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There has bee n comparatively little r esearch into the me chanisms 
involved in "reve rsal reactioI1 S" occurring in borde rline· lepros y, in t he 
past. It seems likely that they result from a delayed hyper se n s itivity 
reaction, as there is u s ually a dense lymphocytic infiltration on 
histological examination of ski n a nd nerve , a nd the r e is a marked 
increase in lymphocyte transformation responses ( LTTs) wi th who l e 
J\lycobacterium leprae (M. leprae) used as antige n . ( 1) 

The clinical presentation of p at ients with reve r s al r e actions may 
vary considerably and may be divided into three g roups. 

1. Those with predominantly skin hypersensi tivi ty whe r e there i s 
erythema and oedema of the skin lesions without obvious invol veme nt 
of the nerves. 

2. Those with predominantly nerve hypersensitivity with swell ing a nd 
tenderness of the nerves, but no change in the hypopigme nted sk in 
lesions . 

3 . Those with both skin and nerve hypersensitivity. 

This paper describes a study of 24 patients who developed reversal 
reactions. Fifteen were included in a prospective study of the 
immunology of borderline leprosy and pre-treatment assessments were 
available. Nine further patients were first seen at the st~rt of their 
reactions. Sixteen were borderline tuberculoid. 2 borderline and G 
borderline lepromatous as classified on the Ridley-Joping scale.(2) 

All patients received anti-Iepros) treatment with dapsone, which was 
continued in unaltered dosage throughout the study. When patients 
developed reactions they were treated with prednisolone. The initial 
dosage was 30-40 mg daily, which was gradually reduced over a period 
1-9 months according to the duration and severity of the reaction. 

Patients were examined repeatedly during tho period of reaction and 
the post-reaction period. Skin involvement was assessed on the degree 
of erythema and edema of the skin lesions. Nerve involvement was 
assessed by three criteria: 
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(a) by cl inical estimation of nerve tender ness and swelling , 

(b ) by mot or nerve conduction studies of the ulnar and median 
nerves. 

(c) by vo l untary musc l e tests ( 3 ) 

L~rs ~ere pe r forned at least twice during t he reactions using as 
p ntigen ~ ~hole and s onicated preparations of M leprae, at 3 
c oncentrations s t andardised to t he baci llary content of the original 
;lO: ;o;:cnate. i e . 1.0 "; ' 10 7 a nd 10 3 bacilli per mI . The LTTs were 
r. nrr i cd out hy a u ic ro-net hod as de s cribed by Closs . (4 ) 

:'c.rui.1 i i : r.l \lno[~ l obu l i n ' I g ) leve I s Ig G. 19A and 19M ) were al so 
de te n.. i nec~ in 1. 2 of t :le pa tie nts included in the p rospective study of 
t ;~e i. ~.I l1noloi';Y of border line] e p l' osy , Vlho developed r e versal reactions 
nua ntifica tlon of t :le 19 s wa s performed by mea ns of agar diffusion 
pIa tes c ontainine: specif i c antisera as descr i bed by r.lancin i e t a l ( 5) 
a nd ~as ~arr i ed out at baseline , dur ing reaction and post reaction. 
'(\ ', 0 of the' ~l ase line serum samples \'1ere unfortunately lost before 
a nal ;'s i s _ 

The ~ i axi r.l al LTT responses responses to whol e 1:1 . leprae and 
s onicated ~ :. l eprae added . with controls subtracted) of the 1 5 
patients \'..-11 0 ';'lere studied f rom the inception of anti-' leprosy treat­
r.lent, at baseline, during reaction and post reaction are shown in 
Fig . I, In 13 of t ,le pat i ents there was a ma r i:ed ris.e in LTT 
responses with these antigen preparations f rom baseline to reaction. 
wit h a comparable fall after reaction . When the results were 
analysed using the Students' 't' test. both rise and fall were highly 
significant ' p<0.005) . (See Fig. 1) 

The rise in LTT response was due. in different patients. to 
increased responses to whole or sonicated or both preparations of 
M. leprae When the total LTT responses of these patients when in 
reaction. and of the nine further patients who also were in reaction 
though they had not been followed from inception of treatment. were 
stUdied. it was found that the clinical presentation correlated with 
the rise in LTT with the two different antigen preparations, In the 
10 patients who were judged to have a "skin reaction" clinically, 
there was a marked increase in LTT responses using whole M. leprae. 
but a smaller or neglig ible increase using sonicated M. leprae In 
t hose judged to have a "nerve reaction" clinically. the reverse was 
true . Those who had a "mixed reaction" showed a high LTT response 
using both antigen preparations , The ratio of LTT results - whole/ 
sonicated ~.1. leprae ( total responses) are shown in fig.2. Statistical 
significance was estimated using the non-parametric test of Kruskal 
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Fig . l LTT Responses in 1 5 patients before reac tion. 
during reaction, and after reaction The 
responses to "whole" ~1 . leprae and sonica ted 
M. leprae are added, with the control s s ub tracted . 

and Wallis (6) for independent samples and the difference s between the 
three groups were found to be highly significant (p < O. 001) . 
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Fi g. 2. ~atio of total LTT r esponses - r esponse to 
" whOle" ~l lepr ae / response to " sonica ted" 
M leprae in 24 patients dur ing reaction. 
re lated to clinical p resent a tion . 

Serum I g l evel s in 12 of the patients studied from inception of 
t r ea t ment, wh o devel oped reversal reacti ons. at baseline. during and 
pos t reac tion are shown in fi g 3 When the values of eac h I g at 
baseline were c al cul ated and c ompa r ed with t hose during r eaction . in 
eac h c ase there was a sig nificant ri se (JgG, P < 0.02 :' ; I{;A, p <. 0.01; 
I g~l , P < 0 . 02 5 ) . When the va l ues of these I ;;s during reac tion "'e re 
compared wi th the mean val ues pos t reaction . the re wa s a s i g nificant 
fall in I g G and I gA onl y CIgG, p-"':O.OOI; I gA: p"::O.OO c: ) 

1976 



\ 
I 
\ 

44, 1 & 2 Balnetson et al: Immunity in .. Reversal Reactions" 27 1 

I g G I g A I g M 

mg% mg% mg 'i1 

(.)OOQ.. • • 
• • • • 500Q. • 

• • • · 2QQ • • • • "lOOQ • 
Z • • • ...... • • • 

3 ()(,L 15.Q · • • • • • I 2OQ. • • 100 ... • : • • .. S : • • S I • · · • 
10<2 • 50 • • 

3000 • 
• • , I • 
• • 2000 ~ • • • • t • t • 

1000 • • • • • • 
• • 

D I' p B n p B R P 

"' i [; 3 Se run I r; levels in 12 patients wit h borderline l eprosy . at 
baseline. durinG react ion and post~reaction , 

" " l e p rospe~ ti ve study of 15 b orderline leprosy patients 
riel'lO ns t ra ted that t :1e!'e ",ra s a ;~la r l ; ed r ise in L1'T r esponses to a n tig ens 
of ~; lep rae du:-i n:; r e versal reac ti on. and confirms that t :le mec hanism 
of t :1Bse l'ea c t ioi1 s is a n i ncrease in cell n edia ted i r.tmunolog ical 
rea c t i v i ty. 

'r~le r e sul t s o f L'P's in t l1e 211 pat ients in rea ct ion show t ;lat nerve 
and ~ ' in i nv olvement are a ss oc iat e d wi th re s ponses to differ ent 
al"tiZe ns, The 'fa il ure of '.'I11 01 e washed ha c illi to elicit a hig h 
response in nerve r eactions su~~ests t hat cytoplasmic antiGe n s play an 
i~portant r ol e in thi s c ond ition , 

In s' in r e a ct ions. t he inc r e a s e d r e s ponse is chiefl y directed at 
'~~ole n a shed hacilli. jnd icati n~ tha t su~face an ti gens are more 
i r.;portant Tile le s se r r ise t o s on i cated prepa r a t ions ( in whi ch 
surfa ce a n ti~ens are p resent~ ma y be a d il u ti o n affect 

','he mecl1anisn of nerve r e a c t ions may t herefo r e he a s f ol lows. I t 
,~ a s p revi ous l y been noted (, ) t ;~ a t in SO;'le b orc'lerline t uberc uloid 
l e prosy patien ts. whe re t ~e hos t ' la s ~ea s onab l y g ood i ~ munolo~ ical 

cOJ.lpe tenc e to reco:;nise a nd destr oy t :le leprosy baciJ.lus , '18,ny b a r. ill i 
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may be present in the nerve but few if any in the s kin. The s ame 
phenomenon has also been noted in borderline lepromatous patients 
particularly after one or two years of treatment. This is presumably 
because the Schwann cells of nerves, in which most of the bacilli are 
contained, are relatively long lived . In this situation it is likely 
that the surface antigens of the bacillus are rarely exposed; soluble 
cytoplasmic antigens are more likely to be exposed but they are 
probably released slowly, and so few lymphocytes are sensitised. In 
reactions there would appear to be a sudden increase in release of 
these cytoplasmic antigens, though the trigger mechanism is unknown . 
Subsequent destruction of the Schwann cells may then lead to increased 
exposure of bacillary surface antigens, and it was noted that in five 
of the eight patients who had nerve reaction, there was a rise in LTT 
responses using whole M. leprae as antigen in the weel:s following the 
start of the reaction. 

In skin reactions, the LTT results indicate that there may be an 
increased exposure of bacillary surface antigens. In borderline 
tuberculoid leprosy the bacilli are present in the skin in small 
numbers, and are predominantly found in the dermal nerves. It 
appears that the lymphocytes and macrophages in the skin suddenly 
recognise the bacilli in the dermal nerves with destruction of the 
Schwann cells and consequent exposure of surface antigens. This 
possibility is borne out by the observation that in eight out of ten 
of our patients with "skin" or "mixed" reactions, who had skin 
biopsies during reaction, there were present large nerves containing 
degenerate bacilli within granuloma. 

In mixed reactions, hypersensitivity reaction in nerve often 
follows some weeks after the reaction in skin. This may be due to 
the fact that some cytoplasmic antigens are released during the "skin 
phase" with increased lymphocyte sensitisation to these antigens 
leading to increased recognition of such antigens elsewhere -
particularly those in nerve . 

/ 
Although the trigger mechanism for these reactions is still 

unknown, it has been suggested that coincidental exposure to other 
mycobacteria (1) could be a possible cause. However there is no good 
evidence for this, and in those of our patients where LTTs were 
performed using BCG and Mycobacterium duvalii as antigens during 
reactions, there was no consistent concomitant rise in responses. 

In view of recent research demonstrating cooperation between T and 
B lymphocytes, it is interesting that there is a rise in IgG, IgA and 
I~1 during reversal reactions. Investigations in 4 of the 12 
patients using agarose gel and crossed immuno-electrophoresis suggest 
that this is a non specific rise. Several studies have demonstrated 

1976 

( , 
I 
) 
l 

, 
I 

( , 



44, 1&2 Barnelson el 01: ImmunilY in "Reversal Reactions" 

that prolife rating , non-sec r e ting B cells can be conve rted int o 
antibody producers by ac tivate d T cells. (8 , 9 , 10) In reversal 
r e actions the re is a marked increase in the numbe r of circulating T 
lymphocyte s se nsitise d to antigens of the leprosy bacillus . It 
would follow that these lymphocytes whe n activated might be liable to 
stimulate the production of se rum I gs by no n spec ific action in 
proliferating lymphocytes . Thus the rise in I gs i s more likely to 
be an e ff e ct rathe r than a ca use of the r eact i on. 
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