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IMMUNOLOGICAL PROBLEMS IN LEPROSY RESEARCH*

This paper discusses the evidence for and against the view that the spectrum ofpatho-
logical changes in leprosy, extending from the lepromatous form to the tuberculoid form,
may be caused by differences in the immune responses ofpatients. Patients with the tuber-
culoid form of leprosy generally have well-developed specific cell-mediated immunity, but
in a large proportion ofpatients with lepromatous leprosy the specific cell-mediated immu-
nity to Mycobacterium leprae and sometimes to other antigens seems to be deficient,
whereas the circulating antibody response is well-developed. Techniques for assessing the
immune response in patients are described in detail with the objective of improving the
comparability of such investigations. The paper also discusses the importance of several
investigatory approaches to clinical leprosy and the value of animal models for leprosy
research.

1. CLINICAL AND PATHOLOGICAL SPECTRUM OF LEPROSY

Exposure to Mycobacterium leprae may have very
varied results. Most individuals exposed to this
organism probably develop no disease whatsoever.
Some individuals present with a form of the disease
known as indeterminate leprosy. In many of these
patients the disease progresses no further and the
lesion resolves spontaneously; however, in a prob-
ably unknown proportion there is evolution to other
forms of the disease. Two polar forms of the dis-
ease-the tuberculoid and the lepromatous forms-
have been well defined. Between them there is a wide
spectrum of clinical and pathological manifestations.
In the period 1948-70 attempts were made at several
international congresses and meetings of the WHO
Expert Committee on Leprosy to reach agreement
on criteria by which the disease in a given patient
could be assigned a position within the spectrum.
Recently Ridley and Jopling (1966) have provided
additional histological criteria that have assisted the
immunologist with the clinico-pathological classifi-
cation of patients for research purposes.

Since it is not possible to compare results from
different laboratories unless agreement can be reached
on the placing of cases on the spectrum, it was
decided that the greatest priority should be given to
developing a means whereby clinicians and patho-

* This paper was prepared by the participants (listed on
page 889) in an informal consultation arranged by the World
Health Organization and held in Geneva, Switzerland, in
June 1970. Requests for reprints should be addressed to:
Chief Medical Officer, Immunology, World Health Organi-
zation, 1211 Geneva, Switzerland.

logists, upon whom immunologists are dependent
for this information, could come to some form of
agreement.

Until such a time as the immunopathology of
leprosy is better understood, immunological data
should be related to as many other factors as pos-
sible. The following information should be obtained:

(1) a clinical description of the patient, including
a photographic record in colour;

(2) a histological assessment of the skin lesions,
with particular attention to (a) the degree of lympho-
cytic infiltration, (b) the concentration and morpho-
logy of bacilli in the lesion, and (c) the appearance
of the histiocyte-macrophage cells (i.e., whether they
are epithelioid or not);

(3) the degree of reactivity to lepromin;

(4) whether the patient shows a stable state of the
disease, or whether his condition is improving or
deteriorating, as determined by the above criteria;
and

(5) data on all drugs used, including dosage and
duration of administration (particular attention
should be given to (a) the response to antimicrobial
drugs, especially the occurrence of reactional states,
and (b) the use of steroids and other potentially
immunosuppressive agents).

It is recognized that a given case of leprosy may
change its position on the spectrum of the disease
with the passage of time. It is therefore of the utmost
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importance that such positions be accurately assessed
at the time any immunological investigation is made.
Ideally it would be useful if a number of centres,
which could agree on the criteria for classification
and to which clinical descriptions and pathological
material could be sent for reference, were designated.

It is apparent that humoral antibodies to myco-
bacterial antigen play no obvious part in the resis-
tance to infection. However, it has been suggested
that the high level of antibody seen in patients with
the lepromatous form of the disease could adversely
affect resistance by means of the phenomenon known
as immunological enhancement. Another factor
related to antibody production that could adversely
affect resistance is the phenomenon known as immune
deviation. The role ofhumoral antibody in the causa-
tion of allergic tissue damage (as opposed to anti-
microbial immunity) is considered on page 887, in
relation to the form of the disease known as ery-
thema leprosum. Other serum protein abnormali-
ties-such as changes in immunoglobulin and com-
plement levels, autoantibodies, and immunoconglu-
tinin-bear little relation to the degree of resistance
to infection, but are referred to later.

The role of cell-mediated immunity in resistance to
infection
The importance of cell-mediated immunity in this

infection is indicated by the inverse relationship
between the degree of lymphocytic infiltration and
the number of bacilli in the skin lesions of untreated
patients. The lesions of patients with tuberculoid
leprosy contain few bacilli and show a high degree
of lymphocytic infiltration. Such patients are strong-
ly reactive to lepromin and it is likely that the patho-
logical lesions are due to cell-mediated processes inci-
dental to the elimination of most of the infecting
organisms. Lepromatous leprosy, on the other hand,
appears to be a disease state in which there is a failure
of cell-mediated immunity that is to a great extent
specific for the infecting organism. This view is sup-
ported by the results of animal experiments (see
below) and by the examination of peripheral lymph
nodes from patients classified according to the
Ridley-Jopling scale.

In patients with tuberculoid leprosy who had only
one skin lesion, the appearance of the lymph nodes
was typical of that seen in experimental animals
associated with the development of cell-mediated
immunity. There was evidence of lymphocyte pro-
liferation and blast-cell formation in the paracortical
(or thymus-dependent) areas of the lymph node,

with little or no plasma-cell proliferation and ger-
minal-centre formation. At the other extreme, in
lepromatous leprosy, the paracortical areas were
almost completely depleted of lymphocytes, being
infiltrated with macrophages loaded with colonies of
mycobacteria. Despite this the germinal centres and
their marginal cuff of small lymphocytes were pro-
minent and there was excessive proliferation of
plasma cells at the cortico-medullary junction and
the medullary cords (Turk & Waters, 1968). From
animal experiments it appeared likely that the infil-
trating macrophages are derived from the peripheral
lesions via the afferent lymphatics. It is not known
to what extent this replacement of lymphocytes in
the paracortical area by the infiltrating macrophages
is responsible for a more general depression of cell-
mediated immune responsiveness to unrelated anti-
gens. The evidence for a more general depression
of cell-mediated immunity in lepromatous leprosy
includes: (1) a lower incidence of delayed skin reac-
tions to microbial antigens, (2) a failure of 50% of
lepromatous patients to become sensitized to chemi-
cal contact agents, and (3) prolonged retention of
skin allografts in some cases. However, using stronger
antigenic stimuli, it has been found that the failure
of cellular immunity is only partial (Turk & Waters,
1969).
Between these two polar forms the degree of infiltra-

tion of the lymph nodes with macrophages varies,
corresponding roughly to the position of the infec-
tion on the spectrum. Near the lepromatous pole
these cells can be seen carrying varying numbers of
bacilli. However, as the position changes towards
the tuberculoid end the bacillary load diminishes
and the macrophages take on a more epithelioid
appearance. In patients characterized as being bor-
derline tuberculoid on the Ridley-Jopling scale, his-
tiocytic infiltration has an appearance somewhat
resembling that seen in sarcoid lymph nodes. Under
these conditions bacilli may be very difficult to find.

Susceptibility oflepromatous patients to other infec-
tions. There are scattered and unconfirmed reports
that infections with vaccinia and rubella virus tend
to be more severe in patients with lepromatous
leprosy. However, tuberculosis does not seem to
be noticeably more severe in such patients. One field
study in the pre-sulfone era showed a much greater
death rate among lepromatous patients than among
normal persons in the same area. Thus, the evidence,
though fragmentary, suggests the possibility that
lepromatous patients may have lowered resistance
to certain infections.
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Allergic reactions in leprosy
Erythema nodosum leprosum. Erythema nodosum

leprosum (ENL) can occur in approximately 15%
of untreated cases of lepromatous leprosy. During
the course of treatment with sulfones, especially if
the dose is high or if the maximum dose is reached
in too short a period, ENL may develop in the
majority of patients. The lesions are generally small
erythematous nodules, which may occur in crops.
The lesions may occur even in apparently normal
skin. In rare cases they may appear as pustules or
may resemble erythema multiforme. These lesions
may be accompanied by fever, proteinuria, arthral-
gia, nerve involvement, anterior uveitis, orchitis and
enlargement of lymph nodes. Hepatosplenomegaly
can also occur. Histologically, the skin in the acute
form of the disease shows oedema, vasculitis, and
perivascular infiltration with polymorphonuclear
leucocytes. In very acute lesions there may be fibri-
noid necrosis of the vessels and haemorrhage. The
study of a series of 38 patients (Wemambu, Turk
& Waters, unpublished data) has provided evi-
dence for the deposition of immunoglobulin and
complement in half of the skin lesions that were
biopsied and examined by the fluorescent-antibody
technique. The immunoglobulin and comple-
ment formed granular deposits with a marked
perivascular distribution (Wemambu et al., 1969).
Such deposits were not found in lepromatous lesions
in the absence of ENL. In 4 patients there was a

suggestion of soluble mycobacterial antigen in the
deposits, although further confirmation is necessary.
This finding suggests that these lesions in the
skin resemble the Arthus reaction in experimental
animals.
The systemic manifestations of the disease also sug-

gest that immune complexes may be involved in the
pathogenesis of these lesions. As proteinuria unasso-
ciated with amyloidosis may be seen in lepromatous
leprosy with or without ENL, the incidence of
immune complex deposition on the glomerular mem-
brane should be studied.

Reversal reactions.' In patients with lepromatous
leprosy under sulfone therapy, another reaction that
might be considered an allergic manifestation is the
so-called " reversal reaction ". This reaction con-
sists of new lesions that are erythematous, elevated,
and sharply circumscribed. These differ from ENL
morphologically in being plaque-like rather than
nodular; histologically they differ from ENL in
that they consist of epithelioid cells and lympho-
cytes. The epithelioid cells may be vacuolated and
some lesions may contain giant cells. Although other
areas of the skin may contain a high concentration
of bacilli, the bacilli in some of these lesions may be
scanty.
The immunological status of such patients should

be investigated further to see whether this develop-
ment is associated with an increase in cell-mediated
immunity towards the specific organism.

2. IMMUNOLOGICAL RESPONSES IN EXPERIMENTAL LEPROSY IN ANIMAL MODELS

Myco. leprae in normal mice
When a few thousand Myco. leprae are inoculated

into the foot pad of a normal mouse, they will,
if viable, multiply logarithmically to a level of a few
million bacilli in 4-8 months. After this time, an
infiltrate of lymphocytes and macrophages appears
around the bacilli. This histological response is not
particularly characteristic of leprosy and nerve inva-
sion is infrequent. The bacilli do not subsequently
show any great increase in number. Usually by the
end of a year the bacillary population in the foot
pad is decreasing, but a degree of nerve invasion
is common.
Rees et al. (1969) reported that 20 months after

inoculation a local granuloma developed, with epithe-
lioid cells and perhaps giant cells. Myco. leprae
could often be detected in other sites of predilection

(ears, nose, other feet, and tail) by counts of tissue
homogenates and frequently by the examination of
tissue sections. The histological response in the foot
pad and other sites was characteristic of human
leprosy of the BB to BT range,2 and nerve involve-
ment was common. In the thymectomized irradiated
mouse the initial logarithmic increase of bacilli up
to a level of a few million was the same as in the
normal mouse. In contrast to the situation in normal
mice, the increase in numbers of bacilli continued,
though usually at reduced rates. The histological

1 See de Souza Lima & Cerqueira (1946), de Souza Lima
& Rath de Souza (1948), and Ridley (1969).

2In this report the histological classification of Ridley
and Jopling (1966) is used (LL=lepromatous leprosy,
BL=borderline lepromatous leprosy, BB=borderline, BT=
borderline tuberculoid, and TT==tuberculoid); the histo-
logical examination was performed by Ridley.
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reaction consisted predominantly of macrophages;
later, foam cells appeared and there was heavy
nerve invasion. Within a group of mice there was
variation in the type of disease that developed.
Perhaps 10% developed a lepromatous type of dis-
ease with many bacilli, and some of these animals
had enlarged footpads. Other mice developed a form
of disease that fell elsewhere in the lepromatous-
tuberculoid spectrum, few proceeding as far as the
BT type. The variations observed were in the
number of bacilli, the proportion of solidly staining
(and therefore presumably viable) bacilli, the number
of foam cells, etc. The mice developed the disease
at other sites, as noted above, and consequently
biopsies could be performed in order to determine
histologically the type of disease they had before
they were killed.
Thymectomized irradiated mice must be of inbred

strains so that the haemopoietic tissue may be
replaced by syngeneic cells. In animals prepared in
this way different types of experiment involving cell
transfer can be performed. For example, lymph
node cells from normal mice are injected into mice
that have lepromatous disease; the mice undergo
" reversal-type " reactions with inflammatory changes
consisting of oedema, deposits of collagen, and frag-
mentation of the bacilli.
Thymectomized irradiated mice can develop BB

and BT disease (Rees & Weddell, 1970). They arrive
at this stage after passing through a highly bacilli-
ferous stage, whereas in normal mice this occurs
without massive proliferation of bacilli.
No studies of the immune status of (non-infected)

bone-marrow-repopulated, thymectomized irradiated
mice have been made at the very late time periods
that are involved in experimental leprosy. Their
lymph nodes are very small, but, at least in some
experiments, the depleted paracortical areas have

been repopulated with lymphocytes after 6 months
or so. Where skin grafts from A-strain mice (which
differ at the H2 locus) were performed shortly after
thymectomy and irradiation, they were retained
indefinitely by all the mice.
Treatment with antilymphocyte serum (ALS) pro-

duces similar early effects on bacterial multiplica-
tion. However, mice given ALS have not so far
lived long enough to allow the development of the
same disease patterns, owing to the appearance of
tumours caused by polyoma virus.

Immune deficiency during infection with Myco. leprae-
murium

In one study (Ptak et al., 1969) CBA mice were
infected intravenously with Myco. kepraemurium and
allowed to develop generalized infections that in-
volved skin, lymph nodes, spleen, thymus, and other
organs, and their immune status was then studied.
The paracortical areas of their lymph nodes were
partially but not completely replaced by infected
macrophages. The manifestations of cellular immu-
nity (skin homograft rejection and sensitization to
picryl chloride and to oxazolone) were found to be
depressed compared with uninfected controls. Anti-
body response to sheep red blood cells and bovine
serum albumin, however, was normal.

In another study (Bullock, unpublished data)
Lewis rats were infected intraperitoneally, intra-
venously, or intratesticularly with Myco. leprae-
murium and allowed to develop heavy infection.
Several manifestations of cellular immunity (adju-
vant arthritis, sensitization to sheep erythrocytes
after immunization without adjuvant, and experi-
mental allergic encephalitis with spinal cord given
with Haemophilus pertussis) were reduced. Antibody
response to ovalbumin, however, was normal.

3. MACROPHAGE ACTIVITY IN LEPROSY

One of the striking differences between the lepro-
matous and the tuberculoid forms of the disease is
the large number of macrophages in the former,
containing many apparently intact bacilli. In many
experimental infections clear evidence has been
obtained that macrophages are the effector cells in
the expression of resistance (Mackaness & Blanden,
1967). Attempts to investigate the nature of the
lack of resistance in lepromatous leprosy have
involved studies of the function and activity of

macrophages in vitro, using blood monocytes in
tissue culture. Such studies by Beiguelman and
others (Barbieri & Correa, 1967; Beiguelman, 1967;
Beiguelman & Barbieri, 1965) showed that macro-
phages from tuberculoid (but not those from lepro-
matous) patients are capable of digesting intra-
cellular heat-killed Myco. leprae, although macro-
phages from neither form of leprosy digested other
strains of mycobacteria. However, more recent stud-
ies by Godal & Rees (1970) and by Drutz & Cline
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(unpublished data) have failed to confirm these
results. These divergent results are reminiscent of
the earlier differences between the observations of
Suter (1953) and of Mackaness (1954) in the ability
of peritoneal macrophages from BCG-immunized
and non-immunized animals to inhibit the growth
of Myco. tuberculosis in vitro. Very recently Patterson
& Youmans (1970) have shown that the growth of
Myco. tuberculosis in immune macrophages was inhi-
bited, but only when it was cultured in the presence
of lymphocytes from the immunized animals. There-
fore, the same conditions may be relevant in the
leprosy studies.
The importance of lymphocytes in modifying the

activity and function of blood monocytes in vitro
was further demonstrated by the results of two other
recent studies (Rees, unpublished data), as follows:

(1) Macrophage activation was obtained in cul-
tures of macrophages derived from the blood of

patients with tuberculoid leprosy and exposed to
Myco. leprae in vitro in the presence of lymphocytes
(Godal, Rees & Lamvok, 1970). Activation con-
sisted of proliferation, the presence of intracellular
phase-lucent vacuoles, elongation, and formation of
intercellular cytoplasmic bridges and giant cells. No
activation was obtained in the absence of lympho-
cytes. Under similar conditions no activation was
observed in cultures of macrophages from patients
with lepromatous leprosy.

(2) The supernatant fluid from mixed leucocyte
cultures (MLC) from two genetically different rab-
bits activated macrophages derived from the blood
of rabbits and cultured in vitro.
Macrophages cultivated in MLC supernatant

fluids, but not those cultivated in unmixed leucocyte
supematant fluids, inhibited the intracellular multi-
plication of mycobacteria, including the vole bacillus
and Myco. lepraemurium.

4. INVESTIGATIONS IN VITRO

Lymphocyte transformation in leprosy

Human peripheral blood lymphocytes normally
undergo transformation into large blast cells when
cultured in vitro in the presence of certain mitogenic
substances. These substances include: (a) non-
specific agents, such as phytohaemagglutinin (PHA),
which induce transformation of the great majority
of normal lymphocytes regardless of previous expo-
sure to the agent; and (b) specific antigens, such as
tuberculin, streptolysin 0, or antigens of Myco.
keprae, which induce transformation of a proportion
(generally 5-30 %) of lymphocytes. The responses of
lymphocytes to mitogens have been measured in
various ways, including counts of the numbers of
large blast cells, counts of the number of mitoses,
autoradiography and counts of the number of cells
incorporating 3H-thymidine into their DNA, and
measurement of the incorporation of radioactive
precursors into DNA (most commonly 3H- or 14C-
thymidine measured by liquid scintillation counting).
For most investigations the last method is the most
suitable (see section 5).
The degree of responsiveness of lymphocytes to

PHA may reflect the capacity of the cell donor to
develop or to express cell-mediated immunity. This
notion is based on the findings that lymphocytes
from patients with severe congenital defects in cell-
mediated immune responsiveness have grossly im-

paired responses to PHA, and that lymphocytes
from patients with functionally impaired cell-medi-
ated immunity (as in Hodgkin's disease) generally
show some impairment of their response to PHA.
Transformation in the presence of specific antigens
is not specific for cell-mediated immunity and can
occur in the form of pure humoral immunity.

Several studies of lymphocyte transformation in
leprosy have been carried out, with the particular
object of determining whether a depression of trans-
formation, in response to either PHA or specific
antigens, might provide evidence of a generalized
depression of cell-mediated immunity in lepromatous
leprosy and a means whereby the mechanism of
depression might be analysed in vitro. To date these
studies have given rather conflicting results. The
conflicts may be attributable, at least in part, to
differences in technique and possibly to racial dif-
ferences in the populations studied.
The majority of these studies have shown that

lymphocyte transformation is depressed in lepro-
matous leprosy but either not significantly depressed
or less depressed in tuberculoid leprosy. In some
studies evidence has been obtained that humoral
factors in plasma or serum may affect lymphocyte
transformation in response to eitherPHA or antigens.
The effects may be more marked on the patients'
lymphocytes than on those of normal individuals.
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Further studies of lymphocyte transformation in
leprosy should be carried out. It should be borne
in mind that there are difficulties both in the tech-
niques used and in the interpretation of the results.
The techniques used in different laboratories should
be standardized as far as possible. The role and
nature of humoral factors influencing the degree of
transformation require further investigation. The
finding of depressed transformation should be fol-
lowed up by studies to determine whether there is
an over-all depression or a slowing down of the rate
of transformation. Longitudinal studies of lepro-
matous patients over a long period should provide
further useful information, as may a comparison
between normal subjects who are lepromin-negative
and those who are lepromin-positive, since the former
seem more prone to acquire leprosy, especially in the
lepromatous form.

Other in vitro techniques

Recently developed techniques for the in vitro
assessment of cell-mediated immunity are now being
applied to the study of leprosy. These include inhibi-
tion of the migration of peripheral blood leucocytes

by specific antigen and the formation by lympho-
cytes, in the presence of specific antigen, of mediators
that can inhibit the migration of guinea-pig macro-
phages, produce a cytotoxic effect on other cultured
cells, or stimulate cultured blood monocytes to
develop into " activated " macrophages with a high
capacity to destroy ingested micro-organisms. The
preliminary results of some investigators suggest
that the lymphocytes of lepromatous patients react
less strongly to lepromin (WHO Expert Committee
on Leprosy, 1960) and possibly other antigens than
do those of tuberculoid patients. Further applica-
tions of these techniques in laboratories with the
appropriate equipment and experience should pro-
duce more definitive results of great interest. Al-
though there has not yet been wide application of
these in vitro tests for cell-mediated immunity in
many diseases, a report has already appeared of a
deficiency of the production of one factor (macro-
phage inhibitory factor) by lymphocytes capable of
being transformed normally by the presence of the
same antigen (Valdimarsson et al., 1970). It would
seem advisable, therefore, to utilize more than one
of these tests in the study of cell-mediated immunity
in leprosy.

5. PROTOCOL FOR THE INVESTIGATION OF DEPRESSION OF IMMUNOLOGICAL
FUNCTION IN LEPROSY

IN VIVO METHODS

Skin tests

The purpose of these tests is to investigate immu-
nity that has already been acquired. Intradermal
injections of 0.1 ml (0.05 ml of Candida and tricho-
phytin) of the following are given:

(a) tuberculin (1 T.U., 10 T.U., and 100 T.U.);
(b) Candida (Monilia);
(c) trichophytin;
(d) streptococcal antigens (streptokinase-strepto-

dornase); and
(e) mumps skin-test antigen (0.1 mg).
All skin reactions should be read 4 hours, 8 hours,

12 hours, 24 hours, 48 hours, 72 hours and 7 days
after testing. Reactions should be assessed for ery-
thema and induration, and the diameter of the
induration transverse to the arm should be recorded.

Active sensitization

The purpose is to investigate the ability to respond
to a new antigen with a cell-mediated immune
reaction.

Sensitization to 2,4-dinitrochlorobenzene (DNCB).
Sensitization is carried out by applying 0.1 ml of
2% DNCB in acetone to an area on the volar surface
of the forearm within a polyethylene ring 2 cm in
diameter. The acetone can be made to evaporate
immediately by a blast of warm air from a hair
drier.

Skin tests are performed 10-12 days later with
0.05 ml of 0.1 % DNCB and 0.05 ml of 0.05 % DNCB,
both in equal volumes of olive oil and acetone. The
2 preparations are spread over 2 areas of skin 2 cm
in diameter with a glass rod, and the sites are then
protected for 24 hours with clean dry gauze dressings.
The test sites are observed 24, 48, 72, and 96 hours
later. If this skin test shows a negative reaction,
it should be repeated 21 days after sensitization.
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Skin testing should not be performed with a
solution of DNCB in acetone alone, since this gives
irregular, nonspecific results owing to the develop-
ment of a concentration gradient across the skin
test site from irregular drying.

Skin reactions are assessed as follows:

O=no reaction
+ =erythema only

+ + =erythema and induration
+ + + =vesiculation

+ + + + =bullae and ulceration.

Only reactions of + + or greater degree are accepted
as evidence of sensitization.

Sensitization to hapten-protein complexes. Hapten-
protein conjugates may also be used as antigens for
the evaluation of immune competence (Kantor &
Bullock, 1969). Subcutaneous injection of 10-15 mg
of picryl human serum albumin and dinitrophenyl
human serum albumin will induce conjugate specific
delayed reactions and low titres of haemagglutinat-
ing antibodies directed against the picryl or the DNP
moiety. The preparation and use of these antigens
should be performed by physicians with experience
in immunochemistry and immunobiology (Carter,
Macris & Chase, 1966).

Sensitization to keyhole limpet haemocyanin. Key-
hole limpet haemocyanin (KLH), precipitated by
ammonium sulfate, is dialysed against 0.15 M sodi-
um choride. The undissolved precipitate is removed
by centrifugation at high speed and is discarded.
The supematant fluid, which is a clear blue solu-
tion, is kept as a stock 2% solution containing
(1: 10 000) thiomersal and is diluted in 0.15 M
sodium chloride before use. KLH produces both
humoral and cellular immunity and could theoreti-
cally cause sensitization against shellfish. It is not
recommended for general use.
To make sure that patients are not already ana-

phylactically sensitive, skin tests should be per-
formed at 20-minute intervals, first with 1 jug, then
with 10 ,ug, and finally with 100 jig in 0.1 ml before
sensitization.

Sensitization should be carried out with 5 mg (in
0.1 ml) administered subcutaneously, and a skin test
should be performed on the forearm with 100 ,ug
(in 0.1 ml) 5 days later. Skin tests should be read
after 30 minutes, 4 hours, 8 hours, 24 hours, 48 hours,
5 days, and 7 days.

Reactions may be assessed as follows:

Grade Area (mm) Time of appearance
after skin test (h)

±
++ >20x20
++ lOx10to

20 x 20
++ sx5 to

20 x 20
+ 5x5to

lOx 10
i sx5 to

10 X1o

24
24

24

48-96

>96

Homograft rejection. This is not recommended
unless it be carried out with the collaboration of an
experienced transplant biologist.

IN VITRO METHODS

Lymphocyte transformation by phytohaemagglutinin

Lymphocyte transformation should be assessed by
measuring the uptake of radioactive DNA precur-
sors such as 8H- or 14C-thymidine.

Investigators in this field will be aware that the
techniques used vary widely in several respects.
A typical technique is as follows:
Blood in the amount of 30-50 ml is drawn

from an arm vein into a syringe containing hepa-
rin. The blood is placed in Falcon plastic tubes
measuring 15x150 mm and allowed to sediment
spontaneously in a slanting position at 37°C for
30-60 minutes. The supernatant leucocyte-rich plasma
is withdrawn and placed in flat-sided 100-ml medical
bottles, which are allowed to stand with the flat side
down at 37°C for 1-2 hours. The partially purified
lymphocyte suspension obtained is centrifuged at
160 g for 15 minutes and the supematant plasma is
withdrawn. The cell pellet remaining is resuspended
and washed twice in Eagle's minimal essential
medium. The cells are resuspended in a known
amount of Eagle's medium and lymphocyte counts
are performed. The cells are then diluted so that
the final suspension contains 0.75 x 106 small lympho-
cytes per ml in a mixture of 80% of Eagle's medium
and 20% of the appropriate plasma. The final
medium contains 160 units of penicillin and 80 ,ug
of streptomycin per ml. Triplicate 2-ml cultures,
gassed with 5 % carbon dioxide in air, are set up in
Falcon sterile disposable plastic tubes measuring
15 x 150 mm. Highly purified phytohaemagglutinin
is added to each tube in a concentration of 0.002
units per ml of culture and the tubes are incubated
for 60-66 hours at 37°C; 24 hours before harvesting,
0.1 ,tCi of "4C-labelled thymidine (specific activity
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16 ,uCi per mole) is added to each culture.' At the
end of the culture period the contents of the culture
tubes are transferred to 15-ml glass centrifuge tubes
and centrifuged at 200 g for 10 minutes. The super-
natants are discarded. The residual pellets are
resuspended and extracted twice with 10% trichloro-
acetic acid, once with 80% ethanol, once with equal
parts of ethanol and diethyl ether, and finally with
diethyl ether alone. The dried residue in each tube
is dissolved in 1 ml of 90% formic acid, all of which
is added to 15 ml of scintillation fluid; the radio-
activity level is then measured by a scintillation
counter.
The patient's cells should be cultured in autolo-

gous plasma and also in fresh homologous plasma
from a single healthy volunteer. This volunteer's
lymphocytes should always be cultured in parallel
in both his own plasma and in the patient's plasma.
The transformation of the patient's cells, as meas-
ured by the uptake of radioactive thymidine, should
be expressed as a percentage of that found in the
healthy volunteer's cells cultured in his own plasma
at the same time, to reduce the effects of inter-
experimental variation. The inhibitory effect of the
patient's plasma on the transformation ability of the
lymphocytes ofthe volunteer should also be observed,
so as to obtain as uniform a result as possible.
Those using this technique should be well grounded

in both cell biology and the use of radioisotopes,
as there are a number of variables at every level.
Further precautions and recommendations are as
follows:

(1) The concentration of PHA is important and
it may vary from batch to batch. Even small
excesses over the optimum concentration of PHA
could be toxic. Highly purified preparations of PHA
should be used.

(2) The peak day of mitotic response can vary
from individual to individual. Ideally, thymidine
incorporation should be studied daily between the
third and seventh days of culture. It is recommended
that thymidine incorporation be examined on the
fourth day of culture, in the event that material is
limited.

(3) If thymidine is used as a radioactive precursor
to measure the degree of DNA synthesis, the cell
pellet should be washed 3-5 times with cold 5% tri-
chloroacetic acid. To each of the first 2 volumes of
trichloroacetic acid should be added unlabelled

1 Many investigators prefer to limit the labelling time
to 2-4 hours.

thymidine in an amount at least 100 times that of
the labelled thymidine used in the radioactive pulse
(to wash out the nonspecifically absorbed radioactive
thymidine in the pellet).

(4) It is necessary to ensure that the pool of radio-
active precursors is the same in all cultures. Since
the volume of radioactive thymidine solution that is
added is usually small, slight errors of pipetting
could cause large differences in the total counts in
a given culture. As a control, the level of radioacti-
vity in the supernatant from each tube should be
measured. It should be the same in all tubes.

(5) A standard scintillation fluid may be prepared
as follows:

2,5-diphenyloxazole (" PPO ). . . . . . . 4.0 g
2,2'-p-phenylenebis(4-methyl-5-phenyl)oxazole

(" DM POPOP ) . . . . . . . . . . . . 0.5 g
toluene, analytical reagent grade . . . . . . 1 litre

If analytical-reagent-grade toluene is not available,
redistilled laboratory-reagent-grade toluene may be
used. Glass or nylon scintillation vials should be
used as some plastics are slowly dissolved by toluene.

(6) A stained smear should be prepared from a
small aliquot of each culture and examined morpho-
logically to check that the cells have remained
healthy in the culture.

(7) Cell suspensions used in cultures should con-
tain 90% of viable lymphocytes as determined by
trypan blue exclusion.

(8) Radioactive thymidine should be stored in a
diluted form rather than in the concentrated form
supplied, as most preparations have a high specific
radioactivity that may result in radiochemical break-
down.

(9) More consistent results may be obtained if
lymphocytes are allowed to sediment in the absence
of agents such as plasmagel and dextran.

(10) Heparin, not citrate, should be used as the
anticoagulant.

(11) Although Eagle's medium has been used
extensively, some investigators prefer Medium 199.

(12) The amount of aqueous extract that can be
tolerated by 15 ml of toluene-based scintillation fluid
is only 0.1 ml. If the volume of the extract is greater,
2-5 ml of absolute ethanol or methanol (analytical
reagent grade) should be added.

(13) The scintillation fluid in the vial should
show blue and not yellow phosphorescence if spuri-
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ous counts resulting from chemical scintillation are
to be avoided.

Antigens commonly used to assess lymphocyte res-
ponses. Antigens used to assess responses in vitro
include PPD and streptolysin 0. These antigens
must be free from excipients and preservatives. Where
possible, the same lot should be used throughout
the course of an investigation. Lymphocyte responses
to these antigens in vitro are generally lower than
responses to the nonspecific mitogen PHA. The peak
of lymphocyte stimulation tends to occur later
(5-7 days) than with PHA (3-4 days) and should be
determined in each laboratory by preliminary con-
trol studies. A commonly used range of concentra-
tions for PPD is 5-20 ug per million lymphocytes
in culture. Streptolysin 0 is used in concentrations
of 1-4 haemolytic doses per million leucocytes.

Other in vitro methods worthy offurther
investigation

The following techniques should be used only by
persons having considerable personal experience of
them.

Inhibition of leucocyte migration in vitro. Two
methods of this type deserve further study:

(1) Inhibition of the migration of peripheral-
blood leucocytes from capillary tubes by specific
antigens. This technique is best suited for use with
particulate antigens (S0borg, 1967). It could also
be used to investigate the specific response to
Myco. leprae.

(2) Inhibition of the migration of guinea-pig peri-
toneal macrophages by migration inhibition factor
(MIF). MIF can be produced by incubating human
peripheral-blood lymphocytes with soluble antigen
for 24-48 hours. In contrast to the previous method,
this is a two-step technique. Human lymphocytes
are first cultured with antigen; the supernatant of
the first culture is then added to the culture of guinea-
pig macrophages in capillary tubes and the degree
of inhibition of migration of the macrophages from
the culture tubes is assessed by measuring the " fan "
of macrophages and comparing it with a standard
control (Thor et al., 1968).

Assessment of the ability of macrophages to digest
Myco. leprae. This technique has not been described

in full and successful attempts to reproduce the
results in other laboratories have not yet been
reported.

LYMPH NODE BIOPSY

It has been reported that the degree of infiltration
of the paracortical areas of epitrochlear lymph nodes
by lepromatous cells roughly parallels the specific
loss of cell-mediated immunity in lepromatous
leprosy. However, there is no correlation with the
nonspecific loss of cellular immunity as assessed by
DNCB sensitization (Turk & Waters, 1968, 1969).

IMMUNOGLOBULIN, ANTIBODY, AND

COMPLEMENT LEVELS

Immunoglobulins

No depression of the immunoglobulin level occurs
in leprosy. Raised IgG, IgA, and IgM levels are
frequently found in lepromatous leprosy and ery-
thema nodosum leprosum (Bullock, Ho & Chen,
1970).

Humoral antibodies 1

Patients with lepromatous leprosy have high levels
of precipitating antimycobacterial antibodies. Levels
of antibodies to other organisms such as S. typhi
are within normal limits. However, there is a marked
increase in the occurrence of autoantibodies in the
lepromatous form of the disease (see Almeida, 1970).
There is as yet no evidence of any defect in humoral-
antibody-producing mechanisms in leprosy. In-
creased numbers of plasma cells can be seen through-
out the lymphoid tissue in lepromatous leprosy and
there is some evidence of increased synthesis of both
antimycobacterial antibodies and autoantibodies.

Complement

Complement levels are normal in all forms of the
disease with the exception of erythema nodosum
leprosum, in which raised levels of total haemolytic
complement, C2 and C3 (P1G/PlA globulin), have
been described from a number of centres (Seitz,
Dierks & Shepard, 1968; Wemambu et al., 1969).

1 Techniques for assessing humoral antibody responses
are described in a paper on primary immunodeficiencies
(Bull. Wid Hlth Org., 1971, in press).
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6. AREAS FOR FURTHER RESEARCH

Some of the areas in which further research on
the immunology of leprosy is needed are outlined
below.

(1) Agreement is urgently needed between differ-
ent research centres on the clinical and histopatholo-
gical classification of leprosy.

(2) More thorough investigations of the epidemio-
logical and genetic basis of polar lepromatous leprosy
should be undertaken, with special reference to the
anti-allotype (HL-A) cytotoxic specificity of the sera.
Genetic studies should relate the incidence of leprosy
to the pattern of histocompatibility antigens revealed
by typing peripheral blood leucocytes for HL-A
antigens.

(3) An attempt should be made to answer the
basic question of whether a depression of cell-
mediated immunity is primary or only secondary to
infection with Myco. keprae. Studies should be made
of healthy persons in leprosy endemic areas who
have consistently weak or negative lepromin reac-
tions, as they appear to be the group that is at
maximum risk. It would be desirable to investigate
the possible immunodeficiencies that render a person
susceptible to the infection. At present the precise
immunological lesion is not defined. The following
are suggested as possible approaches:

(a) Study of macrophage function to determine
whether there is any defect of macrophage pro-
cessing of Myco. leprae on the afferent arc.
(b) A particular search for a defect in lymphocyte
function. Since such a defect, if it exists, may not
be gross, it would be necessary to use highly sen-
sitive and accurate techniques. If mitogen-induced
lymphocyte transformation were to be used as a
gauge of cell-mediated immunity, careful stan-
dardization would be necessary; owing to varia-
tion from one laboratory to another, it has so far
been possible only to recognize a possibility that
lymphocyte function may be depressed.
(c) Investigation of whether there is any defect in
the production of the various mediators produced
by lymphocytes, especially those factors that affect
macrophages.
(d) In some animal species the relative propor-
tions of T (thymus-derived) and B (bone-marrow-
derived) lymphocytes in blood, thoracic duct

lymph, and lymphoid organs seem to be more or
less constant. It would be important to establish
whether any defects in the performance of T lym-
phocytes that might occur in lepromatous leprosy
are due to unresponsiveness of the T lymphocytes
or to a diminished number of this type of cell.
(4) The effect of chronic intracellular infections

(i.e., with Myco. lepraemurium) on nonspecific depres-
sion of other factors involved in cell-mediated immu-
nity should be studied.

(5) Despite the limited availability of Myco.
leprae, its antigenic structure should be investigated
more fully.

(6) The presence of mycobacterial antigen in the
immune complexes whose existence is suggested by
the finding of immunoglobulin and complement by
immunofluorescence in ENL lesions requires verifica-
tion. Attempted elution of antigen from immune
complexes is recommended. Sera from lepromatous
patients with or without ENL should be investigated
for the presence of free antigen or circulating immune
complexes, especially in cases with cryoglobu-
linaemia.

Renal biopsies from patients with ENL proteinuria
or from those with proteinuria where amyloid depo-
sition has been excluded should be examined by
electron microscopy and immunofluorescence for
the presence of immune complexes and other mate-
rials deposited on the glomerular basement mem-
brane.

(7) Reticulo-endothelial function should be stud-
ied in, vivo by measurement of the uptake of radio-
active microaggregated HSA.

(8) The macroscopic and microscopic appearance
of the skin reactions produced in lepromatous
patients by suspensions of heat-killed mycobacteria
other than Myco. leprae should be reinvestigated at
different times during the course of the reaction.
Skin reactions to lepromin and other soluble frac-
tions of Myco. leprae in patients with all forms of
leprosy should be re-evaluated.

(9) The possibility of immunological reconstitu-
tion by viable leucocytes or extracts thereof should
be studied.

(10) Studies should be made of the effect of dose,
route of administration, and strain of vaccinia virus

888
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on the morbidity associated with smallpox vaccina-
tion in patients with leprosy.

(11) An animal model should be set up to see
whether it might be possible to produce a leproma-
tous-like disease using methods that induce immuno-
logical tolerance or immunological enhancement.

(12) The nature and role of the serum factors
that appear to influence lymphocyte transformation
in vitro should be investigated.

** *

J. 0. Almeida, Department of Microbiology and Immuno-
logy, Faculty of Medicine, Ribeirao Preto, Brazil

L. M. Bechelli, Leprosy, World Health Organization,
Geneva, Switzerland

W. E. Bullock, School of Medicine and Dentistry,
University of Rochester, Rochester, N.Y., USA

J. Convit, Dermatology Division, Ministry of Health and
Social Welfare, Caracas, Venezuela

R. S. Guinto, Cebu Skin Clinic, Leonard Wood Memorial,
Cebu City, Philippines

S. H. Han, Immunology Laboratory, Veterans General
Hospital, Taipei, Republic of China

R. J. W. Rees, National Institute for Medical Research,
London, England

C. C. Shepard, Leprosy and Rickettsial Diseases Unit,
Center for Disease Control, Atlanta, Ga., USA

A. Szenberg, Immunology, World Health Organization,
Geneva, Switzerland

G. P. Talwar, Department of Biochemistry, All India
Institute of Medical Sciences, New Delhi, India

J. L. Turk, Department of Pathology, Royal College of
Surgeons, London, England

RESUME

PROBLEMES IMMUNOLOGIQUES DANS LA RECHERCHE SUR LA LLPRE

Le present document, r6dige par les participants a une
reunion officieuse convoquee par l'Organisation mon-
diale de la Sante en juin 1970, expose un certain nombre
de problemes immunologiques relatifs a la lepre.

II se peut que la diversite des troubles pathologiques
observes dans la lepre avec, aux extremites de la gamme,
les deux types polaires, forme lepromateuse et forme
tuberculoide, ait pour origine des diff6rences qualitatives
dans la reponse immunitaire des malades. Les faits qui
plaident en faveur ou contre cette hypothese sont exa-
mines. En general, chez les malades atteints de lepre
tuberculolde, l'immunite specifique a support cellulaire
fonctionne de fagon satisfaisante. En revanche, dans une
forte proportion des cas de lepre lepromateuse, cette
immunite - l'egard de la lepre et parfois d'autres
infections - semble deficiente, alors que la production
des anticorps circulants n'est pas affectee.
On dispose d'un certain nombre de methodes pour

evaluer in vitro la reponse immunitaire d'un malade.
L'etude de la transformation des lymphocytes cultives
en presence de phytohemagglutinine a donne des r6sul-

tats assez discordants, dus en partie A la variete des
techniques utilisees, mais il apparait n6anmoins que dans
la lepre l6promateuse la capacit6 de transformation des
lymphocytes est diminu6e, tandis qu'elle n'est que peu
ou pas alter6e dans la lpre tuberculolde. D'autres
m6thodes n'ont encore rexu qu'un d6but d'application.
Avant tout, il importe de normaliser dans la mesure
du possible les techniques d'examen, et le document
propose A cet effet, et detaille, un certain nombre de
procedWs types d'etude de la fonction immunitaire in
vivo et in vitro. L'apport possible des modeles animaux
aux recherches sur la lepre est brievement 6voque.
Le demier chapitre 6num6re une serie d'aspects de

l'infection lepreuse qui requierent de nouvelles investi-
gations, notamment: la classification clinique et histo-
pathologique, la g6n6tique, les facteurs responsables des
d6ficiences de la reponse immunitaire, la structure anti-
genique de Mycobacterium leprae, les immunocomplexes,
l'activite du systeme r6ticulo-endothelial, les r6actions
cutanees A la lepromine et A d'autres antigenes myco-
bacteriens.
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