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SUMMARY

Skin tests of delayed hypersensitivity were performed on thirty-eight patients of
leprosy with a bacterial antigen (tuberculin), a hapten (dinitrochlorobenzene) and
allogenic lymphocytic transplantation. The results have indicated that leprosy is
associated with a generalized depression ofdelayed allergic response. The depression
is of greater severity in patients with lepromatous leprosy and less among tuber-
culoid patients. The depression of cell mediated immunity in these cases is not
absolute but is relative and depends upon the dose and potency of an antigen and
the severity of the disease.

INTRODUCTION

The clinical characteristics of patients with lepromatous leprosy at one end of a spectrum
and tuberculoid leprosy at the other, are well known. Studies of immunologic reactivity
in these patients have also demonstrated diverse alterations in the two polar forms of the
disease. The lepromatous type of disease goes virtually unchecked by the host with his
macrophages laden with lepra bacilli, a high titre of serum antibody bathing the tissues and
no reaction to bacilli or their products in his skin or elsewhere in contrast to the benign
self-limited course of tuberculoid type, with few lepra bacilli detectable, little or no serum
antibody and markedly positive delayed hypersensitivity to lepromin. The anergy to lepro-
min observed in cases oflepromatous leprosy is not due to the presence of 'anticutins', as has
been postulated in the past, but is a manifestation of central immunological deficit con-
sequent to an unspecified aberration of immunocompetent cells that may either cause or
result from the disease itself. The latter explanation is supported by the observations that
these patients had shown poor response to intradermal injections of bacterial and fungal
antigens (Bullock, 1968; Guinto & Mabalay, 1962; Buck & Hasenclever, 1963; Guinto,
1963), had difficulty in achieving primary contact sensitization with haptens (Bullock, 1966;
Waldorf et al., 1966; Turk & Waters, 1969) and their lymphocytes had decreased ability to be
transformed into blast cells in culture by phytohaemagglutinin, streptolysin 0 or specific
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bacterial antigens (Sheagren et al., 1967, 1969; Paradisi, DeBonaparte & Moragenfeld, 1968;
Dierks & Shepard, 1968).
The study of delayed hypersensitivity in leprosy has given variable but interesting results.

Against the common belief, more and more evidence is accumulating to suggest that not
only lepromatous cases but also a variable number of tuberculoid patients are associated
with depression of delayed inflammatory allergic responses (Bullock, 1968). Furthermore
Turk & Waters (1969) have recently shown that those cases of lepromatous leprosy which
could not achieve primary sensitization with dinitrochlorobenzene, could be induced to
show delayed hypersensitivity to keyhole-limpet haemocyanin, a more powerful antigen,
thereby suggesting that depression of cell mediated immunity even in these cases is not
absolute.
The purpose of this communication is to present the results of a study designed to examine

the phenomenon of delayed immune mechanism by various skin testing techniques in
lepromatous and tuberculoid leprosy. Apart from the tuberculin test and primary sensitiza-
tion with dinitrochlorobenzene, normal lymphocyte transfer tests have also been studied, as
the NLT test is a manifestation of natural state of allograft immunity. It has also been aimed
to find out whether the depression of cell mediated immunity in a case is absolute against a
specific antigen or is dose dependent. Further, on simultaneous analysis of all the three tests,
a new trend in the immunological pattern of the disease appears to have evolved.

MATERIALS AND METHODS

The study consisted of forty-five individuals, of which thirty-eight suffered from leprosy
and the remaining ones were normal persons. Two population samples of patients with
leprosy were chosen for study; a lepromatous sample (twenty-four patients); and a tubercu-
loid sample (fourteen patients). Classification of leprosy type was based on clinical history,
physical examination and skin biopsy. Patients with intermediate lesions, as defined by
Ridley-Jopling classification (1962), were not included. All the control patients and patients
with leprosy underwent X-ray examination of the chest and were screened carefully to
exclude those in whom tuberculosis, usually poor dietary history, cachexia, prior BCG
vaccination or steroid therapy, might have affected skin test procedures.
Normal lymphocyte transfer (NLT) tests were done in all cases. Separation of lympho-

cytes was done after the method described by Goldsmith (1965). The final suspension of the
cells was made in dextran-ringer solution so as to give 2-5 million lymphocytes in 0-1 ml.
Viability of lymphocytes was checked by trypan blue test. Each recipient was given 0-1 ml
of dextran-ringer solution on the flexor surface of the left forearm (as a control) and 0-1 ml
of suspension on the volar surface of the right forearm. The measurement of erythema and
induration at each test site were made by a Glogau's vernier caliper and recorded immediately
after the injection and daily thereafter for a period of at least 10 days. In each case measure-
ment ofdiameters was done by taking two readings at right angles to each other and finding
out the mean of the two.
Out of thirty-eight cases, twenty subjects were tested for tuberculin sensitivity. Initially

the patients were injected with 10 u of old tuberculin in 0-1 ml amounts on the flexor surface
of the forearm using 1 ml tuberculin syringe with a 26 gauge needle. If this preparation gave
negative results (induration less than 6 mm) the subjects were tested with 100 u and finally
with 1000 u when necessary. Each time reading was taken 48 hr after the injection.
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Induction of contact type delayed hypersensitivity was performed with dinitrochloro-
benzene (DNCB) in sixteen out ofthirty-eight leprosy patients and in five normal individuals.
An area on the volar surface of each forearm was cleared with acetone. 2000 pg of DNCB
in 0 1 ml acetone was applied on the flexor surface of the right forearm with an area en-
closed by a 2 cm diameter copper coin ring. At the same time, in order to determine pre-
existing sensitivity to the agent, a challenge dose of DNCB (100 and 50 pg DNCB in 0 1 ml
acetone) was applied similarly to the areas on the left forearm. All the areas were then
properly covered. The 2000 pg site was covered for 5 days and then left open to the air;
The 100 pg and 50 pg sites were opened at 48 hr, then at 72 hr for signs of delayed hyper-
sensitivity. 21 days after application of the 2000 pg sensitizing dose the patients were re-
challenged by the application of 100 pg in 0 I ml acetone to a site 2 cm in diameter on the
forearm adjacent to the initial challenge site. The area was then covered for 48 hr and read
at 48 and 72 hr. Patients were considered positive if erythema and/or induration and/or
vesiculation with or without bullae and ulceration appeared. In case challenge with 100 pg
did not induce hypersensitivity, rechallenge doses of 400 pg and 1000 pg in 0 I ml acetone
were applied in the same way as described before, at an interval of 3 months and the
findings were noted as forementioned. In another five normal persons, after ruling out the
pre-existing sensitivity to the agent, 100 pg, 200 pg, 400 pg, 500 pg, 750 pg, 1000 pg, 1500 pg
and 2000 pg of DNCB in 0 I ml acetone were applied simultaneously at a distance of 4 cm
apart on the forearms in order to determine the minimum dose of the antigen producing
the nonspecific reaction occurring within 48 hr of its application. No reaction to the antigen
was observed up to the dose of 400 pg. The reaction appeared only in three cases with 500 pg
and thereafter the intensity of the reaction increased invariably with the increasing dose of
the antigen.

RESULTS

After intradermal injection of 2 5 million lymphocytes in normal individuals, two peaks of
induration were observed: the initial peak appeared by 24 hr, reached its maximum height
between 48 and 72 hr and regressed between 3 and 5 days; the second peak began to appear
by the 3rd to 5th day, reached its maximum height between 6 and 8 days and disappeared by
the 10th to 13th day. In all the cases the initial peak was associated with local pain, itching
and/or erythema while no such phenomenon was observed with the second peak. Erythema
appeared between 24 hr and disappeared by 72-96 hr but it was not universally present in all
the cases. The diameters of induration of initial and secondary peaks varied respectively
between 6-9 mm and 8-20 mm. No reaction to dextran-ringer solution was observed in any
case.
The behaviour of NLT was not uniform in any type of leprosy (Table 1). Out of twenty-

four cases of lepromatous variety, in eighteen cases (75 %) no erythema or induration was
observed at the site of injection within 24 hr and thereafter within a period of ten days,
meaning thereby that NLT reaction was flat. In three cases (12-5 %) only the first peak was
observed. In these cases the reaction was depressed in intensity as well as in duration. Out of
the remaining three cases in one case each (4-2 %) the following reactions were observed:
(1) normal NLT pattern with depressed reaction; (2) only a second peak; (3) the first and
second peak merged with each other. Of the fourteen cases of tuberculoid leprosy the first
peak only occurred in ten cases (71-5 %). Out of these, in six cases (42-9 %) the pattern of the
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peak was normal, in two cases (14-3 %) it was depressed while in another two it was exagger-
ated. Of the remaining four cases, only the second peak was noticed in two cases (14-3 %);
a normal NLT pattern with depressed intensity occurred in one case (7 1 %); and in the
other case both the peaks merged into each other with exaggerated reaction.

Tuberculin sensitivity tests were done in fourteen cases of lepromatous and six cases of
tuberculoid leprosy (Table 2). Only five cases of lepromatous variety reacted positively to
10 u of tuberculin. Of the remaining nine cases, two exhibited positive sensitivity when
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FIG. 1. The pattern observed after intradermal injection of 2-5 million allogenic lymphocytes
in a normal individual.

TABLE 2. Results of tuberculin sensitivity tests

Sensitivity tested Sensitivity tested Sensitivity tested
with 10 u with 100 u with 1000 u

Type of leprosy Result (14*+6t cases studied) (9*+it cases studied) (7* cases studied)

Lepromatous +ve 5 (3566%) 2 (2222%) 5 (71P4%)
-ve 9 (64 4%) 7 (77-8%) 2 (28 6%)

Tuberculoid +ve 5 (8333%) 1 (100%4)
-ve 1 (16X7%) - -

* Lepromatous. t Tuberculoid.

tested with 100 u and five more when challenged with 1000 u. Two of the lepromatous
patients were negative to all the three doses. Of the six cases of tuberculoid leprosy five
became tuberculin positive when tested with 10 u and the other one when challenged with
100 u.

Contact sensitivity to dinitrochlorobenzene was induced in ten cases of lepromatous
and six cases of tuberculoid leprosy (Table 3). None of the cases exhibited evidence of pre-

existing sensitivity. All the normal individuals and one case each of the tuberculoid and
lepromatous variety were sensitive to challenge with 100 yg of DNCB. All the tuberculoid
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TABLE 3. Results of sensitization with DNCB

Challenging dose 100 ug Challenging dose 400 ,ug Challengingdose 1000pg
Type of leprosy Result (10* + 6t cases studied) (9* + 5t cases studied) (9* + 5t cases studied)

Lepromatous +ve 1 (10%) 6 (66%) 7 (77-7%)
(10 cases) -yve 9 (90%) 3 (34%) 2 (22 3%)
Tuberculoid +ve 1 (16-6%) 5 (100%) 5 (100%)
(6 cases) -ve 5 (8344%)

* Lepromatous. t Tuberculoid.

cases and six of the nine lepromatous patients reacted to 400 pg. When all these patients were
challenged with 1000 pg, only one more lepromatous patient reacted positively in addition
to all those who had already exhibited sensitivity with 400 pug. The intensity of reaction
observed with 1000 pg was invariably higher than that observed with 400 pg.

DISCUSSION
A preliminary study of normal lymphocyte transfer tests has already been reported from this
laboratory (Kunal Saha & Mittal, 1970). The present communication is the continuation of
the same study. The behaviour of allogenic lymphocytic graft in both the types of leprosy
has been variable without any definite pattern. In most of the cases of lepromatous leprosy
the NLT reaction has been flat. Out of the remaining cases the NLT pattern either has been
normal or there have been observed first or second peak only or both the peaks combined.
In tuberculoid leprosy in most of the subjects only the first peak was noticed. In the remain-
ing patients, the patterns observed were a normal NLT reaction, the second peak only or
both the peaks combined. In none of the tuberculoid patients was the NLT pattern flat.
These findings suggest that a variable number of cases of both lepromatous and tuberculoid
leprosy are associated with depression of cell mediated immunity. The frequency and
severity ofdepression is much more common in lepromatous than that in tuberculoid variety.
Furthermore the intensity of depression of delayed hypersensitivity in lepromatous cases
may approach a state of anergy as is observed in cases of thymic aplasia (Lischner, Dacou
& DiGeorge, 1967) or in animals pretreated with antilymphocytic sera (Levey & Medawar,
1966). Similar impressions have been expressed by Bullock (1968) who studied allergic
inflammatory responses in leprosy by skin testing techniques. The findings are further
supported by the observations of Dierks & Shepard (1968) who found markedly depressed
lymphocytic response to PHA and mycobacterial agents in lepromatous patients while the
response was moderately depressed in tuberculoid patients. The variable patterns of NLT
observed in these cases also throw some light on the immunogenesis of NLT. Brent &
Medawar (1963) speculated that in guinea-pigs the first reaction observed after NLT test
is a graft versus host reaction. The appearance of only the first peak in most of the cases of
tuberculoid leprosy and disappearance of even this peak in most of the cases of leproma-
tous leprosy, suggest the possibility of host component in eliciting the first peak response of
NLT. The appearance of various components ofNLT in different stages ofthe disease further
suggests that leprosy patients might also act as models for the study of genesis of NLT.

Skin sensitivity tests done with tuberculin and induction of primary contact sensitization
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with DNCB have shown that most of the lepromatous patients and all tuberculoid patients
have shown positive sensitivity when higher doses of the same antigen is used. Similar
observations have been made by Bullock (1968). The findings not only confirm the im-
pressions of Turk & Waters (1969), who reported that more potent antigenic stimulation can
induce delayed hypersensitivity in cases of leprosy who could not be sensitized by a compara-
tively weaker antigen, but also suggest that the higher dose of the same antigen can induce
the delayed immune mechanism on most occasions in the same individual who was anergic to
the small dose of the respective antigen. The forementioned findings indicate that the
depression of cell mediated immunity in cases of leprosy is not absolute but is relative, and
depends upon dose ofthe antigenic stimulation and severity ofthe disease. It further confirms
the impressions of Leiker (1968) who reported that the majority of lepromatous patients
also show a very weak response to lepromin of slightly more than usual strengths. In
many patients, a stronger reaction is seen after the use of more concentrated lepromin. A
minority of patients with severe diffuse type of lepromatous leprosy are truly anergic to
lepromin.

In sixteen patients comprising ten cases of lepromatous and six cases of tuberculoid
variety all three tests were undertaken. Analysis of various findings has resulted in the follow-
ing general pattern: (i) flat NLT has been observed in most of the lepromatous leprosy
patients (90%) and in none of the tuberculoid leprosy patients, (ii) 400% of lepromatous
leprosy cases do not respond to 100 u of old tuberculin in contrast to all the cases of
tuberculoid leprosy, (iii) 30% of lepromatous leprosy individuals do not develop hyper-
sensitivity on being challenged with 400 pg of DNCB while all the six tuberculoid patients
have responded to the similar challenge. These findings indicate that transplantation
antigen on the lymphocytes is a weaker antigen in comparison to both tuberculin and
DNCB. Thus 90% of patients with lepromatous leprosy do not exhibit signs of delayed
hypersensitivity when tested with 2-5 million lymphocytes in contrast to 40% and 30%
cases when challenged with 100 u of old tuberculin and 400 pg of DNCB respectively. In
only one case did both tuberculin and DNCB tests give negative skin reactions when
tested with 100 u of old tuberculin and 400 jg of DNCB where the NLT test has been
positive; thus pointing out that an absolute immunological pattern may not be observed
even in histologically well classified cases. Again, when the results of challenge with 100 u
of tuberculin and 400 pg of DNCB are compared, it appears that the latter agent is stronger
than the former as only three patients have not responded to this assault in contrast to four
patients with 100 u of tuberculin. These observations indicate that not only the dose of
antigen and immunological status of patients but also the affinity of antigen-antibody system
in the elicitation of delayed inflammatory allergic response (Karush & Eisen, 1962) might
play an equally important role. Dierks & Shepard (1968) studied the effect of phytohaem-
agglutinin and various mycobacterial antigens on the lymphocyte culture from leprosy
patients and normal individuals and found that patients with active lepromatous disease had
a very low lymphoblastic response while those with inactive lepromatous or tuberculoid form
had intermediate responses. Ifthe impressions ofthese authors are analysed in the light of the
present study, the investigators are tempted to postulate that the 'stimulus' caused by an
antigen, which depends on its dose and affinity for ligand; and the number of 'healthy'
immunological competent cells, which depends upon the immunological state of the disease
(active, inactive or progressive form of the disease with or without bacteriology positivity),
are responsible for the expression of cell mediated immunity. Thus if a weak stimulus has
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not been sufficient to attract the necessary 'number' of 'healthy' immunocompetent cells out
of the total lymphocyte population crowded at the test site, then in the same case a stronger
'stimulus' may attract the required number of immunologically competent cells necessary
for the expression of delayed allergic response, explaining thereby why a bigger dose of an
antigen or a higher potency antigen could produce a positive skin test in a case in which
a lesser dose of the same antigen or a lower potency antigen has failed to induce it.

In the last, the authors like to mention the discrepancy observed in the results of skin
tests with old tuberculin and DNCB when the findings are analysed on the basis of arith-
metical logic. Out of sixteen patients with leprosy, 63 % have exhibited hypersensitivity on
being tested with10 u of old tuberculin while only 12% have developed the delayed reactions
when challenged with 100jug DNCB. On using ten times more dose of tuberculin and only
four times more dose of DNCB the maximum number of cases should have developed
positive reactions with 100 u of old tuberculin instead of 400,ug of DNCB. In fact this has
not been so and the reverse has been true.
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