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Among the various episod es which pllllCtuate the course of lepro
m~tou s lepJ'osy there is an eruption which, on account of its clillical 
appearance, was comparod hy J)anie]ssen and Boeck e) with erythema 
nodosLlm as cady as r 48, and by Hansen and Looft (1) in J894. [n 
J 912, ~ I urata (15) gave a clear description, with histologic r eport, of 
the condition which he designa ted ery thema nodosum leprosum (ENL). 
B ecflu se of ol;>jections to this nam e, or la ck of familiarity with it, many 
other term s have been used none of which has gain ed general accept
ance. For man y year s, idea on the subj ect wer e imprec ise, as shown . 
by th e general application of "lepra reaction " 01' the like to all of the 
r eactional conditions of leprosy. Th e full est description of the " acute 
exanthem " of leprosy is that of Barrera and Chavarria e)' and in it 
many of the features of I~~NL are to be r ecognized. The literatnre of 
th e eal·lier period is r eveiwed by Klingmiiller (0) , and Green (6) gives 
som e r efer ences. Other noteworthy paper s includ e on e by Stein (23) , 
and some to be mention ed later. 

Despite differ ences in emphasis, there is a: measure of agreement 
on many points. It is agr eed that ENL occm s only in lepromatous 
leprosy ; that it is liable to be precipitated by chemotherapy, potass ium 
iod ide or emotional shock; that th e r eaction s occm ' at the sites of small 
pre-exi ting lepra-cell granulomata, sometim es in subcutaneous t issue, 
som etimes in the dermis ; and that bacilli are present in these lesions, 
although they are both few and granular. 1n addition to gen eral 
inAammation ther e may be also on occasion fi.brinoid necrosis of 
collagen (17) and vascular necrosis. Few would disagree with Pepler, 
Kooij and Marshall e n) that, in spite of points in common, ENL and 
er ythema nodosum are not the same condition; and ther e would be 
mnch support for the view that ENL is probably an allergic condition 
the natme of which is not under stood, although it may be connected in 
some way with the dissemination of bacilli from skin lesions. It is 
disputed whether or not these r eactions are beneficial to the patient (24), 
Davison (4) and DavisOl~ and Kooij (5) especiaUy being convinced that 
they are not beneficial. 

]~NL has not always been distinguished from th~ acute lepra reac
tion which is an exacerbation of lepromatous leprosy e O), or from the 
r eaction s of other types of leprosy e2 ) . The lit erature is further con
fu sed by different interpretation s of the nom ellclatme of class ification. 

254 



28, 3 Ridlcy: E?'y/h CIl/Ct Nocloswn L CPI'OSIlI'll, 255 

]<'01' the purposes of this paper a few generalizati.ons must suffice: 
(a) Reactioll s are probably symptomatic of an alteration in the im
munologic balance. The nature of the upset in gNL is unexplained, 
since in many cases there is neither an exacerbation of the infection 
nol' any appreciable alteration in the resistance of the patient. (b) Tn 
J£NL the lesions show an inflammatory reaction with infiltration of 
polymorphonuclear leucocytes, whereas in m'ost other reactions-except 
the ulcerations of Lucio leprosy (l°) - there is only edema and no 
infiltration of cells other than those which are chara cteristic of the 
leprous granuloma. ,]~h e ENL inAammation is not due to any known 
extl'aneous infection (8). (c) ENL differs from most other reactions 
in that the skin eruption does not occur predominantly in clinically 
apparent, pre-existent leprosy lesions. 

It was thought that further light might be shed on the ENL phe
nomenon by (1) a study of the number and condition of the bacilli in 
the ENL lesion s, and in the other leprosy lesions (lepromata), before 
and during the reaction; and by (2) a bacteriologic comparison of 
patients with ENL and other ' with a similar period of treatment who 
had not developed ENL. 

MATERIALS AND METHODS 

Bact M'ial indices.- ( a). "Numerical index" in lepromata: At thc Jordan Hospital, 
Redhill, all patients as a routine have had skin biopsies made at 3-month intervals. As
sessment of the qUilntities of bacilli in the biopsy specimen lw ve been made by a method 
previously described (20). The density of the bacilli in a granuloma (i.e., number per 
field expressed as an index) is multiplied by the size of the lesion (i.e., the fraction of 
thc dennis occupied by the gra nuloma) ; this is thought to give a good index of the total 
numbet' of bacilli and is refcl'l'cd to hereafter as the "numeri cal index." The maximum 
possible figure is 6.0. 

(b-) "Bactcrial index" of ENL biopsy specilllens : Unfortunately, the numerical index 
Cfl nnot be employed since the ENL lesion .is swoll en by inflammatory reaction and doe. 
not correspond exactly with the area of the section occupied by ba cilli. The best that 
can be done is to assess the density of bacilli in different Pflrts of the section and take 
the average. This is the fam ilial' " bacterial index." It is less accurate than the numerical 
index and less responsive to variations of granuloma size. It was used to compare the 
ENL biopsies (made, at different times, on 21 lesions) 'with any biopsies of leprolllata 
made within 3-lllonth interva ls. This interval is longer than desirable, but s ince one-half 
of the leprosy biopsies were taken before and one-half after the ENL biopsies it is 

, thought that bias is avoided. .. 
Gmnulaj'ity inclex.- Davey (3) has found that progress ive degrees of bacterial de

generation of the leprosy bacillus can be asses 'ed in stained smear prepnrations. In the 
method used in thi s study bacilli were divided into 3 classes : " olid" (8), meaning solid
staining, unbroken rods ; "fragmented" (F), meaning bacilli in which the acid-fas t ele
mcn t was interrupted at one or more points but at .least one fragment displayed an 
elongated form (also single, very short rods) j and "granular" (G), meaning round gran
ules, either in line or in clumps. 'fo each class (8, F and G) a value was assigned: 2 if 
bacilli of the g iven class appeared to be nUlll erous ( > 30% of the total bacillary popnla
tion) , 1 if few (5-30% of the bacilli ) or 0 (if <5% ). The resulting value, 2-1-0 and it 
permutations, are a convenient representation of the relative proportions of solid £ra"'
mcnted and granular bacilli. The e values from 2-0-0 (all solid) to 0-0-2 (all gr~nuIa;) 
were placed in order and numbered to give a granularity index, as shown in the tabu-
lation below. . 
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S- F-G 'lJaiue 

2-0-0 
2-1-0 
2-2-0 
2-1-1 (= 1-2-0) 
2-2-1 
2-2-2 (= 1-2-1, 0-2-0) 
1-2-2 
1-1-2 (= 0-2-1) 
0-2-2 
0-1-2 
0-0-2 

(Jmnu!al"ity index 
o 
1 

3 
4 
5 
6 
7 
8 
9 

10 

1960 

The precise order in some cases is not obviou. , but the ratio of solid to g rallular can 
be determined in each instance by plotting the crude distribution curve (the 2-1-0 value) 
0 11 squared paper and countin cr th e squares on each side of the center (fragmented) line. 
H is generally possible to obt:i n aO'l'eement between different observers to within 1 uni t 
of t he index, provided prior agree~ent has been obtained on the classifl cation of every 
fOl'm of bacillus. With ea rlier attempts to assess granularity by direct counts of bacilli 
ill each of the classes, ag reement had been difficult to obtain. 

Selection of cases.-- All lepromatous pntients adm itted to the J ol'dan Hospital dur
ing the last 7 years were used, provided the records of bi.opsy examinations were com
plete, i. e., sections were ava il able of lesions before the commencement of treatment, am1 
at 3-month interva ls thereafter until the onset of ENL 01' until the patient was consid 
el'ed to be beyond the stage when ENL might develop. Most cases fe ll into hOlllogeneous 
g roups (see Table 2); the others (Cases 19-26) are considered separately. The term 
" lepromatous" is used stri ctly, but some patients who were not typi call y lepromatous in 
all respects were in vestigated for compa rison. Altogether the l'esults are based on the 
analysis of 223 biopsies a part f rom those of the 21 ENL lesions ; some of them were 
double biopsies involving two lesions of a given case, and it is these ~ases which account 
for the occasional appearance of a half- flgure in the granularity indices. Any two biop
s ies made within one month of each other were considered as one, but if the interval was 
longer they were assessed separately. 

RESULTS 

ENL lesions o'nd leproma fa.- rrhe r esults of compara tive exam ina
tion s of ]~NL lesion s and lepromata, as r egards the numbers of bacilli 
and their granularity, are shown in Table 1. The ENL lesions wer e 
classified as "deep" : large nodules, predominantly subcutaneous, 
which tended to per sist for man? days (21); " superficial": small, 
tl'ansient, pink nodules affecting the dermis ; and "necrotic": super
ficial nodules which, unlike the majority, showed vascular nec rosis and 
a tendency to ulcerate. Commonly, lesion s of more than one type occur 
together in the same p er son. As the group with deep nodules was 
small, two cases without any corresponding biopsy of a leproma are 
included in the se ries of 21 ENL biopsies. 

"Vhen the means, all cases, a r e estimated it is found that the bac
t erial index for the lepromata is only slightly higher than that for the 
]~NL lesion s, i.e., 3.2 against 2.9, which difference is in significant 
statistically. Furthermore, the difference in the mean granularit? of 
bacilli in the two lesions is al so insignificant, 7.7 against 8.1. When 
lesions are paired, the diffel'ences in numbers and granlllarit? are 
still in ignificant. 
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Cilse No. 

26 
27 
28 
29 

30 

31 

8 

32 

6 

2 

'7 

33 
19 

27 
34 

Mell n 

R idley: Erythema NodoStt'lit L epl'oslIln 

T .IBLE l.- Bactel· ;al indices (bact el'ial index and gl'Ol/.1I1arit!) index) 
of ENL lesions and lepl·01nata. 

Type Duration Bacterinl indices" 
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ofENL of ENL E:NL les ions L<'promata 
\t's ion (Y<'lll's) B.T. G. I. B.I. G.l 

Dcep 3 9 
" 1.5 2 lO 
" .5 4 7 (3) (8) 
" 2 3 9 -l 8 

3 9 
" 2.5 2 10 2.5 8 

Superficial 2.5 2 9 2.5 10 
" 2.5 2.5 6 3 7 

3.5 5 
" 1 4 9 4.5 9 
" 1.5 3.5 6 3 4-

4 4 
" 1.5 2.5 7 3.5 7 

2 2.5 6 2.5 !) 

2 3 9 2 8 
" 1 3 10 2 10 

3 9 
" .5 3 6 3.5 

3.5 8 
" 1 2.5 8 3 8 

1.5 2.5 9 3 5 
Necrotic <) -'-i.a 3 5 2 7 

" 1 2.5 9 4 9 
" 1.5 2 10 2 10 

2 ]0 
" 4 2.5 7 (2.5) (10) 

1 5 8 5 5 
4.5 7 -. 

1.7 2.9 8.1 3.2 7.7 

"B.T. = bncterial ind ex; G.!. = granularity index. T he figures in parentheses wero f rom 
lepromas which in histologic examination showed some evidence of ENL r eaction . These were 
discou nted in ca lculating t he means. 

Biopsies of clinically normal skin in cases 30, 8 a n d 7 gave bacteri>ll indices of 0, 3 and 3 
respectively. 

Although the bacterial index applied to sections is less accurate thiln 
one would wish it to be, the results suffice to show that the number s of 
bacilli in gNL lesion s ar c similar to those in nOlll'eactin g lepromata . 
They are, however, more numerous than in apparently healthy lepr o
matous skin . It wa s noticeable, however, that bacilli wer e few er in 
th e central area of r eaction than al'otmd the pCl'iph er~r . As r ega rds 
granularity, it can be concluded that in the aggregate there IS no· 
appreciable difference hetween the two types of lesion s. 

If these r esults do not shed much light on the situation in which 
F.NL lesion s are precipitated, they at least add inter est to the study 
of lepromata in gNL and non-l~NL cases which follows. 
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TIl e onset of ENL.- Jn 8 cases in which the biopsy series was com
plete the number and condition of bacilli befor e and after the onset 
of ]~NL could be compared, with results shown in Table 2. The mean 
period of treatm ent at the onset of I~~NL was 8.5 month s ; hut the pre
ceding biopsies, used in the analysis, wer e made on the average at 
7 months (ther e being a 3-month interval between biopsies) . 

Tn all 8 ca ses bacilli had become granular befor e the onset of P,NL. 
The range of granularity from 5.5 to 9 indi cated that in each case ther e 
was a prepond erance of granular over so lid form s. rl'h e mean gr anu
larity of 7.2 was close to that of the seri e in rrable 1,20 month s later. 

'l~he most significant observation 'IVa that in each of the 8 indi 
viduals the fall in the numerical index up to the time of onset of RNL 
was higher than expected. The differ ence between the mean values 
befor e treatment and before the onse t of ]~NL (3.6 vs 1.6) represented 
a fall of 55 per cent in the period of 7 months, the lowest individual 
fi gure being 4-1: per cent (Ca 'e 5). From past experience the expected 
figur e would be 26 pel' cent in 6 months, and for all the lepromatous 

Cn e 
No. 

1 
2 
3 
4 
5 
6 
7 
8 

Mean 

9 
10 
11 
12 
13 
14 

Mean 

15 
16 
17 
18 

Mean 

I 

T A BI.E: 2.- Bol't e1'l:al indice,~ (nmlu l'ical inde.'t and gmnuZaril.ll inde. l') 
of lepromata , lind 1'I}811onse to tl'ea tment of ENL and non-ENL (·oses. 

\ B"",;.I ;,d;,,,' 
1'l'ea t- Before treatll1ent IBefore onsetENL 
mentb ;\ .I. I G.I. I N.I. I G.I. 

S 3.0 3 1.4 7 
S 4.0 1 1.5 6 . 2.2 3 0.7 9 

S+V 2.2 3 1.0 5.5 
S 3.9 5 2.2 8 
S 4.8 0 1.8 8 

r /8 2.9 4 1.1 8 
r /s 5.5 1 2.8 6 

3.6 I 2.6 1.6 7.2 

L epl'Ml1atOllS without ENL 

8 2.2 2 
S 1.0 2 

r /s 5.0 2 
1.3 3.5 

C 3.5 1 
V 3.3 3 

2.7 2.3 

B onl81'line-Iepl'omatous 

S 4.4 3 
S 0.9 1 . 0.8 3 
C 1.5 5 

1.8 3.0 

Fa ll in N.r: 
with treatment 

\ 
at onset 

at G6 ENL 

1.6 1.6 
2 .. 5 2.5 
1.2 1.5 
1.2 1.2 
1.4 1.7 
3.9 3.0 
1.8 1.8 
2.7 2.7 
2.0 2.0 

1.2 
0.25 
1.0 
0.8 
0.0 
0.9 
0.7 

1.6 
0.65 
0.65 
0.5 
0.8 

P eriod of' trea t
ment (in months) 

I at onset 
flt G6 ENL 

5 5 
10 11 

8 16 
6 8 
2 10 
7 10 
2 3 
4 4 
5.5 8.5 

6 
5 

17 
6 
6 
3 
7 

5 
8 

13 
3 
7 

aN.I. = num erical ind ex; G.I. = gra nula rity index; G6 = granularity index 6. 
bC = Ciba ]906 ; I = isoniazid; S = sulfone ; V = Vadrine. 
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cascs in ~I'abl c 2 during the first 2 years of tl'eatment the mea n fall 
wa s 26.5 pel' cent per 6 months. The exceptional fall in llumel'ical 
index occu I' red in fact before the granulal'ity index: r eached 6, in a 
period of 5.5 months. Thereafter there was no further fall in the 
llum erica lindex: before the onset of ENL. 

'To 'ummarlze, J;~N.L did not develop until bacilli had become 
granular (ind ex: 6), which occulTed on the average after 5.5 months 
of treatment. During this period the rate of fa ll in the numer ical index: 
wa s twice th e average. In 6 out of 8 ca es the onset of lijNL followed 
shortly afterwards. 

ENL cases aneZ 'Y/on-ENL cascs .- '.rhe s ign ificance of these observa
tions wa s tested fUl'ther by comparing the bacteriologic flnding in 
the l;~~L cases with those in 6 lepromatou s patients who never devel
oped ENL and also with 4 other patients, broadly lepromatous, with 
plenty of bacilli but with a few features which led to their clas ification 
a s "horderline-lepromatous." Patient of thi kind do not develop 
JDNL, but it was thought that they might provide circum tantial 
evidence. 

'These rc ults, also, are summarized in Table 2. 'rhe llumcl'ical 
indices before treatment appear to be lower in the non-IDNT ... groups 
than in the ENL group, but there are wide individual variations and 
the differences in the means are not statistically sign ificant. Nor do 
initial granularity indices differ significantly in any of the groups. 

Th er e is no event in the non-ENL groups with which the on et of 
J;JN.L may he compared; but the point at which granularity 6 i at
tained, which i closely related to the onset of ENL as r egards time and 
the number and granularity of bacilli, may conveniently be ' used as a 
s ubstitute. At this point the mean period of treatment is 7 months for 
each of the non-I1JNL groups, against 5.5 months for the ENL group
a diffel'ence which is not statistically significant. In 7 months the 
mean fall in the numerical indices is 26 per cent (2.7 to 2.0) for the 
non-ENL lepromatous cases, and 45 per cent (1.8 to 1.0) for the border
line-lepromatous. Both these rates of decrease are the same as those 
of earli er comparable groups, whereas in the ENL group the fall had 
been double the amount expected . The result, as percentage, how 
some over]np between ENL and non-ENL groups (individual varia
tion for the non-E L lepromatous group ranges from Oro to 61 % ). 
The absolute figures, however, establish an absolute difference: the 
falls in the numerical index when granularity reaches 6 var y from 3.9 
to 1.2 amon o' lepromatous patients who subsequently developed ENL, 
and from 1.2 to 0 among those who did not. Furthermore, the figures 
for borderlin e-lepromatous cases lie in the same range a the :non-ENL. 
lepl'omatou , with one exception which will be di cussed later. 

The table also shows that in several of the non-ENL lepromatou 
patients the numerical index was till high when granularity 6 was 
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]'eached. Yet suhsequent resolu t ion of their les ions was llOt associated 
with I~NL. 

Oth er cases.- Befor e discuss ing th ese r esults it is necessar y to 
examin e the r esults of cases exclud ed from rrable 2, alld the validity 
of their r ejection. These excluded cases, most of whom developed ENL, 
fall into three catego ries: (a) pat-iellts whose biopsy r cconls were 
incomplrte, usually hecause treatment had comm enced prior to admi s
sion; (b) patients il~ whom the initial hiopsy showed a gr allulari ty 
of 6· or higher, a nd (c) patiell t s who" relapsed" hy " 'hi ch is meant 
that ther e was a fa ll ill t he grallul a ri ty illdex from 6 or more to 5 or 
less . Only the la st two categories will he cons id ered. 

Firs t, two patiell ts with an initial granularity of 6 or higher: 1n 
Case 19 the g ran ularity index wa s 8 befor e treatment, and r~NL had 
already developed. Case 20 showed an initial granularity of 6 and ENL 
developed after 1 month of treatment. There is a possibility tha t in 
these two person s ther e had heen spontaneous improvemell t befor e 
treatment was in st ituted; both gave a n exceptionally long histo ry of 
nont reatment (10 .vear , and 7 years or more, r esp.), yet their initial 
numerical indices were not high (3.5 in one and 1.2 in the other , lower 
than in any of the 8 cases in the tabl e) . 'While these two cases Call1tot 
be included to support the previous findings, they are' not inconsis tent 
with them. 

Secondly, patients who" r elapsed": This is a common event after 
the onset of ENL, the course of which is often not affected. But when 
the r elapse occurs before the onset (or expected onset) of gNL, ex
pectations arc upset, a shown by 5 patients on an experimental drug 
follow ed by sulfones. B ecause of their erratic progress, they can onl y 
be considered separately. 

CASE 21: The numerical index fe ll by 2.0 by the end of 9 months, when the g ranu 
larity was 6.5. At the next biopsy, granularity had fa ll en back to 5. At 18 months, a 
biopsy showed the granularity index to be 8, and immediatel y ENL developed. 

CASE 22: Granularity 6 was reached in 15 months, when the fa ll in numerical index 
was 2.1. The next biopsy showed a relapse, with a large rise of the numerical index, and 
solid forms. At 18 months, granulari ty had returned to 6, but ENL did not develop until 
23 months, when the numerieal index had fa llen again. 

CASE 23 : The numerical index had fa llen to 1.6 at 18 months, when granularity 
reached 5.5. Subsequently the latter was 5, but EN L eventually developed at 26 months. 

CASE 24 : Fall in the numerical index was onl y 0.4 when granularity reached 6 at 
3 months. Subsequentl y there waS a granularity of only 1, but it never aga in fe ll below 5. 
ENL never developed in a 3-year follow-up. 

CASE 25: The fall in the numerica l index was only 0.3 when, at 9 months, granularity 
6 was reached. Tbere was a subsequent relapse when granularity returned to 5.5; and , 
after a f urther fa ll in the numeri ca l index of 1.4, ENL developed. 

In general these cases support the findings that gNL is r elated to 
a fall in the num erical index of 1.2 or more befor e the granularity 
reaches 6 (or 5.5) . A r elapse at this point, however, delays the onset 
until the granularity again fall s below 5. 

Validity of the results.-The difference between ENL and nOIl-ENL 



28, 3 Ridley: E1'yth rlJlo, NodoswlIL L ep /' os lInL 261 

g ronps, in tho fall of num erical indices up to th e time the granularity 
reaches 6, is highly sigllificant from a statistical point of view. This 
holds whether the non- I<~NL lepromatous group is considered alone or 
in conjunction with the borderline- lepromatous group. 

Are the results invalidated by bias in assessing the indices? The 
numerical indices were assessed some time befor e the present study 
was contemplated, and the figures have not been altered. The time of 
onset of ]<~NL was obtained from the clinica l r ecords. l rPher e was 
therefo re no room for bias with respect to these factor s. ,]~h e re was 
an opportunity for bias in assessing the granularity indices. Alll'esults 
in the critical region of 4 to 7 wer e ther efor e r e-checked by comparing 
each one with a particular section of granularity 5 which was used 
as a standard. In 5 of the 25 cases ass ('ssment of grallllla l'ity was made 
blind, no t knowing whether or not the patients had developed gNL. 

rllhe fact that the period of treatment at granularity 6 was longer 
in the non- h~NL groups than in the ENL group, suggests that the 
smaller fall s in numerical indices were not due to abbreviation of the 
period by bias in assessing granula rity. The rule appears to be estab
lished, but the small number of ca es availabl e docs not permit one to 
say whether exceptions are rare. 

A cute lepra reactivation.-' I'her o was bacteriologic evid ence of such 
a reaction at 3 months, with fall in granularity or increase of numerical 
index or both, in Cases ], 11, 21 and 23. In three of these cases ENL 
developed, not in the other. rllher e was no evid ellce of any cOlln ection 
between the two types of reaction. 

BNL and 2J1·ognosis.- ENL follows a sha rp fall in th e numerica l 
ilJdex. ~rhe reafter, in Cases 1 to 8, progress wa s more enatic than in 
the non- E~ JL group. ']lhe mean rates of fall for the I<~NL g roup wero 
43 per ccmt for the 6 months prior to the on set, and 18 pCI' cent pel' 
6 months for the followin g ] 8 months, with a mean of 2;:) pCI' cent for 
the fir st 2 year s of treatment. For the nOll-ENL lepromatous cases th e 
corresponding figure was 27 pCI' cent, but progress was mailltained at 
a steady rate throughout the period. ]n general, therefore, progr es 
was slower after the onset of I ~~NL, which was the view of Da\' ison and 
Kooij (5) and of Davison (4), hut in individual ca ses the enatic r esults 
give a favorable impression at certain stages. 

Cvtolop'Y of l esions.-~ruir (1 4) refer s to the breaking up of globi 
as a s ignificant event in the initiation of the I<~NL r eaction. Tn active 
leprom ata, bacilli are engulfed in healthy-looking hi stiocytes or macro
phages, which with matu ratioll und ergo lipoid degeneratioll. In old er , 
less active les ions and in treatc>d cases, many foam cell s and glohi fu se 
or di s integrate ~",ith the formation of a sympla sm (the term [l ~ l u. ed . 
in conn ect ion with Jolm e 's disease seems appropriate) in ",hich nucl ci 

1 Records by Dr. W. n . Joplin g. 
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are few and cell boundaries often not apparellt-. In the K~ I J specimens 
studied the und erly ing leproma was represellted in i-liL cases by a 
symplasm, partially or fully developed . 

']'h e se rial biopsy specimell s of lepromata were examin ed fo r the 
fir st appearance of symplasm similar to that seen in the ENL hiopsies . 
.In the 8 case the first appearance OCCUlTed, on an average, ;) month s 
before the onset of J~NJ .J, the interval ranging in ind iviclual cases from 
7 months before to 3 months after Lhe on set. S i nee forma tion of sym
plasm and granul ation of bacilli are both indicative of aging Hnd 
lessened activity, there is a broad correlation hetween the b,·o whi ch 
is probabl y fortuitou s. rl'he correlation of the on set of I~~NL -with the 
appearance of symplasm is less exact and prohahly less signifi ca nt thall 
that with granularity of bacilli. 

Bctcilli in blood and twine.- Leprosy bacilli ar e to be fOllnd some
times in the urine of ]1~NL patients, and in the blood stream on occa
SiOll S e· 11) . In this series systematic observations have )lot been malle, 
but acid-fast bacilli were present in the urin e of 2 out of 6 11~NL patients 
(numerous in Case 2] ). None were found in the m'ines of 6 non reacti ng 
lepromatoll s patients. Blood wa s not examined. 

Plasma pro tein and complement-fixing antibodv.- Jt is known that 
the gamma globulin of the plasma is markedly raised chn'ing 11~NL 
r eaction s, more . ' 0 than non r eaction periods (e.g ., 13"). ,]~his ha s been 
confirmed in the p resent series of cases eG), in which a r ise in the 
alpha-I globulin also was observed in many of the ENL cases, but not 
in the others. Both these findings could be attributed to a nonspecific 
response to tissu e damage, although part of the gamma globulin frac
tion might represent antibody. 

']'he ser a of lepromatous patients frequently fix compl ement in thf' 
presence of mycobacterial antigens. For a period, complement-fixatioll 
tests using lepromin as antigen were canied out on all our patients at 
various intervals. Over one-half of the results were positive, but ther e 
wa s no correlation between the antibody titer and ENL; the highest 
titer, 1 in 60, was obtained in a borderline-lepromatous case (Ca se 17 ) . 

DISCUSSION 

The principal findings are: (a) that the bacilli in skin lesions are 
relatively granular before the on set of J1~NL; (b) that the de,-elopment 
of ENL is correlated with a large fall in the numerical ind ex before, 
but not after, the bacilli have become granular; and (c) that F.\T"L is 
correlated -with the absolute value of the fall, rather than the fall 
expr essed a s a percentage of the initial value. The on. et of ENL 
appears to be delayed by a r elapse of the infection beforehand, but not 
to be inhibited by a relapse subsequently. 

J t has been found previously eV) that the fall in the numerical ind ex 
during treatment is relative to the value of the ind ex at the time. ~rhat 
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the ow;et of 11~NL is related to fall in absolute value points to the 
c01)clusion that it depends, not on the rate of clinical progress under 
therapy, but on the actual number of solid or fairly in tact hacilli which 
disappear from the skin. 

This disappearance of bacilli is associated either with sh linkage of 
th e leproma or with reduction of the density of bacilli within the sur
viving' parts of the granuloma (1S) . During: the early and middle stages 
of tr eatm ellt of lepromatous leprosy, when JBNL is most frequent, the 
first process alone is observed in most cases ; the second i witn essed 
in bord erlin e leprosy 01' in the later stages of tr eatment in the lepro
matou s type. 

Shl'inkage of the granuloma accounted almost complete])- for the 
fall in num erical indices in all cases of Table 2 except Case 15, whic~l 
was the only exception to the finding that gNL follows when the ind 2x 
fall exceeds 1.2 before the granularity r eaches 6. If the falls in the 
numerical ind ex are calculated solely on the hasis of shrinkaa'e of 
granuloma, discounting any alterations in bacterial density, nrne of 
the es timates is altered significantly except for this case, which ~Jecomes 
0.5 in stead of 1.6. On this basis the only discrepancy in the r esults 
would disappear. 'rhe absellce of histologic signs of resolution, apart 
from replacement fibrosis, points to the probability that this shrinkage 
of lepromata consists in the absorption of both granuloma ce lls and 
bacilli into lymphatics and blood stream. 

Patients who do not develop ENL fall into two groups: (a) those 
with a heavy or moderate infection in whom r emoval of bacilli from 
skin is slow (Cases 11 and 13), or in whom such progress is perhaps 
above average yet slow in r elation to the rapid development, of granu
la rity (Case 14); and (b) patients who make good bacteriologic prog
r ess but in whom removal of bacilli from skin amounts to little hecause 
there are r elatively f ew bacilli in the initial les ion s. The latter group 
includes a f ew of the lepromatous patients (Cases 10 and 12), be ides 
most of the borderline-lepromatous and all truly borderline patients, 
in whom ENL would not be expected. If a drug could be found which 
would make bacilli granular befor e any significant ahsorption from the 
skin should OCCUl', the incidence of ENL would probably be very low. 
But delayed treatment may predispose to ]~NL (Cases 19 and 20). 

Since the pre ent findings wer e based on a small series of case, it 
is not certain that a larger series would produce such clear -cut results. 
1<--'01' on e thing, it is known that EN L may occasionally develop at a 
very late stage of treatment (5). It is notable that th e two ENL cases 
in which there was significant delay in the onset of ENL after the 
granularity 6 point showed two of the lowest falls in numerical index at 
this point (Cases 3 and 5) . This suggests that ther e may be cases in 
which a r elatively small fall in the numerical index is follow ed hy the 
on set of]~ L after considerable delay. Another unexplored situation 
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is that of ENL precipitated by illtercurrent infection, potass ium iodide 
or emotional crisis. During the preparation of this paper ENL devel
oped in a r ecently-admitted leprosy patient coincidentally with the 
onset of sarcoidos is of the liver; the bacterial granularity was only 3. 
J t may be that adrenal exhausti.on amI other influences on the immuno
logic state of the patient precipitate ENL when otherwise it would 
not be expected. 

,'UMMARY 

Numher s and granularity of leprosy bacilli have been compared by 
the use of appropriate indices in lesions of erythema nodo 'urn lepl'osum 
(I~~N L) , and in lepromata. On the basis of se rial biops ies, the bacterio
logic progress of patients who develop J£NL has been compared, befor e 
and after the onset of the r eaction, with that of patients who never 
developed ENL. The principal findings wer e : 

(1) There wer e more bacilli in ]~NL lesions than in apparently 
normal skin areas ("inapparent" infiltration s ). ~rhe number and 
granularity of bacilli in the gNL lesions wer e similar to those in non
r eacting lepromata hiopsied at the same time. But in the actual foci 
of r eaction, bacilli were few er. 

(2) Bacilli ill leprom ata wer e granular befor e the on set of ~~NL in 
a ll cases. 

(3) ~rhe onset of E NL was preceded by an excep tional fall in the 
number of bacilli in the skin , which occurred befOl:e bacilli had become 
granular. Simihi l' fall s' suhseqaently wer e not associated with the 
onset of FjNL. 

(4 ) rrhe OCClll'l'ence of I~~N L wa s closely conn ected with the actual 
quantity of nongranula l' bacilli to be absorbed from the skin, and with 
the timing of thi s event. The e ffect of bacteriologic relapses was to 
abort the on sd of I~~NL. 

The cytology of lesions, the urinary excr etion of bacilli, th e plasma 
proteins and complement-fixing antibody aga ill st lepromin, were all 
studied in r elation to ]~NL . After the onset of ENL the progress of 
patients was more erratic than that of non-ENL patients. On balance, 
ENL was not beneficial. 

RESUME~ 

Se han COl1lpHl'ndo la s ca ntida<1es y la g l'a nul a rid ad de los bllcilos leprosos, usando 
indices a'p l'op iados en las lesiones del el'itema nudoso lep1'oso (ENL) y en los lepromas. 
A bll se de biopsias seriada s, se ha cOl1lparado 111 evolucion bacte l'iolog ica de los enfer mos 
que I1lnn itlesta n EKL, antes y (l espues de inicial'se 111 r eaccion, con la de los enfermos que 
j atmls ma ni fes ta1'on ENL. Los pl'inci pales haIJazgos f ueron: -

(1) Hubo mas bacilos en las lesion($ de ENL qu e en la s zonas cuta neas apal'cntc
mente ll ormales ( infil traciones " inapnl'entes"). E I nlll lle l'O y In g l'a nulnl'idad ele los 
bacilos en las lesiones de ENL f ucl'on sClll eja ntes a 10 ' de los observael os cn los lepromas 
incactivos biopsia?os al mi smo tielllpo. S in embargo, en los focos reales de r caccion, 
eran menos los bacLl o, . 

(2) L o, ba cil os el e los lepromas cran g mnulares antes de la ini ciacion del ENL en 
todos los casos, 
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( 3 ) La ini (·iat ion dpl E:\L f u e p r('cedida d(' un a bn.in excrpe ional del n(lIn('ro de 
ba cilos en In piel, 10 eunl sucpclio nntes de g l'an ul a l'se los ' ll is lIlos. Ln s bnjas de bac il os 
obse L'vadas desp ues no ,e r clacional'on con la ini ciacion del E~L. 

(4) L a apa l'i eion de \<:; ]\1, se relac·iono intillH1II,ente con I ~l ca ntidad r ea l rl e bll (·ilos 
no f\' rnn ulnn's que habia que abf<o rher de la p iel y ('on la fecha de (' ~ te acont('l' illli ento. 
El efecto de la s l'ecid ivn s ba cteriolog i(·a s C'ons istio en aborta r la iniein eion del EXL. 

La (' ito logla de Ins Ipsiones, In exc r(,l' ion urinaria dl' hal'ilos, In prot(,l ll a d r l p ln slll:\. 
y el nnti cuerpo ~.iHrlor del cO II'pl ell,ento ('ontr a la' Ipp rOllli ll H, todos ('stos faetores 
f ue ron pstudindos ('n re lae it'l n con (' I F,!\L. I) ('spues d(' ini ('i fl rsl' 1'1 E~L, la evo lul'ion de 
los ('nfenl1 os f ue II,A s ('I'prichosa (PH' In dp los Pllfp rll 'os s ill E\" L. Torlo (·ons idl' ,·a do , el 
E:\L no resul to henefil·i oso. 

ACKNO\vLED(;M~~~ 'I' s.-1 lIl' kn owlrdge with g ra titudr ", ), illdl'htrrl 'H 'ss to S ir Gpo rgc 
:\[cR ohel't, Prof. A. W. W oodru Ff', rl llrl \)1' .• 1. II. Waltrl's fo r their ('oopcrntion :lnd lwr
Il,i ssion to rrpol't Oil tlll'i,' patients; to Dr. , ,y . H .. Jopling for much a dvi c(' I1 nd elini (·al 
illforlllntion, nlld for tnk ill g thp biopsy SIWl' ill, e.ll s; nnd to Miss Ntnr inn Yise fo L' the 
hist olog il' ]Jl'l·pHrntions. 

] mil gTRtefu l to Dr. J. H. ]]nnks a nd Dr. J. R oss Tnn es fot' IlImh useful criti cism 
a nd llIany suggest ions . 

HEFI~I~gNC I';S 

1. BARJH~RA, F . DE P. Rncl CI-lllV;I RR1A, A. P. The acute eXllnthen, of lep rosy. Joh ns 
H opkins H os p. Bull. 3S (192-l) H7-15H. 

2. ]) il :-: I EL,SS ~~N , D. C. a nd Bm:c K, W . Traite de In S p cc\nj,.;\dlpd, Oll E lephantia s is des 
O r(' c8 . Pnris: J. B. Ba illic l'e, ] 8 18, pp. 206-209. 

3. DAV~: Y , T. 1". Prog ress with new flnti -Ieprosy drugs. Trans. V Ilth Internat. Cong l'. 
Lepro!., Tokyo, 1958; Tokyo ( Tofu K yobn i ) , 1950, pp. 252-2.59. 

-l. DAVISON, A. R . Erythema nodosuII' leprosulll . L ep rosy H l'V. 30 (1959) 112-113. 
5. DAVISON, A. R. a nd KOOl S, R. I s er ythema 110dosum lepl'osu m a favo rnble occur

r ence ? Interna t. J. Leprosy 2S (1957) 91-98. 
6. GRE~~X , R. Some obse rvations on the lep r ous reactio" . (SynonYllls : Lepr oti c fever; 

the acute exanthem of leprosy ; lep ra r eact ion, etc.) TrRns . .Roy. Soc. Trop. ~1ed . 
& hyg. 22 (1929) 367-380. 

7 . HAN S ~~N, G. A. a nd LooFT, C. Leprosy : In its Clinical fl nd Patholog ical Aspects. 
Tra ns!. by N. Wnlker, ~LD . Bristol: John 'W r ig ht & Co .. 1895. 

8. ITo, M. a nd OHIRA, K. Ba cte ri ologicn l in vestigation: of su ppurRti on in th e les ions 
of er ythema nodosUlII lep rosuII I. La Lep ro 23 (19.51) 279-28] ( in J a pnnese; 
English abstract). 

9 . KLINGlfULLER, V . Die Lepra. Handbueh de l' H fl ut- und Geschlechtskra nkheiten, 
Vol. 10. B erlin: J . Springe r, 1930, pp. 493-504. 

10. LATA pi, F. a nd CHEVEZ ZHIORA, A. The "spotted" leprosy of Lucio. An introduc
tion to its clini ca l nnd his tolog' ica l s tudy. Inte l'll nt. J. Leprosy 16 (1948) 421-
430. 

11. LOWE, J. Leprous reaction. Indifln Med. Gaz. 64 (1929) 438-4-l1. 
12. M'FADZEAN, J . The hi stology of the les ions of Johne's diseas('. J. Compo Path. 13 

(1918) 73-87. 
13. MIGUEL, S., ROLDA N, A., GUILLEN, J., TERE~CIO, J. a nd PON ClANI, J. Proteinas 

plasmaticas en la lep,·a. Inte I'll a t . J. Lepr osy 22 (19.5 t) n -54. 
14. M UIR, E., LANDEMA N, E., RoY, T . N. nncl SANTRA, 1. The trentm ent of leprosy in 

the light of th e nature of its spread throug h the body. India n J. ~Ied . R es. 11 
(1923) .543-578. 

15. M UR1ITA , M. Uebel' erythemn nodosum lep rosum . .J a pnlli >;ehe Ztschr. Dermat. & 
U rol. 12 (1912) 1013; l'epl'inted by lV . H . J np liu ill F:lIg ii . ..," Imnslution, Lep
rosy R ev. 29 (1958) ll6-118. 

16. PEPLER, Vol . J ., KooJ.T, R . and MAR,' HAI.!.,.T. The hi ~top : ,th ol og'~1 of acute pannicu
litis nodosa leprosa (e rythemll nodosulll l('pI'OSI111' ). Tnternat. .J. Leprosy 23 
(1955) 53-60. 



266 f n ten tational J ottnwl of L eprosy 1960 

17. RI CHT l<: H, R. B~lIlerkungen zur I-I isto logie de,· Lcprareaktion nach Contebcn. Dcrmflt . 
. '''chnschr. 134 (1956 ) 1071-1077. 

18. RJDL f~Y, D. S . The ba cteriological interpreta tion of skin SllleiU·S and biopsies in lep 
rosy. Trans. Roy. oc. Trop. Med. & H yg. 49 (1955 ) , 4-l9-452. 

19. RJDI. EY, D. S . The use of biopsies in therapeutic trial s in leprosy . Trans. Roy. Soe. 
Trop. Med. & H yg. 51 (1957) 152-156. 

20. RIDl. F~ Y , D. S. TlH'rapeuti c tri nls in leprosy using seri}t1 biops ies. Leprosy Rl' V. 29 
(1 958) 45-52. 

21. RODRIGUEZ, J . N. Erythema indura tum Il'prosum . A dl'ep nodula r form of: rea ction 
in lepromatous leprosy. Tnternnt. J. Leprosy 25 (1957) 313-322. 

22. · D f~ SOU ZA CAi\IPOS, N. and R A'rH DE SOUZA, P. Reacti onal stlltes in leprosy. Lepra 
r eaction, tube.rculoid reactiva tion ( tuberculoid lepra reacti on), ren cti onnl tuber
cul oid leprosy, bordedine (linlitnntes ) lesions . .lntem at. J. Leprosy 22 (1954 ) 
259-272. 

23. 'r EIN, A. A. Zur morpholog ie der Lept·areaktion . I. :Mitteilung . Histolog ische 
Vcranderungen bei de I. Typus von Leprareaktionen. Internat. J . Leprosy 7 
(1939) 149-160. 

24. WAD E, H. W . Effect of r eactions in lepromatous leprosy . Interna t. J. Leprosy 25 
(1957) 399-400 (editori al ). 

25. 'VOLCOTT, R. R. Erythema nodosum in leprosy . Interna t . J. Leprosy 15 (19-l7 ) 
380-3 8. 

26. VVOODRU}' F, A. W ., J OPLI NG, W. H . a nd RroTJEY, D. S. Plasma proteins in erythema 
Dodosum leprosulll. (To be published.) 


