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There is a well recognized group of reactions (Jopling Type I) which is most characteristic of borderline leprosy, since in all
cases the patients enter the BL-BT zone of
the spectrum either before, during, or after
the reaction. The earlier literature is considerably confused by problems of nomenclature and classification and by the variable outcome of the reactions ( 24 : 2 '). They
are usually beneficial and may be associated with lepromin conversion from negative to positive, though it is not always sustained, and by elimination of bacilli
". 1 ". 2 ": 21 ). They have therefore been
widely known as reversal reactions ( 21 ),
though the term does not express the concept of downgrading as well as upgrading
within the spectrum (I"). These reactions
are essentially an expression of immunological instability ( 1 ") associated with a
sharp though temporary rise in the lymphocyte transformation ratio ( 11 ' 5 ' 13 which suggests a form of delayed hypersensitivity
( 4 • 17
In immunologically deficient mice, re)

).
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actions of this type, with a shift towards the
tuberculoid pole (upgrading), can be induced by lymphocyte replacement ( 1 ") or
thymus implant ( 12 ). Reactions associated
with downgrading towards the lepromatous
pole are unusual, though they have been
described clinically ( 2 ") and their existence
needs to be recognized. The shift in classification observed in skin lesions is associated with parallel changes in lymph nodes
(2.)
.

Despite the confusion of the older literature, there has been remarkably little written about these reactions in the last 20
years, mainly due to the ethical need to
suppress such reactions. They have never
received a full histological description. In
the present paper the histological course of
the reactions is described in a limited number of cases in which it was possible to follow the outcome.

MATERIAL AND METHODS
Patients. Twelve cases, for which clinical documentation and biopsy were available, were picked out from past records on
the following grounds: I) the patients were
in reaction clinically and histologically; 2)
they were at some time classified within the
borderline region (BT, BB, BL), either before, during, or after the reaction; and 3)
data was available, either clinical or histo383
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logical, of events leading up to or following
the reaction. Eleven of the twelve patients
had received less than 6 months' treatment
at the onset of the reaction.
The biopsies had been referred to this
hospital from the Medical Research Council Units in Sungei Buloh, Malaysia (5
cases), or in Addis Ababa (4 cases), or from
stations elsewhere in Africa (2 cases): one
patient was of Eurasian origin. In all, there
were 33 biopsies for the 12 cases, which
were re-examined in the light of the most
recent available data. The precise time sequence of the reactions was not known in
all cases, but it was possible to piece together the order of events in all and the
duration in some.
RESULTS
The 12 patients were selected as being in
reaction both clinically and histologically
so that correlation between these two aspects was axiomatic. However, among the
rejected cases, correlation in some was
poor. There was clinical reaction but only
slight histological signs of it, or histological
reaction with no clinical counterpart.
(Some but not all of these patients may
have been on anti-inflammatory drugs.)
The 12 reactions were categorized as follows:
a) Upgrading (reversal) reactions, 8
cases. Upgrading of the patient's classification was observed in a follow-up biopsy
taken within 6 months of the first biopsy
(7 cases); or there was a sharp fall in the
bacterial index in the granuloma (8 cases).
The mean fall in the index was 2.75 (i.e.,
about 500 fold), and in four cases the follow-up biopsy was bacteriologically negative. A later biopsy showed complete resolution or non-specific inflammation in
three cases. The longest period of treatment before the onset of the reaction was
5 months. All the patients had received
some treatment, though one had abandoned
it at the time of onset.
b) Downgrading reactions, 2 cases. The
patients were reported to be downgrading
clinically at the time of onset of the reaction, and a follow-up biopsy confirmed
downgrading of the classification histologically (2 cases). This biopsy also showed a
rise in the bacterial index of the granuloma
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in each case (mean 1.5). One patient was
untreated at the time of onset, and in the
other the onset was within 3 months of
commencing treatment.
c) No change or static reactions, 2 cases.
Clinically there was a flare-up of new lesions which in one case was interpreted as
persistent activity, and in the other as
downgrading to BL, neither of which was
confirmed histologically. Follow-up biopsy
showed no definite change in the classification and no significant alteration (< 1) in
the bacterial index. Bacilli were not eliminated in either case. One patient had received 19 months' treatment; the other was
untreated and 3 months post-partum.
Upgrading reactions. Biopsies of the eight
cases illustrated the histological sequence
of events throughout the course of the reaction, which can be described in four
stages, though they are in no way definitive. There was some overlap, and not all
the features described were found in every
case.
1) Incipient or early reactions, which
may precede or be accompanied by reaction, usually showed mild edema with dilatation of the lymphatics in the superficial
dermis and perhaps a loosening of the collagen bundles in some areas. There was
sometimes a diffuse proliferation of fibrocytes between the collagen bundles
throughout the dermis, which was otherwise normal. The granuloma was not significantly affected. Lymphocytes were always present at the onset, not necessarily
numerous, but increased by comparison
with the pre-reaction biopsy.
2) Acute stage reactions were sometimes
characterized mainly by a more profuse
edema, which might involve the dermis, the
perigranulomatous zones, or the granuloma
itself. Especially in the latter case there was
separation of granuloma cells and some disorganization of its swollen structure. Some
maturation of granuloma cells might or
might not have occurred. Lymphocytes
were fewer than in the early stage. There
was proliferation of fibroblasts, which was
most intense around the periphery of the
granuloma, causing the formation of spurs
which were sometimes more conspicuous
than in uncomplicated active lesions. Elastosis was sometimes present.

^
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Flu. I. Acute stage upgrading reaction with necro-

sis and liquefaction of granuloma (HIE x120)

In three severe cases the acute stage was
marked by overt necrosis (Fig. 1). In one
there was extensive breakdown and liquefaction of some parts of the granuloma,
though elsewhere the granuloma had not
altered since the beginning of the reaction.
In another case there were small necrotic
centers with nuclear pyknosis. In the third
case there were many larger necrotic centers, with polymorphs, surrounded by palisading of immature epithelioid cells with a
few small giant cells (Fig. 2). Although clinically this case was thought to be erythema
nodosum leprosum (ENL), the histology
was distinctive and so was the outcome of
the reaction. In less severe reactions the
acute stage may have been marked by necrosis of isolated granuloma cells.
3) The late stage showed tuberculoid features, regardless of the initial classification.
The lesion differed from that of non-reacting BT or TT in the formation of well defined organized clusters of mature epithehold cells (Fig. 3), or at least small whorls
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FIG. 2. Acute stage upgrading reaction. Necrotic
center with polymorphs surrounded by immature epithelioid cells. (H& x 120)

of cells (Fig. 4) and in the large number of
giant cells. These were at first small and
nondescript: later there were larger giant
cells among them which might be of the foreign body or Langhans' type. The latter
persisted after the reaction subsided if the
lesion did not resolve. The number of lymphocytes was unchanged. Fibroblasts or fibrosis might be seen.
4) The resolving stage after an intense
reaction with strong upgrading was characterized by areas of fibrinoid necrosis
(Fig. 5) with heavy proliferation of fibroblasts and fibrocytes and occasionally the
formation of keloid-like bands of fibrous tissue (Fig. 6). In one case vasculitis with extravasated blood pigment was present. In
most cases the reaction subsided without
severe fibrosis. The granuloma gave place
to non-specific infiltrate. Or, if it persisted,
it assumed the usual features of a BT or TT
lesion.
The time sequence of these phases varied
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FIG.

3. Late stage upgrading reaction. Organized
cluster of epithelioid cells and undifferentiated giant
cells. (H&E x200)

considerably, depending mainly on the initial pre-reaction classification. A BL or
LLs patient might go through stages 1 and
2 only, or he might progress through each
stage over a period of a few months. A patient who was initially BT might go straight
from stage 1 to 3, or he might start his reaction at stage 3 and perhaps terminate it
there.
Downgrading reactions. The two patients
before the onset of the reaction were classified as BT clinically and histologically,
though the bacterial load would have been
more appropriate for BB.
The reactions were characterized histologically by moderate or fairly severe edema (Figs. 7 and 8) in and around the granuloma, which became considerably swollen
by cellular increase as well as by the edema. The epithelioid cells gave place to macrophages, at first in local areas so that the
lesion was at this stage truly "dimor-
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FIG. 4. Late stage upgrading reaction. Small
whorls of epithelioid cells. (H&E x200)

phous." Later macrophages became general, the bacterial load increased, and the
patients were classified as BL. Giant cells
were not conspicuous. Lymphocytes were
fewer than in early upgrading reactions.
Diffuse fibrocytosis appeared in the collagen of the unaffected dermis in one case.
(In the other the whole dermis was occupied by granuloma.)
Static reactions. One of the two patients
was classified initially as LLs, the other as
BT.
Histologically edema was slight. The reaction was characterized by the appearance
of a number of small giant cells which had
not previously been present. In the BT case
these took the form of poorly developed
Langhans' cells, though the granuloma was
sparse and notably lacking in mature epithelioid cells. Lymphocytes were present.
In the unaffected dermis there was fibrocytosis and elastosis or fibrosis (Fig. 9).
There was no significant change in classification as a result of the reaction. A com-
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FIG. 5. Unusually severe fibrinoid necrosis in the

FIG. 6. Resolving stage (same section as Fig. 5).

resolving (fibrosing) stage of an upgrading reaction.

Fibroblast proliferation, below; fibrocytosis and fibro-

Note that the giant cells are associated with this ne-

sis, above. (}1&E x150)

crosis, not with the granuloma. (H&E x 150)

parison with biopsies of upgrading and
downgrading reactions suggested that these
two static reactions represented ineffective
attempts at upgrading.
Mast cells were not a constant finding in
any of these forms of reaction and eosinophils were seldom seen. Plasma cells were
present in about the same numbers as in
non-reacting lesions of the same type.
DISCUSSION •
The borderline region of the leprosy
spectrum is generally accepted as being immunologically unstable. It would appear
that reactions of the type reported here represent episodes of hypersensitivity which
are precipitated a) by an increase of antigen
due to bacterial multiplication in a patient
who retains some degree of hypersensitivity, or b) by an immunological uncovering
of antigen which was not previously de-

tected, or c) by an improvement in the patient's immunological performance due
either to therapy or constitutional factors
(e.g., post-partum recovery of immunity,
(I 8 )). At the onset of the reaction, the outcome could not be predicted histologically,
nor were clinical impressions always reliable. It is doubtful whether at this stage the
outcome has yet been determined. It probably rests on systemic factors which cannot
be determined by the examination of individual lesions: the total antigenic load in the
body (detected and undetected), the performance of the lymphocyte system, and
antigen-antibody ratio. A downgrading reaction can be followed by reversal if circumstances change or vice versa. Whatever the type of reaction the first sign was
edema.
Later in the reaction regrading became
apparent, even if there was no pre-reaction
biopsy for comparison. The best sign of up-
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FIG. 7. Downgrading reaction with dilated lymphatics (which could equally be an early upgrading
reaction). (H&E x120)

FIG. 8. Downgrading reaction with marked edema
in and around the granuloma (which could equally be
an acute stage upgrading reaction). (H&E x150)

grading in the majority of cases was the formation of whorls or small nests of well developed epithelioid cells. Maturation or
differentiation of epithelioid cells is indicated by a fairly large nucleus with margination of chromatin and a prominent eosinophilic nucleolus ('). Later the whole cell
may enlarge, but this is not usually seen
during the reaction. Other signs of strong
upgrading which were present in a few
cases were erosion of the epidermis by
granuloma and fibrinoid necrosis in the collagen of the dermis. Giant cell formation
usually occurred in the late stage of the reaction. It is known that giant cells may be
a response to necrosis irrespective of the
form of hypersensitivity ("). This is probably the explanation here, the necrosis
being either of granuloma cells or collagen,
in which case the giant cells presumably
signify no more than healing. During the
reaction, the form of the giant cells appeared not to be very useful as regards pre-

diction of the outcome, and there was the
problem of differentiating them from those
that were present before the onset. After
the signs of reaction had subsided the giant
cells, if they persisted, assumed the form
characteristic of the new position in the
spectrum, e.g., large Langhans' cells in TT
( 5 ). Necrosis was occasionally associated
with a polymorphonuclear infiltrate.
Downgrading reactions produced edema
similar to that of an upgrading reaction, but
lymphocytes were fewer. Giant cells were
not conspicuous, though it is not certain if
this is always the case. The outcome was
denoted by an increase of macrophages intermingled with residual immature unorganized epithelioid cells. However, more experience is needed of both downgrading
and static forms of reaction. It is not established that either of them is ever sufficiently
severe to produce overt necrosis. It may be
noted that lymphocytes were a feature of
the early stage of borderline reactions,
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FIG. 9. Late stage static reaction with prominent
giant cells though little granuloma, and elastosis in the
dermis. (H&E x120)

whereas in ENL they are a late stage phenomenon.
It is interesting that all the 12 cases in the
present study were bacteriologically positive at the onset of the reaction, though four
of them were classified BT, a group in
which bacilli are often hard to demonstrate.
Souza Campos and de Souza ( 19 ) found that
"reactional tuberculoid" cases were always bacteriologically positive, a point of
distinction from "tuberculoid reactivation."
This is consistent with the view that the
reaction is due to an excess of antigen in
relation to the level of hypersensitivity.
However, two other biopsies of BT patients
in reaction in our collection were bacteriologically negative, and both were considered clinically to be downgrading. (These
cases were excluded from the study as follow-up was not possible.) Some workers
have found lipids present in some of the'se
reactions, though not in cases of comparable classification without reaction ( 7 . 9 ).

These lipids have been found to be of value
in classifying the reactions, and possibly of
prognostic significance (Prof. R. D. Azulay
and Prof. R. Garrido Neves, 1980, personal
communication). They might be attributable to destruction of mycobacteria or their
host cells.
During the reaction the lymphocyte responsiveness is enhanced instead of inhibited by a plasma factor, though it is not
known whether this is primary or secondary ( 4 ). The immunological mechanisms are
obviously complex. Nevertheless, it may
be that these reactions are essentially similar to tuberculin or lepromin ( 23 ) reactions
taking place sequentially at multiple sites
where mycobacterial antigen becomes exposed. The temporary swelling of the granuloma, even in upgrading reactions which
eventually resolve completely, indicates
that there must be a fresh influx of mononuclear cells in the early stage of the reaction, as in tuberculin reactions. Lymphocytes are present but polymorphs are
scanty. The time required for the evolution
of epithelioid cells is about the same-14
days or more ( 14 ). In each case the giant
cells are at first of the foreign body type,
later evolving perhaps as Langhans' cells
if the lesion does not first resolve (Il). In
each case the hypersensitivity response
causes a disturbance of collagen due to accumulation of fluid in the early stage (").
The parallel with the tuberculin reaction
would be better in the case of a reactive BT
patient than in BL or LLs, but there appears to be no absolute point of distinction
between the two. In the latter the level of
hypersensitivity is lower, but antigen is
more abundant and the reaction is less dependent on unmasking.
In the present state of knowledge there
is a certain gap between artificially induced
skin test reactions which are the model of
delayed type hypersensitivity and granulomatous lesions which develop in the
course of natural infections caused by the
same antigenic agents. The reactions of
borderline leprosy, due to the quirk of the
delayed recognition of antigen in protected
sites, or to the recovery of hypersensitivity
after treatment, may to some extent fill this
gap. Whether or not "granulomatous hypersensitivity" is an entity, its relationship
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to delayed hypersensitivity, or to Coombs
and Gell Type IV reactions, has not been
clearly elucidated ( 2 ' "). The outcome in
leprosy may be either a "weak" granuloma
(131') or a "strong" granuloma (TT), the
histological features of which correlate with
the lymphocyte transformation ratio ( 5 ).
The granulomatous response is undoubtedly enhanced by the hypersensitivity, but
it is not yet established that it is quantitatively different from that produced by
strong irritants, including certain mycobacterial fractions ( 22 ), in the absence of hypersensitivity.
SUMMARY
The histological course and the outcome
of reactions was followed in 12 patients
who were all in the borderline (BT-BL)
zone of the spectrum at some time during
the reaction. In eight patients the reaction
proved to be of the upgrading or reversal
type with a shift in classification toward the
tuberculoid pole. In two patients the reaction was of the opposite downgrading type,
and in two there was no significant change
in classification as a result of the reaction.
Early reactions were characterized by
edema and an increase in the number of
lymphocytes which was more marked in
upgrading than downgrading reactions, but
at this stage the outcome could not be reliably predicted. In the acute stage necrosis
was apparent in severe cases and was followed by giant cell formation and the evolution of the granuloma cells depending on
the direction of the shift: organized clusters
of mature epithelioid cells in upgrading,
macrophages in downgrading. At all stages
the collagen of the dermis might be involved in varying degree, which in extreme
cases included fibrinoid necrosis and scarring in the late stage.
The histology is compared to that of tuberculin reactions. All cases were bacteriologically positive at the onset of the reaction. The results were consistent with the
view that these reactions are delayed type
hypersensitivity phenomena associated with
the unmasking of bacterial antigen in nerve
or other protected sites, or with an increase
of hypersensitivty as a result of treatment.
They demonstrate the evolution of a granuloma in mycobacterial disease.
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RESUMEN
Sc siguió el torso histokigico y las consecuencias
de las reacciones leprosas en 12 pacientes con lepra
intermedia (11T-BL). En ocho pacientes, Ia reaction
foe del tipo reverso con un cambio en Ia clasificacion
hacia el extremo tuberculoide. En dos pacientes la reaccian foe del tipo opuesto y en dos no hobo un cambio significante en su clasificacian como resultado de
la reacckm.
Las reacciones tempranas se caracterizaron por Ia
presencia de edema y por un increment() en el numero
de linfocitos clue foe mas evidente en las reacciones
reversas, pero a este nivel el resultado no pudo predecirse de manera confiable. En la etapa aguda de Jas
reacciones, Ia necrosis foe aparente en los casos severos y fuc seguida por la aparición de caulas gigantes: la evolucitin de las caulas del granuloma dependi(i de Ia direcciön del cambio: grupos organizados
de Midas epitelioides madurits en his reacciones reversas y macnifitgos en las otras. En todos los estadios
de la reaction, la colagena de la dermis estuvo afectada en diferentes grados: en los casos extremos hobo
necrosis fibiinoide y cicatrizacion en las etapas tardias.
Se compara la histologia de las reacciones con
aquella de las reacciones a la tuberculin:I. Todos los
casos fueron bacteriológicamente positivos al inicio de
Ia reaction. Los resultados fueron consistentes con el
concepto de que estas reacciones representan fenómenos de hipersensibilidad del tipo tardio asociados
con Ia exposición de antigenos bacterianos en los nervios o en otros sitios protegidos, o con un increment°
de la hipersensibilidad como resultado del tratamiento.
Los resultados nos mostraron Ia evolution de On granuloma en enfermedades micobacteriztnas.

RESUME
Chez 12 malades atteints de reaction lépreuse, et
dont pour toes la maladie s'est situee it un certain
moment de la reaction dans la zone borderline (BTBE) du spectre on a suivi revolution histologique et
Tissue des reactions. Chez 8 de ces malades, Ia reaction s'est revélee être du type inverse (reversal), ou
du type de recuperation (upgrading) avec un classement dans la classification qui glissait very le Nile toberculorde. Chez deux malades, la reaction etait,
roppose, du type de degradation (downgrading) et
chez deux malades on n'a enregistre aucune modification dans la classification à la suite de cette reaction.
Les reactions précoces etitient caractérisees par de
roedeme et par one augmentation dans le nombre de
lymphocytes, qui etait plus marquee dans les reactions
de recuperation (upgrading) qtte dans les reactions de
degradation (downgrading): toutefois, it ce stade,
Tissue de lit reaction ne pouvait pas are prödite de
manière valable. Au stage aigii, on a observe de Ia
necrose dans les cas graves, celles-ci étant suivies de
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formation de cellules grant es, et dune evolution des

tuberculoid leprosy granuloma. Int. J. Lepr. 18
(1950) 155-160.

cellules du granulôme qui etait sous In dependance de
la direction notee dans le glissement de classification,
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savoir tine evolution very rorganisation d'amas de
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cellules epidemioloides hien developpees dans Ia re-

cas de lepre indeterminee prelepromateuse au

action de recuperation, et rapparition de macrophages
dans la reaction de degradation. A tomes ces etapes,

emirs d'un eta( de reaction. Int. J. Lepr. 28 (1960)
224-232.

Ic collagene du derme petit etre implique a divers
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10. EPS1EIN, W. L. Granulomatous hypersensitivity.
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bacteriologiquement posit ifs au debut de Ia reaction. Les
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resultats etaient en accord avec r opinion qui vent que
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