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Etiological Factors in Delayed-type
Hypersensitivity Reactions in Leprosy*

Why has leprosy, throughout its history
and in so many cultures, been such a feared
and mysterious disease? Probably one of the
most important factors is the terrible dis-
figurement which can arise as a consequence
of the infection. These deformities are al-
most entirely secondary to damage in pe-
ripheral nerves, resulting in misuse, disuse,
and infection. Thus. nerve damage lies at
the root of many of leprosy's problems, and
such damage can occur across the entire
spectrum of the disease, from the slow. in-
sidious, "glove-and-stocking" anesthesia of
lepromatous leprosy to the involvement of
a single nerve at the tuberculoid pole. Be-
tween lie the borderline states, and here
nerve damage can occur not only in a man-
ner analogous to that at the poles but also
as an acute phenomenon. with severe de-
struction occurring over the course of a few
days, paralleled by skin involvement of an
equivalent degree. These lepra reactions
(type I) are emergencies—unpredictable,
progressive, possibly irreversible, yet po-
tentially treatable—and are a serious prob-
lem in modern leprosy, particularly consid-
ering patients already under treatment.

In some ways, the problems of the type
lepra reaction epitomize those of leprosy

itselil with infection, inflammation, and a
disturbance of immunity leading to nerve
damage and its sequelae. Here, however, the
problem of defective immunity is given a
new dimension. f'or wc must consider not
only "suppression" versus "activation" but
also "useful" immunity versus "harmful"
hypersensitivity:. thought to provide the ba-
sis for these reactions.

Why study such reactions? One could ar-
gue this from the standpoint of the basic
scientist or the clinician. From the immu-
nological point of view, an understanding
of the mechanisms of this form of hyper-

* This review was written by Paul Klencrman. B.A.,
while a student at Oxford Medical School. It was a
1986 prize-winning essay in the annual competition of
the British leprosy Relief Association (LEPRA) for
essays on various aspects of leprosy. We take pleasure
in publishing this review. Mr. Khmerman's present ad-
dress is New College. Oxford. England.

sensitivity and its relationship to immunity
and tolerance is central to the problems of
leprosy and many other infectious diseases.
For the clinician, such understanding might
allow us to predict, treat, or effectively pre-
vent these flare ups. I would like to integrate
these points of view by discussing the type
I reaction and its etiology at a number of
levels. from the clinical and epidemiological
through histological, cellular, and molecu-
lar. In order to do this, we need first to put
the reactions into the context of the disease
as a whole.

Reactions in context
The clinical states resulting from infec-

tion with Mycobacterium leprae form a
spectrum which is paralleled closely at the
histopath ologi cal and immunological
levels. III simplest terms, the lepromatous
form is a disseminated disease, with large
numbers of bacteria present in many areas
of the body, associated with a weak cellular
immune response. The tuberculoid form is
a localized disease, with few bacteria pres-
ent and lesions where the cell-mediated im-
mune response is marked. Leprosy can also
produce a subclinical disease, as shown in
community surveys.= and ildisease does ap-
pear, classically this is of the "indetermi-
nate" type, usually leading to spontaneous
healing. However, 25% of cases will go on
to enter the spectrum described, frequently
as borderline forms' lying between the two
poles, and these are the states which partic-
ularly concern us. One of the most impor-
tant features of these states is their insta-
bility, and type I reactions are thought to
be a manifestation of this.

The analogy of a spectrum of host/para-
site relationships is used in other diseases,

' Ridley, D. S. Histological classification and im-
Monologicalspectrum of leprosy. Bull. W1-10 51 (1974)
451-465.

= Godal. T. and Negassi. K. Subclinical infection in
leprosy. Br. Med. J. 3 (1973) 557-559.

' Strickland. N. II. The influence of im munosuppres-
sion and immunodeficiency on infections with leprosy
and tuberculosis. Int. J. Lepr. 53 (1985) 86-100.
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including tuberculosis (T13).4 Here, another
parallel may be found—the dissociation of
resistance from hypersensitivity. It should
be noted at the start that these terms refer
to functions rather than mechanisms. "Re-
sistance" in leprosy has been defined as the
ability of the host to limit the bacterial load
and to dispose of disintegrating bacillary
materials." Hypersensitivity may be thought
of as an excessive reactivity to a sensitizing
antigen, i.e.. that which results in damage
to host tissue. Coombs and (jell have di-
vided this into four types (originally as a
way of teachinL, medical students), repre-
senting different pathways of immune
expressions. Ofrelevance to this discussion
is type IV, or delayed-type hypersensitivity
(DTH), which is characterized by a mono-
nuclear infiltrate, in contrast with the mast
cell, complement activation, and immune
COM pie!: mechanisms which predominate
in the other three types.

The argument as to the importance of
DTI in immunity in TB has been going on
since the 1920s when Rich first suggested
that the processes were separable (e.g., im-
munity can remain intact even after DTH
has disappeared).' Mackaness and others
have held the opposite view, noting that
both phenomena tend to appear together,
e.g., in vaccination and adoptive trans-
fer experiments."' Youmans' has argued
strongly that DTH and immunity in TB in-
volve recognition of different antigens. For
example. immunity is induced by polysac-
charide or ribonucleotide antigens and DTH
by protein components, a suggestion of great
relevance for potential vaccines. The dis-

Leniini. L.. Rottoli, P. and Rottoli. L. The spec-
trum of human tuberculosis. Clin. Exp. Immunol. 27
(1977) 230-237.

' I3june. G., Barnetson. R. St.C., Ridley, D. S. and
Kronvall, G. Lymphocyte transformation test in lep-
rosy: correlation of response with inflammation of le-
sions. (lin. Exp. Immunol. 25 (1976) 85-94.

hitcruatuma/ Diatom/0' of.1/edicmc wirl Biology.
New York: John Wiley and Sons, 1986.

Youmans. G. P. Relation between delayed hyper-
sensitivity and immunity in tuberculosis. Am. Rev.
Respir. Dis. 111 (1975) 109-118.

' Mackaness. G. B. The immunology of antituber-
culous immunity. Am. Rev. Respir. Dis. 97 (1968)
337-344.

" Lellbrd. M. J. Delayed hypersensitivity and im-
munity in tuberculosis. Am. Rev. Respir. Dis. III
(1975) 243-246.

unction is for some rather artificial, since
in natural inf-ections it is not possible to
separate the two phenomena, the underly-
ing cellular mechanisms are not yet estab-
lished, and there is more than one type of'
DTH (see below).'" However, the idea of
"helpful" and "harmful" immune re-
sponses is still a useful one and a recurrent
theme in the discussion of type 1 reactions.

The historical context
Ridley'. ''.1.2was the first to clearly distin-

guish reversal reactions, differentiating these
from downgrading reactions, erythema no-
dosum leprosum (EN L). and exacerbation
nodules on clinical, histological and im-
munological grounds. This was an impor-
tant step in clearing up a field which had
been confused for many years (e.g., includ-
ing "akuter schub." "acute infiltration re-
actions," and "reactional tuberculoid"
states). Essentially, we are left with two main
forms of reactional state: type 1 and type 2
(not to be confused with types I–IV of hy-
persensitivity).

Type 2 lepra reactions or ENL are not
under discussion here, except to distinguish
them in that they occur mainly in lepro-
matous leprosy (rarely in borderline
lepromatous), commonly rather later in
treatment, and involve more systemic
symptoms:2 The underlying mechanisms
are humoral, and ENL has been described
as a clinical manifestation of the Arthus
phenomenon." In common with the type 1
reaction are a number of precipitating fac-
tors (intercurrent infection, physical and
mental stress, vaccination, pregnancy, and
chemotherapy).' 2 and as with type 1 reac-
tions, the mechanisms by which these act
are uncertain. The process of defining these
reactions is still continuing, as they are char-

Salvin. S.13. and Neta. R. A possible relationship
between delayed hypersensitivity and cell-mediated
immunity. Am. Rev. Respir. Dis. 111 (1975) 373-377.

" Ridley, I). S. Hypersensitivity and immune re-
actions and classification. Lepr. Rev. 47 (1976) 171—
174.

Ridley, D. S. Reactions in leprosy. Lepr. Rev. 40
(1969) 77-81.

" Wemambu. S. N., Turk, ,J. L.. Waters. NI. F. R.
and Rees, R. J. W. Erythema nodosum lcprosum —a
clinical manifestation of the Arthus phenomenon. Lan-
cet 2 (1969) 933-935.
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acterized at an increasingly more detailed
level.

Evidence front the
clinical/epidemiological level

Type 1 reactions can be divided into up-
grading and downgrading, although the sta-
tus of the latter is still under dispute." Here
we are concerned with the upgrading or re-
versal reaction, associated with an increase
in cell-mediated immunity (CM I) and a de-
crease in bacterial load, i.e., a shill across
the leprosy spectrum toward the tubercu-
loid end. The commonest shifts ‘vhich occur
are in the borderline !brills: borderline lep-
romatous (BL) to mid-borderline (BB), BB
to borderline tuberculoid (13T). BB to sub-
polar tuberculoid (TTs), while subpolar lep-
romatous (LLs) to BL is rarer. Ridley sug-
gests that TTs patients may undergo
reactions resulting in rapid healing, but
certainly the most severe reactions occur in
the middle of the leprosy spectrum, the states
nearer the poles being more stable."

The features ()Ian upgrading reaction in-
volve inflammation and edema of preexist-
ing lesions in skin and nerves, although new
lesions may appear in previously clear areas
(invisible patches'5). The warm, erythem-
atous skin lesions may undergo necrosis as
the reaction develops. These ill themselves
are serious for the patient, but far more se-
rious from the prognostic point of view are
the reactions within the nerves. Inflam-
mation and edema within the nerve sheath
lead to functional impairment and nerve
pain (neuritis). The latter may be severe (al-
though characteristically very severe pain is
associated with ENL, where the functional
impairment may be less prominent').

Sensorimotor impairment lies at the heart
of the problem, for unlike the polar forms,
this may lead to an acute paralysis. which,
despite treatment, may progress through fi-
brosis. The nerves most at risk are the com-
mon peroneal (lateral popliteal), the ulnar
and the facial, leading to foot drop, claw

Gotta!, T., Myrvang. II. and Samuel, D. R. Mech-
anisms of reaction in BT leprosy. Acta Pathol. Micro-
biol. Scand. [A] Suppl. 236 (1973) 45-53.

Pettis, J. H. S. Leprosy. In: Tropical NeurologY.
Spillane„ 1. D.. ecl. Oxford: Oxford University Press,
1973. pp. 321-334.

hand and facial palsy, respectively, the latter
with a particularly poor chance of recovery.

Barnetson and colleagues" distinguish
three types of reaction on clinical grounds—
skin reactions, nerve reactions (lbr some
reason more common in men 7), and a
mixed type. The patients in different groups
demonstrate di Iferent antigen sensitivities
(see below), underlining the fact that careful
clinical observation can yield clues as to the
cellular mechanisms involved.

Systemic illness may also occur and, in-
deed, a prod romal stage has been noted,
involving generalized aches and pains, par-
esthesiae and malaise.'' Edema may occur
in the hands, feet or lace: tenderness of one
foot may be a first warning sign. Edema
itself is an important part of the reversal
reaction, and could contribute to tissue
damage through pressure effects. One study
of the Mantoux test has demonstrated that
whether such a reaction is clinically positive
or negative depends to a great extent on the
presence of tissue edema, regardless of the
cellular reaction." Other features olsystem-
ic illness include a low-grade fever and an-
orexia.'7 The fever may arise as a conse-
quence of the reaction or could, perhaps, be
related to precipitating it, since small rises
in temperature may be associated with a
marked enhancement of cell-mediated im-
mune function (up to 20-fold).2' Thus, the
fever could act as an important part of a
positive feedback mechanism ill this sud-
den surge of immune activity.

Epidemiology. Few studies have been
done to study these reactions from a pop-
ulation or community perspective, and there
are obvious logistic problems with this, in

Barnetson. R. SIC'., Bjune, G., Pearson, J. M. H.
and Kronvall. G. Cell-mediated immunity and ho-
moral immunity in reversal reactions. Int. J. Lepr. 44
(1976) 267-273.

Hastings. R. C., ed. Leprosy. Edinburgh: Churchill
Livingstone, 1985.

13arnetson. R. St.C., Pearson, J. M. H. and Rees,
R. J. W. Evidence for the prevention of borderline
leprosy reactions by dapsone. Lancet 2 (1976) 1171—
I 172.

Black, S.. Humphrey„ 1. H. and Niven„1. S. In-
hibition of the Mantous reaction by direct suggestion
under hypnosis. Br. Med. J. 5346 (1963) 1649-1652.

Atkins, E. Fever—new perspectives on an old phe-
nomenon. N. Engl. J. Med. 308 (1983) 958-969.
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addition to the difficulty of consistently ac-
curate diagnosis. One common observation
is that the period of greatest risk is the first
6 months or 1 year of treatment, although
reversal reactions may occur in untreated
patients, and patients may initially present
in reaction.

The view is commonly held, therefore,
that chemotherapy is directly responsible
for this increased risk, particularly dapsone
therapy. This will be discussed further be-
low, but it should be pointed out that it is
not a universally held opinion; for example.
Barnetson and colleagues'8 provide evi-
dence that high doses of dapsone may pro-
vide a protective effect. Other regimens
claimed to have a protective efli;Tt include
clofazimine therapy, and Plidtzgralf and
colleagues have provided evidence on this
point. 21 However, reactions can also occur
alter clofazimine therapy, and the issue at
a clinical level is far from clear.22

Important precipitants other than thera-
py include intercurrent in (especially
TB), stress, vaccination (including BCG),
and pregnancy.'7. 23 With regard to the lat-
ter, the time or greatest risk is the puerpe-
rium, when there is a return to normal of
CM I from its depressed state.2.1 Stress is also
an immunostimulant, and two pathways
may be of importance* "hardwiring- to
lymphoid tissue, spleen, etc., from the ner-
vous system. and !tumoral links through a
remarkable number of shared chemical
transmitters (e.g., endorphins, substance P)
which may act in both directions, making
the immune system a "mobile brain.- This
field of psychoimmunology is still in its in-
fancy. A disturbance of immune equilibri-
um may underlie the action of all these pre-
cipitants, although evidence for their effect
remains largely confined to the clinical (in
some cases almost anecdotal) level.

Plait/grafi'. 12. E. The control of neuritis in leprosy
with clolazimine. Int. J. Lepr. 40 (1972) 392-398.

" Mahapatra, S. 13. and Ramu. 23. Transformation
from lepromatous to borderline leprosy with clolltzi-
mine therapy. Lepr. India 48 (1976) 172-176.

-" Wade, II. NV. 13(( ,-inducedactivations. Int. J. Lepr.
28 (1960) 179-181.

24 Rose. P. and McDougall. A. C. Adverse reactions
following pregnancy in patients with borderline (di-
morphous) leprosy. Lepr. Rev. 46 (1975) 109-114.

"131alock. J. R. and Smith, E. NI. Psychoimmunol-
ogy. Immunol. Today 7 (1986) 115-117.

Histology

The natural course of upgrading reactions
has been rarely described because of the ne-
cessity for immediate suppression. Ridley
and Radia''' had the opportunity to study a
number of cases and identify changes at a
histological level. The course of the reaction
can be divided into four stages (early, acute,
late, and resolving), although this is vari-
able. The first changes include an influx of
mononuclear cells but the prominent fea-
ture of the acute stage is edema, leading to
distortion ofthe surrounding tissues. Fibro-
blast proliferation and elastosis may be ac-
companied by necrosis, and later the lesion
assumes more tuberculoid features with
well-defined clusters of cells, including ep-
ithelioid and giant cells. Ultimately, a re-
solving lesion is left in which fibroblastic
activity is prominent. Downgrading reac-
tions, in contrast, show initial edema but
do not go on to tuberculoid maturation.

Parallel changes take place in reactive
lymph nodes, although to a much less
marked degree, the nodes tending to assume
the appearance of the upgraded state.
Changes throughout the dermis (i.e., in-
cluding unaffected areas) have been noted,
and it is suggested that the reaction may be
of a more generalized type, perhaps involv-
ing a certain auto-immune component.'" In
this sense, the description of the reaction as
"tissue panic- is very apt:"

Also visible in histological sections are
lipids present within macrophages."' Fat is
normally found in lepromatous "foamy-
macrophages but not in tuberculoid epithe-
lioid cells. Campos, however, found that
lipids were commonly found in macro-
phage-derived cells in lesions undergoing
reaction.2'

Comparison with DTI-I. The entire reac-
tion has been compared with the DTH of a
tuberculin (or lepromin) reaction taking

▪ Ridley. D. S. and Radia. K.13. Histological course
of reactions M borderline leprosy and their outcome.
Int. ,I. Lem. 49 (1981) 383-392.

Ridley. D. S. and Wise, NI. J. Reactions of the
dermis in leprosy. Int. J. Lem. 32 (1976) 24-36.

" Cochrane, R. E. and Davey, T. F. Leprosy in Yin '.
Oil' and Praclitv. 13ristol: John Wright and Sons, 1964.

▪ Campos R. de C.. J. Lipoids in reactional tuber-
culoid leprosy granulomata. their diagnostic value. Int.
,I. Lem. 18 (1950) 155-160.
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place within multiple lesions. Indeed. these
have similar histological characteristics,'"
with an influx of monocytes and lympho-
cytes, early disturbance of collagen fibers
through edema, and subsequent giant cell
formation. It should be noted, however, that
there is more than one type of DTI I reac-
tion. For example, the cutaneous basophil
response or Jones-Mote reaction bears very
little relation to the above picture. n Also
mast cells have been implicated in certain
types of m-Fl." although such activity has
not been described in reversal reactions.

It had been suggested from experiments
with resistant and susceptible mice that it
is the kinetics of the DTH reaction which
correlates with immunity rather than the
degree.'" By careful analysis of this. Rook
and Stanford have been able to separate
DT H reactions into three types: the Jones-
Mote, a "Listeria type," and a "Koch
type."34 The Listeria type occurs early, 10—
12 days after sensitization, is nonnecrotic,
and has a shorter time-course. The classical
Koch type occurs after 4-6 weeks, with a
longer time-course, and is associated with
necrosis. For instance, C57I3L mice are re-
sistant to M. frpraemurium given subcuta-
neously:, and produce a strong Koch-type
response. However, for intravenous infec-
tion, this response appears to be inappro-
priate, and they are highly susceptible.

In simplistic terms, the Listeria-type re-
sponse may be associated with intracellular
killing and the Koch-type with extracellular
killing, and it is of interest that cytotoxic T
cells are seen in the latter but not in the
former.35 It may prove helpful to view the
type 1 reaction from this perspective.

Dugan. E., Modlin, R. L. and Rea, T. H. An in
sin/ immunological study of the Mitsuda reaction. Int.
J. Lepr. 53 (1985) 404-409.

Fudenberg, H. H. Clinical Immunology. Los Al-
tos, California: Lange Medical Pubis.. 1986.

" Galli, S. J. and Dvorak. A. NI. What do mast cells
have to do with delayed hypersensitivity'? Lab. Invest.
50 (1984) 365-368.

" Rook, G. A. W. Three forms of delayed type hy-
persensitivity. Nature 271 (1978) 64-65.

" Rook, G. A. W. and Stanford. J. L. The relevance
to protection of three Ibrms of delayed skin test re-
sponse evoked by It Icprac and other mycobacteria
in the mouse. Parasite I mmunol. 1 (1979) 111-123.

" Zinkernagel. R. M., Althage, A.. Adler. It.. Man-
den, R. V., Davidson, W. F., Kees, U.. Dunlop, M. H.

Summary of histological evidence. The
histological evidence points strongly to a
Hare up of DTH —gi yen the presence of ne-
crosis this seems to be shnilar to the Koch
type. The early appearance of edema to-
gether with the more generalized tissue re-
actions imply that the situation may not be
quite so straightforward. In addition, the
reactions in nerves, which are oldie greatest
clinical significance, are the hardest to study.
13arnetson and colleagues' found that, in
the skin, reactions often took place within
dermal nerves.

The presence of lat is of some interest
given the potential role of lipid oxidation
products in tissue damage,3" for example,
in atherosclerosis.-" They may also have
more subtle ellCcts. Presentation of antigen
in conjugation with lipids is known to pre-
dispose to DTH,38 and Skinsnes has pro-
posed that defects in lipid handling by mac-
rophages may be of central importance in
leprosy.'"

Finally, the tact that the reaction has such
a clearly defined course at the histological
level should lead us to consider those factors
which serve to terminate the process, as well
as those which precipitate and maintain it.
Manipulation of these may be of therapeutic
importance, although a fuller understanding
requires evidence from the cellular and mo-
lecular levels.

Cellular and molecular evidence

The use of monoclonal antibody tech-
nology has allowed the dissection of the cel-
lular components of these reactions with a
good deal of precision. In addition, a com-
parison of the function of T cells in reactive
and nonreactive lesions can be made by use
of the lymphocyte transformation test

(1. and Shrelller, D. C.11-2 restriction of cell-mediated
immunity to an intracellular bacterium. .1. Exp. Med.
145 (1977) 1353-1367.

Fantone. P. and Ward. .1. The role of oxidized free
radicals in leukocyte dependent inflammatory reac-
tions. Am. J. Pathol. 107 (1982) 397-401.

" Mitchinson, M. J. Macrophages. oxidized lipids
and atherosclerosis. Med. Hypoth. 12 (1983)171-178,

Dailey. NI. 0. and Hunter. R. L. The role of lipid
in the induction of hapten-specific delayed hypersen-
sitivity and contact specificity. J. Immumnol. 112 (1974)
1526-1534.

"Skinsnes, 0. K. Leprosy and the lipidoses. Int. J.
Lepr. 44 (1976) 482-484.
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(LIT), an in vitro assay of T-cell respon-
siveness. 13june and colleagues found that
the LTT correlates well with the degree of
hypersensitivity, hut rather poorly with the
degree of or "resistance,- i.e., the
position on the Ridlev/Jopling scale. This
brings us hack to the dissociation of DTH
and immunity—whether the results of the
LTT reflect a qualitative change in immune
Innction (that is, reacting to a dillerent an-
tigen) or a quantitati VC' imbalance between
DTI I and other immune activity is an im-
portant question.

Studies have also been performed to dis-
tinguish the various T-cell subsets involved
in the reactions. The ratios of T4+ (helper/
inducer phenotype) to T8 +(suppressor/cy-
totoxic phenotype) and their distribution
have been compared to that in tuberculin
and lepromin reactions.30.4".' In the initial
(borderline) state, about 40% of granuloma
cells are T lymphocytes, with a T4 +:T8 +
ratio of 2:1 and no tendency for subset seg-
regation within the lesion. In reaction, a
number of changes occur including. in a mi-
nority, a redistribution of the suppressor/
cytotoxic subgroup to the periphery of the
lesion, thus assuming a more tuberculoid
appearance. The majority of the lesions.
however, show no "mantle zone- redistri-
bution of T8+ cells. The total number of T
cells within the lesion rises to 50%, and the
T4:T8+ ratio drops to 1.5:1 (a difference
from nonreactive borderline which does not
reach statistical significance).

In DTH reactions, as in the classical tu-
berculin response, there is lymphocytic in-
flux at a helper/inducer:suppressor/cyto-
toxic ratio of 2:1. the same as is present in
the circulation, thus implying there is no
preferential emigration. T4+ cells are, how-
ever, more prominent within the epidermis
where they are found in close association
with Langerhans' cells. Evidence from
mouse models suggests that the helper T cell
is the prime mediator of DTH, and it is
hypothesized that suppressor T cells may be
responsible for local control of the reac-

Waters. NI. F., Turk .j. L. and Wemanthu, S. N.
Mechanisms of reaction in leprosy. lot .J. Lepr. 39
(1971) 417-428.

41 Turk.^L. and Bryceson. A. D. Immunological
phenomena in leprosy and related diseases. Adv. lin-
tunnel. 13 (1971) 209-266. (214 refs.)

AlternatiN'ely, T8+ cytotoxic cells
may be important effector cells (which might
explain why it is possible to have a Hare up
of DTH without a significant change in the
T4:T8 ratio). although currently it is not
possible to accurately distinguish cytotoxic
from suppressor subtypes immunohisto-
chemically.

Other T-cell subsets include "contrasup-
pressor- cells which are thought to inhibit
suppressor mechanisms, thus releasing local
expression of immunity.42 Such cells are as-
sociated with particular sites, including the
spleen, gut, and skin, and represent a hy-
pothetical mechanism whereby suppression
could be temporarily "bypassed- in bor-
derline patients.

Antigen presentation. Another important
cell isolated by these techniques is the T6+
Langerhans' cell found in normal skin and
in the regions encircling the granuloma.'"
These cells are known to he potent antigen-
presenting cells," and it is suggested that
this function arises as a result of the high
levels of class II major histocompatibility
molecules (HLA-DR). which act as restric-
tion elements for helper T cells, and their
ability to secrete interleukin-1 (IL-1). This
in is of central importance in im-
mune activation as well as having major
effects on in and lever. The po-
sition of these cells in upgrading lesions im-
plies that they are playing some role in con-
tact with participating lymphocytes, not seen
in normal borderline leprosy. They may be
acting as antigen-presenting cells in situ or,
as part of the "skin immune system- drain
through lymphatics, undergoing matura-
tional changes. to eventually serve as anti-
gen-presenting cells in the local lymph
node.'

Other notable cellular changes include a
generalized induction of HLA-DR on kera-

" Green, D. R.. Flood. P. M. and Gershon. R. K.
Immunoregulatory T cell pathways. Ann. Rev. Im-
munol. 1 (1983) 439-484.

Britt  I S Askenase, P. W.. Ptak. W., Steinman.
R. NI. and Gershon. R. K. Speciali/ed antigen-pre-
senting cells. Splenie dendrite cells and peritoneal-ex-
udate cells induced lw mycohacteria activate effector
T cells that are resistant to suppression. J. Exp. Med.
155 (1982) 1344-1356.

" Hos. .1. I). and Kapsenberg. NI. L. The skin im-
mune system. Immunol. Today 7 (1986) 235-240.
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tinocytes. It is also known that keratino-
cytes can act as antigen-presenting cells, and.
in addition, can secrete IL-1." Activated
endothelial cells in regions of DTI I may also
present antigen, and are known to secrete a
molecule (I('AM-1) in in lympho-
cyte diapedesis."

How may these processes he paralleled
in neural tissue? Of relevance here is the
finding that in the rare disease chronic
inflammatory demyelinating polyneuritis,
H LA-DR may be induced on Schwalm cells
which may. therefbre, act as antigen-pre-
senting cells:" Interferon-y (I F-y) in vitro
may effect this induction, and it is proposed
that this represents a simple quantitative
change and, indeed, that quantitative vari-
ation in HLA-DR may play a central role
in immunoregulation.'

Nlolecular mediators. The role of I F-y as
an immunomodulator is highlighted by the
work of Nathan and colleagues, who have
found that local injection of recombinant
IF-^1 into lepromatous lesions leads to a re-
action in situ indistinguishable from DTH;"
The clinical/histological criteria as dis-
cussed are all well demonstrated and, in ad-
dition. an increased killing ability of mono-
cyles and a decreased bacterial load in the
lesions are seen. In other words, there is an
increase in local CMI without a generalized
reversal reaction. These similarities point

" Daynes, R. A.. Emarn, M., Krueger, G. G. and
Roberts, L. K. Expression of la antigen on epidermal
keratinocytes after the grafting of normal skin to it
mice. j. Immunol. 130 (1983) 1536-1539.

44 Dustin. NI. C.. Rothlein. R., Bhan„A. K., Dina-
rello. A. and Springer, T. A. Induction by IL-1 and
interferon–y: tissue distribution, biochemistry, and
function of a natural adherence molecule (ICAM-I). J.
Immunol. 137 (1986) 245-254.

" Pollard, J. C., McCombe, P. A., Bavestock„1..
Gatenby. P. A. and NIcLeod. C. Class II antigen
expression and T lymphocyte subsets in chronic in-
flammatory demyelinating neuropathy. Neuroim-
munol. 13 (1986) 123-134.

" Janeway. C. A., Bottomly, K.. Babisch..1.. Conrad.
P., Conzen, S., Jones. 13., Kayne. J.. Katz, NI., McVay,
L.. Murphy, D. 13. and Tile, Quantitative variation
of la antigen expression plays a central role in immune
response regulation. Immunol. Today 5(1984) 99-105.

Nathan. C. F.. Kaplan, G., Levis, W. R., Nusrat.
A., Witmer. M. D.. Sherwin. S. A., Job. C'. K., Hor-
owitz, C. R. Steinman. R. NI. and C'ohn. Z. A. Local
and systemic effects of intradermal recombinant in-
terferon--; in patients with lepromatous leprosy. N. Engl.
L. Med. 315 (1986) 6-15.

to IF-y having sonic role in upgrading re-
actions, and the authors suggest that in their
experiment it acts through recruitment of
monocytes and activation of macrophages.
It is hypothesized that IF--y released by ac-
tivated T cells may rid rice many of the
manifestations of DTH and C'Ml, and it
may even be possible to enhance only the
('MI or microbial killing functions without
increasing the DTI-I or tissue destructive
Isunction. This may be optimistic, for I F-y
is an important "priming" agent for both
intra- and extra-cellular killing by macro-
phages. Macrophages are activated by se-
quential "priming" and "triggering" steps.5"
In leprom a to us lesions, macrophages
primed in this manner may be triggered by
the large numbers of bacteria present to an
intracellular killing function, while the dif-
ferent environment of the borderline lesion
may favor triggering to extracellular activity
and, hence, tissue destruction. By analogy,
Youmans and colleagues have suggested that
in TB separate lymphokines may be in-
volved in DTH and immunity,' and eluci-
dation of these is a subject for future re-
search.

Other mediators include those secreted
by the macrophages themselves. These are
not only factors which activate lymphocytes
and antigen-presenting cells, but also
those which suppress them. These include
prostaglandins51 and, possibly, interfer-
oils. Gupta and colleagues, using cell sort-
ing techniques in a murine granuloma mod-
el, have isolated a small suppressor
subpopulation.". '4 It is known that pro-

Nacy, C. A.. Oster. C. N.„lames. S. L. and Meltzer,
M. S. Activation of macrophages to kill rickettsiae and
Leishmania: dissociation of in microbicidal
activities and extracellular destruction of neoplastic
and helminth targets. Contemp. Top. Immunobiol. 13
(1984) 147-170.

Ellis, N. K., Young, NI. R., Nikcevich, D. A., New-
by, M.. Pliopys. R. and Wepsic, H. T. Stimulation of
prostaglandin dependent macrophage suppressor cells
by the subcutaneous injection of polyunsaturated fatty
acids. Cell Immunol. 102 (1986) 251-260.

" Salgame. P. R., Mahadevan. P. R. and Arida, N.
H. Mechanism of immunosuppression in leprosy—
presence of suppressor factors from macrophages of
lepromatous patients. Infect. Immun. 40 (1983) 1119–
1126.

" Gupta. S., Curtis, J. and Turk, .1. L. Accessory cell
function of cells of the mononuclear phagocyte system
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duction or these suppressor factors may be
modifiable (for example, diets rich in poly-
unsaturated fatty acids induce suppressor
macrophage activity, possibly through
changes in prostaglandin synthesis s'1). These
factors may be relevant to the precipating
efFects of dapsone. and may even provide
clues to a suitable therapeutic approach.

Biochemical aspects of chemotherapy.
Chemotherapy is thought to be an impor-
tant etiological factor in reversal reactions,
but is there any evidence for this at the bio-
chemical level'? Drugs may potentially affect
immune responses in two ways: a) by action
on the bacteria themselves, thus changing
the antigenic load (see below), or b) as will
concern us here, through intrinsic immu-
nostimulatory activity."

Dapsone is thought to possess immuno-
stimulatory properties, although the mech-
anisms for these are not clear. It is suggested
that dapsone may contribute to reversal re-
actions by enhancing lymphocyte respon-
siveness," and it may do so by inhibiting
production of suppressor prostaglandins
through its antioxidant activity. During
chemotherapy, with recovery of CMI. T cells
would, under normal circumstances, be-
come more responsive to prostaglandin-
mediated inhibition. If dapsone suppressed
this, susceptibility to reversal reactions
would be increased, but there is no evidence
as yet for this hypothesis. In vivo experi-
ments have shown that lymphocyte respon-
siveness is potentiated by antioxidant drugs.
which may also enhance DTH to mycobac-
terial proteins in rats." This last effect may
also be achieved by modulation of dietary
lipids—perhaps of some relevance to the use
of chaulmoogra oil, an ancient remedy for

isolated from mycobacterial granulomas. Cell 1mmu-
not 91 (1985) 425-433.

" Montreeswasuwat. N., Curtis, J. and Turk, ,J. L.
Accessory cell l'unction of cells isolated from .1/ym-
haderium /eprae-induced granulomas. Cell Immunol.
102 (1986) 346-354.

" Anderson. R. The immunopharmacology of an-
tileprosy agents. Lepr. Rev. 54 (1983) 139-144.

Parnham, M. J.. Schoester, G. A. and van der
Kwast, T. M. Enhancement by PGE, and essential fatty
acid deficiency of the passive transfer of delayed hy-
persensitivity to PPD in rats. Comparison with effects
on delayed hypersensitivity to SR13C in mice. Int. J.
Immunopharmacol. 1 (1979) 119-126.

leprosy. supposedly of benefit through its
content of fats of' high melting point.:'

Dapsone also has an anti-inflammatory
action, as is demonstrated by its eflective-
ness in a variety of dermatological and in-
flammatory disorders, e.g., relapsing poly-
chondritis." High doses of dapsone have
also been reported to show a protective ef-
fect in reversal reactions,' and this may be
due to a quantitative balance of' its immu-
nostimulatory, antimicrobial, and anti-in-
flammatory actions. The ability of the drug
to scavenge oxidative intermediates is again
thought to be important," and it is inter-
esting that the mutually antagonistic effects
of clolazimine and dapsone at the clinical
level are mirrored biochemically. Prostag-
landin E., is known to suppress activated
macrophages." Anderson provides evi-
dence that its production is enhanced by
clofazimine but inhibited by dapsone,' sug-
gesting future possibilities for prevention.

A further anti-inflammatory action of
dapsone may be on the degradative pro-
cesses of phagocytes, where it is thought to
inhibit lysosomal activity." Lysosomes may
also be involved in antigen processing.' A
change in the mechanism of antigen pro-
cessing could have significant effects on im-
mune function, since it is known that the
exact form in which an antigen is presented
is crucial to the type or response which de-
velops. Dapsone has been described as "Iy-
sosomotrophic,"" and such agents are used

57 Cochrane. R. G. The chemotherapy of leprosy. Br.
Med. J. 2(1952) 1220-1223.

" McDougall. A. C. Dapsone. Clin. Exp. Dermatol.
4 (1979) 139-142.

" Anderson. R.. Gamer, E. M., van Rensberg, C. E.,
Grabow, G., Inkamp. F. M., Kok, S. K. and van Rens-
berg. A. J. In vitro and iii vivo effects of dapsone on
neutrophil and lymphocyte functions in normal indi-
viduals and patients with lepromatous leprosy. Anti-
microb. Agents Chemother. 19 (1981) 495-503.

1." Snider, M. E., Fertel, R. H. and Zwilling, 13. S.
Prostaglandin regulation of macrophage function. Ef-
fect of endogenous and exogenous prostaglandins. Cell
Immunol. 74 (1982) 234-242.

1.1 Anderson. R. Enhancement by clofazimine and
Mhibition by dapsone of production of PG E2 by hu-
man polymorphonuclear leukocytes in vitro. Antimi-
crob. Agents Chemother. 27 (1985) 257-262.

1.= Grey. H. M. and Chesnut, R. Antigen processing
and presentation to T cells. Immunol. Today 6 (1985)
101-106.
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experimentally to manipulate the immune
response."

Integration
So lar, I have discussed evidence from a

variety of approaches as to mechanisms
which may be involved in reversal reac-
tions. I shall now attempt to synthesize some
of this information into three broad etio-
logical schemes: a) qualitative antigen
changes, b) quantitative antigen changes, and
c) changes in the underlying immune re-
sponse.

Qualitative antigen changes. The study
by 13arnetson and colleaguesu provides evi-
dence that the antigens to which those in
reaction are responding are distinct, even
within different reacting subgroups. It is
suggested that in nerve reactions cytoplas-
mic antigens are released which had pre-
viously been hidden within Schwann cells,
while in the skin there is an equivalent re-
lease of surface antigen from dermal nerves.
The triggers for this remain obscure, and
the possibility of coincidental exposure to
other mycobacterial antigens was not borne
out in this experiment.

As discussed, there is evidence in TB that
the antigens which determine immunity and
DT1-1 are distinct.' A release of "hypersen-
sitivity-inducing" antigens from dead ba-
cilli as a result of chemotherapy or an
underlying change in immunity could,
therefore, be hypothesized in reversal re-
actions. If so, discovery of which particular
antigens are involved would be an interest-
ing area for research.

One alternative explanation for the re-
sults of I3arnetson and colleagues relates to
the sonication technique used to separate
"surface" and "cytoplasmic" antigens. Son-
ication is known to alIct the physical prop-
erties of proteins, leading to aggregation and
insolubilization," and may therefore have
an efIct on the presentation of antigens in
this experiment, given the particular im-
portance of surface properties in this func-
tion.

Quantitative antigen changes. Ridley"
suggests that just as important as any change

" Brock, .1. H. Are lysosomes involved in antigen
processing? Immunol. Today 6 (1985) 177.

'4 Baker. J. 11. Cytological Technique. London:
Chapman and Hill. 1966.

in antigen type may be a change in quantity,
leading to an imbalance of' immunity and
hypersensitivity, as had been postulated
nearly 80 years ago in TB." l le points out
that it is very unlikely that bacterial antigens
will never have been previously encoun-
tered, gi Veil the bacillary load of borderline
patients. As the load is reduced, it may be
that pre-existing antigens are "noticed" by
the immune system, leading to the hyper-
sensitivity response. This i min Lill ity/hyper-
sensitivity balance is possibly of fundamen-
tal importance in understanding the host/
parasite relationship in leprosy, and may be
applicable even in the polar forms.

Other aspects of quantitative changes in-
clude a redistribution of bacterial antigens,
e.g., via the bloodstream to the spleen. Route
of antigen exposure can be important in de-
termining responsiveness," and the lacts
that circulating lymphocytes show in-
creased activity'7 and that the illness is sys-
temic could be clues in this direction. In
addition, it should be remembered that
T-helper cells recognize not one antigen but
a combination of surface antigen and I-I LA-
DR. An increase in I-ILA-DR expression
(which is depressed in the chronic state')
could lead to an increase in "visible" anti-
gen. This could occur either on new cells,
e.g.. Schwalm cells, or through l'urther stim-
ulation of cells already I-ILA-DR positive,
either to maintain the reaction (as a cascade
phenomenon) or in initiation.

Underlying change in immunity. That
possible etiological !actors may act through
effects on the host's underlying immune ac-
tivity has already been suggested: how might
this precipitate a reversal reaction'?

1111111111IC equilibrium. The balances be-
tween activation and suppression, hyper-
sensitivity and immunity in borderline states
are fine ones. and only small changes may
be required to push the patient over the

" Romer. R. H. Spezilische uher emplindlichkeiten
und tuberkulosimmunitat. (1908) Quoted in II.

" Stoner, G. L. Hypothesis: do phases of immuno-
suppression during a .11vcobacterium leprac infection
determine the leprosy spectrum? Lepr. Rev. 52 (1981)
I-10.

Otten holt: T. H.. Torres, P., Terencio de las Aguas,
J.. Fernandez, R.. van Eden. W., de Vries, R. R. P.
and Stanford. J. L. Evidence for an HLA DR4 asso-
ciated immune response gene for .1/.1:cobaterium
//env/us/v. Lancet 2 (1986) 310-313.
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leprosy "precipice." One way of modeling
this may be by use of catastrophe the-
ory,1° " a mathematical system developed
to describe sudden changes in state. As long
as a balance between hypersensitivity and
immunity is maintained a smooth course is
pursued, but imbalance leads to cata-
strophic changes such as reversal reactions.

/3ypass: /i/r//). Immunostimula-
tion not only applies to the lymphocytes
themselves but also to their means of acti-
vation. An intercurrent viral infection, for
example, by inducing interferon produc-
tion. could allow activation of otherwise
quiescent antigen-presenting cells. An in-
flux of new lymphocytes into the region
would cause further stimulation of these cells
and, hence, the crescendo of a reversal re-
action. In particular, antigen presentation
by previously inert cells such as keratino-
cytes and Schwalm cells could he important.

Bypa.s.s: 0/Croft Suppressor mech-
anisms may also be bypassed by direct ac-
tivation of effector cells, or involvement of
new cell types. The role of the cytotoxic T
cell and even natural killer (NK) cells in
these lesions has yet to be determined. (For
example. NK cells are activated by BCG7"
and, in turn, activate macrophages through
secretion of IFN-y.7'

Probably all of these features, a change in
antigen type, load, and underlying respon-
siveness, have some role to play. The cellular
reactions occurring in even the most simple
experimental model of DTH are poorly
understood. No wonder that the mecha-
nisms of reversal reactions, occurring as they
do suddenly, unexpectedly and under dif-
ficult medical conditions, are still a mystery.

Future possibilites
How may we proceed in order to unravel

this mystery? In classical epidemiological

Woodcock, A. and Davies. M. Ccuastrophe The-
ory. Middlesex, England: Penguin Books, 1978.

Srinivasan, H. Models For leprosy. An appraisal
of graphic representations of the —spectum" concept
as models and a suggestion for a catastrophe theory
model For leprosy. hut. .J. Lepr. 52 (1984) 402-413.

v" Djeu. 1). .1. Production ()lintel-Fero!) by NK cells.
Clin. lmmunol. Allergy 3 (1983) 561.

I3ancrolt. 0. J.. Bosma, M. J.. I3osma, G. C. and
Unanue. E. N. Regulation of macrophage la expression
in mice with severe combined immunodeficiency. J.
lmmunol. 137 (1986) 4-10.

fashion, the procedure to be followed is:

Biological expectation
Case reports

Cross-sectional study

Case-control study

Cohort study

Randomized intervention study

With reversal reactions, we are still in the
early stages. Case-control and cohort stud-
ies need to be carrried out to define risk
factors more rigorously. This is obviously a
difficult task, given the situations in which
leprosy is prevalent and the difficulty of ac-
curate diagnosis of reactions. However, a
controlled statistical approach in those areas
where it is possible would be of immense
benefit, and might even give us the ability
to predict those patients who are at risk at
the start of treatment.

Further work on the detailed biochem-
istry of dansone and other agents may not
be as rewarding as analysis of these drugs
in a clinical setting. If high-dose dapsone
does provide a degree of protection then
trials could be more widely extended in pa-
tients at risk. Alternative anti-inflammatory
medication may be useful as a prophylactic
measure (particularly. perhaps. relating to
prostaglandin synthesis).

While vaccination programs using Al.
/eprac are going ahead in a number of cen-
ters to provide increased immunity, it is
also of interest to note that certain methods
of inoculation can lead to induction of tol-
erance. In the mouse, DTH can be sup-
pressed by inoculating intravenously, sub-
cutaneously in high doses, or in the presence
of ultraviolet (UV) light (UV in solar doses
can induce suppressor activity"). If. indeed,
DTH in reversal reactions is directed against
a particular antigen or set of antigens. it may
be possible to vaccinate against these re-
actions by use of such a suppressive pro-
tocol. This would recitiire elucidation and

" Uhlrich. S. E.. Yee. G. K. and Kripke. NI. L. Sup-
pressor lymphocytes induced by epicutaneous sensi-
tiiation of UV-irradiated mice control multiple !m-
ill Un ological pathways. Immunology 58 (1986) 185—
1 90.
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subsequent purification of the antigens re-
sponsible, hut the application of DNA tech-
nology to such problems has already be-
gun.7'

There is now the potential to understand
and prevent these reactions. While leprosy
remains a problem of the world's poor

Bloom. 13. R. Learning from leprosy. J. 11111131mM.
137 (1986)

countries, we in the Northern Hemisphere,
where technology and scientific support are
available, have the opportunity to tackle
many aspects of the disease. This oppor-
tunity must be seized.

—Paul Klenerman, U.A.
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