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Abstract
Leprosy is a disease that is caused by Mycobacterium leprae which results in lots of disabilities in the patients. 
Leprosy is treated by multi-drug therapy regimen; however, this therapy might cause leprosy reactions in the pa-
tients. There are several types of lepromatous reaction: type 1 reaction, type 2 reaction and neuritis. Type 1 reaction 
mainly occurs in BB, BL and BT forms of leprosy and is characterized by exacerbation of preexisting lesions. The 
therapy of this reaction according to the WHO guideline is corticosteroid therapy. This article will explain several 
key points related to the corticosteroid therapy in leprosy reversal reactions, including the side effects and alterna-
tive therapies available.
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Introduction
Leprosy is a disease that has already ex-

isted for a long time and remains a significant 
health burden in a lot of nations worldwide up 
to this day. Leprosy, which is caused by My-
cobacterium leprae, can affect peripheral nerve 
systems and cause disability. The initial symp-
toms of leprosy are hypopigmented patches 
with hypoesthesia or anesthesia. However, 
these symptoms are often ignored by the pa-
tients, hence patients often present with more 
severe symptoms of leprosy, mainly nerve 
damage symptoms (numbness and weakness 
of the limbs). According to the WHO, the di-
agnosis of leprosy can be made if one of the 
following cardinal signs are met: (i) the pres-
ence of hypopigmented macules or erythema-
tous macules with loss of sensorium sensa-
tion in the affected area, (ii) thickening or 
enlargement of peripheral nerves, (iii) discov-
ery of acid-resistant bacteria on the slit-skin 
smear preparation (1).

	 Immunological reactions in leprosy are 
often found during treatment or after the com-
pletion of multi-drug therapy (MDT). There are 
two major types of lepromatous reactions: 
Type 1 (reversal) reaction, and Type 2 (ENL) 
reaction (2). Type 1 reaction mainly occurs in 
non-polar forms of leprosy (BB, BT, and BL 
forms); however, it could sometimes happen 
in a subset of LL patients that received MDT 
regimen (3). Forms of leprosy reactions that 
could possibly happen in each type of lep-
rosy are described in Table 1. Type 1 reac-
tions, also known as reversal reactions, are 
delayed-type (type IV) immunological reac-
tions which have become the major cause of 
persistent disability. Type I reactions are more 
prevalent than Type II reactions in the patients 
receiving multi-drug therapy regimen (4).

Most of the cases of reversal reaction are 
diagnosed at the same time with leprosy itself 
or during the first two years of receiving MDT 
therapy; however, the highest incidence of 

Table 1. Leprosy reactions that could possibly happen in each of the leprosy clinical forms (Adopt-
ed from Nery J, et al)3

Pausibacillary Patients Multibacillary Patients

TT BT BB BL LL

(–)
Type 2 (ENL) Type 2 (ENL)

Type 1 (RR) Type 1 (RR) Type 1 (RR)
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reversal reactions themselves happens during 
the 6th month up to the 12th month after MDT 
therapy is started, and then gradually declines 
(2, 5). Patients having “borderline tuberculoid” 
form of leprosy have shorter interval from the 
introduction of therapy to the development of 
reversal reactions, usually as short as 3-9 
months. “Borderline lepromatous” patients 
have longer intervals (15 months), and the in-
terval is even longer in “lepromatoid leproma-
tous” patients (up to two years). Reversal reac-
tions usually recur less than ENL reactions (3). 
Recurrences of reversal reactions happen in 
about 31.8% of patients (6).

Some of the conditions that might increase 
the risk of reversal reactions are vaccination, 
chemotherapy, and puerperium. These condi-
tions might increase the risk of reversal reac-
tions due to the underlying changes such as 
improvement in cell immunity after pregnancy, 
intercurrent infections, stress, trauma, and oral 
contraceptive administration (3). Another study 
in Nepal found that seropositivity to anti-phe-
nolic glycolipid-I, positive bacterial index, and 

a disease in more than two body areas were 
also identified as risk factors for type 1 reaction 
(7). The development of cutaneous type 1 reac-
tion has a significant correlation with facial 
patches, and the development of neural type 1 
reaction has a significant correlation with en-
larged ulnar nerves. The presence of IgM anti-
PGL-1 antibodies is one of the independent risk 
factors in the development of type 1 reactions. 
PGL-1 itself is a product of viable Mycobacte-
rium leprae (7). Coinfections with viruses and 
bacteria might also increase the risk of type 1 
reactions in lepromatous patients; and leprosy 
patients could also have immunological char-
acteristics that would impair the clearance of 
certain type of viruses, most notably hepatitis 
B virus (HBV) and hepatitis C virus (HCV) (8). 

Type 1 reactions result from the activation 
of cellular immunity against antigens of Myco-
bacterium leprae (3). Clinically, the expression 
of this reaction is exacerbation of skin and 
nerve trunk inflammation, which results in mo-
tor and sensory alterations. This reaction is 
different from Type 2 reactions, where there 

Table 2. Differences in type 1 and type 2 reactions in leprosy

Reversal reaction (Type 1) ENL (Type 2)

Leprosy category Borderline (borderline tuberculoid,  
borderline borderline, borderline lepromatous)

Lepromatous leprosy,  
borderline lepromatous

Skin lesion
Transformation of the existing lesion into an  

edematous and reddish lesion
Distribution: similar to the existing lesion site

Newly formed erythematous dermal or 
subcutaneous modules

Painful
Distribution: upper and lower extremities, 

face, back, abdomen

Signs and
symptoms

Edema on upper and lower extremities
Neuritis: painful sensation on nerves,  

newly occurring anesthesia
Sudden loss of motoric function: claw hand, 

foot drop, facial palsy

Fever, anorexia, malaise
Arthralgia, myalgia

Neuritis 
Epididymitis, orchitis

Lymphadenitis
Hepatosplenomegaly
Glomerulonephritis

Iridocyclitis
Lobular panniculitis

Dermal and subdermal edema

Histopathological 
findings

Edema in existing granulomas
Lymphocyte increase

Central fibrinoid necrosis in some of the  
tuberculoid granulomas

Fusion of tuberculoid granulomas in the dermis

R. Yuniati et al.
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are acute inflammatory reactions with system-
ic involvement which activates a plethora of 
pro-inflammatory cytokines such as IL-1, IL-6, 
IL-8 and TNF (3). The distinctive features of 
Type 2 reactions are the formation of new le-
sions instead of the transformation of the pre-
existing lesions, with more significant inflam-
mation-related symptoms in the patient, as 
shown in Table 2. There is also another kind of 
lepromatous reactions called reactional neuri-
tis, which affects the peripheral nerves. This 
reaction is characterized by sudden pain of pal-
pation of peripheral nerve, whether spontane-
ous or promoted by compression of a nerve 
trunk, which can be accompanied with the 
thickening of nerve trunks (9). Neuritis may oc-
cur in patients without other signs of reaction. 
Type 1 reaction is diagnosed when there are 
hypopigmented macular skin lesions which 
have become reddish and edematous, with or 
without edema in the hands and feet. Damage 
to the sensory nerves can be characterized by 
spontaneous nerve pain and paresthesia. In 
worst cases, the patient can experience loss of 
pain sensation, therefore increasing his/her sus-
ceptibility to injury. Motor nerve damage gener-
ally occurs in the ulnar nerve, median nerve, 
communical nerve, facial nerve, and posterior 
tibialis peroneus which results in foot drop, wrist 
drop and facial palsy. Facial nerve involvement 
may cause lagophthalmos and keratitis, which 
might result in blindness (10, 11).  

Diagnosis of Reversal Reactions
Reversal reactions are characterized 

clinically by increased inflammation of preex-
isting lesions, which are confirmed by clinical 
diagnosis (3). The hypopigmented macules 
that have already regressed since the intro-
duction of treatment would turn red and ede-
matous. In some rare cases, the lesion might 
become ulcerated. This might be accompa-
nied with the presence of new lesions with 
similar characteristic to the reversal reaction 
lesions described above. In “borderline lep-
romatoid” patients, face or extremities edema 
might present, appearing by itself or together 
with another lesions. Sometimes, edema in 
the hands and/or feet could possibly be a key 
symptom of reversal reactions (3).

There are several clinical variants of the 
reversal reaction. In melanodermic patients, 

nodules/pseudonodules might be present, 
mostly on the face but could possibly arise in 
other areas, that resemble (and may be mis-
diagnosed as) erythema nodosum. Some of 
the lesions might appear similar to erysipelas, 
and the ulceration that happened might result 
in scars after resolution. Macular reverse re-
actions with hypochromic or erythematous 
maculae are common in patients with the bor-
derline form after completing the specific 
treatment. This hypochromic or erythematous 
nodule is sometimes accompanied with local 
hypersensitivity. MB patients could experi-
ence cutaneous lesions that are similar to 
papulae and small disseminated plaques (9).

Reversal reactions might also involve 
nerves. Nerves could become thick and pain-
ful, eventually causing worsening of a previ-
ous peripheral neuropathy (in terms of mo-
toric, sensory or autonomic functions). Upon 
physical examination, we can find nerve en-
largement and pain when palpating the nerve. 
This might cause patients to complain that 
they felt burning sensation in skin lesion, pain 
in the extremities or on the face, accompanied 
with decreased muscular sensitivity and mus-
cular strength. Monofilament test can be used 
as a screening test for sensory function ab-
normalities. This is done by doing bristle test 
using standard nylon monofilaments (12). Vol-
untary motor testing, using a numerical sys-
tem, can be applied for examining the motor 
function. This test, when done regularly and 
carefully, could possibly assist in the early 
detection of a reaction. Deterioration of VMT 
may precede more obvious clinical signs (12).
More sophisticated methods such as EMG, 
sensory and motor nerve conduction velocity 
testing, evoked response testing, and auto-
nomic reflexes measurement do not signifi-
cantly add diagnostic value to detect reversal 
reaction (12). A biopsy is not routinely done 
for reversal reactions; however, some of the 
hallmarks of reversal reactions are the forma-
tion of granulomas and dermal edema. Other 
signs that can be found are macrophage epi-
thelial differentiation, increase in lymphocyte 
numbers, epidermal thickening, and destruc-
tion of nerves by granuloma infiltrates (2).

In a previous study, there was an increase 
of IFN-α, IL-10, and IL-17 levels and a de-
crease of IL-10 found in serological tests of 
patients diagnosed with reversal reactions. 
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The ratio of proinflammatory cytokines with 
IL-10 can be used as an early diagnostic 
marker for reversal reactions and to evaluate 
the treatment (13). Another research concern-
ing immune responses and gene expressions 
in the patients diagnosed with lepromatous 
reversal reaction found an elevation of IFN-γ, 
IP-10, CXCL9, IL-17A, and VEGF in the patients 
after the diagnosis of reversal reactions com-
pared to the levels before they were diag-
nosed with reversal reaction. The elevation of 
these cytokine levels was also accompanied 
by diminished levels of CD39+CCL4+ and 
CD25high (14). Another study conducted by 
Andersson, et al. has found that blood TNF-α 
profiles do not have any diagnostic values for 
reversal reactions because they do not have 
a significant difference compared to healthy 
controls. The increase in TNF-α and its de-
crease after receiving prednisolone therapy 
are only found on the skin (15).

Therapy of Reversal Reactions
The therapy for reversal reactions aims 

to suppress the cellular immune response. 
Polychemotherapy should be continued 
throughout the episode of lepromatous reac-
tion; whether it is reversal reaction or ENL. 
Corticosteroids are one of the most efficient 
drugs used in the therapy of reversal reac-
tions, and are still mainly used in the therapy 
of reversal reactions.  Corticosteroids reduce 
vascular permeability and vasodilation by in-
hibiting the mediators such as prostaglandins 
from arachidonic acids, and inhibiting the re-
lease of platelet-activating factors (PAF), vas-
oactive amines, neuropeptides, IL-1, TNF and 
nitric oxide. Glucocorticoids can inhibit the 
activation of neutrophil and eosinophil, reduc-
ing the adherence of neutrophil and eosino-
phil through the endothelial cells, and pre-
venting the polymorphonuclear cells to mi-
grate to the area with tissue inflammation. 
Glucocorticoids also inhibit the phagocytic 
capacity and production of oxygen free radi-
cals, reducing the number of eosinophils cir-
culating in peripheral bloods (causing rough 
granulation in polymorphonuclear neu-
trophils); they also inhibit the migration of 
monocytes and lymphocytes to the tissue 
with an increase in the endothelial adhesion 
of lymphocytes, as well as the vascular per-

meability; including cellular migration and 
activation (3).

Corticosteroids have several effects on 
the disease course of reversal reactions. Cor-
ticosteroids reduce intraneural and cutaneous 
edema, therefore it results in the quick im-
provement of symptoms and reduces post 
inflammatory scarring (16). The main effect of 
corticosteroids is suppressing the inflamma-
tory immune response to the antigens of My-
cobacterium leprae in the skin and nerves, by 
interfering with the activation of immune cel-
lular response (3).

According to the WHO, the standard ther-
apy for type 1 leprosy reaction is prednisolone 
at a dose of 1 mg/kgBW/day for 12 weeks for 
paucibacillary cases, and for 24 weeks for multi-
bacillary cases (17). The same therapeutic dose 
is also applicable in pediatric patients (18). Initial 
dose of 40 mg prednisolone is sufficient to con-
trol most type 1 reactions (19). Patients with 
neural involvement need higher doses of pred-
nisolone, sometimes up to 2 mg/kgBW/day (16). 
Prednisone dose should only be reduced fol-
lowing clinical improvement and upon reaching 
the dose of 20mg/day. General improvement of 
the symptoms begins to happen within three to 
six months (3). Prednisone should be continu-
ally given until clinical regression and neural 
functions are fully recovered (3). Sevalsekar et 
al. found complete remission after oral corticos-
teroid use (20). However, several studies have 
indicated that some of the nerve function im-
pairment would eventually resolve without ster-
oid therapy. This improvement might be spon-
taneous or might be attributable to the MDT 
therapy (21). However, in Hyderabad (India), 
only 50% of patients with  leprosy reactions ex 
perienced an improvement in nerve function 
after treatment with steroids (6).

Pulse therapy using endovenous methyl-
prednisolone is applied as an alternative to 
the oral corticosteroids to control reactional 
states. This method is used to reduce the side 
effects and period of morbidity. Indications 
for pulsotherapy are serious reversal reac-
tions or reactions that are difficult to control 
using normal regimens, erythema nodosum, 
widespread and difficult to control erythema 
multiforme, and acute or chronic cases of 
neuritis where the patient has already under-
gone prolonged oral therapy with corticoster-
oids (3, 9). The dosage of this pulsotherapy 

Serbian Journal of Dermatology and Venereology 2019; 11 (3): 77-83
R. Yuniati et al.

Glucocorticoids in Leprosy Reversal reaction

© 2019 Renni Yuniati The Serbian Association of Dermatovenereologists



81

is 1 gram endovenous methylprednisiolone 
as a single daily dose during three days in the 
first week, followed by a 1 gram single week-
ly dose for four consecutive weeks, and fol-
lowed again with 1 gram single monthly dose 
for four consecutive months. Between the 
pulse therapy dose, the patients are given 0.5 
mg/kgBW/day prednisone (9).

The steroid may also have physicochem-
ical and genomic effects. The physicochemi-
cal effects are mediated by receptors or might 
work through other non-specific physico-
chemical activities. This effect might cause 
symptom improvement in a brief period of 
time, such as in terms of edema reduction. 
The genomic effects of steroids begin with 
the penetration of cell membranes by gluco-
corticoids, attachment of glucocorticoids to 
receptors, and steroid binding to DNA which 
influences the process of transcription, trans-
lation, the stability of mRNA and protein prod-
ucts. Glucocorticoids are known to inhibit 
NF-kB activity, which is a transcription factor 
that regulates TNF-α, IL-1β, IL-2 and inducible 
nitric oxide synthase (iNOS) (15, 21).

Another research done by Lockwood et 
al showed a significant decrease in interferon 
gamma (IFN-γ), interleukin-2 (IL-2), and main-
ly TNF-α after 28 days of treatment with ster-
oids (11). Similar results were also found in 
the study of Raju, et al. who studied 7 sero-
logical markers related to the pathogenesis 
of reversal reactions, namely TNF-α, antibod-
ies to phenolic glycolipid-1 (PGL-1 IgM and 
IgG), lipoarabinomannan (IgG1 dan IgG3 
LAM), C2-ceramide, and S100B. They found 
a decrease in the levels of TNF-α, C2-cera-
mide, S100B, PGL-1, dan LAM after one-
month prednisolone therapy (22). On the 
other hand, Anderrson et al. found that pred-
nisolone was thought to have no effect on 
cytokines in the blood, and the effect was 
only localized to skin lesions. Furthermore, 
the effects obtained from prednisolone ther-
apy might be caused by inhibition of the for-
mation of prostaglandins and leukotrienes 
produced by mast cells and macrophages by 
the glucocorticoids, which ultimately func-
tions as vasodilators and bronchoconstric-
tors. In addition, the effect of glucocorticoids 
can also be caused by non-specific non-
genomic processes that result in changes in 
intracellular activity such as calcium and so-

dium transport. This activity is known to be 
important for immune cell activation (15).

Lately, the concern has been put on the 
antioxidant profile in leprosy patients and lep-
rosy patients that experienced an immuno-
logical reaction. A prospective study found a 
decrease in oxidative stress during clinical 
remission after reversal reaction treatment 
with prednisolone. However, residual oxida-
tive stress still existed, rendering the increase 
of oxidative stress afterward. This study 
shows the importance of evaluating the addi-
tion of antioxidants as an adjuvant therapy for 
leprosy reversal reaction (23). Another study 
showed a decrease in uric acid levels after 
reversal reaction maximum dose (40-80 mg/
day) prednisone therapy. This can be caused 
by increased uric acid excretion from the kid-
neys due to the effects elicited by the gluco-
corticoid. Uric acid is one of the antioxidant 
agents found in the body. Uric acid levels that 
are too high or too low are associated with 
mortality from cardiovascular disease and 
decreased kidney function (24).

There might be several side effects re-
lated to the prednisolone therapy, depending 
on the therapeutic dose and duration of treat-
ment. Major side effects that possibly happen 
are peptic ulcer, diabetes, tuberculosis, hy-
pertension, psychosis, glaucoma, cataracts, 
corneal ulcers, and parasitic infections. The 
minor side effects that possibly happen are 
heartburn, moon face, acne, local fungus in-
fection, and weight gain, as found in the study 
of Wagenaar et al. (25). 

A variety of alternative therapies are be-
ing developed as replacement therapy as well 
as adjuvant therapy. A study conducted by 
Lambert et al in patients who did not respond 
to prednisolone or in patients with severe side 
effects has shown cyclosporine to be an ef-
fective replacement therapy (26). Other stud-
ies have found that fusidic acid, which acts 
by affecting proinflammatory cytokines, is an 
effective and safe adjuvant therapy for lep-
rosy reactions (27). Immunosuppressants, 
such as azathioprine and cyclosporine A can 
be used alone for reversal reactions, or can 
be used in association with corticosteroids as 
a corticosteroid sparing agent (28). Cyclo-
sporin A inhibits the transcription of IL-12 
mRNA, therefore the proliferation of T cells 
will be blocked. Azatiophrine inhibits synthe-
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sis of nucleic acids and works in a much 
slower manner. With the invention of these 
adjuvant therapies, prednisolone dose can be 
reduced, therefore the adverse effect that oc-
curred because of prednisone supplementa-
tion can be subsequently reduced. 

Various studies have been developed to 
prevent nerve damage in leprosy. Nerve dam-
age can occur without an immunological re-
action. A study by Sahay, et al. recommends 
8 months of prednisolone therapy for all multi-
bacillary cases as a prophylaxis to prevent 
nerve damage, after comparing the control 
group that only underwent MDT therapy with 
the treatment group that received MDT plus 
prednisone 20 mg/day, followed by tapering 
off at a 5 mg/2 weeks dose in the seventh and 
eighth week. This was done to prevent de-
formities that would possibly happen in pa-
tients with leprosy (29). One study has found 
that the prophylaxis effect of prednisolone will 
continue to exist whilst patients are still taking 
the medicine, but the effect was found to be 
lost in the 12 months follow up (30). On the 
other hand, Wagenaar, et al do not recom-
mend prednisolone to be given as prophy-
laxis medication after reviewing the effectivity 
of prednisolone use after 20 weeks and ef-
fectivity of prednisolone to treat neuropathies 
in cases with subclinical neuropathy (23).

Conclusion
Reversal reactions are immunological 

reactions that occur in leprosy patients and 
they are the biggest cause of disability in 
these patients. Glucocorticoids, especially 
prednisolone, have been established as 
standard therapy for reversal reactions. Many 
studies have shown that glucocorticoids, es-
pecially prednisolone, have genomic effects 
that affect cytokine regulation, but other stud-
ies have also shown the possibility that glu-
cocorticoids actually work through non-spe-
cific non-genomic processes. However, there 
are a variety of side effects in prednisolone 
that may manifest clinically, as well as side 
effects on the antioxidant profile. Therefore, 
several studies have developed replacement 
therapy and adjuvant therapy for reversal re-
actions. 
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Lepra je oboljenje izazvano Mycobacterium leprae i ona 
dovodi do deformacija i unakaženja bolesnika. Za leče-
nje lepre primenjuje se nekoliko lekova, međutim, ta 
terapija može izazvati leprozne reakcije kod pacijenta. 
Ima nekoliko tipova leprozne reakcije: reakcija tipa 1, 
reakcija tipe 2 i neuritis. Reakcija tipa 1 se uglavnom 
pojavljuje u BB, Bl i BT oblicima lepre i ispoljava se 

pogoršanjem postojećih lezija. Terapija za ovu reakciju 
prema smernicama SZO je kortikosteroidna terapija. U 
ovom radu ćemo objasniti nekoliko ključnih momenata 
u vezi sa kortikosteroidnom terapijom kod reverzibilnih 
reakcija lepre, uključujući i neželjene efekte i raspolo-
žive alternativne terapije.

Glukokortikoidi u reverziblinim reakcijama kod lepre
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