components (S3)

Component Molecular 
weight

Serum 
concentra­

tion
pgtml

Classical
Clq 400,000 180
Clr 180,000 ?
Cis 86,000 no
C2 117,000 25
C3 180,000 1,600
C4 206,000 640
C5 180,000 80
C6 95,000 75
C7 110,000 55
C8 163,000 80
C9 79,000 230

Alternate
Properdin 184,000 25
Properdin Factor B 93,000 200
Properdin Factor D 24,000 ?
Initiating Factor (IF) 150,000 ?

Inhibitors
Cl 90,000 180
C3b Inactivator 100,000 25
C6 ? ?
C7 ? ?

tase. The C3bB enzyme combines with properdin to 
form a new enzyme activity, C3bBP, which can 
cleave C5. As in the classical pathway, this in turn 
activates the terminal components of the comple­
ment sequence.

Biologic Activities of the Complement System
The major biologic activities associated with var­

ious complement components are shown in Table 2. 
These activities are generated as a result of activa­
tion of the complement system. All pine components 
of the c 1assical pathway are required for cvtolysis 
to occur. A less efficient cytolytic process can be 
generated by activation of C5-C9 via the alternate 
pathway. The actual lysis of the membrane is a 
function of the C8 and C9 molecules, C8 resulting 
in slow lysis while the addition of C9 markedly 
enhances the process (118). While cytolysis appears 
to be the main function of the complement system 
in that a complete sequence of activation of the 
components is required, it is by no means the most 
important biologic activity that is mediated by the 
complement system.

It is apparent from the serum concentrations of 
complement components (Table 1) and the scheme 
shown in Figure 1 that C3 is the key complement 
component in both pathways of activation. The split 
product of C3, C3b, mediates a major biologic func- 
tion of the complement system, opsonization. This 
results in enhancement of phagocytosis. Since op­
sonic activity can be generated in the absence of 
specific antibody by cell wall components of micro­
organisms, it is a potential defense system in the 
unimmunized host.

Other defense mechanisms may be mediated by 
the early components of the complement system. In 
vitro studies demonstrated that Cl and C4b are 
sufficient for neutralization of certain viral orga-

C14b2a3b

3bBl

Activating Substance 
(Zyraogen, Bacterial LPS, etc.)

Activation sf 
terminal components 

C5 - C9

ALTERNATE PATHWAY

Fig. 1. Simplified scheme of the classical and alternate pathways of complement adopted from (77). The 
pathways merge on C3. The complexes shown in boxes are analogous C3 convertases.
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TABLE 2
Major Biologic Activities of Complement Components ' ' - v

Component

1) Enhancement of phagocytosis (opsonization)
2) Viral neutralization
3) Viral lysis initiation
4) Enhancement of yeast phagocytosis
5) Mediators of Inflammation

a) Chemotactic factor
b) Anaphylotoxin
c) Enhancer of vascular permeability
d) Marrow leukocyte release

6) Cell lysis
7) Modulators of immune response

nisms coated with non-neutralizing antibodies (23). 
Potentially, an important mechanism for the unim­
munized host was suggested by studies in which 
oncornaviruses were lysed by human complement 
without antibody (21). Clq appears to react directly 
with these viruses. Other studies have demon­
strated that C5b enhances phagocytosis of yeast (80).

Other biological activities are mediated by cleav­
age products of the early components. Patients with 
hereditary angioneurotic edema produce a peptide, 
perhaps by cleavage of C2, that enhances vascular 
permeability (34). A small fragment from C3 cleav­
age, C3a has both chemotactic activity and anaphy­
lotoxin activity (31, 127). C5a also has relatively 
weak anaphylotoxin activity, but potent chemotac­
tic activity (57, 72). Since there is no enzymatic 
cleavage of 6, 7, 8 and 9, there are no split products 
produced. However, the complex C5b67 is thought 
to have chemotactic activity in certain pathological 
situations (133).

Hereditary Deficiencies of the Complement 
System

Thus far, hereditary deficiencies have been 
described for 9 of 11 of the classical components 
and 2 inhibitors (Table 3). None so far has 
been described for components unique to the 
alternate pathway.

Clq Deficiency
Genetic deficiency of Clq has not been clearly 

established. Clq has been reported to be absent 
or depressed in severe combined immunodefi­
ciency (Swiss type of lymphopenic agam­
maglobulinemia) (87). Recent studies of this 
disease showed that Clq as well as gamma 
globulin levels were restored following bone 
marrow transplantation (12). However, turn­
over studies were not done and the possibility

C3b
Cl C4b
Clq
C5b

C3a, C5a, C5b67
C3a, C5a
? C2 fragment (C2 kinin)
C3b
C8, C9
?C4b, ?C3b, ?C3d

TABLE 3 J
Clinical Findings in Human Complement

Deficiency States_______________
Clinical findings

Combined Immunodeficiency
SLE, Glomerulonephritis
SLE
SLE
None, Discoid LE, SLE, Anaphylac­

toid Purpura, Hodgkins, Dermato­
myositis, Glomerulonephritis

Infections
SLE
Infection and Eczema (Leiner’s syn­

drome)
None, Infections
None, Raynaud’s
Disseminated Gonococcemia, SLE
Hereditary angio-edema, SLE 
Infections

exists that the Clq levels vary directly with 
the gamma globulin levels, as indicated by 
Kohler’s studies (61). Kohler showed an in­
creased catabolism of Clq, probably secondary 
to low IgG levels, in adult patients with com­
mon variable immunodeficiency. There has not 
been any report of patients with selective Clq 
deficiency.

Cl r Deficiency
There are three known cases of selective Clr 

absence in two kindreds. There appears to be 
an autosomal pattern of inheritance of the Clr 
deficiency (ClrD) gene. However, on pedigree 
analysis expected heterozygotes do not uni­
formly have Clr levels in the 50% of normal 
range (10). No linkage between the HLA sys­
tem and the ClrD gene was found, in contrast 
to the linkage with HLA and other complement 
components (30).

Component

Clq?
Clr
Cis
C4
C2

C3
C5
C5 Dysfunction?

C6
C7
C8
Cl INH
C3b INA
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In one kindred, two siblings were homozy­

gous for ClrD (82). Other complement compo­
nents were normal except for Cis which in al 
three homozygous Clr deficient patients has 
been found to be approximately 50% noima. 
The propositus in this family, a -jear 
Puerto Rican boy, had an illness suggestive o 
systemic lupus erythematosus (SLE)With fe­
ver, skin lesions, vasculitis and arthralgia . 
Nephritis was not present clinically, ovvevei, 
renal biopsy showed mild mesangial deposits 
ypical of immune complexes by electron im- 

cioscopy, and immunofluorescent studies dem- 
onstratcd immunoglobulins and C3 along the 
basement membrane. The severe skin. lesions 
which clinically were typical for discoid lupus 
erythematosus (DLE) did not, however, have 
the deposits of immunoglobulins and comple 
ment usually found in immunofluorescent stu - 
ies of DLE lesions.

The second sibling in this family with com­
plete absence of Clr, a sister to (he propositus 
had a history of arthralgias and skin rash. A 
skin biopsy in this case also was nega ivc 
immunoglobulin and complement deposits. 
Both siblings had histories of frequent chrome 
infections consisting of otitis med.a and upper 
respiratory infections. An additional siblmg 
died at age 12 with SLE. .

A third case of complete Clr deficiency winch 
has been reported was an 11-year-old 
with chronic glomerulonephritis (95). B P-. 
studies done at the time of endI stage disea 
showed deposits of IgG, Clq, C2 and C3. Fol­
lowing transplantation, the selective Clr deli 
ciency persisted.

Cis Deficiency
There are five known cases of selective Cis 

absence in two kindreds which have been re­
ported, thus far only in abstract form. The first 
case is a 6-year-old child with SLE (97). A 
hereditary basis for the Cis deficiency was not 
established. At the time of these studies quan 
titative Cis studies were not available; how­
ever Clq and trace Clr were noted. The defi­
ciency was most likely a selective deficiency of 
Cis since Cis restored hemolytic activity while 
Clq or Clr did not. Clinically, there were no 
features atypical for SLE noted. The ANA was 
positive and immunoglobulins were detected 
in the basal membrane of the skin.

In the second kindred there are f°ur slbll^S 
with selective absence of detectable Cis

agnello
Two are normal and the others, a male imd 
fenale have lupus-Hke disease eons.sting of 
polyarthritis, alopecia, discoid lupus. Raynaud a 
phenomenon and positive ant,nuc,e“ ‘adj. 
bodies LE cell tests were negative. An add 
tional sibling with normal complement levels 
has a similar syndrome. Two other siblings 
died in childhood of infectious diseases (infan­
tile enterocolitis and acute meningitis).

Cl Inhibitor Deficiency
The genetic deficiency of Cl inhibitor is as­

sociated with the syndrome of hereditary an 
oneurotic edema (HANE) which consists of 
recurrent bouts of nomnfkymmalo^^ 
^hiclTmay involve the subcutaneous tissues 
intestinal walls, airways, and lungs 
edema may often be fatal and intestinal in­
volvement ’ may result in painful abdommal 
crises often with obstruction (35).

The deficiency has been thought to be the 
most common genetic abnormality tn the conn 
plement system. Howevei, this may • 
the prominent associated clinical manifesta­
tions The actual gene frequency is not known. 
The lack of detections of individuals homozy­
gous for this defect suggests that gene fre­
quency may actually be lower than other com­
plement deficiency states which are not 

i clinically apparent.
The Cl inhibitor inhibits the enzymatic a - 

tivity of Cl component including the subunits 
Clr and Cis. It also inhibits a number of other 

ac^to -n-ojlwr fena^n
^sterns (58, 99). There includeJwllhLlSUl. 
fct factor and its active fragments, 
■S^taomboplastin antecedent and perme- 
abZ factor of dilution (PF-dll). The inhibition 
of Cl results by formation of an irreveis 
complex with Cis. No split products result 
fZ this interaction. The inhibitor docs no 
react with denatured Cis, suggesting a ma pi 
role for confirmations! factors in the complex 
formation (54).

Two major forms of the genetic deficiency 
exist (102, 103). Inapnrovimately 85% therej^. 
low serum concentration^ 
both functional and antigenic assay. In t 
variant form, which comprises approximately 
15% of cases, there is normal or elevated con- 

"centration of a functionally inactive inhibitor. 
The abnormal inhibitor shares similar antigens 
with the functional protein; however, it has a 
molecular weight of 109,000 compared to
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105 000 for the normal inhibitor and does not 
complex with Cis (54). The clinical syndrome 
is the same in both forms.

The genetics of this disorder is not completely 
understood. Pedigree analysis indicates an_au- 
tosomal dominant pattern of inheritance with 
all affected members being heterozygous (39). 
There is evidence for diminished synthesis of 
the inhibitor protein in the common form but a 
simple deficiency of a strucural gene control­
ling Cl inhibitor synthesis does not account for 
the highly variable levels of Cl inhibitor that 
occur in these patients including undetectable 
levels in some. A disorder of a regulatory gene 
has been postulated (112).

The pathophysiology of the disease is also 
not entirely delineated. Attacks are accompa­
nied by activation of Cl; however, it is not 
known how bouts of disease activity aie initi­
ated. Since multiple plasma enzymes are in­
hibited by the Cl inhibitior, in addition to Cis, 
a variety of potential activating pathways ex­
ist. Trauma, particularly dental work,, is 
known to precipitate attacks. One pathway 
which has been postulated is that trauma 
causes tissue damage that results in activation 
of Hageman factor which triggers clotting, 
kinin generation and fibrinolysis resulting in 
the generation of plasmin which is known to 
activate Cl (93). This hypothesis is supported 
by tire fact that epsilonaminocaproic acid 
(EACA) and tranexamic acid, two plasmin in­
hibitors, provide effective drug therapy in at­
tacks of hereditary angioneurotic edema (41, 
111).

During attacks, patients with HANE usually 
develop detectable levels of free Cis which 
cannot be found in the circulation of normal 
individuals. C4 and C2, the substrates of Cis, 
are chronically depressed in most patients. Ab­
solute C4 levels do not correlate well with the 
severity of disease activity; however, relative 
drops in C4 levels can be demonstrated with 
activation of the disease. It can be noted that 
C4 is never normal during attacks and if both 
Cl inhibitor and C4 are normal, HANE can Ire 
ruled out (39). How activation of early compo­
nent relates to the pathophysiology7 of the dis­
ease is not yet clear. It appears that a low 
molecular weight peptide which can cause in­
creased vascular permeability and angioedema 
is present in the serum during attacks. There 
is evidence, although not conclusive, that this 
peptide is derived from C2 (33). Because of this

5 

and the kinin-like activity of the peptide, the 
fragment has been termed C2 kinin.. v

C4 Deficiency
C4 deficiency has been extensively studied 

in the guinea pig (38, 40); however, only one 
fully reported case is known in man and an­
other recently has been reported in part. The 
propositus of the family reported in detail was 
an 18-year-old female with typical clinical find­
ings of SLE including extensive rash (55). 
There was complete absence of C4, with other 
complement components being normal. Addi­
tion of isolated C4 to the serum restored the 
hemolytic activity. The mother, who is healthy, 
had half normal C4 levels by antigenic analysis 
suggesting an autosomal codominant type of 
inheritance for the C4 deficiency (C4D) gene. 
Serologically the SLE present in the propositus 
was atypical in that no LB cells were pi esent. 
The ANA was negative and no immunoglobu­
lins were deposited in the skin. HLA studies 
on this family have shown linkage of the C4D 
and HLA genes (101).

The second case, apparently a homozygous 
C4 deficiency, is a five-year-old boy with a 
"lupus-like syndrome” (19). Antinuclear anti­
bodies were present. Clinically he did not have 
increased susceptibility to infection, although 
certain in vitro chemotaxic and opsonic func­
tions were abnormal.

C2 Deficiency
C2 deficiency appears at present to be_the 

most commonly occurring complement compo­
nent deficiency. Although the evidence is as 
yet incomplete, the gene determining this defi­
ciency, C2D, appears to be inherited as a co­
dominant with the gene(s) determining C2 syn­
thesis. The gene frequency is estimated at 1% 
based on the finding of five heterozygous C2D 
individuals among 250 normal blood donors 
(44) and one homozygote among 10,000 normal 
blood donors (5).

It now appears that C2 deficiency is associ­
ated with certain disease states. This was not, 
however, apparent from the first four kindreds 
reported (Table 4). In 21 of the next 22 kindreds 
studied the proband had a disease state (Table 
4). The studies of 26 families with homozygous 
C2 deficient probands are listed in Table 4. 
The clinical findings among the individuals 
homozygous for C2D are shown in Table 5. 
Twenty-three of 38 have diseases mainly of the
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TABLE 4
HLA Types and Clinical Findings in Kindreds ofHereditary CMlnency

“SES*’ H“ Clinical finding.

Number 
heterozy­
gous indi­
viduals

Clinical 
findings

DBA Normal5
M. R. Klemper et al 1966 (60)1) N.R.

N.R.

Normal22

W210
Normal23

13) Normal21
N.R.18

L. Einstein et al 1975 (37)14)
W2 Normal62

W2 Normal21
Hodgkins DiseaseN.R.M24

Normal01SLEN.R.F23D. Gibson et al 1976 (48)18) Normal04Discoid LE
F37R. Stern et al 1976 (117)19)

3
5

9)
10)
ID
12)

5)
6)

7)
8)

15)
16)
17)

N.R.
N.R.

W2
W2
W2

2
16

2
2

2
6

2)
3)
4)

24
31
37
11
18
25
22
65
50
60
10
13
44
17

2

M 
F 
M 
M 
F 
M 
M 
F 
F 
M

10
10

2

W2
W2

1
1
4

10
1

10
3

W24
2

W24
2

10
1

10
9

Normal
Normal
Normal

Normal
Normal

Normal
Normal

19
12
10
55
18

M. R. Klemper et al 1967 (59)
N. R. Cooper et al 1968 (20)
S. Ruddy et al 1970 (107)
J. Kumate 1976 (63)

P. Friend et al 1975 (42)
K. Wolski et al 1975 (132)
N. Day et al 1976 (28, 29)

Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
SLE with Discoid
SLE with Discoid

3
15V. Agnello et al (3)

N. K. Day et al 1973 (26)

E. Gelfand et al 1974 (46)
N. K. Day et al 1974 (27)
J. Leddy 1974 (5)
K. Osterland et al 1975 (90)
J. Atkinson et al 1975 (11)
J. Leddy et al 1975 (66)

M. Sussman et al 1973 (119)
J. Wild et al 1974 (131)

F
M

18 
18 

4A2 
N.R. 
N.R. 
N.R. 
N.R. 
N.R. 
N.R.

18 
N.R. 
N.R.

18
5

18
18
18
18
18

8
18

Anaphylactoid Purpura
Normal
Discoid LE
Anaphylactoid Purpura
Normal
Idiopathic Membranous GN
SLE with Discoid
Discoid LE
Normal
Dermatomyositis
Normal
Anaphylactoid Purpura
Chronic Vasculitis
SLE
Normal

p* 
F 
M 
M* 
M 
F 
F 
F 
M 
M 
M 
F

F M

10Age Sex

45
43
40
40

*i .. if v JO. ... V.'2 Discoid LE 0 1 Normal
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15
5
3
5

1

a

Q 
cn 
C

None
Discoid LE 
SLE with DLE
SLE
Probable SLE
Anaphylactoid Purpura
Derinatoinyositis
Chronic Vasculitis
Idiopathic Membranous GN
Hodgkins
Recurrent Infections

Total

i "4

autoimmune type. Fourteen had SLE or DL . 
The sex distribution among affected and nor­
mal individuals is shown in Table 6. The fe­
male-male ratio for normals was 1:2, while for 
affected individuals the ratio was approxi­
mately _5ff. The ratios for those individuals 
with SLE and DLE were 8:1 and 4:1, respec­
tively, which is consistent with predominance 
of females generally seen in these diseases. 
The ratio for the total group, however, was 
approximately 2:1 which may reflect a sam­
pling bias resulting from screening rheumatic 
disease patients.

Only 2 of 38 cases listed in Table 5 had 
recurrent infections as the piimary clinical 
problem (family 21, Table 4). However, fre­
quent infections have been noted in several 
other cases. Unusual susceptibility to infection 
transiently in childhood has been noted for 
both male homozygotes in family 4 and the 
propositus in family 6. Minor recurrent infec­
tions of the si nopul monary and urinary tracts 
have been noted in the propositi in families o, 
19 and 20. .

Clinically the patients with SLE fulfill the. 
currently accepted criteria for this disease, 
however, many are atypical in some respects 
as shown in Table 7. Five of eight patients 
with SLE tested had weak or absent antibodies 
to native DNA. Only two of nine had renal 
disease. In addition, five of seven tested had nd 
immunoglobulins or complement deposited in 
the skin and the two positives had only IgG.

Those with DLE also appear typical clinically 
(Fig. 2). However, three of four patients with 
DLE tested did not have any immunoglobulins

deficiency states 

' ‘ TABLE 5
Clinical Findings among Individuals with

Homozygous C2 Deficiency

P

£

£

ci 
£

1
3
1
1
1
1
2

38

3

p u
3
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agnello •
9 SLE and juvenile rheumatoid arthi itis (JRA) 
were the most commonly
states. Female to male ratio (Table 11) ■■
approximately 1.1 for the normal group. and 6 
for the affected group. The ratio for the total 
group was approximately 1:1-
g The prevalence of C2 deficiency in rheuma­
toid arthritis (RA), juvenile rheumatoid m An­
tis and SLE has recently been studied M 
Two of 134 RA patients (1.4%) J» of 273 JL— 
,7m .mis (3.7%) an<!_7~ 142 Sl.E pptmn^o V

' SSerozygote C2 deficiency compared to 6 
of 509 (1.2%) normal blood bank donoi .
noted was that C2D SLE patients had an ear- 
Her age of onset and significantly >°'^^ered 
antinuclear antibodies than non-C2D SLL pa 
tients. The JRA patients with C2D wen) cl.ro- 
rally indistinguishable from the non-C2D JRA

^Thedose positive linkage between the C.2D_ 
gcne^imrthh.-UsA_genes2AKLSIldja^-iS-il  ̂
well established (28, 29, 43). In 24 kindreds
typed, the C2D gene was associated with HLA 
18 in 22 and HLA 10 in 21 (Tab es 4 and 8). 
More recently the HLA D gene, W2, has also 
been shown to be in stron8 P0Slt,ve ^.g 
with C2D. In eight of nine kindredsev.ewed 
here the W2 gene was associated with the

g°While the haplotype HLA 10. BIS C2D is 
closely associated with lupus disease as shown 
in Tables 4 and 8, it can occur completely

8
or complement deposited along the epidermal- 
dermal junction. (nkn-co

Certain disease statesalsoappear to be a^o_ 
ciated with heterozygoje C2 deficiencx- 
prevalence of affected individuals 
1CAVCL however, than for the homozygote C2 
dSkTency state (Table 8). Ihirt^n percmLof 
the heterozygote C2 deficient individuals were 
found to have associated disease states com­
pared to. 61% of homozygote C2 individua s. 
This figure, however, may be high as a lesul 
of sampling bias. If the heterozygotes found m 
the kindreds listed in Table 4 are analyzed 
they consist of approximately equal numbets 
of females (65) and males (64). There weie n 
clinical abnormalities among this group. 
Twenty of the 22 affected individuals listed in 
Table 9 were detected in Gibson’s study w uc i 
involved screening a population with rheu­
matic diseases. The female to male ratio in 
this study was approximately 2:1-

The clinical findings among individuals with 
heterozygote C2 deficiency are shown in table

TABLE 6
Sex Distributing Aff^ed^Nor^l
Individuals with Homozygous^

—------------- Number Females Males

Normal
Affected

Total

15
23
38

5
19
24

10
4

14

TABLE 7

Family Renal dis- ANA
P*tie"‘ (Table") eaSe

1) SLE with Discoid
2) SLE with Discoid
3) SLE with Discoid
4) SLE
5) SLE
6) SLE
7) SLE
8) SLE
9) Probable SLE

10) DLE
11) DLE
12) DLE
13) DLE
14) DLE

0 negative, none
NS-not studied.

5 0 +
12 + +/-

6 + +
16 0 +
22 0 +
24 0 +
25 0 +
18 0 +
26 0 +
12 0 NS
19 0 +

8 0 +
23 0 0
20 0 0 __

+ positive, present +/- weakly positive

Skin Biopsy immunofluores-
NDNA cence studies

0
IgG

0
NS
IgG

0
0

NS
0

NS
0

IgG, IgM, Clq, C4
0
0

Fig. ) 
from far

---------i
1) S. F
2) S. F

3) D.J

4) P.X
5) N. 1

* Nc
N.R

dissoc 
pedigi

Thii 
of a f 
famili 
geneni 
childn 
indivi 
10, Bl 
any d 
carrir



Fig. 2. Three patients with homozygous C2 deficiency and DLE lesions. From left to right, probands 
from families 5, 19, 20 (Table 4).

COMPLEMENT DEFICIENCY STATES

Additional Kindreds —Heterozygous C , D Probands
TABLE 8

1

Heterozy­
gous indi­

viduals
HLA

Clinical findings

F M A B D

1) S. Fu et al 1975 (45) 1 2 10 18 W2 Normal
2) S. Fu et al 1975 (44) 1 10 18 ?* SLE

1 8 ?
3) D. J. Gibson et al 1976 (49) 10 kindreds 18 10 10 W40 N.R. 10 JRA

10 18 8 SLE
2 18 2 RA
2 5 8 Normal

4) P.M. Blatt et al 1976 (14) 1 1 10 18 N.R. Normal
5) N. Day et al (25) 1 10 18 W2 Chronic Glomerulone-

______ — phritis

♦ Not W2
N.R. Not reported.

dissociated from the disease as shown in the 
pedigree in Figure 3.

This pedigree was originally studied because 
of a factor XI deficiency which appeared to be 
familial. Rheumatic diseases occur in multiple 
generations and the propositus had JRA in 
childhood and SLE later in life. There are two 
individuals in the family that carry the HLA 
10, B18, C2D haplotype, neither of which have 
any disease manifestation while the propositus 
carries none of these genes.

C3 Deficiency
There are four cases of C3 absence associated 

with marked increased susceptibility to infec­
tion with encapsulated bacteria (9, 10, 13, 52). 
In three cases the propositi have homozygous 
C3 deficiency on the basis of pedigree analysis. 
The fourth is an orphan child (13). In one case 
the susceptibility to infection could not unequi- 
vocably be attributed to the C3 deficiency since 
Clq deficiency and decreased IgG levels were 
also present (52).
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abnormalities (10).

1

Normal
Affected

Total

75
3

78

142
9

10
2
1

164

None
Systemic Lupus Erythematosus 
Juvenile Rheumatoid Arthritis 
Rheumatoid Arthritis
Chronic Glomerular Nephritis

Total

does not appear to have increased susceptibility 
to infections or any other associated clinical

TABLE 10
Sex Distribution among Affected and Normal 
Individuals with Heterozygous C> Deficiency

I

TABLE 9
Clinical Findings among Individuals with 

Heterozygous C-, Deficiency

Females Males

67
19
86

is that in the first case’reported, rash,’diag­
nosed as erythema gyratum perstans, accom­
panied the recurrent infections.

The chemotactic deficiency in the five cases 
reported was variable. One, with one-thou­
sandth normal C3 levels, had no neutrophilia 
accompanying infection (9). Another with com­
plete absence of C3 had a normal neutrophilic 
reaction to infection but delayed polymorpho­
nuclear migration (13). A third with 3-4% of 
normal C3 levels had some neutrophilic re­
sponse to infection (10). The fourth case who 
died with pneumococcal meningitis was noted 
to have many polymorphonuclear cells in the 
cerebrospinal fluid and a leukocytosis (52). The 
fifth case, the only one without a history of 
recurrent bacterial infections, had a slight neu­
trophilia with the rash but had deficient gen­
eration of neutrophil chemotactic factors in

The heterozygous C3 deficient individual.Number

142
22

164

10
In a fifth case with homozygous C3 defi­

ciency, a 3-year-old male presented with fever, 
rash and arthralgias but no history of recurrent 
bacterial infections (89). The symptoms were 
abated by whole blood transfusion. Of interest

Bi KINDRED
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C3 Inactivator Deficiency
A single case of C3 inactivator deficiency 

has been reported (1, 6, 7, 16). The propositus 
had Klinefelter’s syndrome and increased sus­
ceptibility to infection similar to the C3 defi­
cient e^os The C3 concentration in this pa­
tient was approximately one-third—normal— 
levels at all times due to a catabolic rate of C3 
that was five times normal. Total hemolytic 
complement, in vitro phagocytosis, and chemo­
taxis were all markedly reduced. These abnor­
malities were all corrected by infusion of puri­
fied C3 inactivator. The depressed C3 levels in 
this patient have been shown to be due to 
unchecked activation of the C3b feedback path­
way.

C5 Deficiency
Two apparent homozygous C5 deficient indi­

viduals in the same family have been reported 
(105, 106). The proband, with undetectable C5 
levels, had SLE and increased susceptibility to 
infection. There are no unusual features about 
the SLE present in this case other than perhaps 
the lack of progression of the renal disease 
present. The LE tests were positive, the ANA 
was positive, and antibodies to native DNA 
were present. During periods of disease activ­
ity, the early components of complement were 
depressed. The skin lesion which was promi­
nent was typical histologically for lupus and 
deposits of immunoglobulins and complement 
were present along the dermal-epidermal junc- 

t!°A 10-year-old half-sister of the proband, also
an apparent homozygote for C5D, had 1-2% of 
normal C5 levels. No underlying disease was 
present, but there was a history of frequent 
upper respiratory infections and two episodes 
of pneumococcal pneumonia up to the age of 5. 
She has been healthy in recent years. Other 
family members had either normal or approxi­
mately half-normal C5 levels consistent with 
an autosomal codominant pattern of inherit­
ance.

7/1 vitro studies showed marked impairment 
of (84) cytolytic activities with serum hemolytic 
activity and bactericidal activity against sal­
monella typhi absent in the proband. The other 
homozygote C5D individual with 1-2% C5 
levels had approximately 30% of serum hemo­
lytic activity and 12% bactericidal activity 
(105); chemotactic activities with incubation of

proband serum with aggregated gamma globu­
lin or endotoxin resulted in no chemotaxis for 
polymorphonuclear cells. The proband serum 
had normal activity for opsonization of saccha- 
romyces cerevisiae (baker’s yeast) or Candida 
albicans for phagocytosis by polymorphonu­
clear cells, and normal phagocytosis and intra­
cellular killing of staphylococcus aureus.

C5 Dysfunction
Several families have been reported in which 

multiple members have increased susceptibil­
ity to infection associated with deficiency^of 
serum phagocytosis enhancing factor (64, 79, 
81). A characteristic syndrome (Leiners dis­
ease) consisting of eczema and secondary infej> 
tion is present in affected infants. A genetic 
transmission has not been established. Clini­
cally, these patients have primarily increased 
susceptibility to infection with gram-negative 
bacteria. 7/? vitro, their plasma shows dimin­
ished ability to mediate opsonization of baker’s 
yeast, rice-starch, or staphylococcus aureus 
particles. The deficiency has been thought to 
be related to a dysfunction of the C5 component 
of complement since normal human and mouse 
serum and isolated C5 correct the phagocytosis 
defects in vitro while C5 deficient mouse sera 
does not. A selective dysfunction of the mole­
cule is postulated since the C5 in these patients 
is antigenically and hemolytically normal (79). 
Similar deficiency in opsonization is not found 
in the patients with hereditary absence of Co, 
suggesting that deficiency of some other serum 
factor may be responsible for the abnormalities 
in the patients with Leiner's syndrome.

C6 Deficiency
Two cases of hereditary absence of C6 have 

thus far been described. The first case was an 
18-year old black female in normal health (65). 
Pedigree analysis was consistent with a Men- 
delian codominant pattern of inheritance. 
Eight family members were heterozygote for 
C6 deficiency with approximately 50% of nor­
mal C6 levels in the serum. Hemolytic comple­
ment levels were within normal limits. All 
were in good health. In vitro studies on the 
serum of the propositus showed absent bacteri­
cidal activity against Salmonella typhi and 
normal generation of chemotactic activity in 
the presence of aggregated IgG and endotoxin 
and normal immune adherence. In contrast to 
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the C6 deficient rabbits which have clotting 
Itaonnalities related to the abduce o C 
there were no clotting abnormalities ol 
blood in the propositus.

The second case, a six-year-old blac« maie’ 
had recurrent meningococcal meningi is • 
Serum complement hemolytic and bactericidal 
Z was absent. The complement compo- 
nents other than C6 were normal, as wer 
complement dependent ^''“^‘^p^bodv 
tion neutrophil function, bactericidal antiboc >

KSX2KS■ 

nant pattern of inheritance.

C7 Deficiency
Two cases of hereditary absence of CThave 

been described. One case is similar to the C 
deficiency case reported (129). Biologic func ion 
mediated by the early component opson e 
activity, immune adherence, and chemotactic 
generation are all normal. Functions requning 
terminal components bactericidal and he. 
lytic activities are absent. There is no chmcal 

disease associated. r,111Pncian
The second case, a 42-year-old Caucasiar < 

female, had Raynaud’s phenomenon and sclen < 
odactyly (15). Activation of the classical and 
alternate pathways and generation of bmlogic 
function in vitro were normal througl > 
cept for a deficiency in opsonization of unsensi­
tized yeast particles. There is no increased 
susceptibility to infection, however, in vivo.

C8 Deficiency
There are also two patients with ^ere^ta1^ 

absence of C8 that have been studied; both aie 
S females. One has a history of recurren 
disseminated gonococcal infections (93),the 
other has SLE with membranous glomerula 
nephritis, photosensitivity, butterfly rash an 
positive LE test (56). All complement depend­
ent fLetions tested were normal in both cases 
except for bactericidal and hemolytic activities 
which were absent. Bactericidal activity 
against Neisseria gonorrhea tested in the . 
case was absent suggesting that bacterial lysi 
may be important in host defense against'rfec- 
tion with such organisms. Of interest is that 
the homozygous 06 deficient individual who is 
in normal health had one bout of disseminated 
Neisseria gonorrhea infection (65).

Acquired Deficiencies of Complement
There arc three acquired complement defi­

ciency stales in which persistent complement 
depression over prolonged periods ,appeal s to 
be associated with certain disease states. lh • 
are- 1) Cl esterase inhibitor deficiency as®° 
ated with SLE, 2) C3 deficiency associated wi 
n esangio-capillary glomerulonephritis, and 3) 
”ariy complement components depression asso­
ciated with the “SLE related syndrome.

c7 Inhibitor Deficiency and SLE

Six patients.with

in detail, identical twin boys with DLL were 
studied (62). Markedly depressed leva s. o 
esterase inhibitor were present cl 
thought to be congenital since the mother ha 
been diagnosed as having hereditary angioneu- 
ro“c edema on a chmcal basis. In addition, she 
had SLE by clinical criteria. Serologically, she

■ had a false positive VDRL and a negative L
: cell preparation. The twin boys had weakly
I positive ANA'S, false positive serology for syp 

ms negative LE cell tests and native DNA 
antibodies with positive antibodies to sing 
stranded DNA. These Cl inhibitor levels

" a between 0 032 to 0.043, with the normal 
range being 0.094 and 0.318. C4 levels were 
chronically depressed and C4 —studies 
Showed a marked increase in C4 metabolism 
Immunofluorescent studies of skin 10P 
showed immunoglobulin and 
nosits in both normal skin and the DLL lesions. 
P Donaldson has referred to two unre atedI pa- 
tients with hereditary angioneurotic edema 
who have a biopsy diagnosis of discoid lupus 
Ld weakly positive sero.ogy. These sUd.es 
have not as yet been reported in detail 3 1

Another set of twins, identical gn 
complete absence of Cl inhibitor, have been 
reported which are of particular interest 
X one remains normal while the other has 
manifested the classical recurrmg °
hereditary angioneurotic edema since 6 y eai.
r (101) At age 14 she developed classica 

SLE with positive anti-native DNA antibodies 
and a profuse proliferative glomerulonephiitis^ 
Initially during the period of clinically acti; hIne) C4 level was .ess than 4% of normal 
with normal C3. With active SLE C3fe11 
50% of normal with C4 remaining low. Foil
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ing treatment with Prednisone and Imuran the 1 
C3 returned to normal and the C4 increased to < 
50% of normal. The twin without clinical 1 
HANE has not developed any symptoms o 
SLE. Her C4 levels are chronically 10-15% of 
normal levels.

C3 Deficiency and Glomerulonephritis
For some time it has been known that a 

portion of patients with a form of chronic gio- 
merulonephritis termed mesangio-capillary 
glomerulonephritis have associated depressed 
serum levels of the third component of comple­
ment (130). Depression of C3 in the presence of 
normal levels of the early classical components 
Cl, C4, and C2, and the finding that properdin 
and C3 without immunoglobulins were present 
in the glomerular deposits, suggest that com­
plement activation in these patients was y 
the alternate pathway (76, 108). Subsequently, 
a protein capable of inducing C3 cleavage in 
normal serum was found in the serum of these 
patients and termed C3 nephritis factor 
(C3NEF) (123-125). The relationship of the 
hypocomplementemia to the glomerulonephri­
tis in these patients is not as yet known. Since 
immunoglobulins could not be found in ie 
lesions, it was suggested that activated comp e- 
ment could produce glomerular lesions. How­
ever, it has been found that chronic activation 
of the alternate pathway in animal mode s 
does not result in nephritis (114, 126).

Recent studies on a group of patients wi 
partial lipodystrophy and hypocomplemen­
temia have suggested that chronic C3 depres­
sion may predispose to glomerulonephritis y 
increasing the host’s susceptibility to infection 
(8, 91, 92, 121). In the most recent report, 21 
patients with partial lipodystrophy were stud­
ied (115). Seventeen had low serum C3 with 
normal C4 and C2 concentration. Fourteen had 
a serum C3 splitting factor which appeared to 
be C3 NEF. These abnormalities occurred in 
10 patients without clinically overt disease. 
However, seven patients had nephritis and 
renal biopsy demonstrated mesangio-capillaiy 
type lesions. In all those with nephritis, C3 
NEF was present and hypocomplementemia 
and lipodystrophy preceded the nephritis by 
prolonged periods. The authois suggest t lat a 
high rate of mesangio-capillary nephritis in 
these patients indicates complement activation 
via the alternate pathway which predisposes

to the development of this form of glomerular 
disease, and that this may be true in general 
for the association of depressed C3 and mesan- 
gio-capillarv nephritis. It is postulated that the 
complement deficiency predisposes to infection 
which in some way mediates the glomerulone­
phritis. There has been one reported case of 
increased susceptibility to recurrent infections 
in a patient with hypocomplementemia and 
partial lipodystrophy (8), and in the recent 
study 3 of the 21 patients also had evidence of 
some increased susceptibility to infection. How­
ever among patients with mesangio-capillary 
glomerulonephritis and hypocomplementemia, 
there has not been an increased susceptibility 
to infection noted (91). The relationship of hy­
pocomplementemia to the partial lipodystrophy 
which is also acquired is unclear.

Early Complement Component Depression „ 
Associated with the "SLE-Related Syndrome

In recent years a group of patients have been 
identified whose features are similar to those 
of SLE in some respects, but who do not meet 
the diagnostic criteria for SLE (5, 70, 74, 88). 
They have in common with SLE patients sev­
eral distinctive clinical and serologic findings 
(Table 11). Recurrent rash as shown in Figure 
4 was the most prominent feature. Arthralgias 
are a frequent symptom. Angioneurotic edema 
of the face and small bowel occur less fre­
quently but severe bouts can occur (bigs. 5a 
and b). This syndrome, for lack of a better 
name, has been called the SLE-related syn­
drome. , ,

The striking serologic features are market 
hypocomplementemia and presence of a.^lLl- 
stance which precipitated with Clfl. (Fig. ' )• 
Complement component studies showed marke 
depression of the early components Cl .through 
C3 with normal or elevated levels ofthejteimu- 
nal components (Table 12). The Cl esterase 
inhibitor was normal or elevated and C3 I reac­
tivator (factor B) levels were essentially nor-

mThe size of the Clq reactant as determined 
by sucrose density gradient analysis was ap­
proximately 7S in contrast to the much more 
rapidly sedimenting Clq reactive material from 
SLE patients with circulating complexes (4).

Characterization of antinuclear antibodies in 
this group of patients and additional patients 
with a similar syndrome from Dr. McDuffies,
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table 11
FmlMs oum—«-

_____________ —---------------------------------PUR

---------- Female

BLO

Female
Sex 32 years 32 years
Age 6 years 3 years
Duration of symptoms + + + + + + +
Rash + + + + +
Arthralgia
"Angioneurotic” edema +

0—>1 +
4- 4-
14-

ANF
LE cells

0 
elevated

0 
normal

Serum X globulin <30 <30
CHso*
Serum Clq precipitms 4- + +

+ +

h and Serum Clq Precipitins: Clinical

CIC

Female
39 years

3 years
+ +
+
+ + + +
1 +
0 
elevated 
<30
+

SP1 __ ___

Female
32 years

3 years
+ + +
+ +
4" +
0
0 
elevated 
<56
4- 4-

* Normal range 150-250

tern of the

i

antibody in 
the ANA in

■

4 Picture of patient PUR. Similar rashes 
Fig. 4. riciur p Table 11 in association 

occurred in all patien * complement de-
witli Clq precipitins and maiKea i 
pression in the serum (2).

Dr Gewurz’s, and Dr. Oishi’s laboratories are 
shown in Table 13. In contrast to the h.g 
Tiers found in patients with SLE ant.bod.es 
antibody levels to native DNA in. thesec patents 
are low However, significant titers to - - > 
were present in all but one, and high titeied 
Sm antibodies was present in three. a ien 
HUR who had the typical clinical syndrome 
differed from the rest in that h^h t.tered 
antinuclear antibodies were.present The pa 
tern of the ANA was speckled and this ' 
most likely the result of the high titered Sm 

this serum. Also of interest is that 
patient PUR did not turn positive 

until several years after onset of the syndiome.

discussion

The presence of multiple systems mediating 
holt defense has made .he evaluate ofthe 
specific role of any single system d.fficuIt. Th 
has been particularly true in assess.ngthe role 
of complement. In spite of such ‘.
now aunarent from the studies of patients with 
hereditary deficiencies of individual comp e- 
ment components that complement does have 
specific roles in host defense in man. Hom this 
review the following may be concluded.
review t associ-

1 Deficiencies ofJH, CJ anuj^ 
ated mainly with diseases resembling SL 
but with other connective tissue diseases 
as well.



,pitins: Clinical 

spT-
Female 
32 years

3 years 
+ + + 
+ + 
+ + 
0 
0
elevated 
<56 
+ +

i’s laboratories are 
itrast to the high 
h SLE antibodies, 
A in these patients 
at titers to SSDNA 
e, and high titered 
t in three. Patient 
clinical syndrome, 
that high titered 

e present, lhe pat- 
ckled and this was 
he high titered Sin 
so of interest is that 
lid not turn positive 
iset of the syndrome.

ON

e systems mediating 
tie evaluation of the 
system difficult. This 
> in assessing the role 
’ such difficulties it is 
udies of patients with 
>f individual comple- 
jmplement does have 
rise in man. From this 
■ be concluded:
C4 and C2 are associ- 
M?ases resembling SLE 
lective tissue diseases
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F». 5. Upper ^tremUatina, x-ray. M
Sr -y ™ weT^eTthe aftack. Attack was associated with Cig precipit,ns and marked 

complement depression in the serum (2).
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BLO

53,000
36

135
19,600

92
10,000

1,787
540
273

80
220
114

273,200
394

40

Cl SFU/ml* 
Clq Mg/ml 
Cis /xg/ml 
C4 SFU/ml* 
C4 pg/ml 
C2 SFU/ml* 
C3 % Normal SFU* 
C3 Mg/ml 
C3 PA p.g/ml 
C5 p.g/ml 
C6 p-g/ml 
C8 p-g/m!
C9 SFU/ml* 
C9 pg/ml 
Cl inhibitor pg/ml_______

C1C

99,000
57 

125 
15,100

29 
4,200 

952 
200 
213

65
163
147

139,100
321

28

PUR

3,450
10

102
6,600

<25
2,000 

668 
370 
148

76
163
102

175,300
274
19.4______________ _

-^i^rations, all ot^n—by us.on.

Serum Complement Component. "|1(/ SemmClg 1'recipitjns <51
Normal range 

140,000-290,000 
158-208 
62-78 

145,000-380,000 
211-633 

15,400-27,400 
10,600-26,200 

950-1800 
153-323 

69-81 
66-82 

102-134 
136,000-240,000 

143-175 
12-30

RNA proteinSm

Wl/nt/

0
4
5
4
0
0
0
0

12
0

1.25
0.85
1.24
2.50
0.59
1.56
0.84 
0 
2.10

<2.50

5.43
5.38
5.78
3.21
3.31
0.10
3.77
9.36
3.16

<2.50

0** 
0 
0 
0 
0 
0 
0 
0 
0
0

0** 
0 
0 
8 
6 
0 
0 
0

15 
0

PUR
Jan 1970
Nov 1971
March 1972

C1C
BLO
SP1
EAS
COD 
HUR 
Normal

f Cl mi ch as C2 or C3blNA defi-

C2ydefieiency do not have 

life-threatening bacterial infections ofthe 
seen in the homozygous C3 deficien pa >e . 
they often have histories of frequent infections, 
they otten patients as demon-
Tmd bv the studies of Glovsky et al (50). 
Th“s is understandable since the alternale 

1 , • tbo 09 deficient patients is intactpathway m the C2 deiicien p 
so that activation of C3 can occm 
creased susceptibility to infection then may be 
a relative one which may have greater nnpor-

TABLE 13
f a nti nuclear AntibodiesCharacterization of Antinucii____________

_____ —----------- TihKA-----  SSDNAANA _ndna ------
-----  " Vglrnl

2 Deficiencies of C3 are associated with
■ life-threatening bacterial infections.

3. Deficiencies of terminal components C5- 
C8 may be associated with increased sus- 
cepStv to infections where bacterial 
Ivsis is important in elimination of the 
organism. However, this observation is 
based on only a few patients.

It is now well established that C3 plajs 
maior role in host defense against bacteiu 
infections. Not only does hereditary absence of 
C3 increase susceptibility to bactei laIntfec 
dons. but deficiency of other componen sof h 
complement system that prevent the efficient

* Titer (log base 2) immunofluorescent test 
** Titer (log base 2) hemagglutination tests.
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females) but not necessarily all such deficient 
individuals (5). Of interest in this regard is the 
recent work of Cooper and his colleagues which 
has shown that antibody-independent lysis of 
oncornaviruses which occurs with human se­
rum does not occur with C2 or C4 deficient sei a.

The studies on acquired complement defi­
ciency states, particularly the SLE-related syn­
drome, are of interest because of the clinical 
and serologic abnormalities they present which 
may relate to similar findings in classic SLE 
on one hand and lupus disease seen in C2 
deficient patients on the other. The depression 
of early complement components in these pa­
tients is similar to the selective depression of 
early complement components during disease 
activity in SLE (109). This is in contrast to 
certain other hypocomplementemic states, foi 
example, acute glomerulonephritis and chronic 
glomerulonephritis which are characterized by 
greater depression of the terminal component. 
The low Clq levels in these patients appear to 
relate to the presence of circulating low molec­
ular weight Clq precipitins which also occur in 
some SLE patients. While the exact nature of 
these substances is not known, there is some 
evidence to suggest that they maj< be of foreign 
origin. It is notable that in Cooper’s study Clq 
could be demonstrated to react directly with 
viral particles. If such agents were involved in 
the etiology of SLE, then the marked depres­
sion of early complement components in SLE 
and the SLE-related syndrome may indicate a 
mechanism of host defense to such organisms 
or similar ones rather than just a reflection of 
immune complex formation and disease activ­
ity as has been generally thought.

Another major possibility is that the associa­
tion of C2D genes with lupus disease is not a 
causal relationship, but is rather a result of 
linkage to some other gene which determines 
the functional predisposition. It is known from 
mouse studies that genes determining comple­
ment levels are linked to both histocompatibil­
ity and immune response genes. The HLA 
region of chromosome 6 in man is remaikably 
similar to the H-2 region in the mouse as 

. shown in Figure 7. The HLA genes linked to 
the C2D genes may then be of more primary 

t importance. The lack of increased incidence of 
; HLA 10 or B18 among the classic SLE group of 

patients, however, rules out an absolute causa­
tive relationship of these genes, lhe incidence

COMPLEMENT DEFICIENCY STATES • 

tance in childhood when other host defense I 
systems such as humoral immunity have not J 
fully developed. . . ,

Increased susceptibility to bacterial infec­
tions occurs in only a small percentage of 
patients with acquired deficiency of C3, which 
may relate to lesser degrees of C3 depression 
present in this group. Nonetheless, Peters has 
postulated that increased susceptibility to in­
fection and subsequent immune complex for­
mation may be the cause of the glomerular 
nephritis which occurs in a portion of these 
patients (92). The lack of evidence for glomeru­
lar immune complex deposition in these cases 
is against this hypothesis. It is known that the 
alternate pathway is activated by nonimmune 
substances. Another hypothesis consistent with 
the finding of alternate pathway activation and 
the glomerular C3 and properdin deposits found 
in these patients is that the hypocomplemen­
temia predisposes to infection with yet unchai- 
acterized agents that directly activate the alter­
nate pathway. The chronic depression of C3 
that is present in these cases may be analogous 
to the SLE-related syndrome where a low mo­
lecular weight substance which does not appear 
to involve immunoglobulins is associated with 
chronic depression of the early components o 
the classical complement system.

Along the same line, equally speculative, 
but potentially productive hypotheses can be 
advanced for the association of deficiencies of 
the early components of complement with lu­
pus-like disease. One possibility is that defi­
ciency of the early components of complement 
predispose the host to infections with certain 
organisms that are involved in the production 
of connective tissue diseases much as C3 ab­
sence predisposes to specific bacterial infec­
tions. The possibility that SLE and other con­
nective tissue diseases have an infectious basis, 
particularly viral, is a widely held concept (94, 
110). Viral-like particles have been described 
in SLE and dermatomyositis (18, 53, 71). In 
addition C-type viral antigens have been found 
on lymphocytes and in glomerular deposits in 
patients with SLE (67, 78).

One hypothesis which has been put forth is 
that with deficiencies of early complement com­
ponent the likelihood of proliferation of such 
an agent may be enhanced and result in the 
clinical picture of SLE, or other syndromes of 
connective tissue disease, in some (particulaily
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of HLADW2 in classic SLE patients is not 
known, so that its importance remains to 
determined. The possibility also exists that a 
yet unidentified closely linked gene most 
likely an Ir gene, is more directly relate 
the disease than the C2D or HLA genes thus 
far studied. The family in the pedigiee in 
Figure 3 would be consistent with such a possi 

bi'Xan_v. the patients with
and lupus disease appear t^^r ron _h^

of r-rjienl? with classic SLE in W Uie 
fncrcased frequency of OLE lesions; (2) the low 
incidence of renal disease; (3) the low mcidencc 
and titers of antibodies to native DNA, and W 
the infrequent occurrence of immunoglobulin 
and complement deposits m the skm. Ano it. 
difference is that, thus far, L -
not been found in blacks whereas SLE may in 
fact have a higher incidence among black. 
(113). Of interest is that the four individual 
with C6D or C8D arc black and one with C8 
has SLE. The C8D and HLA genes are not 
linked in this patient. . ,The differences in clinical and serological 
manifestations of classic SLE, the lupus disease 
seen in C2 deficient patients which appeals to 
be a variant of SLE, and the SLE-relatted syn­
drome may reflect multi-genetic factors in- 
volved in the pathogenesis of these djsordei^ 
Datta and Schwartz have recently shown tha 
independent genetic factors determine the 
expression of virus in autoimmunity in certain 
strains of mice (24).

C2 Bf o B

Fic 7 The A and B loci appear to Le a"alo?°U® tOt 
hiG- • ■ Afii 9 The systems differ in that

been shown to det^’nI^C^en shown to be closely 
116). In man C4 has also l ee location in
linked to the HLA genes but P The C2D 
the complex has no een]jnked to the locus locus which is also very, ^^^outside of botl.

of the C2 locus in the H-2 
system has not been determined.

agnello
The absence, of DNA antibodies in-most of 

the patients with the C2 variant ot SLL and 
SI F-related syndrome suggests that the gene 
m genes determining this immune response 

characteristic of classic SLE is lacking 
in these patients. Of interest in this regald is 
that the proposita in family 20 has a selec i 
deficiency of IgGl. This has not been pi evious y 
reported and further studies are m progress

The infrequent finding of immunoglobulins 
and complement in the DLE lesions in paUento 
with C2D contrasts markedly with _ 
occurrence of these deposits in classic DLL 
lesions (122). This questions the imPort®™e ° 
immune complexes in the pathogenesis o DLL 
and suggests that a more primary process, 
possibly related to the genetic finding in the 
C2D patients with DLE, may be present.

The present data suggest that the eombina 
lion of C2D and HLA genes or a yet unidenti­
fied link gene predisposes to a form of SLL 
which lacks some of the immune responses 
characteristically seen in patients with elasme 
SI E The features of the patients with the C2 
variant Of SLE and the SLE syndrome that are 
similar to those in classic SLE may be deter 
mined by other genes or factors that hey have 

in
EkXand possily provide new insight 

into the biologic activities of the complement 

system.

region in mouse and man

K I r s o
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, <-'2 EVIDENCE FOR DEFECTIVE IMMUNOREGULATION IN THE SYNDROME

OF FAMILIAL CANDIDIASIS ENDOCRINOPATHY

Karunyan Arulananiham, MB., B.S., John M.

Abstract We studied three children with candidiasis 
endocrinopathy syndrome, together with their parents 
and five siblings, to explore the possibility that defec­
tive immunoregulation allows autoimmune phenome­
na to be involved in the pathogenesis of this syn­
drome. Inheritance of the syndrome appeared to be 
autosomal recessive. Immunologic abnormalities in 
this family included hypergammaglobulinemia, selec­
tive IgA deficiency, anergy, autoimmune endo- 
crinopathies and active chronic hepatitis. Defective 

Dwyer, M.D., Ph.D., and Myron Genel, M.D.

suppressor T-cell function was noted in the two sur­
viving children with clinically apparent disease and in 
a clinically normal sibling.

Analysis of the immunologic abnormalities in the 
family suggests that defective immunoregulation rath­
er than disordered effector mechanisms may explain 
the large number of immunologic defects noted. 
These defects, in turn, may result in the clinical mani­
festation of the syndrome. (N Engl J Med 300:164-168, 
1979)

THE association of chronic mucocutaneous can­
didiasis with-hypofunction of one or more en­

docrine organs is referred to as the syndrome of can­
didiasis endocrinopathy. A case reported in 1929' 
featured candidiasis and hypoparathyroidism, which, 
together with adrenal insufficiency, were noted in 
1956.2 Subsequent reports have documented the as­
sociation of a wide spectrum of endocrine and non- 
endocrine organ dysfunction with chronic mucocuta­
neous candidiasis.3’9 The genetic pattern of inheri­
tance and the pathogenetic mechanisms involved have 
not been established, but most speculations have fo­
cused on an immunologic defect.3’10'16

Detailed investigations of the immune and en­
docrine functions of a family, three of whose members 
had the syndrome of candidiasis endocrinopathy, are 
here reported. Analysis of the heterogeneous abnor­
malities found in the immune system of family 
members suggests that defective immunoregulation at 
the level of the suppressor T lymphocyte is demon­
strable in some cases and may be involved in immu- 
nopathogenic mechanisms that express themselves as 
the syndrome.

Case Reports

The father of this family (Subject fi) died at the age of 38 years of 
carcinoma of the petrous temporal bone; the mother (Subject I2) is 
clinically well. The oldest child of this non-consanguineous mar­
riage (Subject II,) had a history compatible with an im­
munodeficiency state and died at the age of eight years of measles 
complicated by bronchopneumonia. Four siblings remain well at 
the time of this report; in three children the syndrome of candidiasis 
endocrinopathy has been diagnosed, and the clinical featuies fol­
low.

Subject Ifi. A 12-year-old boy had an unusually severe measles 
infection when he was three years old. After the infection there was 
a progressive and permanent loss of all his body hair. At seven years
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of age repeated seizures and tetanic attacks developed. At this time 
he was noted to have moniliasis affecting his nail beds, alopecia 
totalis and positive 1 rousseau and Chvostek signs. 1 he serum 
calcium level was 3.3 mg per 100 ml of sei urn, phosphate 10.6 mg 
per 100 ml of scrum and serum alkaline phosphatase 192 IL. An 
Ellsworth-Howard test was positive, with a calcemic and phospha- 
turic response to administration of parathyroid extract that con­
firmed the diagnosis of idiopathic hypoparathyroidism. Calcium 
levels were corrected with calcium and vitamin D therapy but have 
been difficult to stabilize. His condition is complicated by malab­
sorption of fat.

Subject 11.. A six-year-old girl also suffered from idiopathic 
hypoparathyroidism and experienced her first tetanic spasms at the 
age of 41/’ years, when her calcium was 5.7 mg per 100 ml of serum 
with a phosphate level ol 11 mg per 100 ml of serum. An AC 1H in­
fusion test revealed adrenal insufficiency. Adrenal antibodies were 
present in her serum. Oral and nail-bed candidiasis was first noted 
11 months later.

Subject II8. At the age of two years and eight months a girl in 
hepatic failure was noted to have florid oral and nail-bed can­
didiasis. She was jaundiced and had gross ascites, and positive 
findings included a high titer of smooth-muscle and parietal-cell an­
tibodies. Liver biopsy revealed severe chronic active hepatitis, with 
plasma cell disruption of the limiting plate, rosette formation and 
areas of post-necrotic cirrhosis. No contact with infectious hepatitis 
was found; she had neither hepatitis B antigen nor antibody in her 
sei uin, and her liver disease was considered autoimmune in nature 
Calcium metabolism was normal, but impaired cortisol levels after 
AC I H infusion were compatible with adrenal insufficiency. Other 
abnoi malities included a selective IgA deficiency, an IgE level of 
4200 ng per milliliter and absent delayed hypersensitivity reactions 
to Candida and phytohemagglutinin. I reatment with steroids and 
azathioprine was begun, and liver function improved rapidly. 
However, the fungal disease became impossible to control, and she 
died, apparently as the result of an overwhelming viral pneumoni­
tis. At autopsy, thymic tissue was not detected, and extensive 
esophageal candidiasis was noted.

Fable 1 summarizes these cases and includes the tissue-typing 
data for this family. Figure 1, a pedigree chart, notes the distribu­
tion of the clinical and immunologic abnormalities within the fami­
ly-

Materials and Methods

The studies on Subject H„ were done before immunosuppressive 
therapy was begun.

Skin Tests
Delayed hypersensitivity reactions were sought with intradermal 

injections of 0.1 ml of 1:1000 dilution of Candida albicans (Hollister- 
Stier, Canada) and 10 gg of phytohemagglutinin (Wellcome 
Reagents, Research Triangle, North Carolina).
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•Not tested.

Table 1. Clinical and Histocompatibility Profile.

SUBJECT Age Sex
Clinical Manifestations

A

yr

f 38 M Carcinoma of petrous temporal A-3, Aw-33
II bone

A-9
40 F None

Hl F Death at age of 8 yr; measles & NT*
pneumonia.

None A-3, A-9
III 16 M

A-3, A-9
II, 13 • F None

11 12 M Hypoparathyroidism; alopecia; A-9, Aw-33
chronic mucocutaneous can­
didiasis; malabsorption.

None A-9, Aw-33
Ils 11 F

11 6 F Hypoparathyroidism; chronic A-3, A-9
1 46 mucocutaneous candidiasis; 

adrenal failure.
None A-9, Aw-33

lb 4 M
F Active chronic hepatitis; NT

Ih chronic mucocutaneous candi-
diasis; adrenal failure; 
death at age of 3 yr; ab-
sent thymus.

Antigens Coded at 
Histocompatibility Loci

B c

B-22, B-40 W4

B-17 W3

NT NT

B-22, Bw-17 W3

B-22, Bw-17 W3

B-40, Bw-17 W3/4

B-40, Bw-17 W3

B-22, Bw-17 W3

B-40, Bw-17 W3/4

NT NT

Humoral Immunity
Isohemagglutinins, antinuclear factor, rheumatoid factor, anti- 

DNA binding and mitochondrial antibodies were measured or 
sought in each case, but no abnormality was found. Antibodies to 
thyroglobulin, thyroid microsomal antigen, kidney mitochondria, 
smooth muscle, parietal cells and ovarian cytoplasm were sought 
using standard technics by Dr. A. Forbes, Massachusetts General 
Hospital, and in our own laboratories; adrenal antibodies were 
measured by Dr. R. Blizzard, University of Virginia School of 
Medicine. The histocompatibility profile was prepared by Dr. K. 
Cone at Yale.

Enumeration of T and B Lymphocytes
B cells were detected by a standardized technic using fluorescent 

polyvalent antihuman immunoglobulin serum.'7 1 cells were 
detected by their ability to form rosettes with sheep red blood 
cells.”

Lymphocyte Stimulation and Suppressor T-Cell Activity
The method used in our laboratory to assess DNA activity in 

lymphocytes exposed to antigens (candida and allogeneic lympho­
cytes) and the mitogens phytohemagglutinin and concanavahn A , 
are standard and have been reported in detail.” Suppressor 1-cel 
activity was measured as follows: lymphocytes from the subjects to 
be tested were obtained from a Ficoll-Hypaque gradient and 
stimulated with 100 pg of concanavahn A per 106 cells for three an 
four days. It has previously been shown both in animals and in 
human' subjects that concanavahn A can activate 
noregulatorv functions in a subpopulation of I lymphocytes. 
The stimulated cells were treated with mitomycin C and then 
prompted to suppress the response to phytohemagglutinin (J.o Mg 
per 10‘ cells) of allogeneic control lymphocytes; 1 X LG’ responder 
cells and putative suppressor cells were placed in the micro well of a 
culture plate and the response of the admixture to phytohemagglu­
tinin was assessed after three and four days in culture Control wells 
contained responder cells from the same control subject and 
1 X 10s cells from the patient being tested, but these mitomycm- 

treated cells, though cultured for three days, had not been exposed 
to concanavahn A. Each set of suppressor cells was tested on cells 
from two control subjects. The latter cells were exposed to the sup­
pressor cells for both three and four days because we have found 
that cells from normal people occasionally fail to exhibit suppressor 
activity on the third and fourth days but always do so on one of 
these days. To be confident of a lack of normal suppressor I -cell ac­
tivity after stimulation with concanavahn A, poor suppression of 
responsiveness to phytohemagglutinin was required by cells from 
both generation periods at three and four days. As compared to the 
control cultures,.reductions of less than 35 per cent m the response 
to phytohemagglutinin was considered abnormal.

Results

Abnormalities were found in the humoral immune 
system of the family. Many members of the family had 
polyclonal increases in serum immunoglobulins, and 
these elevated levels were found in both the clinically 
affected and ’ the healthy members. Serum and

Absent thymu»

NT Not Teited

g'j Endocrina Abnormolity

Candidiasis

[3 Hurnoro1 Immune Abnormality

Cellular Immune Abnormality

Fiaure 1. Family Pedigree Showing the Association of Im­
munologic Abnormalities with Endocrine Dysfunction and 

Mucocutaneous Candidiasis.
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Table 2. Humora 1 Immune Profile.

Sub­
ject

B Lympho­
cytes 

(11-23)- 

%

Serum 
IgM 

(80-250)

IgG 

(600-1,400)

IgA

(60-400)

100 ml

Ic.E

(< 100)

Organ-Specific
Autoantibodies

1, 14 343 1,440 259 NT+ None
I- 23 84 2,080 300 80 Thyroglobulin

Ih 27 112 1,920 175 1,250 Parietal cell; 
adrenal.

llj 11 300 1,560 231 NT None
1L+ 41 140 1,280 140 50 None
Ils 10 256 1,840 Absent 400 Smooth muscle
IL+ 42 480 2.680 238 120 Parietal cell; 

adrenal.
lb 20 120 1,200 175 40 Thyroglobulin
1L+ 59 280 5,800 Absent 4,200 Smooth muscle;

•Figures in parentheses represent normal values for our laboratory. 
tSubjects with syndrome of candidiasis endocrinopathy.
|Not tested.

secretory IgA were absent in II5 and II8. I wo of the 
nine subjects tested had antithyroid antibodies, three 
had parietal-cell antibodies, two had smooth-muscle 
antibodies, and two had adrenal antibodies. Table 2 
details the results of investigations of the humoral im­
mune status of the family.

In the lymphocyte stimulation studies the absolute 
increase in counts per minute above background 
counts (Acpm) obtained with cells from control sub­
jects on the day of the study was averaged and given a 
value of one. The results in the patients are presented 
as they pertain to this normal value — e.g., a 
phytohemagglutinin stimulation of 0.29 would in­
dicate that the Acpm measured in that culture was 
only 29 per cent of that seen with cells from the con­
trol subjects. The mean (± S.E.M.) counts per 
minute for control cells in each test were: for Candida 
stimulation, 15,232 dr 1264; for mixed lymphocyte 
reaction, 26,481 ±3640; for phytohemagglutinin stim­

ulation, 53,726 ±4720; and for concanavalin A stimu­
lation, 38,899±2722. Three members of the family 
had abnormal suppressor T-cell function, for after ex­
posure to concanavalin A lor three and four days, 
their lymphocytes failed to manifest suppressor ac­
tivity sufficient to cause at least a 35 per cent reduc­
tion in the response to phytohemagglutinin of the al­
logeneic responder cells; two of these subjects had the 
syndrome of candidiasis endocrinopathy, and the 
third, who is only four years of age, is normal to date 
except for the presence of autoantibodies to thyro­
globulin. Table 3 details the results related to compe­
tence within the cell-mediated immune system.

Discussion

Chronic mucocutaneous candidiasis, selective IgA 
deficiency and the thyrogastric cluster of autoimmune 
diseases usually occur independently but may group 
together, as in this family, and present the syndrome 
of candidiasis endocrinopathy. Chronic mucocutane­
ous candidiasis and IgA deficiency can coexist, pos­
sibly causally, and a high rate of autoimmune disease 
has been reported by many investigators in IgA 
deficiency. The thyrogastric cluster includes autoim­
mune diseases featuring endocrine organs as targets, 
as the name implies, as well as pernicious anemia, 
vitiligo, premature graying of the hair and myasthenia 
gravis. Such disease clustering often includes diabetes. 
This group of diseases is characterized by the 
presence of organ-specific autoantibodies, in contrast 
to the “lupus” group of autoimmune diseases, in 
which antinuclear antibodies predominate. Oc­
casionally, diseases from this latter cluster associate 
with the thyrogastric group (e.g., idiopathic throm­
bocytopenic purpura and thyroiditis); in our study 
autoimmune active chronic hepatitis, a disease of the 
lupus cluster, was associated with the autoimmune 
endocrinopathies.

Assessed as mm of induration measured in the skin 24 hr (phytohemagglubnin) & 48 hr (Candida) after infection. 4- = >10-<20 mm of induration. ++ - >20-<30 mm of

Table 3. Cellular Immune Profile.

Subject Delayed Hypersensitivity* T Lymphocytes 
(55-80)1

Lymphocyte Stimulation Tests! Suppressor 
T-Cell 
Activity 

(>35)

CANDIDA PHYTOHEMAC- CANDIDA MIXED PHYTOHEMAG- CONCANA-

GLUTININ LYMPHOCYTE GLUTININ VALIN A

% .... %

f, + 73 0.11 1.46 1.06 1.7 NTH
-f- 66 0.06 1.5 0.29 0.16 46

II2 + + 78 0.13 0.07 0.22 0.16 55

Hj + + 62 2.2 2.06 1.9 1.9 73
ILS + + 61 0.16 0.92 0.03 0.C6 13

IL + + 79 0.26 1.7 l.l 1.2 37
1I6§ + + + + 57 5.8 1.7 0.34 0.2 19

lb + + 61 0.76 0.82 1.5 1.2 29

ll.j 18 0.10 0.12 0.06 0.07 n r

induration, + + + - >30 mm of induration.
tFigures in parentheses represent normal values for our laboratory.
^Expressed in relation to results from normal subjects acting as controls, which were given a value of I.
^Subjects with syndrome of candidiasis endocrinopathy.
IjNot tested.
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In one study,2 eight out of 12 patients had evidence 
of hepatitis, as indicated by the findings of fibrosis and 
scarring at autopsy. Of 31 cases with candidiasis and 
an associated abnormality reported in another series,3 
pernicious anemia was present in seven, alopecia 
totalis in six, and juvenile cirrhosis in three cases. If 
the presence of circulating autoantibodies can be in­
terpreted as evidence for subclinical disease, 16 of the 
31 patients also had autoantibodies against kidney tis­
sue. Other non-endocrine findings reported have been 
pulmonary fibrosis,1’2’’ enamel hypoplasia and kera­
toconjunctivitis.5 Endocrine dysfunction, however, is 
more common than the non-endocrine organ dysfunc­
tion. 3-4’21 Hypoparathyroidism is the commonest, fol­
lowed by adrenal failure.5,21 Other associations 
reported are chronic lymphocytic thyroiditis,22’23 
diabetes mellitus, ovarian failure3 and ACTH 
deficiency.6 The reported spectrum of abnormalities 
in an individual patient has been very variable, not 
only in the combination of organs affected but also in 
the timing and sequence.

In the family described above, the profile of 
histocompatibility antigens was not remarkable. It is 
of interest that both parents had immunologic abnor­
malities and that the disease is probably inherited in 
an autorecessive fashion.

With the development of data to establish the con­
cept that a distinctive subpopulation of T cells has 
regulatory control of both B lymphocytes and the ef­
fector T lymphocytes that produce delayed hypersen­
sitivity reactions, it became clear that many diseases 
suspected of having an immunopathogenesis might be 
caused by defects in the “regulatory” cells. Although 
cells other than T cells may have an immuno- 
regulatory influence there is excellent evidence 
from animal models that the major influence neces­
sary to maintaining tolerance to self-antigens, and the 
appropriateness of the immunologic response to 
foreign antigens, is supplied by an immunoregulatory 
T cell. The syndrome of candidiasis endocrinopathy, 
with its clustering of autoimmune and inappropriate 
immunologic responses, could well represent a defect 
at this level. Already, we have evidence for excessive 
and inadequate suppressor activity leading to disease 
in human beings. An ’example of the former is ac­
quired hypogammaglobulinemia,24 and one of the lat­
ter, systemic lupus erythematosus.25 Abnormal func­
tioning of suppressor T cells can prevent the secretion 
of IgA and markedly increase the secretion of IgE. 
Both phenomena are present in this family.

Current technology for assessing immunoregulato­
ry T-cell functions is crude and nonspecific. We are no 
doubt unable to detect subtle defects, but the assess­
ment of suppressor capacity after concanavalin A 
stimulation has been useful in a number of investiga­
tions and it seems likely that consistent failure to 
develop suppressor functions after exposure to this 
mitogen does indicate a defect in this cell.24,25 
Nevertheless, the data can only be interpreted as sug­
gestive and worthy of further study, and no assump­

tion relating defective immunoregulation to the cause 
of this disease can be made at this stage. No doubt, 
many suppressor cells that do respond to this 
polyclonal activator have subtle or specific defects not 
recognizable in this assay. Of the two children with 
candidiasis endocrinopathy syndrome who were able 
to be examined, both had defective suppressor cell ac­
tivity by the above criteria. We have observed this 
phenomenon before but have not noted it in patients 
with uncomplicated chronic mucocutaneous candidi­
asis. Disordered immunoregulation in the syndrome 
of candidiasis endocrinopathy could explain the auto­
immune disease, the absent IgA and elevated IgE 
levels, the polyclonal hypergammaglobulinemia and 
possibly the pronounced failure of the lymphocytes 
from so many members of this family to proliferate 
normally after in vitro challenge. 1 he latter associa­
tion would require that elaborate “cross-talk” be­
tween regulator and effector cells was necessary for 
proliferation, a concept for which there is already evi­
dence. It should be noted that there is also evidence 
that immunoregulatory cells provide an amplifying as 
well as a suppressor influence.26 Failure of this aspect 
of immunoregulation may lead to the failure of prolif­
eration noted here.

The most difficult phenomenon to explain remains 
the candidiasis itself. Clinically important infection 
was present in one subject despite a good in vitro 
response of her lymphocytes to Candida, normal IgA 
levels and delayed hypersensitivity to the antigen. It 
appears than an effective host response to this fungus 
requires optimal integrity and co-operation among 
the various participants of the immune response.
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MEDICINE’S ability to collect information 
about the fetus has increased dramatically in 

the last few years. A variety of technics — collectively 
known as prenatal diagnosis — have made it possible 
to learn much about a fetus’s genetic and metabolic 
state, chromosomal constitution (including gender), 
bone structure and other information, and, moreover, 
to learn it earlier and earlier in gestation.
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Many of the technics yield this information at a 
time that makes the selective abortion of a fetus legally 
possible. Selective abortion is morally unacceptable to 
many people. This report does not discuss this ques­
tion in detail. It recognizes that selective abortion 
raises a variety of deeply troubling moral, social and 
'legal questions that must always be kept in mind for 
the exercise of responsible decision making.

Since the release in the United States of a prospec­
tive study of mid-trimester amniocentesis in the fall of 
1975 and its subsequent publication, the comparative 
safety and accuracy of this form of prenatal diagnosis 
has been widely accepted.’ A study carried out in 
Canada and published shortly after the United States 
study disclosed similar findings.2 As a result, it ha=> 
been predicted that amniocentesis will soon become 
much more common, and ultimately part of standarc. 
obstetric practice, where indicated.

Rapid development of other forms of prenatal di­
agnosis is proceeding along several fronts. Ultra­
sound, often used as an adjunct of amniocentesis, is 
also used as a separate form of fetal diagnosis, not 
only for the detection of birth defects but also to es­
tablish gestational age, or to detect multiple piegnan- 
cy early.3 This technic has been expanded to include 
real-time scanning, which yields a moving picture of 
the fetus/
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Kerala, India, and Dr. R. M. B. MacKenna for helpful

Although this report mainly concerns leprosy patients, 
[ findings presented seem to be applicable to the dry 
3 of other conditions, to judge from ovr investigations 
de in Africa and India on patients who do not have

quests for reprints should be addressed to Dr. S. G. Browne, 
^irnpole Street, London W.l.
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have emphasised that it may arise either in patients 
'tivcz leprosy or, more commonly, in those who 
ad leprosy (Muir 1948, Browne 1965). Schulz 
found normal vitamin-A levels in the blood 

•osy patients with ichthyosiform changes in the

-3? Summary
,*apry skin is a frequent and serious complication of 
iftosy. The low water content of the skin is associated 
yhh diminished sweating and peripheral neuropathy, and 
^rivated by low atmospheric humidity. Dry skin 

leprosy, and probably in other conditions, may be 
^eved, and fissuring prevented, by daily soaking of 

affected part in water, followed by an application 
paraffin.
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“ So went Satan forth from the presence of the Lord, and smote 
Job with sore boils from the sole of his foot unto his crown .
Job, il,7. ....

We have examined two girls who have had recurrent, 
“ cold ”, staphylococcal abscesses since binh. The 
staphylococci do not seem to be unusually virulent, and 
neither child has diabetes or any other condition known 
to predispose to infection. Since we are not aware- that 
any similar cases have been described previously, we . 
report these cases in detail.

Case-reports--'
FIRST CASE \

The patient is a nine-year-old girl who was originally referred, 
aged seven, to the University of Washington Hospital. She was 
normal at birth but at three*, weeks she had eczema whicn 
became infected. She later had recurrent ear, nose, and sinus 
infections which were treated many times with antibiotics. 
At three years a tonsillectomy was done because or chronic 
otitis media. During the next few months she had furuncles 
of the buttocks, abdomen, and extremities. At forty-five 
months she had severe left-cervical adenitis which was treated 
with antibiotics and incision and drainage. Culture of pus 
from the cervical abscess grew staphylococci which were 
resistant to penicillin, tetracycline, erythromycin, and strep­
tomycin (p., T., E., and S.). Three weeks later she had right- 
lower-lobe pneumonia which responded to treatment with 
oxacillin At fortv-seven months she had furuncles on the face 
and cellulitis about the right eye. She was referred for evalua­
tion because of the persistent skin, ear, sinus, and mastoid 
infections. .

On clinical examination she was noted to have red nair, 
fair skin, seborrhcea of the scalp, many scars from old abscesses, 
atrophic skin over the cheeks, weeping lesions about both ears, 
perforated tympanic membranes, chronic conjunctivitis, 
drainage and crusting about the nose, dental caries, and atrophic 
changes about the fingernails. Her height and weight were at 
the 10th percentile for age (Nelson 1964). There was no 
lymphadenopathy or hepatosplenomegaly. , .

Hasmatocrit, white-blood-cell count, platelets, and urinalysis 
were normal. The sweat chloride was 6-8 mEq. per atre. 
Examination of the bone marrow showed normal cellular 
elements and decreased iron stores. Intermediate strength 
purified protein derivative of tuberculin and fungus skin-tests 
were negative. A battery of scratch tests for allergies was 
negative. X-rays showed maxillary and ethmoid sinusitis, 
bilateral mastoiditis, and a persistent infiltrate m the lower lobe 
of the right lung. Tests of immunological function are sum­
marised in the accompanying table. .

She was started on intermittent oxacillin, propnylactically. 
Infections continued to recur, and continuous therapy was 
started with 500 mg. of oxacillin three times a day. '

At aoe seven years and four months, while on oxacillin 
prophylaxis, she had a 6 cm. x 10 cm. mass in the anterior 
midline of the neck which extended along the left mandible. 
There was no fever or cervical lymphadenopathy. The mass 
was only slightly tender and did not feel warmer than the rest 
of the body. The hospital surgeons thought that the mass 
was an enlarged, thyroglossal-duct cyst which was not infected 
The white-blood-cell count was 12,000 per c.mm. with 66^O 
neutrophils, 25% lymphocytes, 5% monocytes, and 4/o
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^4 our patients hydration alone relieved the condition, 
skin reappeared when daily hydration was dis- 

g£ued. This suggests strongly that the important 
fl'l.r is the water content of the skin, and that loss of 
P** from the surface of the skin should be prevented, 
j?- hydration, by means of a hydrophobic barrier. This 
■ ^estion is supported by the observation that dry skin 
gLj in those situations where there is an irreversible 
Eiency of endogenous hydration.
A?Iank (1952) found that human skin becomes brittle 

its water content falls below 10 mg. per 100 mg. dry 
It seems that as long as the relative humidity of the 

^sphere is 60% or over, an. equilibrium exists between 
skin, and excessive skin drying does not take place.

'fw and Underwood (1952) also found a direct associa- 
(’Ibetween air moisture and smoothness and suppleness 
Rhe" skin. In the patients described by us the diy- 
m °f tropical atmosphere was an important con- 
hlitory factor in the occurrence of dry skin, in addition 

cutaneous anaesthesia, and diminished sweating 
referred to.

leprosy patients, other advantages follow hydration 
•Mpe skin besides the prevenuon. of Assuring wi th its risk 
-Xf'.’ep inflammation. The softening of localised Laid 

• at the sites of pressure on the soles of the feet 
slices the liability to plantar, ulceration. Skin texture,

is improved noticeably, and this-'enhances the degree 
®Ktiie and thermal appreciation remaining. Hydration 

skin reduces the risk of burning. Leprosy patients 
lirjjjently burn themselves by holding utensils that are 

for the normal person to touch. The patient with 
impairment of peripheral sensation discovers—as 

ttgis the Indian fire-walker who immerses his feet in 
cvSer for hours before performing—that hydrated skin 

less efficient conductor of heat than hard, horny
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mycobacteria and fungi have been negative. She continued to 
have weeping, crusting lesions about the ears, eyelids, and nose. 
She also had a chronic, purulent, nasal discharge and man? 
infected skin lesions over the flexor surfaces of the arms and 
legs- -

When first seen at this hospital, she was a small, active child 
with fair skin and bright-red hair. Her height and weight were 
well below the 3rd percentile for age (Nelson 1964). There- 
were numerous scars from the abscesses that had been drained. 
On the buttocks were two large non-tender abscesses which 
were 6 cm. in diameter. There was another large, non-tender 
abscess on the back of the neck. Weeping, crusting lesions 
were present about the ears, eyes, and nose. Joints of the 
extremities were hyperextensible. There was no lymphadeno^ 
pathy or hepatosplenomegaly.

Haematocrit and urinalysis were normal. The white-blood- 
cell count was 18,000 per c.mm. with 64% neutrophils, 33%£ 
lymphocytes, and 3% monocytes. Platelets were normal. The 
bone marrow was hypercellular with a normal myeloid-erythroid •> 
ratio and a notable eosinopliilia. The sweat chloride was 
16 mEq. per litre. Intermediate strength ppd and fungus 
skin-tests were negative. A battery of scratch tests for allergies 
was negative. X-rays of the skull showed premature closure*, 
of the sagittal suture. X-rays of the chest and long hnnry-. 
were normal.' M \

She improved somewhat with occasional antibiotic therapy 
and hexachlorophene baths, though she still required occasional 
incisions for drainage of abscesses. At three years she had 
cough, fever, and large abscesses of the right buttock and left 
thigh. She was admitted to hospital and was found to have 
multiple, staphylococcal abscesses, staphylococcal pneumonia, 
cardiomegaly, and congestive heart-failure. Staphylococci 
isolated from the abscesses were resistant to penicillin. She 
was critically ill for two weeks but responded to therapy with 
methicillin, digitalis, diuretics, and large doses of gamma­
globulin.

K She improved for the next three months but then infections 
recurred about the eyes and ears and she had an abscess cd 
the forehead. The abscess was noted to have little warmth, 
tenderness, or redness. Cultures of the pus from this abscess 
grew staphylococci, resistant to penicillin. She was started on 
intermittent cioxacillin therapy, 500 mg. for four days a week. 
During the next five months she had an abscess of the right­
thigh and an abscess on the neck.

At four years she began having a persistent cough. Staphy­
lococci and normal flora were isolated from sputum cultures. 
Chest X-ray showed bilateral bronchiectasis, and postural': 
drainage was begun three times daily.

Over the next year and a half she was relatively asymptomatic^* 
and free of severe infection. She continued to have periodic 
recurrences of infections about the eyes, cheek, and ears. 
Occasionally, pus drained from both ears, and infected eczemo- 
toid lesions appeared on the elbows and knees. She also 
continued to have a mild, chronic cough. Mild clubbing of 
the fingers was noted at the age of five and a half.

At age five years and nine months her height was 94 an. 
and her weight was 10-5 kg. (23 lb.). She had no new symptoms 
and was attending school regularly. Chest X-ray showed new 
extensive, bilateral, pulmonary infiltrates in the right midek 
lobe and the lingula of the left upper lobe. The infiltrates die 
not clear with increased postural drainage and antibiocc 
therapy and, one month later, she was started on a home-cats 
programme of mist and aerosol therapy for her pulmonary 
disease. She improved remarkably within a week. Hes 
appetite increased greatly and the pulmonary infiltrates partly ; 
cleared.

The only organisms isolated from closed lesions in thU 
patient were coagulase positive Staph, aureus, resistant » 
penicillin. Cultures of open infections grew similar staph?" 
lococci, although other bacteria were isolated occasional;. ,

Both parents and three siblings are well. None has t*4 
staphylococcal abscesses, skin infections, or eczema. A sister 
and a brother are of normal height and weight. The other 
sister physically resembles the patient, having hyperextensib*
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eosinophils. The mass was incised and 200 ml. of purulent 
material was obtained. Culture of the pus grew staphylococci 
resistant to p., T., E., and s. Pus drained intermittently and, 
two months later, a necrotic lymph-node was excised from the 
neck. Culture of this abscess also grew out staphylococci 
resistant to p., T., E., and s. Three weeks later she had another 
mass in the neck which was only slightly tender and erythema­
tous. The mass was incised and a culture grew staphylococci 

• resistant to P., T., E., and s. Seven days of intensive therapy 
with intramuscular oxacillin resulted in decreased drainage 
from the neck lesion and partial clearing of infected skin 
lesions about the eyes and ears.

The neck lesion drained occasionally over the next year and 
twice required incision. Staphylococci, resistant to P., T., E., 
and S., were cultured both times. At eight years and five 
months, she had a tooth abscess: the tooth extracted. Culture 
of this abscess grew out (3-hasmolytic streptococci which were 
not group A, B, C, D, or G. Three months later the old 
abscess site in the neck again drained, and the cultures grew 
staphylococci resistant to P., T., E., and s.

Through the time of observation at this hospital, the patient 
has had intermittent drainage from both ears, recurrent skin 
infections about the nose, eyes, and ears, and occasional furun­
cles on the face, arms, and extremities. Many cultures for 
mycobacteria have been negative. The only organisms isolated 
from closed lesions in this patient have been coagulase-positive 
Staphylococcus aureus, resistant to P., T., E., and S. Similar 

' staphylococci have frequently been cultured from open 
, lesions, although other organisms have also been found 

occasionally. She is at present much improved, and is receiving 
oxacillin, 2000 mg. daily, and frequent hexachlorophene baths.

Both parents, an older half-brother, and two younger sisters 
have been well. None has had staphylococcal infections.

SECOND CASE
The patient is a six-year-old girl who was referred to this 

hospital, aged two. Her birth weight after a normal-term 
pregnancy was 2300 g. (5 lb.). The only abnormality noted at 
birth was hyperextensible joints. At two weeks, eczema 
appeared on the face and spread to involve the neck and flexor 
surfaces of the extremities. At four months the eczema 

- - - became worse, and she was treated for five days in a hospital. 
The rash improved but then became worse, and she was 
admitted to the hospital for a second time at five months. 
During that hospitalisation, she had an abscess over the 
medial aspect of her right knee which required incision and 
drainage. She then began having frequent subcutaneous 
abscesses of the scalp, neck, back, buttocks, and knees. Several 
observers noted independently that the abscesses had remark­
ably little local erythema or tenderness. Cultures of these 
abscesses have always grown Staph, aureus. Many cultures for

IMMUNOLOGICAL STUDIES

Test Case 1 Case 2
Serum-protein

imm unoelectrophoresis
Normal immunoglo­

bulin pattern
1
Normal immunoglo­

bulin pattern
Blood-type A
Isohsemoagglutinin 

titre
Anti-B (1/128) Anti-A (1/16)

Anti-B (1/4)
Schick Negative Negative
Typhoid-H titre >1/160

(3 immunisations)
1/320

(4 immunisations)
Staphylococcal 

agglutinin titre* 
(normal 7.» to VS4I))

1/320 1/640

Bone-marrow 
plasma-cells

Normal Normal

Inflammatory cycle* Normal - Normal
Phagocytosis in vitro J Normal Normal
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joints and very small stature, but has not had frequent 
Sinfeecons.
ftysj Discussion

The common features of these two patients include 
Wi'xr skin, red hair, and recurrent, “ cold ”, staphylococcal 
HMabscesses. Both have chronic, purulent, nasal discharge, 
®sinusitis, chronic otitis media, and infected eczematoid 
wjh'hn lesions. Both have pulmonary disease, although this 
'Ocas been more severe in the case 2 than in case 1. The 
S'satibiotic-sensitivity partem of the staphylococci isolated 

each patient has not changed over several years, and 
die infections in each patient may have been caused by 

^Uthe same strain. It seems unlikely, however, that the infec- 
potions have been caused by unusually virulent staphylococci, 
Obecause the parents and siblings have not had staphy- 
|||lccoccal infections.
W manifestations of these patients are clearly distinct 
IWfrcm the immunological-deficiency syndromes, which 
sjiindude agammaglobulinemia, Chediak-Higashi syn- 
jWdrome, Aldrich syndrome, and ataxia-telangiectasia 
^WGood et al. 1962). There was no evidence of systemic 
^apseases such as leukaemia, lymphoma, or reticulo- 
Ocidotheliosis. The clinical signs were similar to those of 
Ipae syndrome of progressive septic granulomatosis 
^-ported by Carson et al. (1965). Patients with this 
l^yndrome have pigmented, lipid histiocytes, chronic 
lymphadenitis, chronic dermatitis, chronic pulmonary 
.^disease, and fatal infections. In contrast with the cases 
Wgyresented here, patients with progressive septic granulo- 
^featcsis have been males with hepatosplencmegaly who 

infected with bacteria other than staphylococci;
SrB52’*’ have not been reported as halving “ cold ” abscesses, 

suggest that these patients have a defect which, 
^fcakes them unusually susceptible to staphylococci. 
'JsSmce the mechanisms of resistance to staphylococcal infec- 
'ajjffi0113 are n°t understood, it is difficult to suggest a specific 

No abnormality was found in serum-immuno- 
jS®obulins, antibody formation, inflammatory cycle, or 
.jaffhagocytosis in vitro. Two observations on these 
Wsdents may be relevant. The first is that despite years 
aw recurrent abscesses, there were few systemic infections, 
papherefore, the patients probably have normal “ systemic ” 
pfflpsistance to staphylococcal infections. The second 
■ .Reservation is that the abscesses are cold. Miles (1956) 
iw*5 shown that tfie first few minutes after bacteria have 

injected into the skin constitutes the decisive period 
diflammation. Local nonspecific factors are probably 

■0^ primary importance during the decisive period. We 
that these patients have a defect in local non- 
mecrianisms of resistance. Perhaps there is an 

^ycormality of the mediators of the acute inflammatory 
^■“ponse (Spector 1964).

pitiful appearance of these patients and the 
^^story of recurrent abscesses and skin infections makes 

narne “ Job’s syndrome ” seem suitable.
||S Summary

§rils with life-long histories of “ cold ” staphy- 
abscesses are described. The signs were different 

jag/11 those of the recognised syndromes of recurrent 
'’Wl^Ons’ infections were partially controlled with 
^^tinuous antibiotic prophylaxis. It is suggested that 

patients have a defect in local resistance to 
mPPhylococcai infections. — ■ 
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Preliminary Communication

LOSS OF EJACULATION IN MALE RHESUS 
MONKEYS AFTER ADMINISTRATION OF

PROGESTERONE TO THEIR FEMALE 
PARTNERS

The endocrine factors concerned in the control of 
primate sexual behaviour are imperfectly understood but, 
although little studied, have special relevance for the 
human situation. Observations in the field have shown 
that, at the time of greatest sexual skin swelling in the 
baboon, which is Usually near mid-cycle, the males show 
most interest in the females.13 In the laboratory, rhythmic 
changes in sexual behaviour have been noted to be related 
to the menstrual cycle of the female.3-5 We have found 
that, in ovariectomised rhesus monkeys given hormone- 
replacement treatments, the sexual interactions between 
opposite-sexed pairs are strikingly influenced by the 
administration of oestradiol and progesterone.® 7 The most 
notable finding is that dramatic changes in the sexual 
behaviour of males result when hormones are administered 
to their female partners: oestradiol stimulates male 
copulatory activity and progesterone depresses it. We 
describe here some further work on the depression of 
sexual activity in the male after the administration of 
progesterone to the female.

METHODS

Three adult, sexually active male and three mature, female 
rhesus monkeys were investigated for a period of 18 months. 
Two females were paired with each male, making a total of six 
paired combinations. The females were regularly introduced, 
by means of a transfer cage, into the home cages of the males 
for testing sessions of 60 minutes. Between tests, animals were 
housed in individual cages without access to each other. 
Experienced observers recorded the behaviour during testing 
sessions from behind a one-way vision mirror, and components 
of the behaviour observed were quantified by means of a scoring 
system in terms of time, sequence, and frequency. After 
bilateral ovariectomy, the females were allowed 10, 16, and 41 
weeks respectively to attain a basal condition, at which time 
routine testing was commenced. After a further 4 weeks, 
oestrogen was administered to the females in two different

1. Zuckerman, S. The Social Life of Monkeys and Apes. London, 1932.
2. Hall, K. R. L. Proc. zool. Soc. Land. 1962, 139, 283.
3. Ball, J., Hartman, C. G. ,4»t. J. Obstet. Gynec. 1935, 29, 117.
4. Yerkes, R. M. Q. Rev. Biol. 1939, 14, 115.
5. Michael, R. P„ Herbert, J. Science, N.Y. 1963, 140, 500.
6. Michael, R. P. Proc. R. Soc. Med. 1965, 58, 595.
7. Michael, R. P., Saayman, G. Int. Congr, Physiol. 1965, p. 639.
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