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SUMMARY

The nethods used to assess various parameters of hum-

oral and cellular irnnuni-ty are described. These include

the establishnent of the radioactive single radial diffusion

assay for Immunoglobulin E; measures of serum 1evels of the

other major immunoglobulin classes; antibody responses to

tetanus toxoid and S. typhi H antigen; delayed hypersen-

sitivity reactions to intradermal antigen and dinitrochloro-

benzene sensítization; lynphocyte tritiated thymidine up-

take in whole blood culture, both spontaneous and when stin-

ulated with phytohaemagglutinin; lymphocyte production of

a cytotoxin for pigeon red cel1s; T and B lyrnphocyte num-

bers in the peripheral blood; and serum autoantibodies.

Methods for performing faecal hookworm egg counts, blood

eosinophil counts and detecti.ng Australia Antigen are

des cribed.

Parameters of humoral and cellu1ar ímmunity were

rneasured in 91 asthmatics. Mean serum levels of IgG were

raised, especiaLly in those with a fanily history of atopy.

Mean serum levels of IgE were raised, especially in those

with a past history of eczema. There was a correlation

between serum IgE 1eve1s and the absolute eosinophil count.

Eighteen percent of patients failed to respond to tetanus

inmunization while only one patient failed to respond to S.

typhi H antigen. Tetanus non-responders had a raised mean

serum IgA 1eve1, reduced spontaneous lyrnphocyte tritiated
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thyrnidine uptake and reduced thymidine uptake of phyto-

haemagglutinin-stinulated lymphocytes cultured in foetal

calf serum when compared with tetanus responders. Nine

percent of patients failed to mount delayed hypersensitivity

reactions to a battery of five intradermal antigens. Three

of four such patients could not be sensitízed to dinitro-

chlorobenzene. The tritiated thymidine uptake of lynpho-

cytes stimulated with phytohaernagglutinin hras measured.

When all subjects were considered, the mean uptake was

nornal for lyrnphocytes cultured in autologous serum, but

depressed when cultured in foetal calf serum. Intrinsic

asthna could not be differentiated from extrinsic asthma by

arly of the parameters.

Sirnilar abnormalities ü/ere found in a study of 35

patients suffering from atopic eczema. Ten percent of

patients failed to respond to tetanus immunization and L4%

failed to mount delayed hypersensitivity reactions. The

elevation of IgE levels hras greater than that seen in

asthna. IgG 1evels and the phytohaenagglutinin-stinulated

uptake of lymphocytes cultured in foetal calÍ serum were

normal, âs were T and B lymphocyte numbers.

In a series of asthmatics receiving tteatment with

corticosteroids, antibody responses were marginally worse.

Delayed hypersensitivity reactions were suppressed in

patients receiving large doses of corticosteroids. The

phytohaenagglutinin- stimulated tritiated thymidine uptake
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was grossly

foetal calf

depressed when cultured in either autologous or

serum. The mean spontaneous uptake by lympho-

cytes was elevated.

It is suggested that the data support the hypothesis

that immune deficiency is important in the development of
the atopic state in some people. It is envj-saged that
inpaired response to antigen by the humoral or cellular
immune systems results in increased stimulation of the IgE

antibody system, leading to clinical disorder. The varia-
tions in the abnormalities detected between asthmatics and

patients with atopic eczema may be chance variations or

reflect the different clinical manifestations of the

disease.

A study was carried out in the Eastern Highlands Dis-

trict of Papua New Guinea to test the hypothesis that a

function of IgE antibodies is to assist in the control of

helminth infestation. Subjects were divided into asth-

matic, non-asthmatic atopic and non-atopic groups on the

basis of clinical features and immediate hypersensitivity
reactions to prick testing with a range of allergens.

Serum IgE and blood eosinophil 1eve1s were elevated in all
groups as conpared with values found in temperate zones.

Hookworm infestation was universal. Faecal egg counts urere

lower and IgE and eosinophil 1eve1s higher in the asthnatic

and non-asthmatic atopi-c groups compared with the norrnal

group. It is suggested that these findings are consistent
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with the hypothesis that a function of the rgE immune system

is to protect against helninth infestation.

A study was undertaken to investigate the effect of
treatment for hookworrn on IgE levels. rn contrast to a

previous report, IgE and blood eosinophil levels fel1 after
treatrnent with anthelmintics. This accords with the general

observation in other innunoglobulin classes that antibody
levels fal1 after rernoval of the antigenic stimulus.

rgE levels were measurerl in a variety of conditions
according to the availabiLity of sera. No abnormalities
were detected in patients with coeliac disease, aplastic
anaemia, paraproteinaemia or with a positive serum anti-
nuclear factor. There hras a suggestion that levels may be

elevated in alcoholic liver disease, Hodgkinrs Disease and

Sj ogrenfs Syndrome.

rmmunological function was also assessed in two other
groups. Fifteen patients with dystrophia myotonica were

studied. Although no abnormalities hrere detected in serum

levels of the five major immunoglobulin classes, there was

a rise in the serum ßrA conplement level. Fifty four per-
cent of patients failed to make a secondary IgG response to
tetanus toxoid, while 13% failed to make a primary rgM res-
ponse to s. typhi H antigen. Thirteen percent failed to
make DHS reactions to intradermal antigen. The phyto-

haemagglutinin-stimulated lyrnphocyte uptake of tritiated
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thynidine r^Ias normal, but the spontaneous uptake was

depressed. It is suggested that there rnay be a wider

derangement of imrnunological function in dystrophia

myotonica than previously thought.

A sirnplified battery of tests of immune function was

used to investigate norrnal Papua New Guinea Highlanders.

Normal delayed hypersensitivity reactions, but raised

imnunoglobulin 1evels, low albunin 1evels and inpaired anti-

body responses to both tetanus toxoid and S. typhi H anti-

gen were found. Albunin levels were lower and antibody

responses more impaired in the group with the more adverse

environmental circumstances. It is suggested that mass

immunization campaigns in the tropics should be carefully

assessed.
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1

SIGNIFICANT CONTRIBUTIONS OF THIS THESIS

Investigation of asthnatics and patients with atopic
eczema have supported the hypothesis that immune

deficiency nay be an important factor in the develop-

ment of the atopic state in some people.

Investigations on the inter-relations of atopy and

hookworm infestation in Papua New Guinean subjects have

supported the concept that a function of the fmrnuno-

globulin E antibody systen is to assist in the resis-
tance to helninth infestation.

Treatment of helninth infestation has been shown to

produce a fall in serum IgE and blood eosinophil levels.

Evidence has been presented that the derangement of
immunological function in dystrophia myotonica may be

wider than previously thought.

Impairment of the humoral immune response in Papua New

Guinea Highlanders has been shown. This has implica-

tions for the efficacy of mass immunization carnpaigns.

2

5

4

5



tI]
(JtJr
tllÊ

r



7

In 1888, Roux and Yersin denonstrated the presence of a

toxin in filtrates of cultures of diphtheria organisms.

This r,.¡as followed with the demonstration by Knud Faber in

1890 that the tetanus bacillus also secreted such a toxin.
This rapidly resulted the same year, in the discovery of an

antitoxin for diphtheria toxin by Behring, and for tetanus

toxin by Behring and Kitasato. These discoveries led to

the concept of "antibody" and paved the way for the in
vitro study of these substances.

In 1889, Charrin and Roger observed that Pseudornonas

pyocynea grown in immune rabbit serum lost its notility and

grer4r in agglomerated masses. The antibodies producing this
phenomenon were named agglutinins. In 1897, Kraus dem-

onstrated that the clear filtrate of a bacterial culture

could often induce, after injection into an aninal, âD anti-
body which formed a precipitate when added to the original
filtrate. These antibodies were 1abe11ed precipitins. In

the earlier part of this century, much effort was devoted to

the production of vaccines against communicable disease, and

assessment of their effectiveness, by measurement in the

serum of the antibodies so produced.

In 1883, Metchnikoff discovered the phagocytes and

attributed to them a protective function by virtue of their
destruction of ingested rnicrobes. For many years the aïgu-

ment raged between the protagonists for Humoral defence and

the supporters of the Ce1lular theory, until a compromise
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between the two was reached.

Apart from the beneficial effects of immunity, undes-

irable side-effects were noted. This 1ed to the discovery

of imnediate hypersensitivity reactions (see Chapter II),

and delayed hypersensitivity reactions by the demonstration

of the cutaneous tuberculin reaction by von Pirquet in 1-907.

In the last few years, irnmunological responses have

again been divided into humoral and ce1lu1ar mechanisrns,

albeit in a different form. Both depend upon the activity

of snall lynphocytes (Gowans and. McGregor, 1965) which are

thernselves ultinately derived from stem ce11 precursors

which in postnatal life reside in the bone marrow (Miller

and Mitche11, 1969). These precursors are considered. to

differentiate into two distinct lyrnphocyte populations. T

lynphocytes are dependent upon the presence of the thynus,

the absence of which inhibits the development of cell-

nediated immune reactions such as delayed hypersensitivity

skin reactions and homograft rejection (Mi11er and 0saba,

1967). B lynphocytes, independent of the thymus, sIn-

thesize humoral antibody and appear to be dependent in man

upon lymphoid structures analagous in function to the Bursa

of Fabricius in birds (Cooper et ãI. , 1966) . Nevertheless,

cooperation between the two systems occurs in the humoral

antibody response to some antigens (Miller and Osaba, L967).

Concurrent with this improvement in understanding, has

come the realization that many aspects of humoral and
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cellular irnnunity can be measured to assess the irnmuno-

logical status of individuals. A variety of in vivo and

in vitro tests have been developed, the requirement being

that they are informative, safe and acceptable to patients
(Pediatrics, 1971) . They have been applied in a range of
conditions such as chronic infection (Lee et ar. , LgTLa;

Forbes, 1971), peptic u1cer, ischaemic heart disease,

alcoholism, diabetes (Lee et ãI., L97Ia), autoimmune

diseases (Lee et ãL., 1971b), malaria (Greenwood et aL.,

I972), trypanosomiasis (Greenwood et aL., Ig73), leprosy
(Lancet, 1969) and kwashiorkor (Smythe, I973).

Much of the information provided in this thesis con-

cerns the results of the application of such tests. The

nethods used are described in chapter I. The first few

chapters discuss the assessment of immunological function
in atopic states. chapter rr considers asthmatic patients;
chapter Irr, asthmatic patients receiving treatment with
corticosteroids; chapter IV, patients with atopic eczema.

chapter v reports data on the inter-relationship between

atopy and hookÌvorm infestation. chapter vr describes the

effects of treatment for hookworm on rgE and eosinophil
levels. chapter vrr contains observations on rgE and IgD

1evels in niscellaneous conditions. The last two chapters

describe two unrelated groups in whorn the opportunity to
investigate immunological function arose. chapter vrrr
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considers patients with dystrophia nyotonica and Chapter IX

describes a sirnplified approach used in the Papua New Guinea

Highlands.
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\í\\.-(1) INTRODUCTION

This chapter describes the techniques employed for the

assessment of humoral and ce1lular imrnunity. A basic regi-
men had previously been established (Forbes , I97I). To

this has been added assay systems for the measurement of

serum Immunoglobulin E and D levels, a whole blood culture
technique for the measurement of lynphocyte tritiated thymi-

dine uptaker fl€thods for counting T and B lynphocytes, and

an assay of lynphocyte production of a cytotoxic factor for
pigeon red ce11s. In addition, the determination of faecal

hookworn egg counts is described and a summary of statistical
nethods is given.

(2) TMMUNOGLOBULTNS

IMMUNOGLOBULÏN E

The technique of single radial diffusion is frequently

used for quantitative measurement of immunoglobulins (Man-

cini et ãI., 1965). Serum concentrations of Innunoglobulin

E (IgE) are below the lower limit of sensitivity of this
method, because such 1ow concentrations of antiserurn are

required that antigen-antibody precipitate zorLes are invis-
ible. fncreased sensitivity can be obtained by using the

technique of radioactive single radial diffusion described

by Rowe (1969). This is achieved by applying a second

antiserum, which contains a radioactive antibody to the

antibody imnunoglobulin in the precipitate. The radio-
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activity which becomes attached to the zone of the precipi-

tate is visual ized by exposure of the plate to photographic

f i1rn. An assay system using minor rnodifications of this

technique was established.

Preparation of SheeP IgG

Three litres of sheep blood were obtained from the

Adelaide Abbatoirs. The serum 'hlas separated by spinning

at 500 g for 10 rninutes. Gamma globulin was prepared

initially by precipitation with saturated ammonium sulphate

(Kabat and Mayer, 1961). Saturated ammonium sulphate was

added dropwise and with continuous stirring, in equal

volurne, to 100 nl aliquots of serum at 4oC, then spun at

1r000 g for 20 ninutes. The Supernatant was decanted and

the pel1et dissolved in 0.9% saline. The protein solution

was dialysed in 0.005 M phosphate buffer, PH 7.5 for 24

hours.

IgG l{¡as further purified by elution with column chrorna-

tography. Diethylaminoethyl Cellu1ose DE 23 Whatnan Column

Chromedia (W. & R. Balston Ltd., England) 60g was suspended

in one litre 0.5 N HCl for 30 minutes, then filtered on a

Buchner Funnel and washed with distilled water until the

effluent reached a pH of 4. The cellulose was re-suspended

in one litre 0.5 N NaOH for 50 minutes, then washed as

before until the effluent reached a pH of 7. It was then

suspended in one litre of 0.005 M phosphate buffer, PH 7.5,

allowed to stand for 10 minutes, then filtered. This
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procedure was repeated ten tines, then a slurry of cellu-

lose in one litre of phosphate buffer poured into a glass

column 80 cn high and 3.5 cm in diameter, and allowed to

settle on a pad of glass wool. Phosphate buffer was added

with an intravenous drip set, and a flow rate through the

column of 2 mI per minute established.

Thirty nl of dialysed protein was passed through the

column together with sufficient buffer to naintain a head

of 2 cm and the eluate collected in 5 nl aliquots. The

optical density of each aliquot was rneasured by ultraviolet
o

absorption at 2,800 A in a spectrophotometer (Parkin-Elmer,

Double Beam). Aliquots containing protein were pooled and

the protein concentration estimated from the formula,

1 ng/rnl protein = L.4 absorbance units.

Af ter passage of serum, the cellulose I^Ias washed in

situ with five litres of phosphate buffer saturated with

sodiun chloride to elute other immunoglobulins bound to the

column, and then with buffer alone until all the salt was

rernoved.

This procedure r,.ras repeated to produce six batches.

A single IgG line was obtained on immunoelectrophoresis

against rabbit antisheep serum (Hyland Division, Travenol

Laboratories , California) (Fig. 1. 1) .

Hyper- immuni zation of Rabbits

Purified sheep IgG was nixed with Freund's Inconplete
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Adjuvant (Cornnonwealth Serurn Laboratories, C. S. L. , Parkville)

to produce a concentration of 0. 5 mg IgG per nl. Each

rabbit was injected subcutaneously with I mg of sheep IgG

in Freund's adjuvant in six divided doses, then fortnightly

with one mg of IgG in 0.005 M phosphate buffer pH 7.5 intra-

peritonealTy. Ouchterlony ge1 diffusion of sheep IgG

produced a single dense line of precipitate with sera from

three rabbits (Fig. L.2).

Prenaration of Rabbit Anti sheeTr Glohulin

Rabbits with a good antibody response were bled period-

icalLy and the serum pooled. Rabbit globulin was precipi-

tated by adding two volumes of 24% NaTSOO dropwise to one

volurne of rabbit serurn at room ternperature and with contin-

uous stirring, allowed to stand for five minutes, then spun

at 30r000 g for 20 minutes. The supernatant l^/as removed

and the precipitate dissolved in cold 0.9% saline, using

about one third of the original volume of serum. This was

dialysed overnight against 0.05 M phosphate buffer pH 7 .0

at 4oC. Ouchterlony ge1 diffusion of this preparation

against sheep IgG confirmed the presence of rabbit antisheep

IgG antibody (Fig. 1.5). The protein concentration was

calculated by measurement of the absorbance in an ultraviolet
o

spectrophotometer at 2,800 A, then adjusted to one mg/m1 with

phosphate buffer. Ten ml aliquots weïe frozen at -20oC

until required.
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Iodination of Rabbit Antisheep Globulin

Rabbit antisheep globulin was labelled with I25I

Sodiun Iodide using the method of McConahey and Dixon(1966).

Twenty nl of protein solution, one ng/ml, were put in a 60

ml bottle and surrounded with ice. Four millicuries of
r25I (funersharn) r{rere added and continuously stirred with a

magnetic stirrer. Two ml of Cloramine T, 400 ug/ml, were

added dropwise. Five minutes later, two m1 of sodium

metabisulphite, 400 ug/ml , r^/ere added. Non-protein bound

iodide was removed by dialysis at 40C against 0.1 M phosphate

buffer, pH 7.0 with 0.005 M potassium iodid.e. The dialysed

protein was then made up to 40 n1 with phosphate buffered

saline plus I% bovine serum albumin.

Preparation of Antihuman IeE

Sheep antihunan IgE (Pharrnacia, Uppsala, lot numbers

3593, 7320, 9958) was prepared by adding two ml distilled

water to each via1. Antihuman IgE was added to phosphate

buffered saline (0.1 M sodium chloride and 0.005 M potassiurn

phosphate, pH 7.2) with L% Bovine Serum Albunin to make

I:250, 1:500 and 1:1,000 solutions. Ten ml aliquots were

stored at -20oC until required.

Preparation of Agarose Plates

Agarose (L'Industrie Biologique, batch F6380) 0.3 g was

dissolved in ten ml 0.3 M phosphate buffer, pH 8.0 by heat-

ing to boiling, then transf erred to a rtrater bath at 56oC.
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A ten nl aliquot of antihuman IgE in phosphate buffered

saline with T% Bovine Serum Albunin was warmed to 56oC for

several minutes concurrently, then the two aliquots

thoroughly rnixed. The mixture was poured on a glass slide,

3x4x[/16 inches, prê-warmed to 37oC and placed on a f.lat

surface. Four plates were prepared for each assay. The

plates were stored overnight al 4oC, then a series of 29

holes, two or four rnm in diameter, punched in the agarose.

Assay Procedure

Each well was filled with a constant volurne of either

standard or test serum so that the neniscus I{Ias level with

the top of the we11. Proteins r,\rere allowed to diffuse

through the agarose at room temperature for 72 hours. Each

plate r,tras then placed in a closely fitting perspex con-

tainer, which was in turn mounted in a rocking water bath

adjusted to several oscillations per minute, and washed in

phosphate buffered saline with several changes per day for

72 hours. Each plate was then layered with ten nl of

iodinated rabbit antisheep globulin and allowed to stand for

one hour. The iodinated globulin was removed, stored at

4oC and could be used on one moïe occasion. The plates

ürere kept in a moist container overnight at room tempera-

ture, then washing was resumed for Ó0 hours. The plates

were finally washed in distilled water for one hour, then

dried and placed in contact with photographic filn (Kodak

RP/MZ Xonat) for 4B-7 2 hours then developed (Fig. 1.4).
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Sera r,ilere initîaLLy set up on plates with anti-IgE in

a concentration of 1:500 and with wells 2 nm in dianeter.

Sera which produced large rings l^/ere diluted and the assay

repeated. Sera with 1ow concentrations were repeated on

plates with an anti-IgE concentration of 1:2,000 and wel1s

4 mm in dianeter.

Standard IeE

The IgE standard used initially was frorn a batch of

pooled hurnan serum 69/204 supplied by the World Health

Organi zation. Subsequently the standard serum supplied by

Pharmacia (Uppsala) I^Ias used. Thi-s had been calibrated

against the WHO standard.

Calculation of Results

The diameters of the rings on the film were measured

with a rrBarton, Eye Gauge, cãpab1e of measuring to within

0.01 mm. A linear relationship exists between the con-

centration of IgE and the diameter squared of the rings.

Figure 1.5 shows the result obtained when varying concentra-

tions of IgE Standard and an unknown serum were compared

with the square of the dianeter of the rings.

Measurement of the same serum 23 times in eight assays

gave a mean serum 1eve1 of 4380 units/nl with a coefficient

of variation of L6%. Over a large number of assays , 69

different sera were measured twice. Analysis of variance

gave a coefficient of variation of 12% when the data were
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analysed according to the nethod.of Paradine and Rivett

(1s60).

"Phadebas" Radio immunoassay

After establishnent of the technique just described, a

solid phase radioimmunoassay using Sephadex particles became

commercial1-y available ("Phadebas IgE Test Kit", Pharnacia).

Sera frorn 103 asthmatics r4rere compared by both methods,

(Fig. 1.6). A high correlation was obtained (r - 0.9765,

P<0.001).

The "Phadebas" kit has the advantage of being able to

measure lower serum Igti 1eve1s than the radioactive single

radial diffusion method, which has a lower linit of sensitiv-

íty of about 100 units/nl. An individual run is also much

quicker. On the other hand, difficulty has sornetimes been

experienced in calibration of the standard curve. Because

of the nature of the standard curve, accuraÇy is consider-

ab1-y reduced for serum IgE levels greater than about 1,000

units/ml. Sera with levels greater than 4,000 units/ml

must be diluted and repeated. Once the technique has been

established, the cost per estimation is considerably less

for the radioactive single radial diffusion technique.

In view of the high IgE levels generally found, estima-

tion of 1evels in Papua New Guinea sera was performed only

with the radioactive single radial diffusion technique.
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Irnmunoelectrophoresis of sheep serum
passed through a DEAE Ce1lulose column
against rabbit antisheep serum, showing
a single IgG 1ine.

Fig. 1.1



20

Fie. T.Z Ouchterlony gel
against sheep Ig
in the sera of r

fusion. Rab
High antibo

its represent

bit serum
dy titres
ed by the
the sera

dif
G.
abb

top three wells; low titres in
of rabbits tfepresented bY the b
three we1ls.

ottom



27

(

t
I

\

(

fì

)

) I

I

a

Fig.L.s Ouchterlony ge1 diffusion. Final
preparation of rabbit antisheep g1obu1in,
ãftér precipitation n¡ith NarS0O, against
preparations A and B.



22

I

t
a

k:

@. * :*r'

i, '.L":

.

È t't)

b

{,¡
.'.t

t

r\¡

t
o

+

,Ë1

o oiÈo

Fig. L.4 Autoradiograph of an assay for serum IgE
concentration. . . -Rabbit antisheep IgG
label1ed with.L¿5 r.



23

2

o
(¡
oo

DIAMETER

I¡
I

(,ì

o
ooo

aa

al¡

a¡
(,loô

(Ê¡
m

o

=

t.

vrcmt2;
=6{z

I¡

ËI

atl
-{
z0
Ð0 a a

Relation between serum IgE concentrations
and the square of the diameter of the
rings for WHO standard and an unknown
serum.

Fie. 1. s



24

o
oo

Noooo0

DlttUSlON (units/ml)

ÀoooNÀooôoooooooõooooooo

t
oo

ôo

ooo

@oo

ooo

Noo

Ëoo

Io
oI

E

oo

I
soo

Io
aI
ßoo

T

R
E
Ur

g
O

¿

eve
ing
AS

1s
1e
Ig

#s

when
radial

E Test Kit.
Fig. 1.6 Comparison of serum IgE 1

rneasured by radioactive s
diffusion and wíth Phadeb



25

IMMUNOGLOBULIN D

Serum IgD levels rnlere measured by a nodification of

the technique used for IgE. Agarose plates htere made with

goat antihuman IgD (Hyland) in a final concentration of

1:300. Holes 2 mn in diameter l4lere punched, and the assay

perforned as previously described. IgD Standard was

supplied by Behringwerke (Marburg) and referred to British

Research Standard No. 67/37. Sera with very high IgD levels

were diluted in 0.9% saline and the assay repeated. Sera

with low IgD levels were remeasured using 1:2r000 plates

and 4 mm dianeter holes.

Twenty three sera hiere compared using this method and

Partigen Low Concentration immunodiffusion plates (Behring-

werke, Marburg). A high correlation was obtained

(r = 0.9303, P<0.001). Approxinately 40% of sera have IgD

levels below the lower limit of sensitivity of the Partigen

plates. The advantage of the radioactive single radial

diffusion nethod is that it al1ows increased sensitivity

with measurement of IgD levels possible in alnost all sera.

IMMUNOGLOBULINS G, A and M

Serum IgG, IgA and IgM were rneasured using Behringwerke

Tripartigen Immunodiffusion plates and Behringwerke

Standards.
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COMPLEMENT

Serum BrA cornplement levels were measured using Behring-

werke Immunodiffusion plates and Behringwerke Standard.

ALPHA ANTITRYPSIN
1

Serum alpharantitrypsin leve1s hlere measured using

Behringwerke Imrnunodiffusion plates and Behringwerke

St andard.

(5) ANTIBODY RESPONSES

TETANUS ANTIBODIES

Patients h¡ere immunized with Alun Precipitated Tetanus

Toxoid (C.S.L.) 0.5 m1 subcutaneously. Blood was collected

at the tine of immunization and two weeks later.

Tetanus antibodies were measured by the nethod of Gold

and Fudenberg (1967). Purified tetanus toxoid was coupled

to Group O Rh positive hurnan erythrocytes.

Reagents: Seo solution of 5% Stable Plasna Protein Solution

(C.S.L.) in 0.9% saline.

Tetanus Toxoid (C. S. L. ) solution, 80 Lf./nL.

0.ú Chronic Chloride in 0.9% saline.

Ten ml of blood were washed three tines in 0.9% saline to

obtain packed red cells. Eight ml of SPPS solution.were

added to a control tube and 5 n1 of SPPS solution and 3 nl

of tetanus toxoid solution to the toxoiding tube. Three m1
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of chromic chloride solution and one ml of packed red cel1s

were added to each tube, and allowed to stand for ten

minutes. The red cells ltrere then spun down and the super-

natant removed. Nine ml of 0.9eo saline hlere added to each

tube to make a L0% suspension of red ceIls. Adequate coup-

ling was confirmed with serum of known high antibody titre.

Serial twofold dilutions of serum were made in a dilution

tray, then one drop of each dilution transferred to a white

tile, one drop of red ceIl suspension added, nixed and

allowed to stand for seven rninutes. This procedure was

performed with each red cel1 preparation. Agglutination

should be observed with the toxoided red cells, but not the

control red ce11s. Unknown sera can then be measured.

The titres were expressed as the loEZ of the reciprocal of

the highest dilution at which agglutination was observed.

TYPHOID ANTIBODIES

Patients were immunized with monovalent

typhi vaccine (C.S.L.) 0.1 nl subcutaneously.

collected at the tine of immuni zation and two

Salmonella

Blood was

weeks later.

Precipitating antibodies to !_. typhi H Bacterial Sus-

pension, f 1age1lar antigen d, normal strength (C. S. L. ) I^Iere

measured. Serum was initialLy diluted one in ten, then

serially diluted one volume in two, in 0.9% saline . 0.25

rnl of each dilution was placed in a Dreyer tube, then 0.25

ml of S. typhi H suspension added. The tubes were allowed
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to stand for four hours in a waterbath at 60oC, then for

several hours at room temperature. The titres l{Iere ex-

pressed as the reciprocal of the highest dilution at which

precipitation was observed. The zero point indicated no

precipitation at a serum dilution of one in ten.

MERCAPTOETHANOL TREATMENT OF SERA

Sera were treated with mercaptoethanol by the nethod

of Brown et aI (1964). Undiluted serum was nixed with an

equal volume of 0.2M mercaptoethanol in 0.04 M phosphate pH

7.6 and allowed to react overnight at 20oc. The treated

serum was then dialysed against 0.04 M phosphate for 24

hours, then reconstituted to the original volume. A four-

fold drop in titre was considered to indicate the presence

of mercaptoethanol-sensitive antibody (Rowley et ãL., I972).

DISCUSSION

The South Australian population has in general been

immunized with tetanus toxoid but not with typhoid vaccine.

It might be expected on these grounds that tetanus toxoid

in general produces a secondary antibody response, while

typhoid vaccine produces a prinary response. The Victor-

ian population has been shown to have a predoninantly IgM

response to primary immuni zation with flage11in derived from

Salmonella adelaide, but almost entireLy an IgG response to

secondary immuni zation (Rowley et aL. , 1972) . These authors
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have shown that there is good correlation between rnercapto-

ethanol treatnent of sera and gel filtration or radio-

immunoelectrophoresis in demonstrating immunoglobulin class

of antibody. Mercaptoethanol treatment of norrnals (Forbes,

1971) and patients in disease states (see later) has con-

firned, that in South Australians, tetanus antibodies are

usually of the IgG c1ass, while typhoid antibodies are

usually of the IgM class.

(4) AUTOANTIBODIES

Mitochondrial antibodies, smooth muscle antibodies,

gastric parietal ce11 antibodies and antinuclear factors

were measured by the indirect fluorescent techniques of

Taylor et aL (1962), using rat liver and stomach, and horse

antihuman immunoglobulin (Roboz Surgical Instrument Co.,

Washington) .

(s) DELAYED HYPERSENSITIVITY SKIN REACTIONS

Intradermal Antigen

Delayed hypersensitivity (DHS) skin reactions were

measured at 48 hours after intradermal injection of 0.1 m1

of the following antigens prepared for skin testing:

Candida albicans 0.5% (Bencard, Brentford)

Murnps Skin Test Antigen (E1i Li1ly, Indianapolis)

Streptokinase-Streptodornase ("Varidase", Lederle,

New York) . Díluted 1: 50 in 0 .9% saline, i. e .
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streptokinase 10 units and streptodornase 2.5 units/

n1 .

In the study of asthmatic patients, two additional antigen

preparations were used:

Aspergillus furnigatus 'rDrr strength, 10 r 000 units/ml

(C.S.L.) Old Tuberculin 1:1,000 (C.S.L.)

Erythema and induration of six rnm or more dianeter IIIaS con-

sidered a positive reaction. Reactions were measured in 99

control subjects, most being normal, but a few with vascular

or psychiatric disease.

Aspergillus funigatus

Candida albicans

Mumps

Old Tuberculin

Str epto kinas e/ dornas e

Only one control subject failed

which accords with the exPected

the observed frequencies for the

Chance of being negative to

7"ó positive

7r% ',

76% ,

20% '
g6% ,,

to react to any antigen,

frequency calculated uòing

individual antigens:

all five antigens

T4
1001îO

29
100

80
100

24
100

93 x X x X

0.72%

When only Candida albicans, Mumps and Streptokinase-Strepto-

dornase antigens were used, the observed and expected

frequencies of failure of reaction to all three antigens
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r,rrere L% and 0.97% respectively.

A patient

if he reacted

reactor if he

therefore

least one

to react

was

to at

failed

considered a positive reactor

antigen, and a negative

to aLI antigens.

Dinitrochlorobenzene Contact Sensitization

DinitrochlorobenzerLe (DNCB) contact sensitization of

the skin was performed by the method of Catalano et aL

(L972) . DNCB was dissolved in acetone , 20 ng/rnl. A nylon

ring, l cm in diameter, I^Ias placed on the volar aspect of

the forearm, previously cleansed with acetone. 0.1 ml of

the DNCB solution was placed inside the ring, and the ace-

tone dried with an airblower. The site was examined for an

irritative reaction 48 hours 1ater. If no nehl spontaneous

reaction had occurred aftet L4 days, 0.1 n1 of DNCB solu-

tion, 0.5 ng/rnl, hlas applied as above, and exanined 48 hours

later for a DHS reaction. If there was still no reaction,

it was considered the patient could not be sensitized..

(6) PHYTOHAEMAGGLUTININ SKIN TEST

The phytohaemagglutinin (PFIA) skin test is probably an

index of cellular immune competence (Blaese et al. , L973) .

A vial of PFIA (Burroughs Wellcome, Beckenhan) was made up to

five n1 with distilled water, then diluted one in twenty

times in 0.9% saline. Reaction to 0.1 ml intradermally was

measured at 24 and 48 hours. Erythema and induration of

six mrn or more diameter was considered a positive reaction.
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(7) LYMPHOCYTE TRITIATED THYMIDINE UPTAKE

Various nethods have been described for in vitro study

of lymphocyte transformation using cultures of purified

lynphocytes or ce11-rich plasna (Ling, 1968). Techniques

have also been described which evaluate lynphocyte trans-

formation in whole blood cultures either norphologically oI

by measure of DNA synthesis with the uptake of tritiated

thymidine (Junge et ãI., 1970; Park and Good, L972;

Kissling and Speck , L972). In the nethod described below,

lymphocyte transfornation in whole blood cultures, either

spontaneous or' stinulated with PHA was assessed by uptake of

tritiated thymidine.

PHA-STIMULATED UPTAKE

PHA, aÍr extract of the red kidneY bean, Phaseolus

vulgaris, stinulates transformation of lynphocytes (Nowe11,

I9ô0). PHA selectively stimulates thynus-dependent

lymphocytes (Pediatrics, I97L; Janossy and Greaves, 1972).

Mrs. K.T. Holmes, Dr. T.C. Sorrell and Dr. D.I. Newble

established the optinal conditions for performance of this

assay (Sorre11, L974; Newble, L97+). Dose response curves

were established with varying quantities of PHA, tritiated

thymidine, blood and serum. Tine response curves with vary-

ing periods of incubation were rneasured. The effect of

variations in the pH of the culture nediun were established.

Results using the whole blood culture were conpared with those

obtained using purified lymphocyte cultures. In addition,
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tritiated thymidine uptake was compared with morphological

lynphocyte transformation and with nuclear volume as assessed

in a multichannel analYser.

On the basis

maxlmum response,

tion l^Iere used for

described below.

of these results, the PFIA dosage produci-ng

and the most appropriate period of incuba-

both autologous and foetal calf serum as

Reproductibility was assessed in ten pati-ents measured

at weekly intervals for threc wccks. The coefficient of

variation for tritiated thyrnidine uptake by lymphocytes in

foetal calf serum uras 14% and in autologous serum r,tlas 30%.

Reagents:

Preservative Free Heparin (Evans Medical, Liverpool)

Medium 199 for tissue culture (dried) containing D.G.P.,

Polymyxin B and Neornycin Sulphate (C.S.L.)

HEPES (Calbiochem, San Diego).

Phytohaemagglutinin, Reagent Grade (Burroughs Wellcome)

made up with 5 m1 sterile water per vial.

Foetal Calf Serum, heat-inactivated (C.S.L.)

Tritiated Thynidine, specific activity 500 mCi/nno1

(Radiochemical Centre, Anersharn)

0.9% saline

3% acetic acid

L0% trichloracetic acid

Methanol

Soluene (Packard Instrument Co., Illinois)
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Scintillation Fluid: 0.15 g dimethyl P0POP (Koch L ight,

Colnbrook)

L ight )0 g PPO (Koch

0 L Toluene

Materials:

20 ml disposable plastic syringes and needles

25 ml sterilized siliconized glass universal containers

ster iTízed siliconi zed pipettes

8 mI plastic culture tubes (Disposable Products)

10 m1 plastic centrifuge tubes (Camelec)

25 ml scintillation vials (A.C.I.)

Millipore Filters 0.22 microns (Bedford)

Procedure:

Medium 199 containing 2.38 g HEPES per litre was

adjusted to pH 7.6 then sterilized by passage through a

nillipore f ilter. All further manipulations r{rere conducted

with an aseptic technique. Ten m1 of blood was collected

in a universal container with 250 I.U. of preservative-free

heparin, 15 ml in another bottle for separation of serum and

5 nl of blood kept for a white cel1 count and differential.

Triplicate cultures h¡ere set up for each patient with both

autologous serum and foetal calf serum. Each tube contained

0.2 nl whole blood, 3.4 mI HEPEs-buffered nediun 199, 0.02

ml PHA solution and 0.4 ml of either autologous serum or

foetal caIf. serum. Cultures r^¡ere incubated for four days at

37oC. At gZ hours, 2.5 uCi tritiated. thymidine were added

2

1
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and incubated for another four hours. Cultures were then

kept at 4oC for half an hour, transferred to centrifuge

tubes and spun at 250 g for ten minutes. The supernatant

was removed, then the precipitate washed by vortex nixing

and centrifugation successively with 3% acetic acid , 0.9%

saline and 5 trichloracetic acid in 0.45% saline. After

storage overnight, the tubes l4¡ere centrifuged at 1r000 g for

20 minutes, then washed with 5% trichloracetic acid and twice

with methanol. The precipitate was dried by evaporation at

37oC then dissolved in 0.5 nl Soluene at 60oC for one hour.

This was transferred to scintillation vials with 10 nl

scintillation fluid, kept in the dark at 4oC for 24 hours

then counted three times in a Packard Tricarb Liquid Scin-

tillation Spectrometer Model 3310.

Expression of Results

The uptake of tritiated thymidine was expressed as dis-

integrations per minute and the results for the triplicates

averaged. The results l^Iere calculated in both control and

asthmatic patients as both disintegrations per minute per

culture tube and disintegrations per minute per nillion

lymphocytes. In both groups, and with both autologous and

foetal calf serum, a sinilar distribution was obtained

whether the results were expressed aS disintegrations peT

rninute per culture tube, oI as disintegrations per ninute per

nillion lyrnphocytes (Fig. I.7). There was a highly signi-

ficant cor'r'elation between both nethods of expressing the
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results of control cultures for both autologous serum

(r=0. 64 , n=46, P<0. 001) and foetal calf serum (r=0. 94 ,

n=53, P<0.001). The coefficient of variation was similar

in all groups but slightly better when expressed as disinte-

gTations per minute per culture. In view of this, and since

this rnethod indicates the absolute number of reactive

lymphocytes per Inl of blood, results have only been reported

as disintegrations per minute per culture. In no study was

there aîy discordance between these two methods of express-

ing tritiated thyrnidine uPtake.

SPONTANEOUS LYMPHOCYTE TRITIATED THYMIDINE UPTAKE

The spontaneous uptake of tritiated thyrnidine is

probabLy a measure of circulating immunoreactive ce11s

(Crowther et ãI.,1969; Horwitz et ãI-,1970).

Mediun 199 rtras prepared and blood collected as described

for PF[A-stimulated cultures. Triplicate cultures hlere set

up containing 0.2 rnl of whole blood in 3.8 ml of nediun.

Each culture v,ras incubated with 2.5 UCi tritiated thynidine

for four hours at 37oC then treated as described for PHA-

stimulated cultures.

Autoradiography of such a culture demonstrated that

tritiated thymidine was util ízed by a proportion of the

lynphocyte population (Fig. 1.8).

Results were expïessed as disintegrations per rninute

per rnillion lyrnphocytes and disintegrations per ninute per
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Autoradiograph of whole blood culture
incubated with tritíated thyrnidine, in
the absence of PFIA. Two cel1s have
tâken up thynidine.

Fig. 1.8
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culture. Sinilar results weTe again found for both nethods

of expression in controls and asthnatics (Fig. 1.9). There

was a highly significant correlation for control cultures

between the two parameters (r=0.83, n=33, P<0.001). Results

have accordingly been reported only as disintegrations per

minute per culture.

Reproducibility was assessed in ten patients measured

at weekly intervals for three weeks. The coefficient of

variation hlas 27 %.

(8) PIGEON RED CELL CYTOTOXICITY

PFIA-induced cytotoxicity by lymphocytes was measured by

release of radioactivity from tlct-1abe1led pigeon red ce11s,

a modification of the nethod described by Perlrnann (1968).

Thirty m1 of blood was collected in a universal con-

tainer with 750 I.U. of preservative-free heparin (Evans).

Twenty nl of a Hypaque/ cel1u1ose mixture (Hypaque 20 m1-,

nethyl cellulose 880 rng, water 50 n1) was placed in a 100 ml

bottle and sterilized. All further manipulations were con-

ducted in an aseptic manner. Blood was layered on the

Hypaque/ce11ulose mixture, then the supernatant removed

after the red cel1s had settled, washed twice with Dulbecco

Buffer (C.S.L.) and adjusted to a concentration of L07

white cells per nl.



0.05 m1 pigeon blood in Alsever's solution (C. S.L. )

was washed three times with Dulbecco Buffer, then made up

to 10 ml with mediun 199, giving a concentration of L07 red

ce1ls per m1. One ml of this suspension was incubated

with 100 uCi 5lct (specific activity: 10 nCi/uMo1e) at

37oC for 45 minutes then washed three times with Dulbecco

Buffer and made up to 10 nl giving a final concentration

of approximately 10ó red cel1s per n1. PFIA solution was

diluted L2.5 times in medium 199.

4I

cultures were set up containing:

white ce11 suspension, 0.5 nl chromated red

0.5 ml PFIA solution and 0.5 rnl F.C. S.

white cel1 suspens ion, 0 . 5 rnl chromated red

0.5 m1 medium 199 and 0.5 nl F.C.S.

Tr ipl icate

1. 0.5 nl

cel1s,

2. 0.5 ml

ce1ls,

7
3 0.5 ml unchromated red ce1ls, 10

chronated red cells, 0. 5 nl PHA

F. C. S.

per ml,

solut ion

0.5 nl

and 0. 5 nl

Cultures were incubated at 37oC for 24 hours, the radio-

activity counted in aî EKCO Scintillation Counter Type N5504,

the ce11s spun down, supernatants removed and radioactivity

counted. The release of radioactivity was calculated:

ernatant Radioactivit Bac round RadioactivitSu
n1 t LA o act V v ac roun oact V v

x 100%
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(9) TandBLYMPHOCYTES

B CELLS

Bone marrow-derived lymphocytes (B cells) carry a high

density of immunoglobulin on their surface (Froland and

Natvig, L97L; Wilson and Nossal , I97L). The proportions

of B cells in the peripheral blood were measured by immuno-

fluorescent staining using the nethod described by Froland

and Natvig (1971).

Ten ml of blood was collected in a glass universal con-

tainer with 250 I.U. of preservative free heparin (Evans

Medical). This hras diluted in two volumes of Dulbecco

Buffer pH 7.4 (C.S.L.) and layered on ten ml of FicoII/
Hypaque mixture, L2 parts of 9% Ficol1 (Pharnacia) in dis-

tilled water and five parts of 33% Hypaque (Winthrop, Mel-

bourne), in a glass centrifuge tube. This hras spun for 40

minutes at 400 g at room temperature. The lymphocyte

Iayer, containing 90- 95% lyrnphocytes, removed with a

Pasteur pipette, spun down and washed twice with Dulbecco

Buffer. Ce1ls were resuspended in buffer and aliquots

placed in four tubes. One drop of antiserum to IgG, IgA

and IgM (Hyland) and polyvalent antiserum (Roboz) was added

to separate tubes, followed by two drops of heat-inactivated

foetal caLf serum (C.S.L.). The tubes were incubated for
one hour at 4oC, then washed three times with Dulbecco Buffer

and resuspended in F.C.S. Each tube was further incubated

for ten minutes at 37oC then the percentage of fluorescing
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lyrnphocytes counted under U.V. light with a Zeiss nicroscope

(Fig. 1.10). The absolute number of B ceLls was calculated

fron the absolute lymphocyte count.

The specificity of the antisera was confirmed by incu-

bating cells with unlabelled antiserum for one hour at 4oC,

then washing three times in buffer and re-incubating with

fluorescein-1abe11ed antiserum. Total blocking was pro-

duced with antiserum of the same class but not with antisera

of other classes.

T CELLS

A proportion of normal human peripheral blood lynpho-

cytes have the ability to bind spontaneously in vitro with

normal sheep red blood ce1ls to form rosettes (Bach et ãL.,

1969). These rosette-forming ce11s are probably thynus-

derived lynphocytes (T cel1s) (Silveira et al., I972;

Wybran et ãI., 1973), although it is possible they re-

present only a sub-population of T cel1s (Dawkins and

Zilko, L973). The proportion of T cells in the peripheral

blood was measured using the method of Wybran et al (19i5).

A lynphocyte-rich preparation of white cel1s was

prepared as described for B cells. Sheep red cells (C.S.L.)

h¡ere washed three times in saline. A suspension of approx-

imately 2 x 106 lynphocytes was added to one ml of 0.5%

sheep red cells and three drops of heat-inactivated F.C.S.

in a centrifuge tube. The cells were then spun at 150 g

for five minutes and kept at 4oC for one hour. The cel1s



44

were resuspended gently and one drop of toluidine blue

added.

The percentage of Tosette-forming ce1ls r{ras counted

on a Neubauer counting chanber (Fig. 1.11). The absolute

number of T cells r^¡as calculated fron the absolute lympho-

cyte count.

(10) LYMPHOCYTE COUNTS

Total white ce11 counts r^rere measured with

Counter, Model S, a differential perforrned, and

lute lymphocyte count calculated.

a Coulter

the abso-

( 11) EOSINOPHIL COUNTS

In the studies perforned in Australía, the absolute

eosinophil count was calculated in the same way as the

lynphocyte count.

In the studies perforrned in Papua New Guinea, the .abso-

lute eosinophil count was measured using the method of Dacie

(1968): 0.1 ml of blood was diluted L:20 in diluting fluid
(eosin 0.1 E, acetone 10 nl, distilled water 90 nl), mixed,

then eosinophils counted in a Neubauer Counting Chamber.

(L2) AUSTRALIA ANTIGEN

Australia Antigen was measured with the commercia1-1-y

available radio-immunoassay kit, "Ausria" (Abbott, North

Chicago).
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Fig. 1:10 B lyrnpho-cytes- stained with fluorescein=
labelLed antihuman immunoglobulin under
U.V. 1ight.
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Fig. 1.11 T lyrnph.ocytes forrning roséttes w.Ìth- sheep
red blood cell-s.
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(13) HOOKWORM EGG COUNTS

Faeces were collected in airtight plastic containers

and faecal egg counts measured by the nethod of Gordon and

Whitlock (1939). ApproximateLy 1 g of faeces was weighed

on tissue paper, mixed well with water in a test tube, sat-

urated salt solution added to the 45 nl mark, thoroughly

shaken, and transferred to a 0.3 ml Whitlock egg counting

chamber, and the number of eggs counted. This procedure

ü¡as performed three times and the mean egg count calculated.

Rather than introduce any possible bias, Stollrs
correction factors for stool consistency were not used,

(Wilcocks, Manson and Bahr, L972). Stools hrere generally

of the same consistency. The people were predorninantly

vegetable eaters, with sweet potato the principal foodstuff.
It was considered that arry variations in stool consistency

which did occur between individuals would tend to balance

out over the series, So that populations should be com-

parable.

Egg counts were measured six times over a period of

two months in one subject, with a coefficient of variation
of 24%.

Six

and Mori

A. Kelly,

Re s earch.

specimens r^rere cultured by the method of Harada

(1955) and identified as Necator amer]-canus

Parasitologist, P.N.G. Institute of Medical

by Mr.
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STATISTICAL METHODS

Normality of distribution of all populations v¡as checked

with a histogram and Davies' Test for Skewness (in

LangLey, 1970) . Some parameters followed a 1og-normal

distribution, in which case tests of significance were

made using logarithnically transformed values. For

ease of interpretation, such results have been expressed

in one of two ways:

(a) In tables or charts which contain only parameters

following a 1og-nornal distribution, the results

are expressed in terms of the geometric mean and

the range, calculated from the mean t 1.96 x

standard deviation.

(b) In tables or charts containing some parameters

following a norrnal, and others a 1og-normal distri-

bution, the results are expressed in terms of the

geometric mean and the "standard deviation" ca1-

culated as follows (Dixon and Massey, 1969).

1

tts. D. tt

Significance of differences in means of two populations

of sma11 si ze was calculated using Studentrs 'rtrr test

(Paradine and Rivett, 1960):

+ þr,ti-ros 
(1og nean +

- antilog (1og mean

1.96 1og S

- 1.96 1og

.D.)

,,1
')
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*1 i X

tl *nz

tl 'nz
?

tl*nz
t

2nz= 
z

+zt1t1

2

where degrees of fteedorn = tl * nz 2

3 Significance of difference in means of two large popul-

ations (more than 200 samples) was calculated using the

formula of Bailey (L973):

d

2
S

t1
2

When a normal distribution was compared with a non-

normal distribution, Wilcoxonts Sun of Ranks Test was

used (Langley, 197ò).

Paired rrttr tests r,.rere performed as described by Bailey

(Ls73).

Two by two table cornparison's hrere made using Fisher's

Exact Test (Dixon and MasseL 1969).

)
Xu 'hras calculated from two row contingency tables using

Brandt and Snedecorts formula (Bailey, L973).

Correlation co - ef f icients r4lere calculated as described

by Bailey (T973).

i*1

1

2

tz 2

+
n

4

5

6

7

B
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9 Analysis of variance was performed as described by

Bailey (T973) and Paradine and Rivett (19ó0).
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HISTORICAL BACKGROUND

Leonardo Botallo (1530-?), with his description of hay

fever in 1564, appears to have given the first modern account

of one of the atopic disorders. His patient suffered from

headache, sneezing, and itching of the nose when in the

presence of roses. In 1819, John Bostock (L773-1846), in

an account of his or{rn symptorns, extended these observations

to the chest, by describing paroxysmal dyspnoea in associa-

tion with hay fever. In 1831, John Elliotson (1791-1868)

showed that pollen was a cause of hay fever. In L873,

another hay fever sufferer, Charles Blackley (1820-1900), in

addition to demonstrating that attacks could be provoked by

the deliberate inhalation of grass pollen, showed that it

hras possible to elicit localized reactions in the skin by

application of pollen grains to abraded areas, and in the

conjunctiva following adninistration of an aqueous extract.

Francois Magendie (1785-1855) had shown in 1859 that

anaphylaxis (although this term was not used) r4las produced

in rabbits after a second injection of egg albunin, having

tolerated the first injection. Portier and Richet (1902)

coined the term "anaphylaxis", in contrast to prophylaxis,

to describe the lethal effects of a second injection of a

sea anemone extract into dogs, the first having been harm-

1ess. In 190ó, von Pirquet proposed the term "allergy"
to describe changed reactivity to a protein, and restricted

the term "immunity" to those processes in which the introd-
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uction of the foreign substance into the organism caused no

clinically evident reaction.

In 1911, Sir Henry Dale observed that the features of

anaphylaxis, are to a large extent mimicked by histamine.

In L92L, Prausnitz passively sensitized the skin of his own

forearrn with serum fron his patient, Kustner, who was

allergic to fish. When this site was challenged with fish

extract, Prausnitz developed the typical weal and flare

reaction, similar to that elicited directly by intradernal

injection of fish extract into Kustnerrs forearm. This

provided the first evidence for a circulating factor in the

mediation of inmediate hypersensitivity reactions.

In 1923, Coca and Cooke proposed the term 'ratopy" to

denote the group of conditions with "abnormal hypersensit-

iveness" associated with an hereditary predisposition, such

as asthma, hay fever, urticaria and atopic dernatitis.

Coca and Grove (1925) used the Prausnitz-Kustner test to

study the nature of the skin sensitizing substance in the

sera of pollen-hypersensitive individuals. It was shown

to be heat labile when tested in vivo, and neither fixed

conplement nor produced a visible precipitate when mixed

with specific allergen extract in vitro. This was in con-

trast to antisera raised in rabbits against ragweed pollen

and egg protein. In view of the uncertain nature of the

substance, they referred to it as "atopic reagin" by

analogy with the use of "reagin" to describe the serum
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factor responsible for the Wasserman reaction.

In L932, direct evidence was obtained that histamine

was liberated during anaphylaxis in dogs (Dragstedt and

Gebaur-Fuelnegg). Histanine release by antigen from hunan

lung was shown in 1951 (Schild et a1). Riley and West

demonstrated in L952 in guinea pigs, that histamine was

located in mast cel1 granules. In 1940, KelIaway and

Trethewie had shown that a slow reacting substance on smooth

muscle was liberated fron guinea pig lungs during a anaphy-

laxis. This observation was confirmed by Brocklehurst in

1955, who termed this substance Slow Reacting Substance of

Anaphylaxis. Beraldo, in 1950, found that a nonapejard",

bradykinin, was also released during anaphylaxis in dogs.

Serotonin was found in rat mast cells in 1955 (Benditt et

aI), but not in those of man (Parratt and West, 1957).

Chernical mediators for anaphylaxis had thus been described,

but the mechanism of their release remained obscure.

With the delineation of the yG, yM and yA immunoglobulin

classes, it was initially thought that reaginic activity was

to be found in the yA fraction (Heremans and Vaerrnan, L962).

Further studies failed to support this view, nor u¡ere

reagins in the newly described yD fraction. Ishizaka,

Ishizaka and Hornbrook (1966a,b) showed that reaginic anti-

bodies against ragweed antigen E were to be found in a sep-

arate fraction which they labe11ed yE. Soon afterwards,

a unique nyeloma immunoglobulin was found in Sweden and
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called IgND (Johansson and Bennich, 1967). Subsequent

studies confirmed the cross-identity of yE and IgND

(Bennich et ãI., 1969) and the name IgE was accepted for

this nel/ immunoglobulin class (Bennich et ãL. , 19ó8).

The raising of antibodies in animals to human IgE

enabled the hypothesis that IgE antibodies were located on

mast ce1ls and basophils to be tested. Histamine was re-

leased fron leucocytes on exposure to anti-IgE (Ishizaka

et 4I.,19ó9), then IgE was demonstrated on the surface of

hurnan basophils and nonkey tissue rnast cells by autoradio-

graphy (Ishizaka et ãI.,1970).

The class of antibodies principally responsible for the

manifestations of asthma has now been largely defined,

(although reagins nay sometimes be present in the IgG

fraction, Bryant et ãI., 1973), but the fundanental reason

or reasons for clinical manifest ations in a proportion of

the population are still not clear. There is variability

in the allergens to which an atopic individual will develop

hypersensitivity, and variation in the organs which are

affected. Several hypotheses, not necessarily nutually

exclusive, have been advanced to explain the development of

the atopic state.

Hereditary Predispos ition

The fanilial ch¿stering of atopic diseases suggests

that an atopic tendency nay be inherited (Cooke and Vander
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Veer, 1916; Sherman, 1965). Cooke and Vander Veer con-

cluded that hypersensitized individuals transrnitted to their

offspring, not their own specific hypersensitization, but

rather an unusual capacity for developing reactions to arly

foreign proteins. Studies in rats have shown that the

reaginic response to repeated minute doses of antigen can be

correlated with the rnajor histocompatability types, thus

suggesting a role for genetic control (Levine and Vaz, Lg70;

McDevitt et ãI., 1971). However, HL-A histocompatibility

antigens and inmediate hypersensitivity reactions in man

could not be correlated in one study (Marsh et ãL. , 1972).

Moreover, the capacity to produce skin sensitizing

antibody is not limited to atopic individuals. Non-atopic

as well as atopic individuals respond to parenteral inmun-

ization with protein or polysaccharide antigens with the

production of reaginic antibodies (Kuhns and Pappenheimer,

1952; Leskowitz ar.d Lowell, 1961; Greenert et aL., L97I),

although the last authors thought that the reaginic anti-

bodies produced in non-atopic individuals were functionaLly

inactive. Furthernore, anaphylactic reactions to drugs,

foreign sera nnd insect bites may occur in otherwise non-

atopic individuals, (Alexander, 1955; Schwartz and Kahn,

1e 70) .

An allergic diathesis seems to be an inportant but not

an absolute prerequisite for the development of imnediate

hypersensitivity reactions (Leskowitz et ãL., 1972).
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Enhanced Reactivity to Pharmacological Intermediates

Increased sensitivity to pharnacological interrnediates

released from mast cel1s or basophils as a result of the

interaction of antigen with surface IgE rnay be an under-

lying fault in atopy. Provocation by inhalation or paren-

teral challenge with histamine or acetyl-rnethylcholine

results in significantLy greater bronchoconstriction in

atopics than non-atopics (Townley et ãL , 1965). However'

atopic and non-atopic individuals respond equally to skin

testing with histamine, serotonin and 48/80 (Leskowitz and

Lowe11, 1961) .

Beta Adrenergic Blockade

It has been suggested that asthma is associated with a

functional imbalance of the autonomic nervous system, bY

partial blockade of the beta adrenergic system (Reed, 1968;

Szentivanyi, 1968) . This theory proposes that blockade of

the beta adrenergic system is the nechanism by which bron*

chial hyperreactivity results from a wid-e variety of

stimuli: irnmunological, psychiatric, infectious, chemical

and physical.

Prolonged Retention of Antigen

Prolonged immunization results in the production of

reaginic antibodies (Greenert et aL,, 1971). It is possible

that an enzyme or other defect allows prolonged retention

of antigen with consequent heightened reaginic antibody

production (Leskowitz et aI., L972).
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Mucosal Barrier Defect

Intranasal instillation of protein and polysaccharide

antigens more readily induces reaginic activity in atopic

than norrnal individuals (Salvaggio et aI.r 1964, 1966,

1969) . In contrast, when antigen was given pa1enteraLIy,

there r,,ras no difference in the numbers of atopic and non-

atopic individuals who developed reaginic antibodies.

These findings suggested that in atopics there is a defect

in the mucosal barrier which leads to more efficient contact

between antigen and immunologically competent ce11s. This

defect rnight 1ie in the mucous membranes themselves, their

secretions, or the quality and quantity of 1ocal antibody-

producing cel1s (Leskowitz et aI,, T972).

Inmune Deficiency

In L937, Rostenberg and Sulzberger showed that patients

with atopic dermatitis l^Iere much less 1ikely to react to

patch testing with a wide range of antigens than patients

with contact dermatitis. However, patients with atopic

eczema were not compared with normal controls. Neverthe-

less, Kaufman and Hobbs (1970) have suggested that this nay

be the first record of an association between atopy and

inmune deficiency. Kuhns and Pappenheirner (1952) described

the case of a boy who, on being re-imrnunized with diphtheria

toxoid, had an anaphylactic reaction. Subsequent investiga-

tion showed that some atopic and some non-atopic individuals

produced reaginic, but not precipitatitg, antibodies to
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diphtheria toxoid. A high prevalence of atopy has been

noted in innunoglobulin deficiency syndromes (Hobbs, 1969) .

Conversel-y, inmunoglobulin deficiencies, especially of IgA,

r^iere found in more than 7% of atopic subjects (Kaufrnan and

Hobbs, 1970). They suggested that "atopy develops in

individuals whose immunological vocabulary is backward",

This study was undertaken in an attenpt to deternine,

by measurement of various parameters of humoral and cellu-

lar irnrnunity, whether it hras possible to f ind more evidence

of immune deficiency in asthna.

PATIENTS AND METHODS

Forty two male and forty nine female asthnatics ïrere

studies. Ages ranged from 9 to 63 years, with a mean age

of 3L years. There hras one patient in the first decade,

and 18, 22r 29, 13,6 and 2 patients in each succeeding

decade. These t,rrere unselected patients who presented at

the rooms of an allergist and agreed to take part in the

s tudy.

Patients were considered to be asthmatic íf they gave

a history of internittent wheezing and shortness of breath

which either resolved spontaneously or on treatment with

bronchodilators (Scadding, 1.963). Many patients had

additional objective evidence of reversible airways obstruc-

tion on spironetTy before and after inhalation of orci-
prenaline. It was difficult to demarcate clearly all
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patients as either intrinsic or extrinsic asthmatics, there-

fore each patient was classified into one of the following

five groups on the basis of the clinical features and

results of skin testing for irnmediate hypersensitivity and

without knowledge of the other immunological findings.

(1) Extrinsic: only caused by denonstrable allergens.

Symptorns usually worse in spring and sunmer. All
had positive skin tests.

(2) Mostly Extrinsic: as in 1 plus some wheezing

after colds or for no apparent reason.

(3) Extrinsic-Intrinsic: evenly balanced I and 5.

(4) Mostly Extrinsic: as in 5 plus some incrinina-

tion of extrinsic factors.

(5) Intrinsic: no demonstrable extrinsic cause, but

wheezíng frequently associated with Tespiratory

infections, weather changes, emotion, exercise,

often with a tendency for symptorns to be worse in

winter. All had negative skin tests.

Most patients were receiving some fonn of drug therapy,

both prior to, and during the study. Fifty one patients

were receiving bronchodilators, either ora1ly or by inhala-

tion. Twenty seven r,rlere taking antihistanines i 18,

disodium cromoglycate 20-80 ng dailyi L2, antibiotics,

mostly benzathine penicillin; 3, bronhexine; one,
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anitriptyline, and one, diazepan. Thirty one patients had

been on a course of hyposensitizing injections, twice a

week or more, for at least one month, with graded antigen

preparations (Comnonwealth Serum Laboratories , C. S. L. ) .

Skin testing for inmediate hypersensitivity reactions

to a wide range of allergens, assessrnent of respiratory

function by spirometry, and classification of the patients

aS described above, weïe performed by Dr. R. Munro Ford.

Patients r^rere interviewed and a clinical history taken.

Serum immunoglobulin 1eve1s, lymphocyte 3H thytidine uptake,

DHS skin reactions to aspergillus, candida, mumps, old

tuberculin and streptokinase-streptodornase antigens and

antibody responses to inmunization with tetanus toxoid and

typhoid vaccine were measured as previously described.

CONTROL SUBJECTS

The control values were established on normal people 
'

together with a few patients suffering from vascular or

neurological diseases. Control patients were not receiving

drug therapy. Not all parameters were measured for each

control subject. The mean ãEe, and standard deviation

around the rnean of the controls is listed:

I.gG 34 + 16 years

rgA rr

rgM rr

IgD 29 1 11
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IgE

Tetanus antibody response

Typhoid antibody response

Skin test reaction

PFIA uptake - autologous serum

PFIA uptake - foetal calf serum

Spontaneous uptake

37 t 18 years

55 ! L7

il

39 t 18

28t10

29t10

3Lt11

These age distributions are comparable with that of the

asthmatic population studied (51 ! IZ years).

RESULTS

Immunoglobulin Levels

Mean serum levels of IgG and IgE were raised in
asthnatics (Table 2.I). Levels of IgA, IgM and IgD were

normal.

Antibody Responses

Antibody titres were measured before and after immuniza-

tion in 74 asthnatics. Haenagglutinating antibodies to

tetanus toxoid were not detectable in lS (18%) of the

patients (Fig. Z.L). This result is highly significant
(P<0.001, Fisherfs Exact Test) when compared with only one

failure to nake antibody in 74 age and sex-natched controls.

Response to tetanus inmunization was not related to

past history of eczema, or farnily history of atopy. Stat-
istical analysis did not relate failure of tetanus response
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to drug therapy.

Precipitating antibodies to !.. typhi H antigen were not

detectable in one of the 74 asthmatics. No failure to

respond occurred in controls. This result v*Ias not stat-

istically significant.

De laved Hypersensitivity Reactions

DHS reactions r,.rere rneasured in 87 patients. Eight

(9e") failed to react to arry of the f ive antigens (P<0.02)

cornpared with only one such failure in 87 controls

(Tab1e 2.2) .

Lynphocyte Tritiated Thynidine Uptake

The uptake of 3H thymidine by lyrnphocytes is shown in

Table 2.3. The uptake of 3H thy*icline by lymphocytes

stimulated by PHA in the presence of autologous serum was

norrnal, while there was a depressed uptake in the presence

of foetal calf serum (Fig. 2.2). The spontaneous uptake
7of 'H thymidine by lymphocytes fell within the nornal range.

Analysis of the data

receiving antihistamines,

or bronchodilators (Tab1e

no difference i-n patients

cromoglycate, antibiotics,
revealed

disodiun

2.4) .

Fanily History of Atopy

The influence of a fanily history of asthna, hay fever

or atopic eczema is shown in Table 2.5, Patients with a

positive fanily history had significantly higher IgG leve1s

than those without such a history. Patients with a negative
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fanily history did not have significantly elevated IgG

levels when compared with controls.

Pàst History of Eczema

The influence of a past history of eczema is shown in

Table 2.6. 0n1y three patients were currently suffering

fron atopic dermatitis. Serum IgE levels were signifi-

cantly elevated in the group with a positive past history of

eczema compared with those without such a history.

Hypos ens it iz ation Therapy

The effect of hyposensitization therapy is shown in

Table 2.7. Patients who had been undergoing such therapy

for at least one month had significantly reduced spontan-

eous lyrnphocyte 3u thynidine uptake.

Asthma Class

Parameters were considered in relation to asthma class-

ification. There u/ere no significant differences in

irnnunoglobulin levels between asthma classes for aIL five
najor immunoglobulin classes (Table 2.8), including IgE

(Fie . 2.3) .

PHA-stinulated 3H ahyridine lymphocyte uptake in autol-

ogous serum and the spontaneous 3H ahyroid.ine lynphocyte up-

take was sinilar in each asthma class. PHA-stimulateð.Sft

thynidine lynphocyte uptake in F.C.S. was unifornly depressed

throughout the asthma classes (Table 2.9). Irnpaired DHS

reactions and tetanus antibody responses were not related to



64

asthma c1ass.

DHS Skin Test Non-Reactors

(1) Irnmunoslobulin Levels

Immunoglobulin levels in DHS skin test reactors are

compared with those who failed to make such reactions in

Table 2.L0. There were no significant differences for arLy

of the immunoglobulin classes, although the mean IgE level

was higher for the non-reactors.

The mean serum IgE levels in reactors and non-reactors

to individual skin tests are shown in Table 2.LL. There

hras a significantly higher serum IgE level in those patients

who failed to mount a reaction to candida antigen. A

sinilar, though in the individual cases, not significant,

trend was seen with the other four antigens.

(2) Lynphocyte Tritiated Thvnidine Uptake

Although 3H thynidine uptake of PHA-stimulated lynph-

ocytes in both autologous and foetal calf serum was depressed

in non-reactors, this ü¡as not at a statistically significant

level (Table 2.10) . There was no significant difference in
z

spontaneous lynphocyte "H thyrnidine uptake.

(3) DNCB Sensitization

Four asthmatics who failed to react to at least one

antigen r^rere exposed to DNCB. Three failed to react

either spontaneously at two weeks or on challenge. This
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compares with a spontaneous reaction at two weeks by five

subjects who had reacted positively after intradernal

injection to at least one of the candida, mumps and strepto-

coccal antigens. Two of these subjects hlere asthnatics and

three r{rere normal control subjects.

(4) PIIA Skin Tests

Five asthmatics who failed to

antigen ürere skin tested with PFIA.

positive reaction.

(s)

for

1S

Pigeon Red Ce11 Cytotoxicity

Ability of lynphocytes to produce
5lct-1abe11ed pigeon red ce11 when

shown in Tabl e 2 .TZ .

to at least one

subjects had a

a cytotoxic factor

stinulated with PHA

react

All

Four asthnatics who failed to react to DHS testing, and

one asthmatic who reacted normally, hlere studied. There

were no differences in chromium release when compared with

eight normal controls. Both asthnatics and controls had

positive PFÍA skin tests. In contrast, one lymphona patient

who was skin test negative to antigen, weakly positive to

PHA and who had grossly depressed PFIA-stinulated lyrnphocyte

tritiated thyrnidine uptake, had inpaired production of

cytotoxic factor.

Tetanus Non -Responders

Patients who failed to respond to tetanus innuni zation
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had a variety of other immunological abnormalities when com-

pared with patients who did respond (Table 2.L3) .

(1) Iffinunoelobulin Levels

Tetanus non-responders had significantly elevated leve1s

of IgA. There were no significant differences for the other

immunoglobulin classes.

(2) Lymphocyte Tritiated Thynidine Uptake

The 3H thynidine uptake by lynphocytes cultured in

F.C.S. and stimulated with PHA was depressed in all asth-

matics compared with normals, but much more so in those

patients who failed to respond to tetanus immunization.

The spontaneous

depressed in tetanus

a

lymphocyte -H thymidine uptake was also

non -responders .

(3) Re - immun ization

Twelve patients who failed to respond to

immunization were re-immunj-zed several nonths

subjects responded to repeat immunization.

tetanus

1 ater. All

(4) Family Study

Forty one relatives of nine tetanus non-responsive

propositi were inmunized and tetanus antibodies measured

two weeks 1ater. Relatives included parents, children,

sibs and nephews and nieces. Failure of tetanus response

was found in four of the te1-atives. In one fanily, three

sisters; in a second farnily, two sisters; and in a third
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fanily, a mother and son, failed to respond to tetanus

irnmuni zatíon.

Eos inophils

Blood eosinophil levels were significantly elevated in

asthmatics compared with controls (Tab1e 2.L4) . There were

no significant differences in eosinophil 1eve1s between the

asthma classes.

The relationship between serum IgE 1evel and the eosino-

phil count is shown in Figure 2.4. Although there was a

significant correlation between the two parameters in the

group as a whole (r=0.5215, P<0.001), there were large dis-

crepancies in some individual cases.

Autoant ibodies

Autoantibodies r{ere neasured in 91 patients. Snooth

muscle antibodies were detected in four, three of whon had

an asthma classification of class 4 and one of class 5.

Two patients had gastric parietal ce11 antibodies. Anti-

nuclear factor was not detected. These values do not

differ significantly fron the normal range established for

the Queen E1-izabeth Hospital.

Serum Alpha ant itryps in
1

Serum electrophoresis üÍas perforned on all

Alpha, globulin 1evels ulere low in some sera, so

spec]-mens.

aloha- anti-



68

trypsin levels were neasured in the twenty sera with the

lowest values. The nean value of 199 ! 33 units / nL did

not differ significantly fron twenty age and sex natched

controls (2L3 ! 79 units / nL).



69

Table 2.L

IgG Asthnatics
Contro 1s

IgA Asthnatics
Contro 1 s

IgM Asthnatics
Contro 1 s

IgD Asthnatics
Con tro 1s

IgE Asthnatics
Contro 1s

SERUM IMMUNOGLOBULIN LEVELS

No. Mean S. D. Probability

91

88

91

87

91

89

91

74

91

100

1 460

119 0

203
1-97

304

311

90

77

56

70

14 g*

14 g*

12"
16*

?,2sx

1 00*

47

62

<0.001

N.S

N.S

N. S

<0.001
480

110

* Geometric Mean

Probabil ity by Student I s rr trr

N. S. Not Significant

IgG, IgA, IgM: ng/t00 nl

IgD, IgE: units/nl

tes t
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Table 2.2

Asthnatics

Con tro 1 s

DELAYED HYPERSENSITIVITY REACTIONS

Reactors Non-Reactors Probability

79

<0.02
86

Probability by Fisherts Exact Test

I

1
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Table 2.3

PHA 5u upt"ku
- autol. serum

PHA tn untake
- F.C.S.

Spontaneous

'n untake

As thmat ics
Control s

As thna tics
Con tro 1 s

Asthnatics
Contro 1 s

LYMPHOCYTE
3H rHyutDrNE uPTAKE+

No. Mean S. D. ProbabilitY

90

74

90

84

80

90

73,000
76,000

52,500
71,5oo

37 ,7 00

39,400

27,600
32,300

299

208

N.S

< 0. 001

N. S.
392r'

4 00*

f Dis inte grat ions/ cu1 tur e/minute

* Geometric mean

Probability by Studentrs rrtrr test

N. S. Not Significant
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Table 2.4

Drug

Autologous Serum

D.S.C. f

Antibiotics

Antihistamines

Bronchodil ators

D.S.C. t

Antibiotics

Antihistamines

Bronchodilators

DRUGS and LYMPHOCYTE UPTAKE tt

Consunption Nunber Mean

+

+

+

+

18

72

LZ

68

27

63

51

49

18

72

L2

68

z7

6s

51

49

72,000
73,000

81,000
72,000

73,000
73,000

75,000
7 3 ,000

58,000
52,000

53,000
52,000

55,000
51,000

55,000
53,000

S.D

30,000
39,000

36, 000

37,000

39,000
54,000

57,000
36,000

25,000
28,000

24,000
2 8, 000

25,000
29,000

27,000
26, 000

F. C. S.

+

+

+

+

* Dis integrat ions/ culture/minute

+ D.S.C. = Disodium cromoglycate
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Table 2 5

FAMILY HISTORY OF ATOPY

History No. Mean S.D. Probability

IgG

rgA

IgM 'r

IgD ¡t

IgE *

+ 68

22

315

230

1,500
1,350

20s
L97

153

135

207

2 80

71,000
78,800

4s5

395

3 5, 400

42,000

<0.05

N.S

N.S

N. S.

N.S

N. S

N. S

+ 68

22

94

80

+ ó8

22

59

43

68

22

L3

10

54

30

+

+ 68

22

68

20

PHA Auto1.
3H

PHA FCS
3H

Spontaneous * a

5H

68

ZL

50,800
56, 800

61

I7
406

s62

+

+ 24 ,7 00

28,100

2 85

202

Probab il ity by Student ' s rrtrr tes t
Units as in Tables 2.L and 2.3
* Geometric Mean

N.S
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Table ?,.6

rgG

rgA

PAST HISTORY OF ECZEMA

History No. Mean S. D. Probability

rgM

PHA F
3H

rgD

IgE tt

PFIA Autol
3H

1,5 80

L ,430

199

20L

156

147

9

T3

4L2

199

57,000
76,000

32,200
37,500

N.S

N.S

N.S

N.S

<0 .02

N.S

N.S

+ L7

73

I7
73

T7

73

357

282

79

95

66

54

+

tr

2k

+

+ L7

73

16

t5

16

70

24

57

+ I7
/5

1,550
320

+

C.S + 57,300
51,800

37,700
24,800

Spontaneous *
3H

+ 16

63

386

396

26s
267.

Probab il ity by Student I s rr t,

Units as in Tables 2.L and 2

* Geometric Mean

te st

3

N. S
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Table 2.7

rgG

rgA

rgM rk

IgD

rgE ,É

PFIA Auto 1
3u

PHA F.C.S.
5H

Spontaneous
5H

3T

60

52

58

HYPO SENSIT I ZATION THERAPY

Therapy No. Mean S.D. Probability

+ 3L

60

r ,460
1, 4óo

zL0

200

L4L
L54

335

28r

L20

46

425

48s

34 ,7 00

40,000

N.S

93

92
N.S

N.S

+

+

3T

60

3L

60

20

I2
+

+ 31

60

246

213

7 2 ,400
7 6 ,200

N. S

N.S

N.S

N. S

+ 3T

58

+ 30

58

54,600
51,500

30,500
26,100

tÉ 29

51

320

422

285

310

+

Probability by Student's rrtrr test
Units as in Tables 2.I and 2.3
* Geometric Mean

<0.05
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Table 2.8

Number

IgG Mean

S. D.

IgA Mean

S. D.

IgM Mean :t

S. D.

IgD Mean tr

S. D.

IgE Mean rr

S. D.

IMMUNOGLOBULINS & ASTHMA CLASS

I II III

9 L7 L4

IV

3l 20

V

1380

186

179

59

137

45

202

950

L430
273

1 400

219

2I0
67

L46
29

16

97

176

305

1 460

326

L76
78

163

49

9

29

222

370

1 560

33I

244

I2L

L43
67

198

87

11

35

I4
60

L43

63

239

s90

L3

4I

270

495

* Geometric Mean

I Intrinsic Asthnatics

II Intrinsic > Extrinsic
III Intrinsic - Extrinsic
IV Extrins ic > Intrins ic
V Extrinsic Asthmatics

Units as in Table 2.L
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Table 2.9

3 H THYMIDINE UPTAKE Ê ASTHMA CLASS

VI II III IV

PFIA Auto1.
No.

Mean

S. D.

PFIA F. C. S

No.

Mean

S. D.

Spontaneous
No.

Mean *

S. D.

9

66,000
23,000

9

42,000
20,000

1ó

75,000
35 ,000

16

54,000
29,000

T4

376

33I

L4

68,000
59,000

L4

58,000
24,000

11

464

387

51

7 4 ,000
59,000

3T

52,000
28,000

29

374

240

20

72,000
36,000

20

54,000
30,000

I7
381

130

9

405

233

* Geometric Mean

Classes as defined in Table 2.8

Units as in Table 2.3



78

Table 2.L0

rgG

rgA

IgM tr

rgD :t

IgE 't

DHS SKIN TEST REACTION

Reaction Number Mean S. D. Probability

79+

I

79

8

79

8

79

8

79

8

79

8

79

8

200

198

L49
141

L2

B

317

166

88

L24

46

35

500

415

t67
252

N.S

N.S

N.S

N.S

N.S

N.S

L,470
L,330

+

+ 61

28 N.S.

+

+ 227

26r

PHA Autol
5H

PHA F.C.S.
5H

Spontaneous ?t

3H

+ 75,500 37,r00
64,600 37 ,400

s2 ,7 00 27 ,7 00

44 ,200 23,000
+

+ 79

8

396

411

* Geometric Mean

Probability by Studentf s rrtrr test
Units as in Tables 2.T and 2.3

N.S
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Table Z.LL

Aspergillus

Candida

Munps

old
Tubercul in

ttVaridasett

SERUM IeE & DHS SKIN REACTIONS

Reaction No. Geonetric S.
Mean

D. ProbabiLity

+ 13

74

48

39

19

68

61

26

r52
2L0

395

s60

290

870

410

490

530

s00

s40

470

N.S

<0.01

N.S

N. S

N.S

+ L43
299

194

198

J.87

?.34

+ 67

20

T7L

277

+

+

Probabilíty by Studentf s rrtrr test

IgE: units/nl
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Table Z.LZ

Contro 1s

As thnatics
Skin Test positive

Asthnatics
Skin test negative

Lynphoma

PIGEON RED CEIL CYTOTOXICITY

Subject
tç

1

2

3

4

5

6

7

8

% Release

38

39

22

32

30

51

24

23

z2

26

33

25

32

L4

1

1

?

3

4

1

* PHA Stinulated % Release - Unstimulated % Release

See page 4L
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Table 2.L3

rgG

rgA

IgM tÉ

IgD 2k

IgE 't

TETANUS RESPONSE

Response No. Mean S.D. Probability

+ 60

15

60

13

L,440
1,490

190

260

148

156

I3
L4

356

248

77

86

69

61

567

4s4

34,300
38, 800

60

85 N.S

N.S

<0.02

N.S

N. S

N.S

<0.005

+

+ 60

T3

+ 60

13

+ 60

15

252

197

PFIA Autol
3H

PHA F.C.S.
5H

Spontaneous

+ 60

13

68,100
62 ,400

+ 57

13

54

11

400

208
226

z4L

54,500
36 ,400

28,800
14,500

ât +

* Geonetric Mean

Units as in Tables 2.1 and 2.3
Probability by Student's rrtrr test

<0.01
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Table 2.L4

Controls

As thnatics

Class 1

lt

tt

tt

tt

EOSINOPHIL LEVELS

2

3

4

5

Nunber

90

91

9

I7

L4

31

20

Geometric
Mean

40

228

239

208

L42

26L

278

S. D. Probabil ity

510

880

<0.001

40 00

1000

6s0

770

320

Eosinophils / vL

Probabil ity by Student t s rrtrr test
Asthna classes as in Table 2.8
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These results provide

body production or ce11u1ar

patients with asthma. It

function rnay be related to

87

DI SCUSSION

evidence of irnpairment of anti-

immune processes in some

is proposed that dininished

the pathogenesis of asthma.

Although the opportunity did not arise in all cases to

demonstrate airways obstruction reversible with broncho-

dilators, all cases had clinical features consistent with

the diagnosis of asthna. Patients l{¡ere selected only inas-

much as that they had been referred to an allergist for

management. Most patients l^Iere reasonably welI at the time

of study, many of then having presented for review or during

a course of hyposens itization treatrnent.

Many attempts have been made to classify asthma

(Williams, 1964). Rackemann (1918) was probably one of the

first people to differentiate asthma into intrinsic and

extrinsic types. Many modern authors still use this class-

ification (for example, Henderson et â1., 197I; Johansson

et a1., 1970; Kumar et ãL., I97I; Rowe and Wood, 1970;

Schwartz et ãI., 1968; Turner-Warwick and Haslam, 1970).

Moreover, âs discussed later, differences in IgE 1evels and

the prevalence of smooth muscle antibodies are claimed for

these types. Accordingly an attenpt was made to classify

patients in this way. As a sharp distinction could often

not be rnade, it was considered preferable to grade the

patients into five classes, passing from most intrinsic to
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most extrinsic, thus allowing trends to become apparent.

Most workers have found 1ittle difference between mean

levels of IgG, IgA and IgM in control and allergic patients

(Johansson, L967; Huntley et ãL., 1963; Momma, 1965;

Buckley et ãL. , 1968; Collins-Wil1iams et a1. , 19ó7) . In

contrast, patients in this series had a raised mean IgG

leve1. Patients without a fanily history of atopy however,

did not have significantly elevated IgG 1evels. Normal

1eve1s of IgA and IgM were seen in this study. Kaufman and

Hobbs (1970) demonstrated that 7eo of atopics had very 1ow

immunoglobulin 1eve1s, this finding being most marked with

IgA. In this series, no patients had aÍL IgG or IgM reading

below the normal range, while serum IgA was not detectable

in one patient.

Only 27% of patients had IgE levels above the normal

range. This proportion is less than that found by some

workers, but is similar to the findings of Kumar et aL

(1-97Ia) working with children. It is possible that the

1eve1s were 1ow because the study was carried out in winter

when allergenic stinulation may have been less. Johansson

(19ó7), Berg and Johansson (1969), Rowe and Wood (1970) and

Kumar et aI (1971b) reported raised levels of IgE in

extrinsic, but not in intrinsic asthnatics. No significant

differences r^rere apparent between aîy of the five classes of

asthnatics in this series. This finding is in agreement

with the observation of Henderson et aL (1971) who found
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that 2L% of intrinsic asthmatics had raised IgE levels.
Sinilarly, Reerink-Brougers et aT (Lg7S) found that IgE

1eve1s were not helpful in differentiating intrinsic from

extrinsic asthmatics. Rackemann (1958) concluded that
clinical evidence "gives strong support to the idea that
these diseases are all the same". Raised IgE leve1s in
both intrinsic and extrinsic asthmatics are consistent with

the hypothesis that there is a final common reaginic. pathway.

Serum IgE levels have been found to be higher in atopic

eczema than in asthma (Johansson et aI., L970; ltlood and

Oliver, 1972) . The higher IgE levels in patients with a

past history of eczema are consistent with this observation.

There was a significant correlation between the absolute

eosinophil count and the IgE level, but like the IgE levels,
no differences in eosinophilia were found between any of the

asthma classes.

Turner-Warwick and Haslam (1970) found snooth muscle

antibodies in 20% of patients with intrinsic asthma. In

this series, there h¡as no difference in frequency from the

normal population, and those sub jects who r,\¡ere positive, had

extrinsic features. These findings are sinilar to those of
Reerink-Brougers et aI (1973) who also found that smooth

muscle antibodies, like IgE 1eve1s, are not helpful in
differentiating intrinsic from extrinsic asthmatics.

Inpaired cellular inmunity was demonstrated by absent
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DHS skin reactions in some patients. The mean serum IgE

leve1 of the non-reactors to each antigen was higher than

that of the reactors, ãLthough this difference hras signifi-
cant only for candida antigen. This may be evidence of

increased Teaginic stinulation secondary to impairment of

the cel1-mediated immune system.

It is generally recognized that lymphocyte responsive-

ness to PFIA is an index of cellular ímrnunity (Ling, 1968) .

7
The "H thynidine uptake was within normal linits when the

lyrnphocytes hrere cultured in autologous serum, but depressed

when cultured in foetal calf serum, this occurring in each

asthma class. If drugs hreïe to affect lynphocyte activity
significantly, more profound depression of transformation

would be expected in lynphocytes which r{¡ere cultured in auto-

logous rather than foetal calf serum. In any case, analysis

of the data showed that PFIA-ind.uced 3H thyrnidine uptake in

patients taking drugs was not significantly different frorn

that in untreated asthmatics. The significance of the find-
ing is obscure. It is possible that the depressed uptake nay

simply represent an altered kinetic or dose response to PHA

rather than an inherent defect of lymphocytes. Alternative-
Ly, the reduced uptake in foetal calf serum may be the result
of intrinsic hyporeactivity of lynphocytes in asthmatics,

with the nornal uptake in autologous serurn due to less of a

postulated inhibitor of lyrnphocyte activity (Field and Cas-

pary, L97I; Ford et aI., L973) in the serum of asthmatics.
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Impairment of ce11ular immunity was shown by the failure

of eight asthmatics to make DHS reactions to any of the test

antigens. PFIA-stimulated lynphocyte transformation was

reduced in these patients, but not at a statistically signi-
ficant leve1. There were however, only small numbers in

this group. Supportive evidence of impaired cel1ular

inmunity in this group is given by the results of DNCB test-

ing. Four of these patients were tested and three could not

be sensitized. Five patients hrere skin tested with PFIA and

all reacted normal1y. Irnpairment of ce1lular imrnunity was

further investigated by assessment of a cytotoxic factor
produced by PHA-stinulated lymphocytes. Cytotoxicity was

measured by the release of 51Ct from pigeon red. cells. PHA

stimulation of a cytotoxic factor did not differ between DHS

skin test positive asthrnatics, DHS skin test negative asth-

matics and normals. The technique was sufficiently sensi-

tive to show irnpaired production in a lymphorna patient with

gross depression of cellu1ar immunity. It seems unlikely

that nonspecif ic response to PFIA nitogen is inpaired in this
group of asthmatics. Some patients however, seem to have

an inpaired ce11-mediated response to a specific antigenic

stimulus.

Eighteen percent of asthmatics failed to make anti-

bodies after imnunization with tetanus toxoid, this usually

being an IgG secondary response. This represents not

merely failure to increase the titre, but failure to produce
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arLy detectable antibodies . There is however, not a com-

plete block in antibody production, for ten non-responders

produced antibody after re-immunization. This phenomenon

has been observed previously in people suffering from

chronic infections (Forbes, 1-97L). It is probable that

this test i-s a relatively sensitive indicator of humoral

immunological competence .

Other workers have assessed the hunoral imrnune response

in asthma. Kuhns and Pappenheimer (1952) described an

asthnatic boy who produced reaginíc but not precipitating

antibodies to diphtheria toxoid, and three non-atopic sub-

jects who failed to produce precipitating antibodies despite

high titres of reaginic antitoxin. Leskowitz and Lovel1

(19 61) did no t demons trate arry dif f erences in the capaci ty

of atopics and non-atopics to produce precipitating anti-
bodies on imnunizatíon with dextran and pneurnococcal poly-

saccharide adninistered parenterally. The failure of

response to tetanus toxoid, but normal response to q. typhi

H antigen, in this series may reflect a different popula-

tion of asthmatics, difference in the antigen, or represent

production of antibody with reduced affinity for tetanus

toxoid. These findings may be analagous to those in rnice

in which the secondary response to tetanus toxoid is thyrnus-

dependent (Hess, 1968), whereas antibody responses to

Salmonella f1agellar antigen are less thynus-dependent and

those to pneumococcal polysaccharide are thynus-independent
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(Davies et dL.,1970).

Other abnormalities were present in the group of

tetanus non-responders: the serum IgA level was raised;

the PHA-stimulated uptake of lynphocytes cultured in foetal
calf serum was even more depressed: and there was a

reduced spontaneous lymphocyte 3H thynidine uptake. These

data show that tetanus non-response is not sinply an

isolated defect in these patients. A limited family study

suggested a role for inheritance in tetanus non-responsive-

ness. Four of 4I relatives failed to respond to immuniza-

tion, compared with an expected frequency of L%. fn one

fanily, three sisters r^rere tested, and all failed to respond.

The spontaneous lynphocyte 3H thynidine uptake probably

reflects the circulating population of lymphocytes respond-

ing to antigenic stimulation (Wood and Frankel, Ig67;

Crowther et ãL., 1969). Although the overall spontaneous

"H uptake was normal, it was reduced in two subpopulations.

It was reduced in tetanus non-responders. It is of

interest that the same phenornenon rtras seen in those patients

with dystrophia myotonica who failed to respond to tetanus

immunizatíon (Chapter VIII). It was also reduced in those

patients who were undergoing hyposensitization therapy.

There was however, [o greater prevalence of tetanus non

response in those patients undergoing such therapy. The

significance of these findings is unclear.

The data presented support the hypothesis that in some
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asthmatics there are deficiencies in the immunological

defence mechanisms, humoral or cellu1ar. This nay lead to

increased antigenic stimulation of the reaginic system.

This has also been postulated by Soothill and Steward (1973)

who suggest that reaginicity rnay result from "defective anti-

body response leading to abnormal handling of antigen".

Further support is given by the observations of Taylor et a1

G973) who have shown that transient IgA deficiency in

infancy nay be associated with the subsequent developnent of

atopy in the children of reaginic parents.

Reaginic antibodies can be induced in almost every

individual under the appropriate circunstances (Leskowitz

and Lowe11, 1961; Salvaggio et al., 1964, 1969; Schwartz

and Terr, I97I; Greenert et aI., I97L). The factors

which determine these circumstances nay be higher intrinsic
activity of the reaginic system, or relative inefficiency
of the other humoral or ce1lular irunune nechanisns. These

two systems nay be each subject to genetic influences. The

great range in severity of clinical asthna flay, in part,

reflect the interaction of these factors. There may be

many varieties of immunological deficiency which have as

their common response, a clinical presentation as one of the

atopic diseases.
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SUMMARY

Parameters of humoral and cellular immunity have been

measured in 91 asthmatics. Mean serum levels of IgG and

I gE u/ere raised. IgG 1eve1s r4rere higher in those with a

fanily history of atopy. IgE levels hrere higher in those

with a past history of eczema. There was a correlation
between serum IgE leve1s and the absolute eosinophil count.

Thirteen of 7 4 patients failed to respond to tetanus immun-

ization, while only one failed to respond to S. typhi H

antigen. Tetanus non-responders had a raised rnean serum

IgA 1eve1, reduced spontaneous lynphocyte tritiated thymi-

dine uptake, and reduced thyrnidine uptake of PHA-stimulated

lymphocytes cultured in foetal calf serum. Eight of 87

patients failed to mount delayed hypersensitivity reactions

to a battery of five intradermal antigens. Three of four

such patients could not be sensitized with DNCB. The

tritiated thynidine uptake of lymphocytes stimulated with

phytohaenagglutinin was normal in autologous serum, but

reduced in foetal caLf serum.

Intrinsic and extrinsic asthma could not-be differ-
entiated on the basis of IgE levels, the absolute eosinophil

count, smooth rnuscle antibodies, DHS reactions, tetanus

antibody response or lymphocyte tritiated thyrnidine uptake.

The data support the hypothesis that, in some patients,
asthma nay be associated with immunodeficiency states.
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INTRODUCTION

Glucocorticoids have a suppressive effect on allergic

reactions (Jasani, L972). Parameters of hunoral and

ce11ular immunity rtlere measured as previously described in

patients who were receiving steroid therapy. Most of these

subjects r,vere hospital inpatients oI outpatients. All were

taking 10 ng or more of prednisolone or its equivalent daily.

The mean age LIas 36 years with a standard deviation of Lz

years. Approximately half of the subjects l4lere males and

half females.

Results r,trere compared with those obtained frorn asthmatic

patients not receiving corticosteroid therapy.

RESULTS

Immunoslobulin Levels

Although the IgE 1evels were narginally higher' there

were no significant differences for any of the five major

inmunoglobulin classes when compared with asthmatics not

receiving corticosteroids (Tab1e 5.1) .

Antibody Responses

Antibody titres r,.rere measured before and after

immunization in ten asthmatics. Haenagglutinating

bodies to tetanus toxoid were not detectable in 40%

j ects compared with l-Seo of asthnatics not receiving

costeroid therapy (Tab1e 3.2) . This difference is

anti-

of sub-

corti -

not
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statistically significant. Precipitating antibodies to S.

typhi H antigen are also shown in Table 3.2. There is a

suggestion of a binodal response, with a group of poor

responders and a group which responded we1l, but the numbers

are small.

DHS Reactions

DHS reactions hrere measured in ten patients (Table 3.3).

The four subj ects receiving a dail-y dose of 30 ng or more of

prednisolone failed to react to aîy antigen. Two of the six

patients receiving between ten and tvüenty ng prednisolone

daiLy failed to react to any of the antigens.

Lyrnphocyte -H Thymidine Uptake

PHA-stimulated. lymphocyte 3U thynidine uptake in both

autologous and foetal caLf serum was grossly depressed

(Table 3.I, Fig. 5.1). Conversely, the spontaneous

lymphocyte 5H thyrnidine uptake was signific antly increased

(Table 5.1, Fig. 3.1) .
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Table 3.L

rgG

rgA

rgM

rgD

rgE

Eosinophils

PFIA 5H uptuk"
- autol serum

PHA 3H Uptrk"
- FCS

Spontaneous
3H upt"k"

3IMMUNOGLOBULIN LEVELS q LYMPHOCYTE H UPTAKE

Asthmatics treated with steroids compared with
asthnatics not being treated with steroids.

Steroids No Mean S. D. Probability

+

+

+

+

+

+

+

T2

91

t2
91

L2

91

L2

91

IZ
91

11

91

18

90

18

90

16

80

1,288
r 1460

189

197

149 *

149*

5.5*
T2

290x

225x

6g*
228*

23,I00
7 3 ,000

14,200
52,500

900*
392x

420

304

79

77

56

56

9

47

380

480

2 ,480
880

19,000
37 ,7 00

14 ,00 o

27,600

702

299

N. S

N. S

N. S

N. S

N.S

N. S

<0.001

<0.001

<0.001

+

+

Units as in Tables 2,1 and 2.3

Probability by Studentrs "t" test

* Geornetric Mean
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ANTIBODY RESPONSES

treated with steroids compared with
not being treated with steroids.

Tetanus Antibody Response

Responders Non-Responders Probability

N.S
61 13

,f ProbabiLity by Fishers Exact Test

Typhoid Antibody Response

0 10 20 40 80 160 320 640 Total

As thnat ic s
as thmatics

Steroids +

St ero ids

T itre

Steroids +

46

12000016

10447L4L3sI

10

St ero ids 74
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Table 3.3

10.

DHS SKIN TESTS

DHS Skin Tests to the five antigens r^iere perforned
on ten patients.

Prednisolone Dose Positive Reactions
(ne/ day) (nunber)

0

)

3

0

1

)

0

0

0

0

1

)

5

4

5

6

7

8

9

10

10

10

15

20

7.0

30

60

60

60

t'

1..5'



101

x 1000

60

60

o

A

100 2000

1500

1000

a

Ê
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Fig. 3.1 Lyrnphocyte 3H thynidine uptake stimulated with
pHÃ, in the þrèsence of autologous ald foetal calf serum'
and spontaneõusly. o represents patients receiving I0-20
rng of^ prednisoloie daily-, . 25-35 ng _of ,prednisolone ,daiLy
añ¿ A 4O rng or more of prednisolone datl-y. I . '-l
represents mean and stañdard deviation for asthmatics not
receiving cortícos teroids .
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DI SCUSSION

Serum irnrnunoglobulin 1eve1s were not significantly

d.ifferent in asthmatics being treated with corticosteroids,

nor did this therapy appear to have a critical effect on

antibody production. Sixty percent of these patients did

respond to tetanus immuni zatíorr, and only one subj ect

failed to respond to q. typhi H antigen. This marginal

depression of antibody responsiveness is consistent with

animal experiments which have shown that tining and dosage

of corticosteroids, together with type and strength of

antigen, aTe inportant in determining whether steroids

suppress antibody formation (Jasani , T972) '

The depression of lyrnphocyte 3H thymidine uptake when

stinulated with PHA accords with the observations of others

(Ling, 1968). The depression of DHS skin reactions,

particularly when a dose of moTe than 20 ng of prednisolone

daily was being given, is consistent with this finding;

There was a significant elevation of the spontaneous
7

lynphocyte tH thynidine uptake. As noted previously, this

parameter probably reflects the circulating population of

lynphocytes reacting to antigenic stinulation (Wood and

Frenkel, 1967; Crowther et ãl_., 1969). The increased

uptake may represent increased immunological activity

associated with more severe clinical disease oT response

to secondary infection, although there is evidence that

corticosteroid therapy increases 3H thynidine uptake by
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caus 1ng

marroïI

an outpouring of immature myeloid cells from the

(Dirnitriu et ãI., 1971) .

These findings show the same general features as those

observed in asthmatics not treated with corticosteroids.

It is difficult to discern whether the underlying imrnune

deficiency before corticosteroid therapy is worse i-n this

group or whether some responses, notably DHS skin reactions

and lyrnphocyte stinulation with PHA, have been further

depressed by the effect of corticosteroid treatrnent.

SUMMARY

Parameters of irnmunological function have been

assessed in asthmatic patients receiving corticosteroid

therapy. There were no significant differences in imrnuno-

globulin 1eve1s when compared with asthmatics not receiving

corticosteroids. Antibody ïesponses to tetanus and typhoid

antigens l/trere marginally weaker. DHS skin reactions were

suppressed with high doses of corticosteroids. PHA-

stinulated lynphocyte 5H thynidine uptake was grossly

depressed while the spontaneous uptake was elevated.

These findings are consistent with those observed in

asthmatics, although some responses have been further

depressed by the effects of corticosteroid therapy-
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INTRODUCTION

The demonstration of humoral 0r ce11ular immune

deficiency in some patients with asthma suggested the

extension of these investigations to patients with atopic

eczema. In addition, tuto other observations suggested the

possibility of immunodeficiency in atopic eczema.

Firstly, Kaposifs varicelliforn eruption has long been

recogni zed. as a clinical entity which usually results from

infection with herpes simplex or vaccinia viruses in

patients with atopic eczema (Rook et aL., I972) suggesting

that defence mechanisms are inpaired. Moreover' many

patients with eczema vaccinatum respond to hyperimrnune anti-

Vaccinialgammaglobulin(SharpandFletcher,LgT3).

secondly, âs mentioned in chapter II, Rostenberg and

sulzberger (Lg37) showed that patients with atopic derma-

titis were much less likely to produce a delayed hypersen-

sitivity reaction on patch testing than patients with con-

tact dermatitis. Since that time there has been consider-

able controversy over the prevalence of contact dernatitis

in patients with atopic dermatitis. A Scandinavian com-

mittee tested 11027 patients with a routine series of

patch tests and found that L3eo of atopics and 3L% of non-

atopicshadpositivereactions(MagnusSonetal.,l969).

calnan (1956) and caron (1964) found 1ittle evidence of atopy

in nickel-sensitivity. skog and Thyresson (1953), Wilson

(1955), Baer (1959), Jillson et aI (1959) ' Fregert and
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Mo1ler (1963) and Cronin et aI (1970) concluded that atopic

individuals ïrere no more likely to develop contact derma-

titis than normal persons. In contrast, Epstein and

Mohajerin (1964), Epstein (1965) and Forsbeck et aL (1967)

thought that there was a positive relationship between

atopy and contact dermatitis. The relevance of these

observations is that if some patients with atopic dermatitis

have a cellular imrnune defect, the prevalence of contact

dermatitis in such people may be expected to be reduced.

Demonstration of such a negative relationship rnay be

obscured however¡ âs people with atopic eczema usually have

a much greater exposure to topical medicaments and any

darnaged skin is more 1ikely to develop a contact dernatitis

(Rook et ãL., 1972). Some of the studies cited are thus

consistent with the hypothesis that some patients with

atopic eczema have associated imrnunodeficiency.

Tests of hunoral and cellular immunological function

were therefore performed in some patients with atopic

eczema and the results compared with those found in norrnal

control subj ects.

PATIENTS

Twelve male and twenty

studied. Ages ranged from

patient in the first decade

patients in each succeeding

f emale patients t,'lere

to 64 years with one

, 18, 6, r, 2 and 1

three

f ive

and 6

decade.
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All patients had been referred to a dermatologist

(Dr. J.G. Reid) who had diagnosed them as suffering from

atopic dermatitis on the basis of the clinical history and

morphology and distribution of the lesions. Patients

either had the typical flexural eczematous 1esions with
lichenification or atypical dermatitis with a definite
past history of classical infantile eczema, plus a past or

fanily history of asthma or hay fever.

CONTROL SUBJECTS

Control values were established on normal subjects

with a similar age and sex distribution to the patients
s tudied .

As an ad.ditional control, lymphocyte 5H thyrnidine

uptakes were measured in patients with psoriasis some of
whom were receiving topical corticosteroid therapy.

METHODS

Serum irnmunoglobulin and eosinophil 1eve1s, antibody

responses to innunization with tetanus toxoid and typhoid

vaccine, DHS reactions to candida, mumps and streptococcal

antigens, lymphocyte 3H thynid.ine uptake and T and B

lymphocyte leve1s r,trere measured as previously described.
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RESULTS

Imnunoglobulin Levels

IgE 1evels were raised in patients with atopic eczema,

while levels of IgG, IgA, IgM and IgD were normal (Table

4.1). Thirty seven percent of patients had IgE levels

above the normal range.

Antibody Responses

Antibody ti.tres I{Iere measured before and after irnmun-

ization in 3L patients with atopic eczema. Haernagglutinat-

ing antibodies to tetanus toxoid were not detectable in 3

(10%) of patients. Each patient was age and sex matched

with two controls, all of whom responded to inmunization.

This difference hras significant (P<0.04' Fisher's Exact

Test).

Precipitating antibodies to S. typhi H antigen were

found in all patients and controls.

Delaved Hypersensitivity Reactions

DHS reactions were measured in 55 patients. Fourteen

percent failed to react to aîy antigen, compared with no

such failure in the controls (Table 4.2). This difference

uras significant (P<0.05, Fisher's Exact Test).

I4rhen the total number of reactions to the three anti-

gens was compared, the depression of reaction in patients

was more significant (P<0.001). Atopic eczema patients
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reacted to 55%, while controls to 73eo of the tests

perforrned.

Lymphocyte Tritiated Thynidine Uptake

The uptake of 3H thymidine by lyrnphocytes is shown in

Table 4.3. There 'hlere no signif icant differences in

uptake, either spontaneously or stirnulated with PHA when

cultured in either autologous or foetal cal-f. serum.

Twenty two patients were using betanethasone cream,

while LZ were not using arly steroid preparation. There

hrere no differences for any of. the three parameters between

the two groups (Table 4.4). Similarly, there was no diff-

erence in PHA-stimulated uptake by psoriatic patients using

and not using steroid preparations (Table 4.5). It is of

interest that psoriatic patients had a considerably reduced

uptake compared with that of the controls of the atopic

eczema patients. This rnay be a reflection of psoriasis

itself, or the greater age of these patients (mean 50 years

versus mean 27 years).

There were no significant differences in the PHA-

stimulated uptake of DHS non-reactors compared with DHS

reactors (Table 4.ó). There was however, a significantly

elevated spontaneous uptake by DHS non-reactors.
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T and B Lymphocytes

There r{¡ere no significant differences in either the

absolute lyrnphocyte count, T cell nunbers, or total IgG,

IgA and IgM B cell numbers (Table 4.7). IgM B cel1 leve1s

hrere elevated in patients who failed to nake DHS reactions

when compared with those who did respond (Table 4.8) , but

were not significantly different from the 53 nornal subjects

in Table 4.7 .

Eos inophil s

There was a significantly higher eosinophil count in

patients with atopic eczema when compared with controls

(Table 4.7).
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Table 4.L

IgG

rgA

IgM

rgD

rgE

Patients
Control s

Patients
Contro 1 s

Patients
Control s

Pa t ients
Contro 1 s

Patients
Control s

SERUM IMMUNOGLOBULIN LEVELS

Nurnber Mean S.D. ProbabilitY

35

35

35

35

35

35

1460

1560

166

19s

320

32S

ó0

77

73

66

35

55

L7 Z*

L7 0x

55

55

L2"
13*

348x

100x

99

80

1780

107

N.S

N.S

N.S

N.S

<0.001

ProbabiLity by rrtrr test
x Geornetr ic Mean

IgG, IgA, IgM: n.g/I00 nl

IgD, IgE: units/nl

N.S. = Not Significant
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Table 4.2

DELAYED HYPERSENSITIVITY REACTIONS

(a) Patients who Reacted to at Least One Antigen

Reactors Non Reactors Probability

Patients

Contro 1 s

Patients

Control s

Pos itive
Reactions

Negative
Reactions Probab i1 i ty

<0.03

(b) Total Nunber of Reactions to the Three Antigens

50

55

5

0

58 47
<0.001

77 28

Probability by Fisher's Exact Test See Appendix p. 223
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Tabl e 4.3

PHA 3H uptrku
- auto1.

pun 5g uptake
- F.C.S.

Spontaneous
3H upark"

Pat ients
Contro 1 s

Patients
Control s

Patients
Contro 1 s

LYMPHOCYTE
3H rrryutDrNE uPTAKE t

Number Mean S.D. ProbabilitY

34

34

30

30

51,000
55,800

26,000
27 ,000

N.S

N.S

N.S

58,000
51,500

22,000
20,000

35

35

420x

37 6x

470

155

I Disintegrations per culture per ninute

* Geometric Mean

ProbabiLity by rrtrr test

N.S. = Not Significant
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PHA
tt untake

autol.

Betaneth-
asone

115

BETAMETHASONE and LYMPHOCYTE 
3H

THYMIDINE UPTAKE
t

Number Mean S.D. Probability

+ z2

LZ

49, 500

55,900

57,400
ó1,600

25,000
26,000

23,000
2L,000

N.S

N.S

N.S

PHA

F.

5H upt"ku
C. S.

+ 20

10

Spontaneous
3H uptrku

22

L2

580

270

+ 4 56*

3 60*

f Disintegrations per culture per minute

* Geometric Mean

Probability by rrttr test

N.S. = Not Significant
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Table 4.5

pHR 3H uptake
-auto1 serum

3
BETAMETHASONE and LYMPHOCYTE H THYMIDINE

UPTAKE iN PSORIASIS f

Betaneth-
asone Number Mean S.D. Probability

+ z3

16

22

13

59, oo0

45,500

33,000
41,000

18,000
24,000

17,ooo
22,000

N.S

N.S
3

PHA H Uptake
C. S.

+

F

f Disintegrations per culture per rninute

Probabil rty by rrt, test

N.S. = Not Significant
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PHA tt uptake
Autol.

PHA
3H upark"

Spontaneous
3H upt"ku

115

DHS REACTI0N and LYMPHOCYTE

3u rHvpnDrNE uPTAKE t

Reaction Number Mean S.D. Probability

+ 30

4

25

5

30

5

50,000
59,000

58,000
59,000

24,000
56,000

22,000
24,000

230

830

N.S

N.S

<0.001

+

F. C. S.

+ 360*

1290*

t Disintegrations per culture/minute

* Geornetric Mean

Probability bY rrtrr test

N.S. = Not Significant
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T and B LYMPHOCYTES: EOSINOPHILS t

Number Mean S.D. Probability

Lyrnphocytes

T Cells

B Cells

rgG

IgA

rgM

Patients
Contro 1 s

Patients
Control s

Patients
Control s

Patients
Controls

Paticnts
Contro 1 s

Patients
Control s

Patients
Control s

33

34

L70

140

74

78

34

34

1950

1840

920

910

280

220

750

410

490

350

N.S

N.S

N.S

N.S

N.S

N.S

<0.01

34

34

34

34

33

34

L75
100

33

34

16 0*

42x

100

60

56

48

1500

500

150

150

100

80

Eo s inophil s

t ce11 s/vI
* Geometric Mean

Probabil ity by rrtrr test

N.S. = Not Significant

34

34
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Table 4.8

T Ce1ls

B Cells
Total

rgG

rgA

rgM

DHS REACTION and T and B LYMPHOCYTES

DHS
Reaction Number Mean S.D. Probability

5 748

945

387

506
N.S

z9

5 3L6

278

+

t

L02

95

63

54

169

L76
N.S

N.S

N.S

<0.05

+

+

29

5

28

198

165

76

74

234

130

+

5

28

5 T4L

91+ 28

t ce1ls per ul
Probability by 'rt'r test

N.S. = Not Significant
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DI SCUSS ION

These results are sinilar to those found in asthmatic

patients, in that there is evidence of inpairnent in cellu-
lar or humoral immune processes in some patients with

atopic eczema. However, there are variations in the

frequencies of different abnormalities. These nay be

chance occurrences or related to the different clinical
nanifestations of atopy.

The mean IgE level r,\ras elevated as has been shown in

other studies (Juhlin et aI., 1969; Ogawa et ãL., I97L;

Gurevich et ãL., T973; Stone et ãI., L973). This eleva-

tion was greater than that seen in the asthnatic patients

(Chapter II). This has also been observed by Johansson

et aL (1970) and Wood and Oliver (L972). In contrast to

the findings in the asthmatic patients, IgG levels were not

significantly elevated. Raised IgG 1evels in atopic

eczema r,.rere found however by Varelzidis et aL (1966).

Ten percent of patients failed to respond to imrnun-

ization with tetanus toxoid. This compares with a failure
of response in 18% of asthmatic subjects. There r4¡ere

insufficient subjects to deternine whether, âs in asth-

natics, tetanus non-responders had other immunological

abnormalities.

Fourteen percent of patients failed to nake DHS

reactions to intradermal antigen compared with nine percent
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of the asthmatics. There r,rras also a significant reduction

in the total number of reactions to antigens compared with

norrnal subjects. This finding is consistent with those

studies which have suggested that there are less patch test

reactions in atopics conpared with non-atopics (Caron, 1962;

Magnusson et ãL.,1969). It supports the observations of

Rajka (1963, 1970) who demonstrated that delayed reactions

to bacterial and viral extracts were irnpaired in atopic

eczema.

No abnormalities of lymphocyte 3H thymidine uptake

were seen in patients with atopic eczema. Sinilarly,

Fjelde and Kopecka (I967) did not denonstrate a significant

reduction in PHA-stinulated lynphocyte transformation

assessed morphologically. This contrasts with the find-

ings in asthnatic patients who had a reduced phytohaernagg-

lutinin-stinulated uptake in the presence of foetal caIf.

serum. It is of interest that asthmatic patients with a

positive past history of eczema had less depression of

uptake in foetal calf serum than those without such a

history, although this was not a significant difference

(Table 2.6). The significance of this finding is obscure.

No significant differences were observed in lpnphocyte
-H thynidine uptake between those patients who were receiv-

ing topical corticosteroid therapy and those without such

therapy. Confirmatory evidence was provided,by the

failure to demonstrate any significant effect of topical
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corticosteroid therapy on lymphocyte 3H thyrnidine uptake

in patients suffering from psoriasis.

The phytohaenagglutinin-stinulated lymphocyte 3H

thynidine uptake was not reduced in patients with negative

DHS reactions but, even though the numbers hlere sma1l, there

was a significant elevation of the spontaneous lymphocyte 5H

uptake. This feature is similar to the raised spontaneous

uptake in asthmatic patients being treated with cortico-

steroids, many of whon had negative DHS reactions.

There were no striking abnormalities in the T or B

lympho cyte numbers. Although there was an increase in the

number of lgM-bearing B ce1ls in the patients who failed to

make DHS reactions compared with reactors, the number of

patients in the group is small. Moreover, the elevation

hras not significant when conpared with normal controls.

Support for the concept of immunodeficiency in atopic

dernatitis has also been given by the observations of

Lobit z et aL (Lg72). They reported two adult patients 
)

with atopic dermatitis who had depressed ce11-mediated

irnrnunity as evidenced by inpaired delayed hypersensitivity

reactions on skin testing, inability to be sensitized with

DNCB, reduced lymphocyte response to PFIA and lynphadenopathy.

the

the

The data presented parallel the observations made in

series of asthmatic patients. They further support

hypothesis that in some patients with atoþy there are
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deficiencies in the immunological defence rnechanisms, lead-

ing to increased antigenic stirnulation of the reaginic

system.

SUMMARY

Pararneters of humoral and cellular inmunity were measuT-

ed in 35 patients with atopic eczema. The mean serum IgE

level was raised but levels of the other major irnnunoglobulin

classes r4rere normal. Ten percent of patients failed to res-

pond to tetanus immunization. All patients responded to 9-.

typhi H antigen. Fourteen percent of patients failed to

mount delayed hypersensitivity reactions to a battery of

three intradernal antigens. The phytohaemagglutinin-

stirnulated uptake of 3H thyrnid,ine by lyrnphocytes was norrnal

in the presence of autologous Serum or foetal calf serum.

The spontaneous lynphocyte 5H thyrnidine uptake was normal

except in patients who failed to make DHS reactions. This

group had an elevated spontaneous uptake. T and B lympho-

cyte numbers l4lere within the normal range.

These results are sinilar to those found in asthnatic

patients and support the hypothesis that in some patients,

atopic eczema is .associated with an immunodeficiency state.

There rrere variations in the frequencies of different

abnormalities compared with asthmatics. These nay be

chance occurrences or related to the different clinical

manifestations of atoPY.
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INTRODUCT ION

Immunization procedures successfully used against

bacterial and viral infections have been largely unsuccess-

ful in dealing with helninth infection in animals (Terry,

1968) and are untried in man. This has led to the syste-

natic study in animals of the mechanisms of naturaLly

acquired host resistance to helninth infections.

Kelly (1973) has surnmarized the ways in which the

animal host immune response rnay affect parasitic helminths:

retardation or inhibition of developnent, failure to develop

a particular anatonical feature, reduction in the establish-

ment rate of infection, suppression of worm-egg production,

metabolic changes, and the "se1f-cure" phenornenon, i.e. the

spontaneous ejection of adult worrns from the intestine a

short while after the primary infection is established.

In aninal helninth infections both antibodies (Sinclair,

1970) and sensitized lynphoid cel1s (Dineen et ãL., 1973) are

produced. The relative irnportance of humoral and cellular

mechanisms of control is a subject of considerable contro-

versy (Ogilvie and Jones, I97L; Ke1ly, 1-973). Much evi-
dence has been accumulated by aninal experiments in which

attempts have been made to transfer resistance passively

with either serum or sensitized lynphoid ce11s.

Because of the nurnber and complexity of antigens

involved, the role of antibody in resistance to helninths
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is difficult to elucidate (Sinclair, 1970). Although in

many experiments, some resistance could be obtained by

passive transfer of serum, it was not usually comparable to

that obtained by active infection. Protective antibodies

have been found in the IgG class (Di Conzar 1969; Jones et

ã1.,1970), but not in the IgM (Di Conza, 1969; Ogilvie and

Jones, 1971) or IgA fractions (Jones et ãL., 1970). Reagin-

like antibodies have been found in many cases of animal hel-

minth infections (Sinclair, 1970). It is possible to visua-

Lize a mechanisn by which reaginic antibodies may be effec-

tive. In the presence of specific antigen, reagins attached

to mast ce11s or basophils release biologically active

amines, e.g. histamine and 5 hydroxytryptanine which could

adversely affect intestinal helminths, resulting in their

expulsion. Antihistamines have indeed been shown to inhibit

the developrnent of resistance. Moreover, the adninistration

of the histarnine precursor L-histidine, and serotonin

increased the resistance of rats to Trichostrongylus

colubriformis (Rothwe1l et aL., I97I).

Evidence has also been accrued for the importance of

ce11-mediated innunity. Protective innunity to T.

colubriformis was produced by transfer of imrnune lynphoid

ce1ls in guinea pigs (Wagland and Dineen, 1965), and

siniLarLy in rats infected with Nippostrongylus brasiliensis
(Ogilvie and Jones, 1968) . That the lymphocytes involved

are T ce1ls has been shown by the abolition of resistance by



L24

neonatal thymectomy, long-term lynphatic drainage, and the

adninistration of antilymphocyte serum (Ogilvie and Jones,

1968; Dineen and Adans, 1970; Kel1y, L972).

It is probable that there is a role for both the

humoral and cellular immune mechanisms in resistance to hel-

ninth infection. In humans it seemed likely that reaginic

antibodies may be of importance, for raised sertrm IgE levels

have been found in patients with a variety of helninth

infestations including Ascaris lumbricoides (Johansson et

ãL., 1968), Toxocara spp (Hogarth-Scott et aL., 1969),

Trichinella spiralis (Rosenberg et ãL., 1970), Capillaria

phillipinensis (Rosenberg et ãL., 1971), Schistosoma

1 aDOnlCUm , Wuchereria bancrofti and hookworm (Ito et al. ,

Le72).

Raised serum levels of IgE had initially been found in

the atopic disorders (Johansson, L967; Johansson et ãI.,

1970). These disorders, asthma, }iray fever and atopic

eczema are frequent and tend to follow a genetic pattern

(Coca and Cooke, 1923; Sherrnan, 1965).

Helninth infestations have long contributed to the

ill-health of a large proportion of nankind. While the

existence of high 1evels of IgE in human helminthiasis

suggested that Teaginic antibodies may have a role in

resistance to worms, it seemed paradoxical that antibodies

of the same class caused ill-health in sufferérs from the
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atopic diseases. In an attempt to reconcile these obser-

vations, the hypothesis I4Ias conceived that the genetically

determined capacity to make IgE antibodies efficiently

confers a survival advantage. A well-known example of such

a genet icaLLy determined defence mechanisn which carries

both advantage and disadvantage is the interaction of sickle

cell anaemia and malaria. Manfs long association with

worms may have influenced the genetic capacity to produce

IgE antibodies.

This study was undertaken in an attenpt to demonstrate,

by estination of faecal egg counts, increased resistance to

hookworm infestation in an atopic population as opposed to

a non-atopic population, and to study IgE and eosinophil

levels in these groups.
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LOCATION

The investigation was caTTied out in the Goroka sub-

district of the Eastern Highlands District of Papua New

Guinea (Fig. 5.1). Villagers were studied in the seven

villages shown in Fig. 5.2. These villages (Fig. 5.3), at

an altitude of 1700 metres, I^Iere scattered around a branch

of the Asaro River on a gently sloping terrain. The

average rainfall is 80" per annum, with partia1-1-y defined

wet and dry seasons. All of the villages were of the

Gahuku linguistic group. The social structure is patri-

lineal and patrilocal (Read, 1965). The villages then-

selves are usually of 100-200 people. There was' however,

frequent movement between the vi1lages, particularly to the

village of the rnarriage partner or to villages of the same

house line.

Alnost a]-l- the villagers were unshod. Although some

villagers had latrines, they were used infrequently and

often were in a state of disrepair. Defaecation occurred

in the bush, vegetable gardens or coffee plantations.

In addition, asthmatic patients at the Goroka Base

Hospital were studied. These patients came from through-

out the District, but particularly fron areas close to

Goroka, with characteristics sinilar to those described

above.



I27

[,,

t

.ã

?
d

I
I

t

\

-i

F.

c
l ;t

.z-l

¡

f

I

I

I

¡'
l

,i

I{
m
Ø
I
6
m
!
x

----l

q
ôã

\

-zm.
@

"t

I

Ë'

t,

t

$ii$i$
ì ù ì pÈ'

Ë$Ës¡I

=;ÐÍ=tb

C)
mz
--l
Ð
ÞÍ

0I
9

m
Þø-l
Ø
m¡
x

ôcra

I

I

-i

t-
i

\

i
3

\/
I

I

t-

=Þo
Þzô

I

3
Þzcaa

-;-l
t"

{
m
Ø-l

¿
el
o
æ

Éz

ñ
Ðz

13

o
z
m

'D

o

¡
m

Fzo
m
Þa-l
z
m{
@
Ð
fË
z

t
I

I

I

I

z

F
f¡

Papua New Guinea
from New Guinea:
People by D. A. M.
University Press,

(reproduced bY Pernission
The Territory and its

Lea and P.G. Irwin, Oxford
Melbourne) .

Fig. 5.1



728

WANIMA I
,rl,/ .

HORIPOKA. N

MEGUSAZU HA
a

a SAMILIUFA

a WANIMA 2

a ô
GEHAMO2

a

GEHAMO I

lkm GOROKA

Fig. 5.2 Location of villages around the Gehamo River.
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Fig. 5 : 3a Gehalno River and surrounds '

Fig - 5:3b Megusazuha village early in the morning.
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SUBJECTS AND METHODS

Skin testing for imrnediate hypersensitivity was carried

out by the prick method on 500 villagers using the following

preparations:

Bencard, England: Dermatophago ides farinae

Candida albicans

Ascaris lumbricoides

Sudan grass

C.S.L Australia: D. PteronYssinus,

Mosquito

A1 ternaria

CladosPorium

Penic i1 1 iun

Kangaroo grass

Pennisetum grass

Pig hair

Dog hair

Hen feathers

A subject was considered atopic if a weal of 2 nm or more

hras produced by at least one allergen. It was not

intended that this procedure should be exhaustive, but

rather that there would be a reasonable chance of identify-

ing a large proportion of the atopic population.

Twenty eight inPatients were

hospital. A clinical diagnosis

studied in tþ" Goroka

of asthma was made in aIL
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these patients. Pulmonary function tests h¡ere perforned

on most patients and denonstrated reversible airways

obstruction.

Blood samples were taken for estirnation of serum IgE

and blood eosinophil levels as described in the Methods

chapter. Venepuncture was always perforned early in the

morning. Faeces were collected and egg counts for hookworm

perforrned as previously described (page 47) .

RESULTS

Ten percent of the

atopic on the criterion

of villagers classed as

while 64% h¡ere nultiple

500 villagers were identified as

defined above. Thirty six percent

atopic reacted to one allergen,

reactors.

Faecal egg counts r{rere performed in 50 non-asthmatic

atopic villagers, 24 asthnatic inpatients, and 159 non-

atopic villagers. Atopic and non-atopic vi11-agers were

taken in sinilar proportions from each of the villages.
Egg counts of non-atopic subjects did not vary from village
to village (Table 5.1) . The age distribution of each of
the three groups is shown in Table 5.2. The age of each

subject could only be estinated. When egg counts of non-

atopic subjects r{rere compared for each decade, ro signifi-
cant differences were found.

Hookworm infestation was demonstrated in all the
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subjects studied.

stage, only Necator

intestinal helrninths

j ects.

In six sanples cultured to

americanus hras identified.
the larval

No other

of the sub -were demonstrated in arLy

The egg counts l^Iere expressed as eggs/gm faeces as

shown in Fig. 5.4. There was a significant reduction in

egg counts in the non-asthmatic atopic population when com-

pared with non-atopic villagers (P<0.001, Student's rrtrt

test). SiniLarLy egg counts were reduced in asthnatic

sub j ects (P<0. 01, Student t s rrtrr test) . When the f if teen

skin test positive asthmatics were compared with the nine

skin test negative asthrnatics, the mean egg count was lower

in the former group, but the difference ulas not statisti-

caTly significant. Tests of significance were calculated

using logarithmically transforned vaLues.

Serurn IgE and blood eosinophil levels üIere measured in

asthmatics and atopic and non-atopic villagers. Atopic

and non-atopic subjects were again taken in sinilar propor-

tions from each of the villages. The age distribution was

similar in the three groups: asthmatics, 58110 years; non-

asthmatic atopics, 33115 years; and controls, 59114 yeats.

Both serum IgE levels and blood eosinophil levels l,\Iere

substantiaLly greater than those found in ternperate zones

without endemic hookworm infestation (Johansson' 1968;

Dacie, 1968).
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Serum IgE levels are shown in Fig. 5.5. There was

significant elevation in the 51 non-asthnatic atopic sub-

jects when compared with 93 non-atopic villagers (P<0.02,

Student's rrtrr test) . Sinil arLy, levels were elevated in

the 28 asthnatic patients (P<0.05, Studentts rrtrt test).

When both groups hrere conbined and compared with non-atopic

villagers, there was increased statistical significance

(P<0.005, Studentts trtrr test) . Tests of signif icance were

calculated using logarithnically transformed values.

Blood eosinophil levels are shown in Fig. 5.6. There

hras a significant elevation in the 66 asthmatics plus non-

asthmatic atopics when compared with the 94 control subjects

(P<0. 05, Wilcoxon's Sun of Ranks test) .

A significant correlation was established between serum

IgE levels and blood eosinophil levels in both non-atopic

subjects (r=0.3492, n=94, P<0.001) and in the asthmatic plus

non-asthmatic atopic group (r=0.3068, î=66, P<0.05, Fig. 5.7).

No correlation was established between IgE levels and

hookworm egg counts in either control subjects (r=0.0879,

n=7I, N.S.), atopics (r=0.2602, n=49, N.S.) or asthmatic

subjects (r=0.0029, rr=24, N.S.).

SimiLarIy, ro correlation was established between absol-

ute eosinophil counts and hookh¡orm egg counts in either con-

trol subjects (r=0.0370, n=46, N.S.) or asthmatics plus

atopics (r=0.1501 , î=64, N. S. ) .
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Table 5. 1

Vi l1age

Gehano,

G ehamo,

Wanima,

Sanil iuf a

Megusa zuha

Wanina,

Horipoka

Number
of

Subj ects

25

27

T7

27

22

Geornetric
Mean

3,000

3,900

2,500

3,300

2,200

2,000

2,700

Range

300 57,000

430 36, 000

170 56,000

240 59,000

170 2 8, 000

70 55,000

340 22,000

VILLAGE HOOKWORM EGG COUNTS*

15

6

eggs per gramme faeces

No significant differences between ar'y of the villages
(Studentrs rrtrr test using 1-ogarithnically transformed
values).
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AGE DISTRIBUTION

Percentage of Subj ects in Each Decade

0-9 10-19 20-29 30-39 40-49 s0- s9 60-69

Asthmatics (24) 18 4L 16 21 4

Non-asthmatic
atopics (50) L2 4 2Z 34 L4 8 6

Non-atopics (139) L2 9 L4 22 L7 z0 6
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DI SCUSSION

Considerable controversy exists over the relative

importance of humoral versus ce1lu1ar imrnune responses in

controlling helninth infestation in animals (Ogilvie and

Jones , L977; Ke1ly, L973). The relationship between

Teaginic antibodies and protective immunity to helninth

infestation in animals is not clear (Sinclair, 1970; Ke1ly,

I973), although their constant association with helminth

infestation would suggest some functional ro1e. SiniLatLy,

the role of IgE in human helninthi-asis is still obscure

(sornei et ãL., I972) despite a constant association between

raised serum levels of IgE and a variety of helninth

infestations.

, Necator

an inverse relation between atopy and

In contrast, a positive correlation

intestinal parasites, Ascaris

arnericanus and Strongylo ide s s ter -

coralis had been clained (Tul1is, 1970) , although this was

not confirmed in subsequent studies (Van De1len and Thonpson,

I97L; Cheah and Kan , 1972). These latter studies only

compared the presence with absence of helminth infestation.

In the part of the Eastern Highlands District of Papua New

Guinea in which this study was carried out however, hookworm

infestation was universal. A more precise quantitation of

infestation was determined by egg counting. Intestinal

r,rrorm burdens have been correlated with faecaL egg counts

This study shows

hookworm egg counts.

between asthma and the

lumbricoides
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(Wilcocks and Manson-Bahr, L972). In the case of Necator

americanus, 44 eggs per gramme of faeces are reckoned to

represent one fenale worm. The interpretation of the

results has been facilitated by the absence of other

intestinal helminthiasis in the area under study. The

observations on the non-asthnatic atopic population were

controlled by taking normal subj ects from the same villages
in similar proportion and with a sinilar age distribution.
Furthermore, no significant differences in egg counts ürere

found between the villages, or between different age groups.

The asthnatic population, otr the other hand, r^/as less well
controlled, since these r,.rere hospital patients who came from

aLI over the district. Nevertheless, the results in this
group are sinilar to those found in the non-asthnatic

atopic group.

This study provides evidence that the atopic population,

which is presumably more adept at producing IgE antibodies,

has a reduced egg output. This has beneficial inplications
for the community, with restricted hookworm transmission.

The reduced egg output may reflect suppression of worm-egg

production, or reduction in the establishnent rate of
infection (Ke11y, 1973). It has been observed in relation
to canine hookworn disease, that imrnunity, whether induced

by vaccination, or naturally, does not usually result in
complete destruction of the larvae or complete elimination

of the intestinal burden of subsequent challenge infections,
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but protects the host against the establishnent of the

najority of the challenge larvae, and thus against c1ínical

hookworm disease (Mi1ler, 1971). It is therefore possible

that the observed reduced egg counts represent a reduced

burden of adult worrns, with beneficial irnplications for the

individual.

Although blood levels do not necessarily reflect tissue

activity, the raised serum IgE levels nay represent increased

innediate hypersensitivity reactions in the tissues. He1-

minth infestation in anirnals, in addition to inducing a

reaginic response to helminth antigens, Potentiates reaginic

antibody response to non-hel-ninth antigens (Orr and Blair,

1969, Jarrett and Stewart, L972). The relatively higher

IgE levels in the non-asthmatic atopic and asthnatic groups

may represent increased titres of antibody to non-helninth

antigens, hookworm-specific antigens, or both. The non-

asthnatic atopic and asthnatic populations presunably

respond in greater degree to non-helminth antigens as in

other parts of the world. The raised IgE levels in these

groups may thus sinply represent the addition of helminth

antibodies to arL already high IgE leve1. Alternatively,

the raised IgE levels may result from higher titres of

hookworm-specific antibodies as a manifestation of increased

reaginic responsiveness to arLy antigen. Even :o, this may

have no functional significance. When taken in conjunction

with reduced hookworm egg output in these groups however,
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the higher IgE levels are consistent with the hypothesis

that atopic individuals are more successful in controlling

helninth infestation by virtue of an increased efficiency in

IgE responsiveness to helninth antigens'

speculation continues as to the role of the eosinophil

(Lancet,L}TL).Ithasbeenshownthateosinophils

phagocytose antigen-antibody complexes (Sabesin' 1965)'

Biologically active amines are chenotactic to eosinophils

(Archer, 1963). The eosinophil response to histamine may

be less in non-atopic people than atopic individuals

(Feinberg et ãL., 1967). It has been stated that eosino-

philia and antiparasite immune reactions are separable

phenornenona (Lancet, 1971). There is however, a correla-

tion between eosinophilia and IgE leveIs in both normal and

atopic-asthnatic groups. Furthermore, the relatively

higher IgE levels in the asthmatic and non-asthnatic groups

aTe paTalleled by a relatively greater eosinophilia in these

groups. The eosinophilia could be a direct response to

antigenic stimulus or may be a second order phenornenon, such

as a consequence of the pTesence of free amines, antigen-

antibody complexes, oï release of lynphokines '

Amultiplicityoffactorsnaybeoperatingtoproduce

the lack of correLation between hookworm egg counts and

serum IgE or blood eosinophil levels'

It has been suggested that host resistance to helninths
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is bi-phasic (Kelly, Lg73) . Firs tIy , there is irnmuno-

logically specific interaction of antigen with either

humoral antibody or sens itized lynphoid ce11s. This is

followed by a non-specific phase in which mast cells and

basophils are associated with release of biological]-y active

amines, ê.8 histamine, 5 hydroxytryptanine and/ot lynpho-

cytic release of lynphokines which render the environment

unsuitable for the parasite. The increased resistance

observed in atopics could be due to heightened ability to

produce IgE antibodies specificaLLy active against helrninth

antigens leading to increased release of amines. Alternat-

ively, there may be increased sensitivity of the nast ce1ls

to released lyrnphokines or to a mast cel1 degranulating sub-

stance released from damaged parasites (uvnas and wo1d, L967).

These results aTe consistent with the hypothesis that a

function of the IgE-rnediated immune system is to assist in

control of helninth infestation, but carrying with it a

propensity to atopic disease. The price of a greater

ability to deal with helninth infestations nay be a Legacy

of atopic disease.
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SUMMARY

Measurements of faecal egg counts, serum IgE and blood

eosinophil levels were carried out in the Eastern Highlands

District of Papua New Guinea, an area of universal hookworm

inf estation. Subj ects were divided into asthrnatic, non-

asthnatic atopic, and normal groups on the basis of clinical

features and inrnediate hypersensitivity reactions to prick

testing with a range of allergens. Serum IgE and blood

eosinophil levels were elevated in all groups as compared

with values found in temperate zones. Faecal egg counts

weÌe lower and IgE and eosinophil levels higher in the

asthnatic and non-asthnatic atopic groups compared with the

normal group.

These findings are consistent with the hypothesis that

a function of the IgE immune system is to protect against

helninth infestation.



GENERAL DISCUSSION ON CHAPTERS II-V
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The data presented in the preceding chapters approach

the problem of atopy in two different ways. Two fundamental

questions stand out in a consideration of atopy.' The first

is "Why do animals have the capacity to make Teaginic anti-

bodies - what is the physiological role of inrnunoglobulin

E"? The second is "Why is clinical disease associated with

reaginicity manifested in some individuals"? Attenpts to

anshrer these questions have been facilitated by the identif-

ication of reaginic activity in the IgE fraction of human

serum and the development of methods of measuríng this and

other parameters of humoral and cellular immunity in recent

years.

There is 1ittle doubt that reaginic antibody activity

can be found in a wide Tange of animal species, including

monkeys, dogs, rabbits, rats, mice, guinea pigs and sheep

(reviewed by Stanworth, L973). Moreover, although in most

cases reaginic antibodies have not yet been isolated in pure

form, those characteristics which have been studied show

marked sinilarities to human IgE; indeed some antigenic

determinants aTe shared between species (Stanworth, L973).

This widespread appearance of reaginic antibodies throughout

the mammalian order, in itself, SuggestS that these anti-

bodies have some functional ro1e.

This view is supported by consideration of two aspects

of human atopy. The first is the widespread occurrence of

asthrna, lnay fever, atopic eczema and other isolated inmediate
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hypersensitivity reactions such as reactions to insect

stings, drugs and foodstuffs. Asthma alone has been esti-

mated to occur in between one and 12% of children (reviewed

by Williams and McNicol, 1969) , and furthermore, asthma

begins after childhood in approxinately half of all asth-

matics (Ford, 1969). The second is the familial cluster-

ing of atopic diseases, suggesting that an atopic tendency

is inherited (Shernan, 1965). Since the atopic disorders

are associated with morbidity and mortality, it night be

expected that the gene frequency would faLL. The observed

high frequency however, suggests that other factors may be

at work. The capacity to produce reaginic antibodies

efficientl_y may caTry with it counterbalancing advantages.

The observatíon that raised serum leve1s of IgE were

found not only in atopic individuals, but also in people

suffering from helminth infestation gave a clue to a

possible role for IgE. Helninth infestations have been an

important cause of morbidity and mortality throughout evolu-

tion. If IgE is a factor in protection against worms, then

such a pressure would favour development of a genetic pool

which a1lor^¡ed increased eff iciency in the ability to produce

reaginic antibodies. A balance would be struck between the

protection given against helminthiasis and the deleterious

effects of clinical atopic disease. Supporting this con-

cept was the evidence, reviewed earlier, that reagins nay be

important in protecting aninals against helninth infestation.
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Moreover, IgE-bearing plasma cell-s are predoninantly found

at the mucosal surfaces and their draining lymph nodes (Tada

and Ishizaka, T970), suggesting that the physiological

action of IgE nay be located at the mucosal surfaces. Many

t,rrorms are in fact found at such situations. Hookworms for

example, are in intinate contact with the respiratory mucosa

during the larval stage and the gastro-intestinal mucosa

during adult 1ife.

It appeared that a practicable test of this hypothesis

would be to measure hookworm egg counts in an appropriate

population of asthmatic, non-asthnatic atopic and non-atopic

individuals. If such an hypothesis were true, there should

be an overall reduction in hookworn loads in the atopic seg-

ment of the population. Hookr{rorm infestation was chosen

because an area of endemic hookworm infestation was avaíLab1e

for study, and because of the important consequences such

infestation has on health. It was fortunate for the inter-

pretation of results that hookworn infestation was universal

and there was no other significant helninthiasis in the area

under study.

The data presented support the hypothesis that atopy

confers increased ability to deal with helminth infestation.

Hookworm egg counts r^¡ere reduced in the asthmatic and non-

asthnatic atopic populations conpared with the íon-atopic

population. Whether this represents the production of less

eggs per worm, or the presence of less adult worms, the



r49

benefits to the population are apparent. Pari passu with

a reduction in hookworm egg counts is an elevation of serum

IgE and blood eosinophil levels in the atopic populations.

The atopic population therefore has an increased ability to

produce IgE antibodies. It would be of value to know

whether these increased total serurn IgE 1eve1s represent

increased titres of hookworrn-specific IgE antibodies. The

results available are nevertheless consistent with the con-

cept that the atopic population is producing more specific

hookworm-specific antibodies. Even so, this would not in

itself prove a functional role, ãs it nay sirnply represent

an increased response to any antigenic stimulus, but the

association with low hookhrorm egg counts lend weight to the

hypothesis.

An interesting side-issue is the observation that almost

all Papua New Guineans studied had detectable serum IgE

levels. The vast najority of patients had levels above the

normal range for the normal Australian population. It is

apparent that there is something about a hrorm that turns on

IgE production. This probably represents not only anti-

bodies specific to helminthic antigens, but also antibodies

against non-helminth antigens if results in the animal nodel

also apply to humans (Orr and B1air, 1969). Search for

such a trigger oï triggers to IgE production may well be

rewarding. If such a trigger could be found, it night also

be possible to find a substance which could block the



1s0

sti-mulus to IgE production. This would have inportant

inplications for the therapy of asthma and the other atopic

disorders.

Evidence is also presented concerning the second

question as to why certain individuals develop clinical

rnanifestations of atopy. Clinical disease seems to be

associated with an increased propensity to produce reagins,

as evidenced by increased serum levels of IgE. Possible

explanations for the development of the atopic state have

been discussed in Chapter II. It was pointed out that

these hypotheses are not necessarily mutuaLly exclusive;

indeed it is likely that the atopic state is nultifactorial

in origin. The evidence presented in this thesis is ger-

mane to only two of these considerations.

Indirect evidence is given in support of the role of

inheritance in the developrnent of atopy. The inter-

relationship between atopy and helninthiasis is consistent

with a genetic polynorphism. It may be analagous to the

more clear-cut instance of the effects of malaria and

sickle cel1 anaemia on the gene pool. It provides one

explanation for the high frequency of atopic genes. Sub-

jects with the greatest genetic endowment nay be those most

likely to develop clinical manifestations

Evidence is presented to support the hypothesis that

immune deficiency is important in the development of the

atopic state in some people. Defects of humoral innunity
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have been shown in Some atopics and defects of cellular

inmunity in others. Immune deficiency has been most mark-

edly shown in relation to two palameters. Inpairrnent of

ce11ular imrnunity has been demonstrated by the inability of

some patients to mount delayed hypersensitivity reactions

on challenge with intradermal antigen. Moreover, three of

four such patients could not be sensitized to dinitroch-

lorobenzene. Other patients have shown an inpaired ability

to pToduce antibodies to tetanus toxoid, while maintaining

a norrnal response to !.. typhi H antigen. It is possible

that this may represent the relative thymus-dependence of

haernagglutinating antibodies against tetanus toxoid. This

group of tetanus non-responders was also immunologicaLl.y

abnormal in other hlays, âs evidenced by a high IgA level,

depressed spontaneous lynphocyte 3g thymidine uptake and,

inpaired lynphocyte PHA responsiveness when cultured in

foetal calf serum, compared with those asthmatics who did

respond to immunization.

Not only l^¡ere these abnormalities dernonstrated in

asthmatics, but also in atopic eczema patients. There were

variations in the frequencies of these abnormalities. In

addition, some abnormalities were found in asthnatics but

not in patients with atopic eczema. Whether these h¡ere

chance variations or related to the differing clinical man-

ifestations is difficult to say.

The significance of some abnormalities hrere obscure,
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for example the depressed phytohaernagglutinin-stimulated

activity of lymphocytes of asthnatics when cultured in

foetal calf serum.

It is suggested that immune deficiency is important in

some patients. It is envisaged that irnpaired responses to

antigen by the humoral or cellular immune systems result in

increased antigenic stinulation of the IgE antibody system.

Subsequent antigenic exposure stimulates the prined mast

ce1ls leading to clinical disorder.

It is not claimed that immune def iciency is irnportant

in all sufferers from atopic disease, but that it rnay be a

factor in some of them. The development and application

of more sophisticated techniques to assess immune function

may demonstrate other evi-dences of imrnune deficiency in

larger numbers of patients.

It is proposed that a function of the IgE-mediated

immune system is to assist in the control of helminth

infestation but carries with it a propensity to atopic

disease. The price of a greater ability to deal with he1-

minth infestation, in association with other factors such

as immune deficiency, perhaps independently deternined, may

be a legacy of atopic disease.
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INTRODUCTION

As described in the introduction to Chapter V, raised

serum levels of IgE have been found in a variety of helninth

infestations. Biroun-Noerjasin (I973) reported increased

serum IgE levels after treatment for hookworm in a Javanese

population. This is in contrast to the fa1l which occurred

after treatment in patients with intestinal capillariasis
(Rosenberg et â1., 1970), and six months after an acute

episode of trichinosis (Rosenberg et al., 1971).

This study was undertaken to determine whether the

findings of Biroum-Noerjasin could be repeated.

SUBJECTS AND METHODS

Subjects studied were villagers from Megusazuha,

Samiliufa and Gehamo nurnber 2 viLlages (Fig. 5.2). Faeces

for hookworm egg-counting and blood for serum IgE and

absolute eosinophil counts were collected in 53 subjects as

described previously. Each subject was then given a single

900 ng dose of Pyrantel Embonate ("Combantrin", G.P. Labora-

tories). Blood samples were collected six weeks later in

all subjects and faecal specimens in 27 subjects. Another

five subjects were given Pyrantel Embonate 600 ng weekly for

six weeks, and blood and faecal specinens collect'ed fort-

nightly for LZ weeks. Control subjects l{rere given Vitanin

C 25 ng.

*¡
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RESULTS

Hookworrn ova were detected in samples from all subjects.

Twenty one percent had egg counts of less than 11000, 43%

between 1,000 and 5,000, 2l% between 5r000 and 10,000 and

ß% more than 101000 eggs per gramme. Six l4teeks after

anthelnintic treatment, ova were not detecta.ble in 44% of

patients, there hlas at least a tenfold fal1 in concentra-

tion in 7%, a five to ninefold fal1 in l9%, a two to four-

fold fall in Lg%, and no change in LL%. In the five

patients receiving anthelnintic treatrnent weekly for six

weeks, ova were not detectable fron the fourth week onwards.

serum IgE levels were measured before and six weeks

after single dose anthelrnintic treatment in 46 sample pairs

(Fig. 6.1). The geometric mean IgE 1evel fel1 from 2,3I0

to 1,860 units per n1. This fal1 was highly significant

(P< 0 . 0 01 , paired rrtrr test ) . Serum IgE 1evels t,rlere

measured before and after a six week interval in twenty sub-

jects who did not receive anthelnintic therapy. No signi-

ficant change occurred, the geonetric mean IgE values being

2,250 and 2,420 units per rnl respectively.

Serum was taken fortnightly fron five subjects who

ïeceived weekly anthelnintic treatnent in the first six

weeks, and from two control subjects (Fig. 6.2). A consis-

tent decline in IgE levels over three months was seen in

four subjects. The fifth showed an initial.;sharp fa1l, +



rise at six

who did not

IgE 1eve1s.

1s5

weeks, then a slow decline. The two patients

receive specific therapy showed 1ittle change in

Blood eosinophil levels were rneasured in 53 sample pairs

before and six weeks after single dose antheLmintic treatment

(Fig. 6.3). The mean level fell frorn 745 tb 400 eosinophils

per pl. This fall was highly significant (P<0.001, paired
rrttr tes t) .

€J
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DISCUSSION

High serum IgE levels vìrere found in an area of universal

hookworrn infestation. Anthelmintic treatment resulted in

elinination of , or reduction in, worm burdens in most per-

sons. This was associated with a fal1 in IgE levels six

weeks after treatment.

Serial investigation over three months supports the

view that IgE 1evels fal1 after anthelnintic therapy. The

level fe11 steadily in four patients. The rise noted in

one patient, with no ova detectable in the stools, may re-

flect the larval stage of re-infection, âs it has been shown

that both the systemic larval phase and the gastro-intestinal

adult phase stimulate IgE production in rats infected with

Nippostrongylus brasiliensis (Jarrett and Stewart, L973) .

The fall in IgE levels parallels that seen after treat-

ment of intestinal capillariasis, and after the acute phase

of trichinosis. The fall may reflect a decrease in anti-

genic stimulus by elimination or reduction of the worm

burden. It has been shown in animals that helninth infesta-

tion potentiates reaginic antibody responses to non-helninth

antigens (0rr and Blair, 1969) . Jarrett and Stewart G973)

have suggested that such Tesponses may Tequire maintenance

by live worms over a period of ^tirne. The fa1l il'r IgE

1evels could also represent lower titres of non-helninth

reaginic antibodies following rernoval of the" worns. 'i
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Blood eosinophil levels also fell six weeks after

anthelmintic treatment. This also is consistent with a

lessened stimulus to eosinophilia after elimination or

reduction of the worm burden.

These findings contrast with those reported by Biroum-

Noerjasin (1973) in a Javanese population in which a rise in

TgE 1eve1s after anthelmintic treatment was claimed.

Several possibilities exist for this discrepancy. In that

study, samples r^rere taken before and after treatment in only

eight individuals, whereas in this study there vùere 46 sub-

j ect pairs. Other results reported do not represent a

comparison with in the same group, but are from different

individuals at varying periods after anthelmintic treatment.

It is doubtful whether it is valid to compare such groups.

Furthermore, ova were absent in only 17% of Javanese subjects

compared with 44% of our subjects six weeks after treatment.

It is possible that in the Javanese study, either insuffic-

ient dose of anthelnintic was used, or some patients did not

take the drugs given.

The finding of a fall in IgE levels after anthelnintic

treatment is satisfying in that it accords with the general

observation in other immunoglobulin classes that antibody

1eve1s fa11 after removal of the antigenic stinulus.
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SUMMARY

Serum IgE levels ulere high in a Papua New Guinea popula-

tion infested with hookworm. In contrast to another report,

serum IgE and blood eosinophil levels fell after treatment

with anthelnintics.
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INTRODUCTION

Serurn IgE levelS were measured in a variety of condi-

tions according to the availability of sera. In more than

half of the sera, IgE levels ritlere less than 100 units per

nl and could not be measured by the radioactive single

radial imnunodiffusion technique. Accordin9IY, results

have been expressed in histogram form for visual interpre-

tation. A single tailed range has been presented as aLI

values up to the ninety fifth percentile.

LIVER DISEASE

Heiner and Rose (1970) reported that nine of 18 sub-

jects with Laennec's cirrhosis had serum IgE levels above

800 ng/ml. Brown et al (1973) found no elevation of IgE

levels in ten patients with chronic liver disease.

Serum IgE levels were measured in sixty one patients

with liver disease (Fig . 7 .I) . In 39, a diagnosis of

viral hepatitis had been made. Fourteen l{Iere suff ering

from chronic alcoholic liver disease and eight had niscell-

aneous conditions including chronic active hepatitis,

primary biliary cirrhosis and obstructive jaundice.

There rlt¡as no evidence for increased serum IgE levels

in patients with viral hepatitis. Although the numbers

r^rere small, results l^Iere suggestive of an e]:evation in t1l"

patients with chronic alcoholic liver disease, consistent

a
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with the observations of Heiner and Rose.

COELIAC DISEASE

Serum IgE leve1s l\rere measured in 36 patients with

coeliac disease (Fig. 7 .L) . The sera ürere provided by

Dr. R.N. Ratnaike. IgE values did not differ markedly

from normal controls. 0n1y one patient had a 1evel of

more than 800 units/nl compared with five of 16 patients

reported by Heiner and Rose (1970). These findings are

sirnilar to those of Brown et aL (T972) who found normal IgE

1evels in aLL of nine coeliac patients.

These observations are consistent with the comment of

Hobbs et aI (1969) that coeliac disease is unlikely to be

nediated through reaginic hypersensitivity.

PARAPROTE INAEMIA

IgG nyeloma is frequently associated with reduced serum

levels of IgA and IgM. Similarly IgA and IgM paraprotein-

aernias are associated with depression of the other two

major inmunoglobulin classes (Hobbs, 1967). Measurements

of IgD and IgE were nade to see if this phenomenon extended

to these two classes.

Serum IgD levels were measured in twenty patients with

a variety of nyelomas and twenty age and sex matched con-

trols. Patients had a geometric mean IgD leve1 of 3.7
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units per nl with a standard deviation of 9 units per m1

compared with 12!60 units per rnl for the controls. This

diff erence was signif icant (P<0.02, Studentrs 'rtrr test) .

The 1ow seTum IgD levels are consistent with the observa-

tion seen in the other major imrnunoglobulin classes.

Serum IgE levels were measured in the same twenty

patients. One patient had a serum IgE 1evel above the

norrnal range (Fig. 7.2). Although the numbers are smal1,

the findings are suggestive that there may not be a uniform

depression of IgE levels in myeloma. This accords with the

observations of Heiner and Rose (1970) who found that four

of 14 patients with multiple myeloma without an rrMrr peak

had raised IgE levels.

LYMPHOMA

Cellular imrnunity is frequently irnpaired in patients

with lymphona (Harrison, 1970). Approximately 20% of

patients with Hodgkin's Disease have an eosinophilia

(Harrison, 1970).

Serum IgE levels were determined in 26 patients with

lymphorna, mostly Hodgkin's Disease. Five patients had

values above the normal range (Fig. 7.2).

The mechanisrn of elevation of IgE levels in a propor-

tion of patients with lymphona may be sirnilar to that postu-

lated in some cases of asthma, namely that inpaired ce11ular
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inrnunity leads to increased stinulation of the reaginic

system. As discussed earlier, the eosinophilia which is

often seen in Hodgkin's Disease may be a concurrent

epiphenomenon or a sequential result of increased reaginic

activity.

SJOGRENIS SYNDROME

Serurn IgE levels were measured in six patients (Fig.

7 .2) . Two patients had IgE levels above the normal Tange.

Although the numbers are far too smal1 for rneaningful

cornment, the results suggest that further investigation of

larger numbers of patients nay be informative, particularly

as Sjogrents Syndrone rnay be complicated by the development

of lynphoma (Anderson and Talal, Lg72) .

APLASTIC ANAEMIA

The association of aplastic anaernia and drug therapy,

apparently idiosyncratic in origin, is well known (Harrison,

1970). It therefore was of interest to determine whether

serum IgE levels r,rlere elevated in some cases of aplastic

anaemia as some drug hypersensitivity reactions are nediated

by reaginic antibodies (Hurnphrey and White, 1970).

Serum IgE levelS were measured in eleven patients with

aplastic anaemia. No patient had an elevated IgE 1evel

(Fig . 7 .z)
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ANTINUCTEAR FACTOR

Antinuclear factor is commonly found in the serum of
patients with auto-immune diseases (Hunphrey and White,

1970). Serum IgE levels were measured to deternine

whether there was also an abnornality of the reaginic system

in 40 patients with strongly positive antinuclear factor in

the serum. Fifteen patients had systemic lupus erythema.-

tosus, five systenic sclerosis, four rheumatoid arthritis,

two dermatomyositis and fourteen had niscellaneous or

undiagnosed conditions .

0n1y three patients had IgE values above the nornal

range (Fig. 7 .2) .
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SERUM IsD IN PAPUA NEW GUINEANS AND AUSTRALIANS

Immunoglobulin D was first described as a distinct

immunoglobulin class by Rowe and Fahey (1965). Subsequent

studies have demonstrated antibody activity in this irnrnuno-

globulin class (Gelich et aL., 1969). A problen in assess-

ing differences in serum IgD levels in different populations

or disease states is the Very wide variation in concentra-

tion normally found. This is exernplified by the lack of a

statistically significant difference in IgD 1eve1s between

Australians and Papua New Guineans reported in the sma11

samples in Chapter IX. When larger numbers were used how-

ever, statistically significant differences occurred.

Serum IgD 1evels were measured in 355 Australians with

a mean age of 37 years and standard deviation of 16 years'

Forty four percent hrere males and 56'o hlere females. These

measurements were compared with values obtained for 244 Papua

New Guineans of sinilar age and sex distribution. The ages

of individual Papua New Guineans could only be estinated how-

ever. There was a significantly higher mean IgD level

(P<0.001) for Papua New Guinean subjects (Fig.7.3).

Rowe et aI (19ó8) found no differences in IgD 1eve1s

between Ganbian and healthy British adults. Nevertheless,

the elevation of IgD levels seen in Papua New Guineans is

not surprising as IgG, IgM, IgA and IgE levels h¡ere all

elevated when compared with Australians (see Chapter IX).



Raised IgD levels may reflect frequent exposure to the

genic stimulus of helminths, protozoa, fungi, bacteria

viruses common in the tropics (Wel1s, 1968) .

170
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IgD, HELMINTHIASIS AND ATOPY

Serum IgD levels were rneasured in asthnatic, non-

asthnatic atopic and non-atopic subjects as described in

Chapter V. No s ignificant differences hlere found between

the three groups.

Serum IeD (units/ml)

Nunber Mean Range

As thnatics 28 28 2- 283

T747 r- 329Non- asthnatic
at'op ic s

Normal Controls 90 24 2- 298

In contrast to IgE, no evidence has been found to

suggest a relationship between IgD, helninthiasis and atopy.
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INTRODUCT ION

Reduced serum 1evels of garnmaglobulin have been found

in many patients with dystrophia myotonica by some workers

(Lowenthal and van Sande, 1956; Kuhn and Weicker, 1957),

but not by others. These reduced levels were observed to

be associated with a reduction in the half life of 131I-

labelled gamnaglobulin (Zinneman and Rotstein, 1956).

With the delineation of the various innunoglobulin classes,

it r^ras found that there r,trere reduced serum levels and

increased catabolism of IgG (Wochner et ãL., 1966), though

a more recent report suggested that serum levels of IgM

may also be reduced (Bundey et aL., 1970).

These abnornalities prornpted a more comprehensive

investigation of immunological function in this disease.

PATIENTS AND METHODS

Fifteen patients u/ere studied, including two pairs of

siblings and one mother and daughter. Each patient had

characteristic clinical features and showed the classical
electromyographic changes of dystrophia rnyotonica. It is

difficult to be certain of the duration of clinical
symptoms, but the average was ten years and ranged from five
to 16 years. There were eight rnen and seven women, with

ages ranging between 30 and 7L years (Table 8.2) . Two

patients were in institutions, the rest living at home.

Two patients r^rere receiving digoxin and diuretics for
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congestive cardiac failure, and one was receiving broncho-

dilators for chronic bronchitis. One patient suffered

frorn rheumatoid arthritis but was receiving no therapy,

while another had peripheral vascular disease. Three were

taking respectively quinine bisulphate, isoproparnide

iodide and an aspirin-codeine mixture. Patients h¡ere

questioned about their inmunization history. Most

believed that they had been inmunized with tetanus toxoid,

though none remembered being immunized with typhoid

vaccine.

Serum immunoglobulin and complement 1evels, spontane-

ous and phytohaenagglutinin-stirnulated lymphocyte 3H

thymidine uptake, DHS reactions to candida, mumps and

streptococcal antigens, and antibody responses to tetanus

an<1 typhoid immunization Í/ere measured. Antibody titres

were measured before and after treatment with mercapto-

ethanol.

Each patient was age and sex rnatched with a norrnal

control subj ect.

RESULTS

Serum immunoglobulin 1eve1s were not significantly

different in patient and control groups (Table 8.1) .

Serum ßrA complement levels in the patient group were

higher.
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Antibody responses at two weeks after immunization

are shown in Figures 8.1 and 8.2; no antibody to tetanus

r^ras detectable in eight sub j ects , while two patients failed

to make antibody to S. typhi H antigen. Mercaptoethanol

treatment of serum reduced typhoid antibody titres to zero

or very low levels, while leaving tetanus antibody titres

relatively unchanged. There was considerable overlap of

the ages of the tetanus responders and non-responders

(Tab1e 8.2) .

Delayed hypersensitivity skin reactions to the three

antigens are shown in Table 8.3. The two patients who

failed to make a reaction against any antigen were brothers.

Spontaneous uptake of

dystrophic patients (Tab1e

3H thyrnidine by lymphocytes

both autologous and foetal

3H thyridine was lower

8.4) . PHA-stinulated

I^Ia S

calf

norrnal in the presence of

serum.

in tetanus responders and

differences r,.rere found.

1n

uptake of

Each parameter was compared

non- responders . No s ignificant
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Table 8.1

IgG Pat i ent s

Controls

SERUM IMMUNOGLOBULIN q COMPLEMENT LEVELS

No Mean S. D. Probabilrty

IgA Pat ients
Cont ro 1 s

IgM Pat ient s

Control s

rgD Pat ients
Controls

rgE Pat ients
Cont ro 1 s

B-A Conplement'I

Pat ien t s
Control s

15

15

15

15

5ó :t

15 *

15

15

15

15

15

15

15

15

r rL20
r,200

23r
2L6

343

327
N.S

N. S

N.S

N.S

N.S

118 2t

104 *

g7 tr

99 *

Ls2

L24

59

66

68

69

60

80

50

65

35

35
<0.05

= Not Significant* Geometric Mean

Units as in Table 2.I

BrA Conplement i mg/ 100 n1

Probability by Studentrs rrt,

N.S

test
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Table 8.2

Table 8. 3

Pat ients

Contro 1s

30,

4T,

SKIN TEST REACTION

38,

45,

53,

65,

AGE AND TETANUS RESPONSE

Tetanus Responders

Tetanus Non-responders

Ages

47 , 49,

54, 55,

5ó, 60

65, 7r

Non -
Reactors reactors

% of.
Reactors Probabil ity tr

I3 87

15 100

2

0
N. S

* Probability by Fishers Exact Test
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Table 8.4

PHA Autol
3u

PHA F.C.S.
5H

Spontaneous
5H

Pat i en ts

Contro 1s

Patients

Con tro 1 s

Pati ents

Contro 1s

56, 500

69, 700

39 ,7 00

45,100

262*

382*

LYMPHOCYTE 
3H THWTDINE UPTAKE t

No Mean S. D. Probability

15

15

15

15

4L,200

45,000

29 ,400

24,000

N.S

N.S

<0.05
15

15

168

1s0

x Geometric Mean

t Disintegrations per culture per minute

Probability by Studentrs rrtrr test

N.S. = Not Significant
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D I SCUSSION

Dystrophia myotonica is a multisystem disorder.

Reports of abnormalities in IgG serum leve1s and metabolism

suggested it wou1d. be worth investigating other pararneters

of imrnunological function.

Contrary to several reports, to significant differences

in the serum level of IgG were found. Oppenheimer and

Milhorat (1961) also failed to find reduced IgG levets.
rn series which reported low levels of rgG in the dystrophic

group, many individual patients had values which fe11 within
the normal range. This suggests that measurement of serum

inmunoglobulin levels is a crude index of inmunological

abnorrnality in these patients. No significant differences
r{rere found with the other immunoglobulin classes. The sig-
nificance of raised levels of ßfA complement levels is
obscure.

The most striking finding was the failure of about 50%

of patients to make antibody to tetanus antigen. The

absence of change in titre after mercaptoethanol treatment

in those who did respond, is consistent with the general

observation in South Australians that tetanus immunization

produces an IgG response. Measurement of antibody response

to tetanus is probably relatively a sensitive test of hum-

oral irnmunological capacity. It seems unlikely that the

failure to rnake antibody is related to âge, as the ages of



L82

the groups responding to tetanus immunizatíon are similar

totthose of the group who did not respond. Moreover, all

patients were age matched with controls, all of whom did

respond. There is no evidence that failure to respond to

could be attributed to inter-current infection or drug

therapy. The measurement of a specific IgG antibody res-

ponse may be a more sensitive indicator of inpaired IgG

production than measurement of total IgG 1eve1s.

Failure of two subjects to rnake antibody to S. typhi
is additional evidence of inpairment of humoral immune

responses. g. typhi is a potent antigen and failure to

make this antibody is almost always associated with
clinically apparent disease (Forbes, personal communication)

No statistical indication of impaired. ce1lu1ar immunity

ü/as found in this study, although two patients, brothers,

failed to make DHS skin reactions. The uptake of sft

thymidine by PHA-stimulated lynphocytes was normal in these

two patients, âS in the group as a whole.

The spontaneous uptake of tritiated, thynidine hras

reduced. As discussed earlier, this parameter is probably

a measure of the activity of circulating immunoreactive

cel1s (Crowther et &I. , 1969; Horwitz et a1. , 1gZ0) . The

same phenomenon of reduced spontaneous uptake was observed

in those asthmatic patients who failed to respond to tetanus

immunization. rt has previously been shown that catabolisn
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of IgG is increased in dystrophia rnyotonica (Wochner et ãT.,

1966). These authors concluded that the synthesis of IgG

r{ras normal. Reduced spontaneous uptake of 3H thytidine

together with inpaired response to tetanus immunization

suggests that synthesis of specific antibody rnay be reduced

in this condition.

Dystrophia myotonica is inherited as an autosomal donin-

ant trait and often does not present until later in life

(Walton, 1969). It may be infornative to study the cap-

acity of young members of afflicted fanilies to produce

specific antibody. It is possible that such a failure may

antedate clinical presentation of the disease.
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SUMMARY

Parameters of humoral and cellular innunity have been

measured in 15 patients with dystrophia myotonica. No

abnorrnalities in total serum levels of the five major

immunoglobulin classes were found, but there was a rise in

the mean serum level of ßrA cornplement. Fifty four percent

of patients failed to make antibody to tetanus toxoid as

compared with I% of controls; 13% of patients failed to

make antibody to !.. typhi H antigen as compared with no

failure of this function in control subjects. There was

a reduced spontaneous uptake of 3H ahyn idine by lymphocytes,

while in the presence of PHA and autologous or foetal calf
serum, the uptake was normal. Thirteen percent of subjects

failed to make DHS reactions to intradermal antigen.

It is suggested that there may be a wider derangement

of irnmunological function in dystrophia rnyotonica than

previously thought.
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INTRODUCTION

Mass ininunization campaigns aTe a major weapon in the

control of communicable disease in the tropics. The

effectiveness of such campaigns depends upon the ability of

those immunized to produce an effective immunological res-

ponse. The opportunity was taken, while in Papua New

Guinea, to assess by sinplified techniques appropriate for

field conditions, humoral and

Highland Papua New Guineans.

cellular immune competence in

SUBJECTS AND METHODS

Two groups of Papua New Guineans hrere investigated and

the results compared with those found in healthy adult

Australians.

PNG Group 1

Forty two adult members of Kefaio village via Kwongi

in the upper Asaro Valley were studied (Fig. 9.1). The

village was located at an altitude of 2,400 metres in

mountainous terrain, 55 km fron Goroka. The staple food-

stuff was sweet potato, with an occasional admixture of

meat during pig feasts. Despite the cool clinate, most

villages wore only the scanty traditional clothing. They

lived in smoke-fi11ed huts. Upper and lower r.espiratory

tract infections weTe common. 0n1y ninírnal nedical care

I,\¡as avaiLable.
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PNG Group 2

Thirty eight adult nales who had been inmates of the

Goroka prison for more than three nonths were studied. The

prison , ãt an altitude of 1r 600 metres, I^Ias located several

kilometres from Goroka. They received a more nutritious

diet, including daily meat, wore more clothing, lived in

better housing, and were more accessible to medical caTe.

Respiratory tract inf ections were not prorninent.

Malaria is unconmon in the Eastern Highlands District.

Subjects rltleTe Venepunctured for measurement of Serum

immunoglobulin levels, autoantibodies, Australia antigen,

and baseline antibody leve1s. Sub j ects vtlere innunized

with tetanus toxoid and typhoid vaccine and venepunctured

again two weeks later. Twenty eight subjects in Group 2

hrere re-irnmunized approxirnately one month after the f irst

immunízation, and assessed again after a further two weeks.

DHS reactions were measured to Candida albicans, Mumps

Skin Test Antigen and Streptokinase-Streptodornase at 48

hours in PNG Group 1.
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Fig. 9:1a Kefaio Vi11âge, Eastern Highlands
District.

Fig. 9 :1b Belles of Kefaio.
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RESULTS

Immunoglobulin Levels

Serum immunoglobulin levels are shown in Table 9.1.

IgG, IgA, IgM and IgE are all signi-ficantly elevated in

both PNG groups when compared with Australians. There was

no differences between the two PNG groups for these para-

meters, but IgD levels in Group 1 were significantly

greater than those in Group 2 (P<0.005, rrtrr test).

Antibodv Responses

Antibody responses in tetanus toxoid innunization

(Figs. 9.2 and 9.5) I{Iere greatly impaired in both PNG groups

compared with Australians (P<0.0001, Fisher's Exact Test).

Tetanus haenagglutinating antibodies were not detectable

two weeks after immunization in 34 of 42 (81%) subjects in

PNG Group L,22 of 37 (59%) of subjects in PNG Group 2 and

none of 59 (0%) Australians. There was a significantly

greater irnpairrnent of antibody responsiveness in PNG Group 1

than PNG Group 2 (P<0.025, Fisher's Exact Test). There

r^¡ere no differences in immunoglobulin 1evels between tetanus

responders and tetanus non-responders. There was a slow

decline in tetanus antibody titre in those patients who did

respond to inmuni zatíon and were measured at both two and

six weeks after immunization. Twenty eight patients in

Group 2 were re-immunízed (Fig. 9.4). Fifteen of these

had failed to respond on first inmuni zation, and nine (60%)
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failed to respond on repeat innuni zation. Eleven of the

thirteen who had responded on first imnunízatíon, had

increased titres after the second irnmunization.

Antibody responses to immunization with typhoid

vaccine (Fig. 9.5) were also inpaired ln both PNG groups

compared with Australians (P<0.0005 , X2, Brandt and

Snedecorrs Forrnula). Titres were lower in PNG Group 1

than in PNG Group 2, but not at a statistically significant

leve1.

Three patients in Group 2 who failed to respond to

immunization with typhoid vaccine were re-immunized. All

responded to repeat imnunization.

Sera of nine subjects who responded to immunizati-on,

rtrere treated with rnercaptoethanol and antibody titres

measured. Five subjects had an IgM response after the

initial tetanus imnunization, while four had a predoninantly

IgG response. Re-immunization produced an IgG response in

all except two subjects. All subjects had a predoninantly

IgM response after initial typhoid imnunization, while re-

immunization was associated with a mixed IgG and IgM

re spons e .

Albumin Levels

Serum

PNG groups

greater in

albumin levels (Table 9.2) were reduced in both

compared with Australians. This reduction was

Group 1 than Group 2 (P<0.001, "t" test).
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Tetanus non-responders had a lower mean serum albunin, but

not at a statisticaLly significant leveI. Subjects who

developed a typhoid titre of L:20 or less had a signifi-

cantly lower mean serum albunin 1eve1 than those who

developed a titre of 1:40 or more (P<0.05, rrtrr test).

Autoantibodies

Autoantibodies were measured in 68 subjects. Mito-'

chondrial and gastric parietal ce11 antibodies were not

detected, aîtinuclear factor was found in one subject, and

smooth muscle antibodies in seven subjects (10%). These

figures do not differ from the normal Australian population

apart from smooth muscle antibodies which are found in

about 5% of the population (vaIue established for normal

subjects by The Queen ELizabeth Hospital).

DHS Reactions

The prevalence of DHS reactions to candida, mumps and

streptococcal antigens was sinilar to that found in the

Australian population (Fig. 9.6) . 0n1y Zeo of sub j ects

failed to react to one of the three antigens which is com-

parable to the figure of I% for Australians. Reactions to

PFIA were similar to those seen in Australians. No subject

failed to react to at least one of the three antigens or

PHA.
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Australia Antisen
i Ar.rrtralia Antigen was found in seven of 76 sera (9"ó)

compared with less than half of one percent in the Austra-

lian population. (Value established for normal subjects

by The Queen Elizabeth HosPital.)



Table 9.1

rgG

IMMUNOGLOBULIN LEVELS

Number Mean S. D. ProbabilitY

L92

t

PNG Group 1

PNG Group 2

Austral ians

42

38

80

42

38

80

42

38

80

70

55

75

3340

3240
1560

240

230

200

200

190

150

27

10

16

110 0

1500

320

<0.001
< 0. 001

<0.02
<0. 05

<0. 001

<0.001

<0.001
< 0. 001

rgA PNG Group 1

PNG Group 2

Australians

IgM* PNG GrouP 1

PNG GrouP 2

Aus tral ians

IgD* PNG GrouP 1

PNG GrouP 2

Aus tral ians

IgEn PNG Group 1

PNG GrouP 2

Aus tral ians

42

38

80

2250
210 0

L20

42

38

80

80

80

75

85

30

70

N.S
N.S

64s0

6500

110

* Geometric Mean

t Conpared with Australians, Studentts rrt" test'

Units as in Table 2.L
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Table 9.2

t
SERUM ALBUMIN LEVELS

Number Mean

2 .95

3 .47

3. 68

5.5t

3.L2

3.30

3. 00

S.D

.s2

.55

.46

PNG Group 1

PNG Group 2

Aus tralians

Tetanus ResPonders

Tetanus Non-ResPonders

Typhoid Titres >

Typhoid Titres 1 Lz20

f glrr /T00 nl

4L

38

24

2Z

57

5Z

27

.58

.62

.56

.68
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TETANUS ANTIBODY TITRE
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Titres of antibody to tetanus toxoid in
Australians. o iepresents pre-immunizatiorr
titre and ' post-irnmunizaiuion titre'

Fig. 9.3
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TETANUS ANTIBODY TITRE
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Titres of antibody to tetanus toxoid in Papua
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sents titre two weeks after first imrnunization
and V two weeks after second inmunization.

Fig. 9.4
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DI SCUSSION

Marked depression of humoral inmunity has been found in

Papua New Guinea Highlanders, âs conpared with healthy

Australians. This has been shown by substantially inpaired

capacity to make antibodies to tetanus and S. typhi H anti-

gens. In contrast, cellular irununity as assessed by DHS

skin reactions I^Ias intact. Sirni 1ar, but less narked f ind-

ings hrere reported from the Gambia, where 50% of normal con-

trols failed to respond to tetanus immunization, aLthough

normal responses l^Iere found to 9-. typhi H antigen and DHS

skin tests (Greenwood et ãL., L972, L973).

Raised serum levels of IgG, IgA and IgM have been

reported from lowland regions of Papua New Guinea (Wells,

1970), while Crane et aL (1971) showed raised levels of IgG

and IgM but normal levels of IgA conpared with healthy

Australians. Frequent exposure to the antigenic stinulus

of helninths, protozoa, fungi, bacteria and viruses is the

rnost likely cause of the high immunoglobulin levels seen in

the tropics (Wells, 1968). Such exposure nay also inpair

antibody responses to tetanus and typhoid imnunizatíon by

"antigenic competition". This phenomenon occurs when anti-

body response to one antigen is reduced by prior contact

with a second unrelated antigen and is observed in many

species and with a wide variety of antigens (Michaelis 
'

1902; Barr and Llewellyn-Jones, 1955; Adler, 1964).
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Irnpaired antibody responsiveness has been shown in

chronic infections (Lee, I97I; Forbes, L97I), including

malaria (McGregor and Barr, L962). Chronic respiratory, 
,

gastro-intestinal and cutaneous infections are frequent in

the population studied, but malaria is not common. Dep-

ression of hurnoral imrnunity has been shown in nildly

protein-deprived aninals (Jose and Good, L972). Gross

protein deficiency, âs in kwashiorkor may lead to depression

of cell-mediated irnmunity (Smythe et ãL., 1971). Kwashior-

kor was not seen here. The depression of antibody response

in Papua New Guineans ulas greater in villagers than prison-

ers. Serum albunin levels were less in Papua New Guineans

than in Australians, the reduction being rnost marked in the

villagers. This parameter also, frãY reflect a poor

protein diet or chronic infection. It seems likely that

irnpaired antibody responsiveness is multi-factorial in

origin, resulting from the interplay of diet, clothing, hous-

irg, chronic infection and adequacy of medical care, these

factors being less favourable for villagers than prisoners.

Antibody response after first imnunization was pre-

dorninantly in the IgM class for both tetanus and typhoid

vaccines, with conversion to the IgG class on re-immuniza-

tion. IgG antibody after the first exposure presumably

reflects previous exposure, whether naturally or aS a result

of mass immunization campaigns. Re-innunizatíon with tet-

anus toxoid induced a detectable antibody response in about
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half the subjects who had failed to respond to the first
immuni zation. This is comparable with the results obtained

when Australians suffering from chronic infections and who

failed to respond to tetanus immunization were re-immunized,

(Forbes , L97L).

The high prevalence of Australia antigen in the serum

confirms the observations of others (Woodfield, IgTS). .It

nay be another marker of impaired immunity. The high preva-

lence, nearly I0%, suggests that Australia antigenaemia nay

be prolonged. While this may in part be due to increased

exposure, it may also indicate defective imrnunological hand-

ling of the virus, as immunodeficiency has been suggested as

an explanation for the high prevalence of Australia anti-
genaemia in a variety of disease states such as leprosy,

leukaemia, and Downrs Syndrome (Campion, Ig73).

This study has important implications for mass immun-

izatton campaigns. rt cannot be assumed that a procedure

which has been shown to be effective in a temperate envir-
onment in a developed country will necessarily be effective
in a developing country in the tropics. It would seem

worthwhile to carry out pilot studies in such countries to
assess the efficacy of a proposed programme. Should the

result be less than desired, further investigation with in-
creased doses of antigen, and different schedules of
inmuni zation is warranted. such manipulations, in asso cia-
tion with inproved standards of tiving and hygiene, may lead
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to inproved effectiveness of nass inmunizatíon campaigns.

SUMMARY

Serum irnrnunoglobulin and alburnin 1eve1s, antibody res-

ponses to tetanus and typhoid immunization, and delayed

hypersensitivity reactions to intradermal antigens have

been measured in two groups of Papua New Guineans and com-

pared with Australians. Normal delayed hypersensitivity

reactions, but raised irnmunoglobulin 1evels, 1ow albunin

levels and impaired antibody responses were found.

Albunin leve1s were lower and antibody responses more

impaired in the group with the more adverse environmental

circumstances.
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APPENDIX

Several factors nust be considered for the pro-

per interpretation of Table 4. 2b. In the irnnunolog-

ically intact person, reactions to the second and

third antigens are not related to reaction or non-

reaction to the first antigen. Reaction to each ant-

igen is deterrnined independently, presumably depend-

ing upon previous exposure to each antigen. In patients

with depressed ce11-nediated inmunity however, there

rnay be a linkage of response in that such patients

are likely to fail to react to any number of antigens.

This nay artificia1-1-y inflate the 1evel of statistical

significance. Nevertheless the results are consistent

with Table 4. 2a which demonstrates impairrnent of ce11-

nediated inrnunity as assessed by delayed hypersensit-

ivity reactions.
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