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regenerative response following partia) de-
nervation of unmyelinated fibcr groups—a
result of defective Schwann cell axon inter-
action( 4 ). As in the mouse studies, the rarity
of this finding in human leprosy also could
be attributcd to two possible factors. Firstly,
such abnormal regeneration occurred only
during the early stages of infection, i.e., be-
tween the fourth and eighth postinoculation
months. Secondly, a detailed study of both
longitudinal and transverso sections of these
nerves in mice revealed that such myeli-
nation occurred along a smail segment of
otherwise unmyelinated fibers, and the ax-
ons within the myelin ring system subse-
quently fused to givc an appearance of a
single axon. According to Brown and Rad-
ich(') such fibers undergo degeneration, thus
suggesting that it is a transient phenome-
non. It is not surprising therefore that such
fibers are only rarely seen in human leprosy
lesions.
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Senior Research O/Ticer
The Foundation for Medical Research

84-A R.G. Thadani Marg, Worli
Bomba]' 400018, India
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Enhanced Response of Serum IgG Class of Anti-PGL-I
Antibodies in Leprosy Patients During Onset and Following

Clinicai Remission of Type 1 and Type 2 Reactions

To THE EDITOR:

Phenolic glycolipid-I (PGL-I) contains a
trisaccharide, unique to MJ'cobacteriunz
leprae ( 2). Reports are available on the re-
sponse of serum anti-PGL-I antibodies in
untreated and successfully treated Leprosy
patients (") as well as in contacts ( 15 ). How-
ever, little information is available on the
response of serum anti-PGL-I antibodies
during lepra reaction and after its remission
following steroid therapy. There is no study
on the binding of anti-PGL-I antibodies for
its ligand.

The micro-ELISA technique is often used
to estimate the serum levels of anti-PGL-I
antibodies (6 ). The affinity dependence of
these assays is marked when antigen of low
epitope density is employed ("). The num-
ber of epitopes in the PGL-I molecule is
perhaps limited. Monoclonal IgG to PGL-I

reacts exclusively with the distal 3,6-di-O-
methyl-f3-D-glucopyranose ( 5 ).

Keeping this in mind, we have designed
this study aiming at quantifying serum lev-
els of IgG and IgM classes of anti-PGL-I
antibodies employing the micro-ELISA
techniquc (6 ) in 9 patients (5 males and 4
females between 21 and 45 years of age) at
the onset of type 1 and type 2 reactions as
well as following clinical remission after ste-
roid therapy and compared their sera an-
tibody levels with those in 10 lepromatous
leprosy (LL) patients without reaction (6
males and 4 females between 25 and 45
years of age).

To estimate the binding constants (K) of
anti-PGL-I antibodies in the sera of these
patients we compared their serum titers with
that of a mouse monoclonal (MC-1433-S)
(WHO) containing a known amount of the
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THE FIGURE. Typical titration curves of IgM anti-
PGL-I antibodies in serum of a leprosy patient (AK)
at onset and remission of type 1 reaction. Optical den-
sities (OD) at 492 nm have been plotted against the
various log o dilutions of the paired sera. End-point
titers at 0.2 OD have been determined by extrapola-
tion. K of IgM class anti-PGL-I antibodies has been
determined by dividing 0.0259 g/1 by the respective
end-point titers. The computed values of the binding
constants of the IgM class of the specific antibodies are
not totally accurate because the calculations assumed
that all IgM molecules in the test sera were bound to
PGL-I, given in excess in each well, especially when
the end-point dilutions were high (1:5012 and 1:50,118).
Secondly, various classes of specific antibodies do not
compete with each other for PGL-I given in excess.

IgG, subclass of the specific antibody. Son-
icated PGL-I antigen (provided by Dr. P. J.
Brennan), HRPO conjugated rabbit anti-
human IgM (t-chain specific) and anti-hu-
man IgG (-y-chain specific) antisera (Cappcll
Laboratories, U.S.A.) wcre employcd. Each
micro-ELISA plate included a negative con-
trol (a pooled serum from 9 healthy human
volunteers) and a positive control (a pooled
serum from 10 LL patients without reac-
tion). Each test serum (10 LL patients with-
out reaction and 9 patients at the onset and
after remission of reaction) was serially di-
luted and allowed to react with 0.1 pg PGL-I
which had been immobilized on a U-bot-
tom polystyrene plate (Dynatcch Labora-
tory, U.S.A.) (6). Optical densities (OD) were
recorded at 492 nm. Graphs were construct-
ed by plotting the OD against log,,, serum
dilutions. The end point titer ofa test serum
was that dilution of the serum which showed
0.2 OD (The Figure). K of IgG, -anti-PGL-I
antibodics was found by dividing the con-
centration of IgG, anti-PGL-I antibodies in
the undiluted monoclonal (0.0259 g/l) by
the end point titer (1:3162) of the mono-
clonal. The K of the IgG and IgM classes
of anti-PGL-I antibodies in the above test
sera (10 from LL patients without reaction
and 18 sera from 9 reactional patients at
onset and remission of type 1 and type 2
reactions) were determined by dividing
0.0259 g/1 by the respective end point titers.

The end-point titers of the various sera
were grouped, and the mean end-point titers
were determined. The mean end-point titer
of IgM-anti-PGL-I antibodies in 10 LL pa-
tients without reaction was 1:25,392, which
was higher than that of the IgG antibodies
(1:195) in the scra of these patients (The
Table). During onset of type 1 reaction the
mean serum titer of IgM-anti-PGL-I anti-
bodies was 1:8840, which was less than that
(1:25,392) in the LL patients without re-
action. After clinical remission of type 1
reaction, the mcan titer of IgM-specific an-
tibodies increased to 1:18,633 from 1:8840
found at the onset of reaction. However,
both of these two mean titers (at onset and
remission of type 1 reactions) were less than
that (1:25,392) in the LL patients without
reaction. On the other hand, the mean titers
of the IgG class of anti-PGL-I antibodies in
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THE TABLE. The mean end-point titers (at 0.2 OD) and average binding constatas of
IgG and IgAI classes of anti-PGL-I antibodies ira the sera of leprosy patients during onset
and a/ic'r clinicai subsidencc of ttpe 1 and type 2 reactions.

Grou^Leprosy
No^

Histological^Class ofp^patients^types^immunoglobins
Mean titer of anti-PGL-I antibodies'

Averagc binding constant (K) g/1

Control Without^10^LL^IgG
reaction

IgM
1.02 x 10 -6

At onset of reaction At remission of reaction'

IgG^1:3250(4'^1:4796(h)

Type 1^4^3 BT; 1 BB^IgM
reaction

Test^ IgG

Type 2^5^3 BL; 2LL,^IgM
reaction

7.97 x 10 -6

1:8840
2.93 x 10 -6

1:5129 ,0

5.05 x 10 -6

1:715(
3.62 x l0 -5

5.40 x 10 -6

1:18633
1.39 x 10 -6

1:7018(d)
3.69 x 10 -6

1:1057(i)

2.45 x 10 -6

1:195(')
1.33 x 10 -4

1:25392(6 )

(." (x) and (y) are baseline titers: (a) vs (x), (b) vs (x), (c) vs (x) and (d) vs (x) show more than fourfold riso of
titers (significant); (e) vs (y) and (f) vs (y) show more than fourfold fali in titer (significant). The dilference in
titers hetween (x) and (y) is more that fourfold (significant). Only fourfold or more change in titers is taken as
significant.

(6' Steroid therapy was administered for treatment of reactions.

the patients' sera at the onset and remission
of type 1 reaction were 1:3250 and 1:4796,
respectively. Both of these titers were higher
than that (1:195) in the LL patients without
reaction.

During onset of typc 2 reaction the mean
titer of the IgM class of anti-PGL-I anti-
bodies was 1:715, remarkably less than that
(1:25,392) in the LL patients without re-
action. After clinical remission of type 2
reaction the mean titer of the IgM class of
the specific antibodies remained practically
unchanged (1:1057). The mean titers of IgG
class of anti-PGL-I antibodies in the sera of
leprosy patients at onset and remission of
type 2 reaction were 1:5129 and 1:7018,
respectively, higher than that (1:195) found
in the LL patients without reaction (The
Table).

The binding constant (K) of the IgG, sub-
class of anti-PGL-I antibodies in the mono-
clonal was (0.0259/3162) g/1 = 8.19 x 10 -6

g/1. We assumed that the IgG, antibodies in
the monoclonal were equivalent to human
IgG/IgM antibodies (g/g) with respect to

their reactivity with the horseradish per-
oxidase conjugate. The mean K of serum
IgG antibodies in the patients at the onset
of both type 1 and type 2 reactions were
7.97 x 10 -6 g/1 and 5.05 x 10 -6 g/l, re-
spectively, about 20-fold more than that seen
in LL patients without reactions (1.33 x
10 -4 g/1) (The Table). The mean K of the
IgM class of antibodies in the sera of the
patients at the onset of both types of reac-
tions were 2.93 x 10 -6 g/1 and 3.62 x 10 -5

g/1, respectively. The latter was threcfold
less than that (1.02 x 10 -6 g/1) in the LL
patients without reaction. This enhanced
synthesis of the high-aflinity IgG class of
anti-PGL-I antibodies during onset of both
type 1 and type 2 reactions as compared to
that in the sera of LL patients without re-
action persisted even after clinical remis-
sion of the reactions following administra-
tion of steroids (The Table).

Contradictory reports exist on the serum
anti-PGL-I antibody responses during lepra
reactions. Low serum leveis of the IgM class
of anti-PGL-I antibodies had been reported
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during type 2 reaction ( 1 . 9 ), while no con-
sistent trend of response of any class of spe-
cific antibodies against PGL-I was found by
others ( 14 ). Our study showed a decreased
levei of IgM-anti-PGL-I antibodies during
the onset of type 1 and type 2 reactions,
more so in type 2 reactions, which was ev-
idenced by the low mean titers ofserum IgM
antibodies in these reactional patients in
comparison to that in the LL patients with-
out reaction. The synthesis of IgG class of
anti-PGL-I antibodies was enhanced in pa-
tients during the onset of type 1 and type 2
reactions and even increased after clinicai
remission of the reactions. The increase of
K in the IgG class ofanti-PGL-I antibodies
during reaction (The Table) suggcsted affin-
ity maturation of IgG antibodies, which is
a T-cell-dependent event ( 7 . 1 °).

Upregulation of AI. lcprac-specific T cells
occurs during both types of lepra reactions,
resulting in the active engagement of cell-
mediated immunity in the nerves and le-
sions ( 8 ) with eventual release of intracel-
lular bacterial antigens (4, 12) We postulate
that the M. lcprac-specific T cells, being ac-
tivated during reactions, render help to the
specific B cells leading to an enhanced syn-
thesis of IgG class anti-PGL-I antibodies.
The decrease of K in the IgM antibodies
viz-a-viz the increase of K in the IgG an-
tibodies during lepra reactions may be due
to switching of IgM to IgG synthesis, which
is a T-cell dependent event (7 . 10). This over-
production of IgG class anti-PGL-I anti-
bodies during reaction compared to the pre-
dominant synthesis of IgM antibodies in the
LL patients without reaction suggests that
the former is a secondary response against
intracellular AI. leprae antigens released
during reactions in the patients, who are
already primed with PGL-I. Further, sec-
ondary response is known to be steroid re-
sistant ( 16 ), which also supports the ob-
served persistent production of IgG-anti-
PGL-I antibodies in the patients who have
been given steroid therapy to control reac-
tions. Brett, et al. reported that a high an-
tigenic load is necessary to stimulate anti-
body of the IgG class to the glycolipid ( 3 ).
The observed high serum leveis of the IgG
class of anti-PGL-I antibodies in the pa-
tients after subsidence of type 2 reaction
provides an explanation for the persistence

of circulatory immune complexes in them
long after they recover froni reaction.
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Erythema Nodosum Leprosum in Malaysians

To THE EDITOR:
Reactions and relapses in leprosy pose

major problems in the management of the
disease. A reaction is an allergic inflam-
matory process which is not an essential
part of the infective process of leprosy. Re-
actions which occur in the multibacillary
type of leprosy are erythema nodosum le-
prosum (ENL), exacerbation reactions, the
Lucio reaction, and reversa! or upgrading
reaction ('). Clinically, it is difficult to dif-
ferentiate reactions from relapse. Micro-
scopic examination of the lesion is very use-
ful for the proper diagnosis. This study doc-
uments the histological features of ENL with
clinical correlation in Malaysian patients.

Skin biopsies from leprosy patients sent
to the Institute of Medical Research, Kuala
Lumpur, Malaysia, during the period be-
tween January 1988 and December 1992
were reviewed. Sections cut from paraffin-
embedded material were stained with he-
matoxylin and eosin (H&E) and Fite's stain
for acid-fast bacilli (AFB). In addition, Mar-

tius' scarlet blue stain for fibrin and im-
munohistochemical stains were performed
in suspected cases of ENL. Specifically, the
immunoperoxidase method of Sternberger
( 10) was applied with modification. Antisera
were obtained from Dakopatts and included
immunoglobulin IgG and complement
component C3. The diagnosis was based on
the criteria of Ridley and Jopling (7 ).

A total of 189 biopsies from suspected
leprosy patients were reviewed. The histo-
logical diagnosis was tuberculoid leprosy
(TT) 5 cases, borderline tuberculoid leprosy
(BT) 38 cases, borderline leprosy (BB) 2
cases, borderline lepromatous leprosy (BL)
49 cases, and lepromatous leprosy (LL) 95
cases. The features of ENL were observed
in 6 LL patients and 1 BL patient. These
patients were composed of 6 males and 1
female. The age range was between 19 to 32
years. All 7 patients with ENL presented
with tender nodules, 5 of the 7 having con-
comitant fever. Two patients had edema of
the legs. All 7 patients except one had re-
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