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SUMMARY

Cell-mediated immunity was assessed in man by summation of positive delayed
hypersensitivity (DHS) responses to five test antigens, Candida, mumps, tri-
chophyton, tuberculin and streptokinase-streptodornase (Varidase). The study
included forty-four controls comprising healthy persons and hospital inpatients
with minor illnesses, forty-five aged persons, twenty-four patients with active
chronic hepatitis (ACH), nine with systemic lupus erythematosus (SLE) and
fourteen patients with rheumatoid arthritis. For controls and the group with
ACH, cell-mediated immunity was assessed also by transformation of blood
lymphocytes with phytohaemagglutinin (PHA). The incidence of positive DHS
responses to all antigens fell with advancing age, and responsiveness was signifi-
cantly lower in all three groups of immunopathic disease, particularly ACH.
Prednisolone was not associated with significantly depressed DHS reactions, but
combined prednisolone and azathioprine were. Weak DHS responses were
associated significantly with low titres of natural antibody to flagellin and with
lower humoral immune responses to flagellin. Lymphocyte transformation in
response to PHA in ACH was significantly less than in healthy controls. Thus
certain autoimmune diseases show an immunological imbalance in the form of
depressed cell-mediated immunity to extrinsic antigens and 'hyperactive' humoral
immune responses to 'self' antigens and selected extrinsic antigens.

INTRODUCTION

Cell-mediated immunity (CMI), as assessed conventionally in man by the delayed cutaneous
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hypersensitivity (DHS) reaction after intradermal challenge, suffers the disadvantage that
the usual antigens used are those which test established immunity (secondary responsive-
ness) rather than induction of delayed sensitivity (primary responsiveness). Of the other
methods for measuring CMI, stimulation of blood lymphocytes by phytohaemagglutinin
(PHA) and release of leucocyte migration inhibition factor(s) (MIF) have not been
developed as standard tests of CMI; other procedures include induction of responsiveness
to haemocyanin or dinitrochlorobenzene (DNCB), but the latter may cause severe cutaneous
reactions. We have assessed expression of CMI by measuring cutaneous responses to a
standard group of five reagents known to evoke a DHS reaction; the subjects were healthy
persons, hospital inpatients, aged persons, and persons with autoimmune diseases. For one
subgroup, the results from skin tests were correlated with those obtained by lymphocyte
transformation with PHA.

MATERIALS AND METHODS
Subjects studied

Controls. Controls for the DHS studies comprised forty-four subjects, eighteen females
and twenty-six males, aged from 19 to 75 yr, and included seventeen healthy persons, and
twenty-seven non-debilitated inpatients with relatively minor illnesses, without cancer
or disease of the immune system, not receiving corticosteroids or immunosuppressive drugs,
and not having a serum urea level greater than 60 mg/100 ml. Controls for studies on lym-
phocyte transformation comprised twenty-three healthy persons, ten females and thirteen
males, aged 18-44 yr.
Advanced age. These forty-five subjects, twenty-eight females and seventeen males, over

80 yr of age, were selected at random from an institution for the aged; they were not
debilitated nor chronically ill.

Active chronic hepatitis (ACH). These twenty-four patients, eighteen females and six
males, were aged 18-75 yr and fulfilled the diagnostic criteria described by Mackay (1968).
At the time of testing, four patients were receiving prednisolone, 5-10 mg, and azathioprine,
50-100 mg, daily, one was receiving cyclophosphamide, 100 mg daily, seven were receiving
prednisolone, 5-20 mg daily, and twelve were receiving neither drug; all were stable in the
remission phase. The indices of liver function used were serum glutamic oxaloacetic trans-
aminase (GOT) determined by the Babson method, retention of a standard dose (5 mg/kg)
of brom sulphalein (BSP) after 45 min, and level of serum albumin measured by the
Biuret procedure.

Systemic lupus erythematosus (SLE). These nine patients, all female, were aged 20-66 yr
and fulfilled the diagnostic criteria described by Dubois (1966). Four were receiving predni-
solone, 7-10 mg, and azathioprine, 5-150 mg, daily, one was receiving azathioprine 150 mg
daily, three were receiving prednisolone, 7 5-15 mg daily, and one was receiving neither
drug; all were in remission.
Rheumatoid arthritis (RA). These fourteen patients, five females and nine males, were

aged 27-72 yr and fulfilled the American Rheumatism Association criteria for definite or
classical rheumatoid arthritis (Ropes et al., 1959). One was receiving prednisolone, 14 mg,
with azathioprine, 200 mg, daily, six were receiving prednisolone, 3-15 mg daily, and seven

were receiving neither drug.
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Immunological procedures

Delayed hypersensitivity skin tests. The five antigens used were Candida (Bencard),
mumps skin testing antigen (Eli Lilly), trichophyton (Bencard), tuberculin 1: 1000 strength
(Commonwealth Serum Laboratories, Melbourne), and streptokinase 10 U-streptodor-
nase 2-5 U (Varidase, Lederle). Each antigen, 0-1 ml, was injected intradermally, using a
1-ml syringe with a 26-gauge needle, in alphabetical order at 3-4-cm intervals down the fore-
arm starting 4 cm from the distal elbow crease. Reactions were read at 48 hr after injection;
the reaction was read as positive when the mean of the maximum and minimum diam-
eters of the area of induration was greater than 0-6 cm.
Humoral response to flagellin. The procedure was as described by Rowley & Mackay

(1969). Comparisons were made between titres of natural antibody and peak immune
antibody to flagellin, and responses to the five skin test antigens.

Transformation of lymphocytes with PHA. Lymphocytes were separated from peripheral
blood by centrifugation in an isopaque-ficoll gradient (Boyum, 1968). Thirty millilitres
of blood were collected in Falcon tubes to which phenol-free heparin (5 units/ml) had been
added. Four millilitres of blood were mixed with 4 ml of saline. Two millilitres of isopaque-
ficoll were layered beneath this mixture and centrifuged at 400 g for 10 min at room tem-
perature. The buffy coat was removed and the cells washed once in saline at 400 g for 5 min
at 40C. The cell pellet was resuspended in Eagle's medium with 10% foetal calf serum.
The volumes were adjusted to give 1 x 106 lymphocytes/ml and dispersed in sterile Falcon
tubes in duplicate. Duplicate cultures were set up with PHA (Burroughs Wellcome) using
0 5 pg, 20 ug and 100 pg. The lymphocytes were cultured at 370C in 5YO C02/95% air for
72 hr. One microcurie of tritiated thymidine per culture was added 6 hr before termination
of culture. Excess thymidine was removed by washing the lymphocytes in 10 ml of Dul-
becco's salt solution and centrifuging at 400 g for 5 min. The RNA was hydrolysed with
0.5 ml 2 M KOH at room temperature for 30 min. DNA was extracted with trichloracetic
acid (TCA), 2 ml 40Y4 TCA at 4°C for 2 hr followed by centrifugation at 4500 rev/min at
4°C for 25 min; the pellet was resuspended in 0 5 ml 10% TCA. The extract was dried
at 55°C for 45 min. 0-5 ml soluene was added and the mixture placed in a warm oven for
1 hr. The solubilized DNA was transferred into 10 ml scintillation fluid in precounted
bottles, and counted in a Packard liquid scintillation spectrometer. Results were expressed
as disintegrations/minute of tritiated thymidine incorporated into DNA. Dose response
curves to PHA were derived as described by Fitzgerald (1971).

Statistical tests
The x2 test was used to compare numbers of positive results between groups tested with

the five skin test antigens. Student's t-test was used to compare (i) mean values for groups of
patients and controls of disintegrations per min of thymidine after transformation of
lymphocytes by PHA at various doses, and (ii) mean titres of antibody to flagellin in patients
grouped according to their DHS reactions. The results of PHA transformation tests and
the titres of antibody to flagellin were transformed logarithmically beforehand.

RESULTS
DHS responses to five antigens

Controls. All except one of the forty-four controls responded to three or more of the
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five antigens, and one responded to one antigen only (Fig. 1). Within this group, the responses
of healthy controls and hospital controls were similar, as were those of males and females.
Most of the controls (>700O) responded to each test antigen except for trichophyton to
which only fourteen of twenty-six males and one of eighteen females responded.
Advanced age. Positive DHS reactions to the five antigens in the forty-five subjects

over 80 yr of age were markedly decreased in that sixteen failed to react to any, thirteen
reacted only to one, eleven to two, and only two to three or more antigens (Fig. 1); this
decrease was not related to any one particular antigen (Table 1). Mean values for the
number of positive skin test results per decade, considering controls and aged subjects
together, showed a gradual fall for each decade between 20-30 and 90-100 yr (Fig. 2).
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FIG. 1. DHS reactions to five antigens in (solid columns) control subjects, (diagonal hatched)
aged subjects and patients with (open hatched columns) active chronic hepatitis (ACH), systemic
lupus erythematosus (SLE) and rheumatoid arthritis (RA); reactivity in aged subjects and
patients is markedly decreased.
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FIG. 2. Mean number of positive DHS reactions per decade in groups of control and aged
subjects, showing progressive fall with age in the prevalence of positive cutaneous reactions
to the five antigens (Candida, mumps, trichophyton, tuberculin and Varidase). (0) Indepen-
dent values; (e) mean values per decade.
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TABLE 1. Incidence and percentage of positive DHS reactions to five antigens in groups
studied

Groups (No. of cases)

Antigen Controls Advanced age ACH* SLE* RA*
(44) (45) (24) (9) (14)

Candida 32 (73%) 15 (33%) 5 (20%) 4 (44%) 8 (57%)
Mumps 35 (80%) 15 (33%) 5 (20%) 3 (33%) 6 (43%)
Trichophyton 14 (32%) 2 (3%) 1 (4%) 0 1 (7%)
Tuberculin 33 (75%) 12 (27%) 7 (30%) 0 7 (50%)
Varidase 34 (77%) 9 (20%) 9 (38%) 3 (33%) 3 (21%)
All antigens 148 (70%) 53 (24%) 27 (20%) 10 (22%) 25 (42%)

tExp. 75t tExp. 334 tExp. 42§

* ACH = active chronic hepatitis, SLE = systemic lupus erythematosus, RA = rheuma-
toid arthritis.

t Exp. = expected number of positive skin tests to five antigens for disease group if there
were no association between disease and skin test reactivity; this calculation (corrected for
age and sex) was based on the results of tests in controls and subjects of advanced age.

t P<0 001; 5 P<0 01.

Immunopathic diseases. Considering all five antigens, the twenty-four patients with
ACH, nine with SLE and fourteen with RA, showed fewer responses than did controls,
particularly so for ACH, less so for SLE and least so for RA. Ten of the forty-seven patients
with these diseases were unresponsive to all five antigens (Figs 1 and 3), in contrast to none
of the forty-four controls. Considering single antigens, the responses of patients with ACH
were poor to all five, responses of patients with SLE were particularly poor to tuberculin
and mumps, whereas responses of patients with rheumatoid arthritis were particularly poor
to the streptococcal antigen Varidase.
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FIG. 3. DHS reactions of controls and patients with immunopathic diseases (scored as in Fig. 1)
showing greatest depression of responsiveness in patients with ACH and least in RA (solid
columns) controls; (diagonal hatched columns) ACH; (open columns) SLE; (stippled
columns) RA.



198 B. H. Toh et al.

Degree of skin response to antigens. Considering all positive responses for the groups of
controls, advanced age and patients, there were no differences between groups in the degree
of cutaneous response, as assessed by the diameters of induration.
Drug therapy and cutaneous responses. Considering pooled results for all three patient

groups, there were no differences in numbers of positive reactions according to whether or
not patients were receiving prednisolone. However there were significantly fewer reactions
in patients receiving prednisolone and azathioprine than in those receiving neither of these
drugs. This effect did not account for the overall difference between controls and patients
in that responses for patients not receiving these drugs were still significantly less than those
for controls (Table 2).

TABLE 2. Number of positive DHS responses to
five antigens and treatment received in patients

with SLE, ACH and RA

Incidence and percent
Groups* (in parentheses)

of positive DHS tests

Group 1 (18) 29/90 (32)
Group 2 (16) 17/80 (21)

(ns)
Group 3 (9) 6/45 (13)t

* Group 1, no prednisolone or azathioprine;
group 2, prednisoline 3-20 mg/day; group 3,
prednisolone 5-14 mg/day and azathioprine
50-200 mg/day. Number of cases in paren-
theses.

t P< 005, compared with group 1.
ns = not significant.

Transformation of lymphocytes with PHA
The dose response curve for the transformed lymphocytes of the controls and patients

with ACH is shown in Fig. 4. Of the patients with ACH, there was normal transformation
of lymphocytes in two, depressed transformation in the unstimulated cultures in three,
depressed transformation with five or 20 jg ofPHA in three, and depressed transformation
with 5, 20 and 100 Pg of PHA in four. Only two of the seven patients showing a depressed
lymphocyte response to PHA were receiving azathioprine. These differences between
patients with ACH and controls were statistically significant (P = < 0'001) for unstimulated
cultures, and maximally stimulated cultures (P<0 005) (Fig. 4). These results of in vitro
tests are in accord with the low DHS responses of patients with ACH, but there was no
individual correlation between depression of PHA transformation and cutaneous DHS.

Correlation of humoral response to flagellin and DHS response to five antigens
For patients with immunopathic diseases there was a trend for low DHS responsiveness

to be associated with low titres of antibody to flagellin, and this was significant for natural
antibody (pre-immunization), as shown in Table 3.
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FIG. 4. Dose-response curves for lymphocyte transformation by PHA in controls (mean ,
+ 2 SD --- -) and patients with ACH for whom depression of transformation was statistically
significant for unstimulated cultures (P<0001) and maximally stimulated (100 jug PHA)
cultures (P<0 005). (o) Independent values; (e) mean values.

TABLE 3. Comparison of 'low' and 'high' DHS reactivity with humoral immune responses to
flagellin

Response to flagellin

Pre-immunization Primary Secondary
DHS reactivity* (natural

antibody) 2 Weeks 10 Weeks 2 Weeks 10 Weeks

'Low' (15)t 31 1032 242 3054 1607
(2742) (252-3980) (53-1200) (912-10470) (3244070)

'High' (6) 230$ 2754 659 7943 1750
(34-1560) (1660-4570) (66-6590) (1700-37150) (537-13490)

* Low = 0-1 positive reactions and high = >2 positive reactions; number in group (in
parentheses).

t Eleven of these in secondary responses.
tP<001.
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Indices of disease and skin test response in ACH
There were no correlations between functional indices of liver disease and DHS responses

in ACH. For example, the mean values for BSP retention for six patients responding to
none of the five antigens was 23%, for ten patients responding to one of the five antigens
was 31 % and for seven patients responding to two or more of the five antigens was 24%.

DISCUSSION
The DHS responses for the controls in this study are generally similar to those reported
for an Australian population by Forbes (1971) in that all except one of our controls reacted
to more than two antigens, and the incidence of positive reactions to Candida, mumps,
trichophyton and Varidase was 75, 80, 32 and 7700; the incidence of tuberculin reactors
of 7500 was considerably higher than the 24% reported by Forbes (1971). The low inci-
dence of responses to trichophyton in females may reflect a low contact rate with this fun-
gus in females. The proportion of positive skin tests declined with age, particularly so in the
seventh and eighth decades. Lack of cutaneous DHS reactivity in the aged to tuberculin
is known; Bellomo (1952) tested 2000 persons with PPD 1:1000 and found proportionately
fewer reactors in the sixth decade of life, and Harris (1967) tested 171 subjects with PPD
0-001 mg and found a significant decrease in reactivity over the range of 70-90 yr. The other
antigens used in this study do not appear to have been assessed in aged subjects.
Of the immunopathic diseases tested, depression of DHS reactions was most marked

with active chronic hepatitis, moderate with SLE and least with rheumatoid arthritis; this
could not be accounted for by differences in age, sex or treatment among these three groups.
The marked depression of DHS reactivity in ACH could not be related to decreased liver
function in that depression of reactivity in our study did not correlate with biochemical
indices of liver function, and Straus et al. (1971) using an even greater range of test antigens
than we used, found normal cutaneous DHS reactions in fifty patients with alcoholic
cirrhosis.

Previous studies on DHS reactions in immunopathic diseases have pointed towards
decreased reactivity, although results have been somewhat inconsistent. Block et al. (1968)
studied twenty patients with SLE, twenty-three with rheumatoid arthritis and 112 hospital
controls, and found a significantly decreased reactivity to tuberculin in SLE, but otherwise
no differences between patients and controls in the frequency of positive reactions to PPD,
histoplasmin, trichophyton, Candida or streptokinase. Horwitz (1972) observed marked
depression of DHS responses to Candida, Varidase and trichophyton in fourteen patients
with SLE, most of whom were tested soon after diagnosis and before prednisolone was
given. Hayes, Ward & Jennings (1970) studied sixty-two patients with rheumatoid arthritis
and eight-four controls and found the incidence of DHS reactions to tuberculin, mumps
and brucella to be significantly depressed in rheumatoid arthritis; this was attributed to the
greater functional incapacity of the patients. Whaley et al. (1971) used DNCB to sensitize
patients with rheumatoid arthritis and found that skin reactivity was decreased relative to
control subjects. Bitter (1971) using a wide range of antigens found depression of DHS in
patients with SLE and rheumatoid arthritis in line with the present findings. In patients
with ACH, the depression of lymphocyte transformation in vitro was a further indication
of impaired function of lymphocytes involved in CMI, and corroborated the findings
derived from skin tests for DHS. Martini et al. (1970) likewise reported depressed synthesis
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of both RNA and DNA in lymphocytes of patients with chronic hepatitis. However, it is
likely that skin tests and transformation response to PHA measure different aspects of
cellular immune function; Daguillard (1972) cited a few instances of patients with thymic
deficiency syndromes having normal responses to PHA despite clearly depressed DHS
responses. Also, Horwitz (1972) found a marked depression of DHS responsiveness in
SLE (vide supra), but the same patients showed similar lymphocyte responses to PHA as did
the control patients with tuberculosis.

Impaired expression of cell-mediated immunity in immunopathic disease could represent
an immunosuppressive effect of the disease itself or its treatment (but from our results an
effect of treatment per se seemed unlikely), or alternatively a pre-existing deficiency in the
cellular immune (T cell) system which could predispose to such diseases (Burnet, 1969;
Allison, Denman & Barnes, 1971). It was claimed by Cooper, Peterson & Good (1970) that
autoimmune disorders occurred with greater than expected frequency in children and
adults with frank immunological deficiency, and that neonatal thymectomy in animals
predisposed to various autoimmune states. Ziff (1971), Allison et al. (1971) and Fudenberg
(1972) suggested, each in a somewhat different form, that human autoimmune diseases
could result from genetically determined thymic-dependent immunological deficiency states
facilitating a pathogenic effect of an environmental agent, presumably a virus. Findings of
raised antibody titres to viral antigens, e.g. to measles virus, in SLE (Lucas et al., 1972) are
consistent with either a causal effect of such viruses, or an increased predisposition to viral
infection in established autoimmune disease.
We do not see the possibility on present evidence of unravelling the complex interrelations

between autoimmunity and immunodeficiency. No more can be said than that autoimmune
disorders are associated, either causally or consequentially, with an immunological im-
balance in the form of depressed CMI to extrinsic antigens and augmented (non-controlled)
humoral immune responses to 'self' antigens and certain viral antigens.
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