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INTRODUCTION

Reported in this article are the results of elinical tests, made in four
widely-separated regions, comparing the effects of a relatively tissue-
free “*purified bacillus suspension’ (PBS) and a Mitsuda-Hayashi-
type lepromin. The results do not indicate that the findings with regular
lepromin are significantly affected by the content of tissue elements;
and they do not indicate any distinet advantage, but rather some dis-
advantage, in removing the bulk of those elements.

The preparation of the antigens used in these tests has been deseribed in the preceding
paper (?). One-half of a batch of leproma pulp was used to prepare a regular lepro-
min (7), and the other half was used for the suspension, thus ensuring equality of the two
antigens with respect to the original condition of the bacilli involved.

For the suspension, the baeilli were harvested from the tissue pulp with e¢hloroform,
after which acetone was added in double the volume of the chloroform suspension to
permit the eollection of the bacilli by centrituging, relatively free from the considerable
amount of lipids that the chloroform suspension had contained. They were then suspended
in phenol-saline, in about 50 per cent greater coneentration than the lepromin,

It is not elaimed that the produet was entirely free from elements

1 The work here reported was completed, and the report was prepared, with the aid of a
grant from the National Seience Development Board, Manila, Project 2.24.

2 Present address: Leprosy Control Serviee, Jos, Northern Nigeria,

3 Present address: British Leprosy Relief Association, 8 Portman Street, London, W 1,
England.

4 Present address: Department of Dermatology, Groote Schuur Hospital, Capetown, South
Africa.
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extraneous to the bacilli themselves, for slight clouding oceurred when
the acetone was added to the original chloroform extraet (perhaps due
to the precipitation of phospholipids), and traces of adsorbed proteins
may possibly have accompanied the baecilli. If there were particulate
tissue elements among the bacilli, they were not seen in stained smears
after counterstaining with methylene blue. The light clouding of the
final product, which resembled a bacterial “‘vaceine,”” compared with
the density of the control lepromin, was evidence of the completeness
with which the bulk of the tissue elements had been eliminated. It could
therefore he expected with confidence that whatever late or Mitsuda
reaetions the suspension might induce would be due practically entirely
to the bacillary bodies.

In then remained to test in suitable subjects the antigenicity of the
suspension, in comparison with the standard® lepromin that had been
prepared for the purpose. The testing could not be done at Culion,
where the antigens had been prepared, for lack of suitable subjeets. 1t
might have been entrusted entirely to the Cebu unit of the Leonard
Wood Memorial, in the charge of one of us (R.S.(G.), but then there
wounld have remained the familiar question of whether or not similar
results would bhe obtained by other workers in other parts of the world.

Consequently, arrangements were made for trials by the other co-
authors, in New Guinea, Kast Africa and South Africa, and to all collab-
orators were sent sufficient quantities of the two antigens. This afforded
an opportunity for the long-desired trial of a given batch of lepromin
by different leprologists, which to our knowledge had never been done.

It was suggested that in the testing the antigens be given to separate
groups of individuals, because of the possibility that in simultaneous,
or parallel, testing the effects of the dose of a stronger antigen might
set up a condition of reactivity that would cause a greater response to
the weaker antigen than would occur if the latter were used alone. On
the other hand, there is uncertainty in the use of different groups in
that their reaction averages might be materially affected if they should
contain different proportions of individuals of different degrees of re-
activity. Both methods were actually used in the trials, and evidence
has been adduced that simultaneous testing did not significantly affect
the results.

Since the subjects chosen for the trials and the methods of reporting
differed to some extent, each report is dealt with individually and sum-
marized in the discussion. The comments and conclusions accompany-
ing the individual reports are not presented in full. In the main, there
was essential similarity of results.

5The term “standard” is used here because it was made by the standard Mitsuda-Wade
method and was used as the standard for the comparison. The term does not imply that it

necessarily constitutes the mueh-talked of “standardized” lepromin, which is still to be settled
upon.
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The main interest has been in the late, or Mitsuda, reaetion, the one that really counts
in practice. It has been onr experience (*) that different batches of lepromin which give
the same results with the late reaction may give very different ones with the early reaction.

Measurements of the reaction lesions were made in millimeters in all cases. In each
trinl the readings were all made by the same observer, thus eliminating the possible factor
of observational error; there may of course have heen differences in reading praetices
between the different observers. To lessen irregularities due to relatively limited numbers
of cases, the data have been tabulated as of’ 2-millimeter intervals.

Only one of the reporters (R. 8. (G.) spoke of “positive” reactions and he analyzed
his results with respeet to “strong” (24 and 34) reactions.® It has been found useful to
apply that analysis to the other data; but beeause the 3 mim, eriterion of positivity (and
6 mm. for 2- reactions) recommended by the Madrid Congress (%) is commonly used,
that standard has also been considered.

TESTS IN THE PHILIPPINES
(R. S. Guinto)

The findings in the tests made in Cebu were analyzed in full detail,
with extensive statistical evaluations, but only the principal findings
are presented here. Where pereentage of positives are discussed in this
section, they are based on the WHO Committee’s eriteria of positivity.®

Equally matehed groups of healthy adults and young school children, the latter
6-9 vears of age, were tested with the two antigens separately, as originally planned.
At the same time, a third group of such ehildren was tested with both antigens simultane-
ously, to see if there might be any detectable difference in results. No definite difference
on that aceount being evident, the figures for all the children tested have been combined.
Furthermore, the tuberculoid leprosy eases were also tested by simultaneous injections.
A few lepromateous cases tested were all nonreactive, and nothing more need be said
about them,

Comparison of separate and simultaneous testing—The compara-
tive data on positive Mitsuda reactions of the children tested in separate
groups and in parallel are shown in Table 1. The differences, although
they suggest that there might have been a little effect on the results of
PBS on simultaneous testing, are actually quite lacking in significance
in the statistical sense.

Fernandez reactions—Regarding positivity of the early reaction,
in the tubereuloid cases both antigens gave an equally high rate, 62.7

TasLE 1.—Mitsuda reaction rates in children tested separvately and in parallel showing
lack of statistical significance of differences.

'| . . Difference Odds against
Giroup Separate tests Parallel tests and SE of | chance oceurrence
Tests, No. | Pos. 9% | Tests, No.| Pos. 9 | difference |of such a difference
Lepromin 65 89.2 67 92,5 3.3 x5.0 1.0 to 1
PBS 71 69.0 67 77.6 86=x75 26 to 1

6 That reporter used the 4 mm. eriterion for positivity recommended by the WHO
Committee (10), and 8 mm. as the lower limit of 24 reactions,
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per cent, but there were twice as many strong reactions (moderately
strong, 24 only) in the lepromin group as in the other. In the adult
normals, lepromin caused somewhat more positive reactions than PBRS,
47.1 per cent against 36.8 per cent, and also the more strong reactions
(again none more than 2+ ), but the differences in the reaction rates are
not significant.

The same holds true of the immature and less reactive school chil-
dren, although oddly enough the reverse relationship was found. With
lepromin the early positives were 10.6 per cent, while with PBS they
were 14.5 per cent. Statistically, this difference is completely without
significance. However, in the lepromin group there were only 3 indi-
viduals with 2- reactions, while in the other group 3 gave 3+ reactions,
in addition to 4 who were 24. This difference in the early reactivity
of the children is probably a fortuitous occurrence; it did not appear in
the Mitsuda reactions.

Considering the total of early positives (all test groups combined)
there was, with few exceptions, the usual association of late reactions
with the early ones (but, of course, not vice versa). Of 63 individuals
Fernandez-positive to the lepromin 61 (96.8% ) were also Mitsuda posi-
tive; and, similarly, of 66 early reactors to PBS, 60 (90.9%) were also
Mitsuda positive, and the dissociation may be somewhat more frequent
with the suspension.

Mitsuda reactions—The essential data for the Mitsuda reactions in
all groups tested are given in Table 2. The percentage distributions of
reactions, at 2 mm. intervals, for each of the three case groups are
shown graphically in Fig. 1 (A, B and C).

Tuberculoid cases: Among the 51 tuberculoid cases (first section of

TaBLE 2—Philippine tests, in tuberculoid cases, healthy adults and healthy children 6-9
years of age.

” Tuberculoid cases® Healthy adults® Healthy children®
51?’_‘“‘ Lepromin PBS Lepromin PBS Lepromin PBS
()f’ | (51) (51) (34) (38) (132) (138)
reaction
(mm,) No. % | No. % | No. % | No. % | No. % | No. %
0- 2 S— — | — — | — — 1 2 | -+ 3
3- 4 3 6| 10 20 2 6 8 21 | 30 23 | 70 51
5- 6 14 27 | 16 31 ¢ 27 | 13 34 | 83 63 | 57 41
7- 8 21 41 | 14 27 T 21 8 21 | 16 12 b 4
9-10 7 14 9 18 | 13 38 5 13 2 2 2 1
11-12 -+ 8 1 2 2 6 3 8| — = = —
13-14 1 2 1 2 1 3| — — | — —_] — —
15-16 1 2| — — | — — 1 3| — =] v ==
Ave, (mm.) [ 7.7 6.8 7.9 7.1 5.5 4.8

8 Tested simultaneously.
b Tested in separate groups,
¢ Groups tested separately and in parallel eombined.
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Fig. 1. Distribution curves, by sizes of reactions, of Cebu eases, comparing standard
lepromin and the purified bacillus suspension. A. Tuberculoid cases. B. Healthy adults. C.
Healthy children.
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Table 2), none gave a reaction less than 3 mm. in diameter with either
antigen. In other words, none was negative by the Madrid eriteria.
By the WHO eriteria, however, 20 PBS cases would be read negative
against only 6 cases with lepromin. From the percentage columns it is
seen that with lepromin the largest figure was for the 7-8 mm. group,
whereas with the suspension the largest was for the 5-6 group. The
averages, 7.7 and 6.8 mm., respectively, are distinetly, although not
strikingly, different.

C'onsidering the percentage of all the reactions in tuberculoids
regarded as positive (WHO eriteria; 96 for lepromin and 90 for PBS),
the odds against chance occurrence of the difference (5.9 + 5.2%) was
caleulated to be only 3.3 to 1, so it is quite insignificant. There is a large
difference in the percentages of the stronger reactions (24 and 3+),
47.0 and 29.4, but although that may be significant it is not highly so.

Of the 51 cases in the tuberculoid group, 12 were bacteriologically
positive reactional cases. Although this group was too small to justify
citing percentages, a comparison of them with the nonreactional cases
shows no notable difference in total positives, but there was a distinet
tendeney to weaker reactions, especially with the lepromin.

Healthy adults: Here again (second part of Table 2), no case was in
the 0-2 mm. group with either antigen. The differences in percentages
are most marked in the 3-4 mm. and the 9-10 mm. groups, the greater
effect of lepromin being evident. The averages, 7.9 and 7.1 mm., respec-
tively, were slightly larger than for the tuberculoid cases, showing—
contrary to expectations—that the healthy individuals were fully as re-
active as the infected persons.” Both the total numbers of positives and
the numbers of stronger reactions were somewhat the larger for the
lepromin antigen, but in neither event was the difference statistically
significant.

Healthy children: The data (third part of Table 2) show that of non-
reactors (or virtual nonreactors), even by the lower Madrid limit, there
was 1 to lepromin but 4 to PBS. Strong reactors were few, none above
the 9-10 mm. group, but there was considerable difference in favor of
lepromin at the +4 mm. level. The averages, 5.5 and 4.8 mm., are low—
as would be expeeted in children so young and immature. However, in
this lot of subjeets, and only in this one, the difference of percentages of
positives with the two antigens, 90.9 and 73.2 = 17.7 = 4.69 per cent, is
highly significant.

It is evident that, whereas the purified bacillus suspension is only
slightly less effective than the lepromin in tuberculoid cases and healthy
adults, and that with its use few if any cases among adults would be
read doubtful or negative which with lepromin would be positive, the

T It may be that this result is affected to some degree by the tendeney to weaker re_:i('_timls
on the part of the cases which were, or recently had been, in the state of reaction.—R.S.G.
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PBS would be much less suitable for practical work involving young
children.

Ulceration—1t was observed, regarding uleerations in adults, that
PBS caused fewer than lepromin. The rates of uleeration in the posi-
tively reacting adults were as follows:

Group Lepromin PBS
Tubereuloid cases (8/49) 16% (5/46) 11%
Healthy adults (14/33) 42% (8/35) 23%

In this respect the healthy adults were strikingly more reaetive than the
tuberculoid eases, a matter considered in conneetion with the late re-
action.

TESTS IN NETHERLANDS NEW GUINEA
(D. L. Leiker)

Here the testing of the two antigens was done entirely in separate
groups of individuals. After trying them out in small groups of lep-
romatous and borderline patients, to make sure that they would not give
anomalous results, two balanced groups of each of the populations to be
tested were chosen for the trial. These consisted of tubereuloid ecases,
50 and 52 in numbers; apparently normal adults, 60 and 64; and nor-
mal children between 9 and 15 years of age, 34 and 32. Readings were
made on the 21st day; the early reactions, difficult to read accurately
in the dark-skinned subjects, were observed but not recorded.

The normals were of the Wandamen Bay area, where the prevalence of leprosy has
been found by survey to be 85 per thousand. Under the existing conditions it did not
seem sensible to attempt to distinguish between contaets and noncontacts. Tt is safe

TasLe 3.—New Guinea tests, made on separate groups of tuberculoid cases, healthy
adunlts, and healthy children 8-15 years of age; Mitsuda reactions, read on the 21st day.”

| Tuberculoid eases Healthy adults Healthy children
Size _Uf l Lepromin PBS Lepromin | PBS Lepromin PBS
reaction | (50) (52 (60) | (64) (34) (32)
st ) I~ No. %% | No. % | No. % l No. % No. % | No. %
0- 2 — — 1| 5 10 | — — | 1 2| 4 121 T 22
3- 4 3 G 9 17 3 510 16 4 12| 7 22
56 |101)|2]| 7 13|14 |23|184)| 28| 7 20 | 3 9
7-8 | 12(1) ] 24 | 13(4) | 25| 10(2) | 17 | 21(9) | 33 9(1) | 26 8 25
9-10 13(7) | 26 | 11(8) | 21 |16(13)| 27 4(2) i} 8(2)| 23| 2(2)| 6
11-12 8(6) | 16 3(3) 6 [12(10)| 20 7(4) | 11 2(2) 6| 1(2) 3
13-14 1(1) 3(3) 3(2) 2(2) — 3(3)
1516 | — 1 [ 8 l.a@)lrel 1ayits | — 1(1) [h2
17-18 3(3) 1(1) — — . ol
Ave, (mm.) 8.6 7.1 8.8 7.0 6.4 6.0

8 Numbers of uleerating reactions given in parentheses,
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to assume that many had had contact with open eases, and it is possible that some
of the adults may even have abortive infections, with lesions that had cleared up without
trace. Apart from this unknown and indeterminable factor of contaet, it was attempted
to make the groups of normals as comparable as possible,

Mitsuda reactions. — The results in terms of measurements of the
Mitsuda reactions are shown in Table 3. The figures in parentheses
represent the numbers of reactions which uleerated.

Tuberculoid cases: Here, as in the Philippine cases, none of the 50
patients tested with lepromin was entirely negative (according to the
Madrid eriteria), and only 3 were in the 3-4 mm. range. On the other
hand, with the PBS antigen 5 of 52 cases tested would be called negative
anywhere, having had reactions less than 3 mm., and another 9 were
less than 5 mm. The average sizes of the reactions were 8.6 and 7.0,
respectively, a difference which is statistically significant.

The percentages of strong reactions were: (a) by the Congress eri-
teria, 82 and 63, respectively; and (b) by the WHO Committee eriteria,
60 and 48. Tt seems safe to say that the PBS was distinetly the less
effective of the two antigens in the leprosy patients concerned.

Healthy adults: This group proved to be quite as reactive as the
tuberculoid cases, as in the Philippine trials. With the lepromin, none
had reactions less than 3 mm. (3, again, were in the 3-4 mm. group), but
with the suspension 1 was less than 3 mm. (and 10 others were less than
Smm.). The averages were 8.8 mmi. and 7.0 mm., respectively, the dif-
ference also statistically significant.

The percentages of strong reactions were: Madrid criterion, 83 and
67, respectively ; WHO Committee eriterion, 62 and 48, The similarity
of these figures to those of the tubereuloid group is striking.

Healthy children: These two groups, as was to be expeected, were
somewhat less reactive than the others, 4 of those tested with lepromin
being quite negative, and 7 of those tested with the suspension. How-
ever—presumably by chance in the seleetion of subjects—4 of the latter
group had larger reactions than any in the former. Because of these
probably fortuitous ecases, the difference between the averages, which
were 6.4 mm. and 6.0 mm., respectively, was relatively small. -

The percentages of strong reactions were: Madrid eriterion, 65 and
53, respectively ; WHO eriterion, 42 and 31. The corresponding percent-
ages for the considerably younger Philippine children were: Madrid
criterion, 58 and 23; WHO eriterion, 7.6 and 2.9. Even allowing for the
effect of an age difference, it would seem that some reaction-stimulating
factor was operative in New Guinea that was absent, or materially less
effective, in the Philippines.

Graphs of the distribution curves of the reactions according to size,
based on 3-millimeter intervals, shown in Fig. 2, are fairly regular, and
they illustrate the fact that the PBS antigen generally induced smaller
reactions than the lepromin.
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Ulceration.—The individuals in this study seem to have been espe-
cially prone to uleeration of the reaction lesions. In some instances this
oceurred when the lesions measured only 6 or 7 mun. in diameter. The
totals are as follows:

Lepromin PBS
Tuberculoid eases (19/50)  38% (19/52) 375
Healthy adults (33/60)  55% (22/64) 34%
Healthy children (H/34) 15% (7/32) 22%

[t is unexpected that there should be no difference whatever in this
respect between the two antigens in the leprosy eases, and no real dif-
ference in the children (the PBS figure slightly the higher hecause there
were more of the largest reactions). Why, in these circumstances, the
healthy adults had materially more uleerations than the tubereuloid
cases with lepromin, but not with the PBS, we are not prepared to say.
The lower figure for the suspension is elosely similar to those of the
leprosy eases—which are close to the figure in the Kast African patients
tested with lepromin (30%), but not to those tested with the suspension

(18%).
TESTS IN EAST AFRICA
(J. Ross Innes)

This is a report of reactions in tuberculoid cases only, tested in sep-
arate groups. Because the patients in the Itesio (now Alupe) lepro-
sarium attached to the Research Centre had all been tested with lep-
romin, the work was done at the nearby Tororo Hospital in Uganda, a
general hospital where leprosy cases are treated as outpatients. Of
these, 100 tuberculoid cases, not previously injected with lepromin, were
selected for the trial. Besides them, several lepromatous cases were in-
jected with one or the other of the antigens to try them out, but since
none of these eases gave a positive reaction with either antigen, they
are not considered further,

For the comparison, the tuberculoid cases were divided into two
clinically balanced groups of 50 each, it being expeeted that in groups
of that size the effects of individual variations in reactivity would be
minimized in the averages. Readings were made after 2 days for the
IFernandez reaction, and on the 21st day for the Mitsuda reaction.

Fernandez reactions. — The measurements of the ecarly reactions
were not recorded in detail. It can only be said that those caused by the
two antigens were fairly similar, and that the suspension seemed to be
at least as active in this respeet as the regular lepromin.

Mitsuda reactions.—The data on the late reactions, at 2 mm. inter-
rals, are summarized in Table 4, with (in parentheses) the numbers of
reactions that uleerated. In no case was the reaction lesion less than 3
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Tanre 4—Fast Africa tests, made sepavately in two growps of S0 tuberenloid cases:;
Mitsuda reactions, read on the 21st day; 2 mm. intervals.

Size of Lepromin - Suspension
reaction (50 cases) | (50 cases)
(mm.) No.# | % ' No,# o
0- 2 = l — — '
3- 4 ' 3 | 6 ; i 12
56 5 ; 10 13 . 26
7- 8 11(1) | 22 | 12(1) 24
9-10 $(3) | 16 | 9(1) 18
11-12 ; 7(3) : 14 3(2) ' 6
13-14 8(2) | 16 | 1 1 2
15-16 | H2) ! 8 ' 1 2
17-18 | 2(2) ; 1 | 2(2) i
19-20 ' 1(1) . 2 : 1(1) 2
> 20v l 1(1) | 2 2(2) ; 4
Ave. (mm.) 10.5 | | 8.9 |

A Numbers in parentheses signify uleerations,
b The 3 reactions more than 20 mm. inelude 1 of 22 mm. with lepromin and 1 each of

23 and 32 mm. with the purified baecillus suspension.,

mm. in diameter. and thus by the commonly-used seale all were positive.
There were 9 reactions larger than the 15-16 mm. limit observed in
the Cebu eases, and 5 larger than the 17-18 mm. limit of the New Guinea
cases. The largest reaction to lepromin was 22 mm., while 2 of the sus-
pension reactions reached the extraordinary sizes of 25 and 32 mm.

In spite of the extra large PBS reactions referred to, the average for
the lepromin lesions was 10.5 mm., and that for the suspension lesions
8.8 mm., the difference—1.7 mm.—being the largest one seen in this
study. A better idea of the differences between the two antigens is seen
in the pereentages of the strong reactions: on the Congress basis, 90 and
74, respectively ; on the WHO Committee basis, 74 for lepromin and 46
for the suspension. The lepromin figures are larger than the suspension
ficures by about 22 per eent and 61 per eent, respeetively.

The graph showing size distribution of the reactions in these cases
is, beeause of the wide spread for so limited a group of cases, unusnally
irregular and is not reproduced.

Ulcerations. — Uleerations oceurred in 15 (30%) of the lepromin
cases and only 9 (18%) of the suspension cases, which is what might
have been expected in view of the weaker antigenicity of the suspension.
However, in each antigen group there was uleeration of 1 reaction-
lesion less than 10 mm. in diameter. For comparison with the Cebu data
for positives (WHO basis), there was uleeration in 32 per cent (15/47)
of the positives in the lepromin group and in 20 per cent (9/44) of those
of the suspension group—which rates are practically twice as high as
those in the Cebu tubereuloids (16 and 11, respeetively).
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TESTS IN SOUTH AFRICA
(R. Kooij)

The tests at Pretoria were made entirely in parallel, in 21 tubercu-
loid cases and 22 lepromatous cases, besides a few labelled ‘“borderline
and indeterminate’” cases of which no more need be said. In addition to
the antigens supplied, two others were used for comparison, each case
being tested with all four simultaneously. The two extra antigens were:
(1) a regular Mitsuda-Wade lepromin made locally from earlobe ma-
terial, and (2) a Dharmendra-type antigen also prepared locally from
carlobes,

On comparison of the results with those in the East African cases
there is found no indication that the results were affected by the mul-
tiple testing. No note was made of previous lepromin testing of the
cases; probably many of them had had one or more tests. However,
from the experience reported by Garrod and Wade (*) it is unlikly that
the findings were affected by previous testing.

Readings were made the second day after the injections for the Fernandez effeet,
and subsequently at weekly intervals on the 7th, 14th, 21st, and 28th days. The oceurrence
of uleeration was not recorded. Of the later readings, it suffices to eonsider only those
made in the 21st day. The results with lepromin and the PBS are given in Table 5. The
averages for all of the antigens used at the times of reading are shown in Fig. 3.

Tuberculoid cases—(a) Fernandez reactions: Of the 21 standard
lepromin tests, only 6 gave positive early reactions (over 10 mm.) at 48-
hours, and only 5 of the suspension tests—not always in the same per-
sons. Whatever the previous vicissitudes of these cases—and despite
high rates of late reactions—the frequencies of the early reaction were
low, only around 25 per cent compared with over 60 per cent in the
(‘ebu cases.

Striking inconsistencies were seen. For example, one lepromin case
with a strongly positive (20 mm.) early reaction had only a 7 mm. early

STANDARD LEPROMIN (A)
— —vpBs (B)

—+— WESTFORT LEPROMIN (C)
_____ DHARMENDRA ANTIGEN (D)
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Fia. 3. Graph showing, by average figures, progress of the four antigens used in the
Westfort tests in 21 tuberculoid eases. Fernandez reactions at 2 days, Mitsuda reactions at 2 to
4 weeks (3 weeks optimum).
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reaction to the suspension. On the other hand, one case gave a 10-mm.
reaction to the suspension whereas that to lepromin was only 4 mm,
The early-reaction averages were: lepromin, 7.5 mm.; suspension, 6.0
mm. Itis to be seen from Fig. 3 that the PBS average at 2 days was the
lowest for the four antigens, indicating a relative paucity of the im-
mediately-available antigenie element (free proteins?).

The Westfort lepromin also gave 6 early positives, with the rela-
tively low average of 6.2 mm. The Dharmendra-type antigen gave only
5 early positives, although the average was slightly larger, 6.5 mm. It
is obvious that, with this particular bateh of the Dharmendra-type
antigen, the early reactions would not serve to pick out the tuberculoid
aases which would give the late reactions to lepromin, as was Dhar-
mendra’s intention.

(b) Mitsuda reaction: The late results with the two antigens under
test are shown in Table 5, mostly by 2 mm. intervals. As said, with
lepromin all were positive by the usunal eriterion, with only 1 less than
S>mm. With the suspension, one ease was quite negative, and 6 were less
than 5> mm. The averages were 9.6 and 7.2 mm.—less than those in the
Kast African cases, but more than those from the other side of the
world, and with a material difference between the two.

TanLe 5.—South African cases, tuberculoid (21 cases) and lepromatous (22), tested in
parallel with lepromin and the purified bacillus suspension ; readings at 21 days.

Tuberculoid Lepromatous
Reading (21 cases) T (22 cases)

(mm.) L(-Tprﬂmin PBS Lepromin PBS

0 S 1 t 12

1 — — 5 6

2 —_ —_ 11 3

3- 4 1 6 — =

5- 6 8 5 — 1

7- 8 2 2 — ==

9-10 1 2 = =L

11-12 2 3 — —

13-14 1 0 — |

15-16 = 1 P —

> 16 3 1 = =i
Ave. (mm.) 9. i 7.2 1.2 L

(Comparing the 21-day reactions to the two antigens in individual

cases, in 3 cases the readings were identical. In 14 cases the PBS read-
ing was the lower, usually materially so, in certain instances as much as
6 to 8 mm. less; and in one case it was quite negative. On the other
hand, there were four instances in which the PBS reaction was the
larger, but none by more than 1 or 2 mm.

Although the groups are small for the caleulation of percentages, it
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may be noted that by the Madrid eriteria the stronger reactions were
75 for the lepromin and 50 for the suspension; by the WHO eriteria
they were 48 and 36, respectively.

Regarding the 28-day readings, they were slightly larger than the
21-day readings in a few instances, but not enough to make that later
reading significantly different. In fact they were usually slightly the
smaller, as were the averages—9.3 vs 9.6 for lepromin and 6.8 vs 7.2 for
PBS.

Lepromatous cases.—In none of the 22 lepromatous cases was either
the carly or late reaction to lepromin positive, even with the 3 mm. limit
for the latter, although one-half of them were read 2 mm. In one case
of the suspension group the late reaction was distinetly positive, 5 mm.,
against only 2 mm. for the lepromin—why cannot he said. The averages
were 1.2 and 0.8 mm. The data for these cases is included in Table 5
by single millimeters in the subpositive range, where more activity of
the lepromin than of the suspension is evident. Nevertheless, no cause
for dissatisfaction with the regular lepromin is seen.

Other antigens.—In the tuberculoid cases both of the other antigens
were slightly but not significantly more effeetive in indueing the early
reaction than was the suspension, which gave by a little the lowest
average of all.

Regarding the Mitsuda reactions, those to the locally-made lepromin
measured 3 mm. or more in all cases (17 of them 5 mm. or more), but
with the Dharmendra antigen 7 cases were less than 3 mm. The averages
were 7.0 and 4.6 mm., respectively.

In Fig. 3 it is seen that the Dharmendra antigen, alone of the
four, gave relatively low average readings at 7 days (4.1 mm.) and the
curve never went much higher—striking evidence of the relatively low
antigenicity of the Dharmendra antigen—whereas the lepromin curve
rose steadily to the 21st day, dropping a little thereafter. The curves of
the suspension and the Westfort lepromin lie closely in parallel between
the others.

DISCUSSION

The work here reported had a secondary purpose, besides the com-
parison in practice of the purified bacillus suspension and the standard
lepromin. That was to compare results obtained with the same lots of
antigens by different workers in different peoples in different parts of
the world, which had not been done before. The trials were planned
primarily for tuberculoid cases, and groups of such eases were tested
in all four centers. In two of the eenters, with populations of very dif-
ferent racial composition, the work was extended to include healthy
persons, both adults and children.

For a comparison of the effects of the two antigens in tubereuloid
cases, we may consider either average reaction sizes, which is useful, or
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the percentages of positives. It the Madrid eriteria of positivity should
be used (i.e., 14 = 3-5 mm.), little information would be gained because
so many of the test groups would be 100 per cent positive. It is more
informative to use the figures for the stronger reactions (2+ and 3+4),
and for that we choose to regard 7 mm. as the lower limit of 2+ reae-
tions. Of necessity, the factor of uleeration is ignored.® The results are
shown in Table 6.

TasLe 6.—Tuberculoid cases; average measurements of the late reaction at 21 days, and
percentages of strongly positive (24 and 3+ ) Mitsuda reactions in the four groups tested.

. Improlmn_ e Sus]):-il:.s'-i‘uu -
Place- . Average Strongly Average Strongly -
croup reaction positive reaction positive
| (mm.) (percentages) (mm,) ( percentages)
Philippines |71 | 345 67 6.8 (25/51) 49
New Guinea 8.6 ; (37/50) 74 7.1 5 (31/52 60
Fast Afriea 10.5 { 42/5“) sS4 S.9 l3] /3“) 62
South Afriea 9.6 ‘ (12/21) 5T 2| (92 43

Comparison of the averages for each group shows that in all in-
stances those for the PBS are the lower. Although the difference in the
Philippine figures (0.9 mm.) was regarded as of uncertain significance,
that of the New Guinea figures (1.5 mm.) was declared to be significant.
The Kast African difference (1.6 mm.) for the same number of cases
must be no less so.

The regional differences in percentages of strongly positive reac-
tions to lepromin are interesting, giving indications not seen in the per-
centages of total positives. The New Guinea group exceeded the
Philippine group; and the Kast Africa exceeded the New Guinea one by
a wider margin (but not in the PBS figures). The fact that the Sounth
African figures should be so low seems anomalous.

The data on healthy adults and children tested in the Philippines
and New Guinea are consolidated in Table 7, in which are included per-
centages for the stronger reactions (7 mm. and above).

Besides the usunal differences between the lepromin and PBS data—
the latter regularly the lower—perhaps the most striking feature of this
table is the absence of any reactions beyond the 15-16 group, whereas in
the tuberculoid cases there had been 10 larger reactions with lepromin
and 7 with the suspension. The averages for the adults were therefore
somewhat smaller than in the tubereuloid group, 8.4 mm. and 7.0 mm.,
respectively, and the percentages of strong reactions, 70 and 52 per cent

8 By the Madrid eriteria 24 is “larger than 5-mm,” and 3+ is any lesion with uleeration.
By the WHO eriteria 24 is “larger than 7 mm.” Our tables are not set up for division at
either of those points, henee our ehoice of 7 mm, as the limit,
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Tasre T.—Consolidated figures, healthy adults and children (2 reports), with percentages
of strong (24 and 3+ ) reactions.

Ilwlllh\' adults I llwlllln :Inld]vn

Sizu. of ‘ ,(-]:mmm PBS | Lepromin PBS

reactions I! (q_l) (1(;2) (l(iﬁ) (1 m)
(1., ) — . i oW §
! \n % No. % No. % No. ‘}F
0- 2 | — — 1 1 4 2 9 5
3- 4 | 3] 13 13 16 10 | 42 25
h- 6 | 23 26 30 34 97 H8 91 H3
7- 8 17 17 29 28 35 21 15 11
9-10 ‘ 29 12 10 10 12 7 5 3
11-12 14 15 10 10 2 1 1 1
13-14 4 -+ 2 2 - 3 2
15-16 | 2 2 2 2 - — | 1 1
17-18 Il — = — = | — - . i
19-20 L — TR Y SN — =t
> 20 ‘ - . = = = e -

Ave, (mm.) | 8.4 7.0 5.6 [ 5.1

7< | 709, | 52 | 290, I 169

somewhat lower. The general run of healthy adults, however, were quite
as reactive as the tuberculoid cases. 2

Leiker, in his report, stressed the point that, because of the high
endemicity of leprosy in the region, the majority of normal adults might
be eonsidered contacts. That, however, is not the case in the community
from which the Philippine subjects were drawn, and yet the findings
were essentially similar, It seems likely that some other factor than
leprosy contact is responsible for the almost universal reaectivity of
adults in the communities concerned—and that factor cannot be tuber-
culosis infection except perhaps to a limited extent.

For the children, who because of their lower ages are naturally less
reactive, the situation is different. The percentages of stronger reac-
tions to lepromin by the Madrid criterion in the Philippine children,
only 6-9 years of age, and in the New Guinea children, 8-15 years old,
are fairly similar, but otherwise—in the lepromin tests by the WHO
criteria, and in the PBS tests by both criteria—there are considerable
differences, indicating the greater reactivity of the older group:

Antigen Criterion Philippine New Guinea Total
(6-9 yrs) (8-15 yrs)

Lepromin: Madrid 57 % 65% 59%

WHO 8% 47 9% 16%

PBS: Madrid 23 % 45% 29%

WHO 3% 21% 8%

The conclusion that few positive reactors would be missed by using the
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PBS antigen obviously does not apply to young children, and young
contacts are involved in much of the practical testing work that is done.
Why lepromin should in total be so much more reactive in children
than PBS is not understood, but presumably it must be aseribed to an
effeet of the tissue element in the former. It might be of interest if
those who are coneerned with the effects of injeetions of “*normal tis-
sue’ antigens should eompare those effeets in children and adults.

Not a few workers, especially South Americans, who use the Madrid
congress eriteria regard the weak (1+4) reactions as of dubious signifi-
cance, and tend to emphasize the stronger (>5) reactions. On that basis
the differences between the results of standard lepromin and the sus-
pension are certainly not negligible.

The factor of frequency of ulceration, which is of course an unde-
sirable effeet, is on the whole—but not regularly—in favor of the sus-
pension. That, however, is the only point in its favor, and it eannot be
regarded as compensating for the lower proportions of stronger reaec-
tions it induces, especially in young children.

Uleeration depends primarily on size of reaction. In Ross Innes’
tuberculoid cases they hegan to appear in the 7-8 mm. group, and count-
ing instances of that size and larger they oceurred in 15 of 42 cases
(36% ) with lepromin and in 9 of 31 (32%) with the suspension—essen-
tially similar proportions. In Leiker’s data they began at the 5-6 mm.
level, and in the healthy adults the percentages were 51 for lepromin
and 42 for PBS: but, curiously, only PBS gave uleerations at the 5-6
mm. level (4 of 18 cases). Furthermore, in the total of tuberculoid cases
with reactions of that size or larger only 40 per cent had uleers with
lepromin while 50 per cent of the PBS cases had them (19 of 47 and 19
of 38), and in the children the percentages—Iess likely due to chance
were 19 with lepromin and 44 with PBS (5 of 26 and 8 of 18). This is
not in favor of PBS.

Little can be said abount the matter of acceleration of reactions in
tuberculoid eases, reported by Olmos Castro (°) and called by Fernan-
dez the ““Olmos Castro phenomenon’’ ('). Most of the observers fol-
lowed the usual custom and read the Mitsuda reactions on the 21st day.
Kooij, however, measured the reaction lesions at 7-day intervals to the
28 day, and his graph based on periodic averages (Fig. 3) shows the
maximum for the standard lepromin to have been reached at the time of
the 3-week reading, although the curves for the three other antigens
used, somewhat less antigenie, reached their maxima on the 14th day.
There are on data for normal persons for ecomparison.

To return to the question of why the lepromin was on the whole the
more active of the two antigens, and to obvious possibility that the
tissue elements have some influence on the Mitsuda reaction, but it is
also obvious that it cannot be great, the baecilli are the main cause of
positive reactions.
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Kooij believes, on the basis of his work with normal tissue particles,
that positivity of.the Mitsuda reaction depends chiefly on the concentra-
tion of particles (leprosy baeilli and tissue). The standard lepromin,
as usunal, contained a great deal of particulate tissue elements, while
the purified suspension contained virtually none, and yet the former
induces — on the whole — only slightly more reactivity, and not con-
stantly. Among Kooij's 21 tuberculoid cases the suspension, tested in
parallel with lepromin, gave as large or even slightly larger reactions
in 7 instances. The view that the lepromin reaction is essentially a non-
specifie foreign-body reaction is not widely accepted. Lepromin is anti-
genie, as shown by the results of repeated tests in man, and in dogs this
effeet is particularly marked.

Regarding the desirability of removing the tissue elements from
lepromin, Floch (*) argued against it, saying:

*(“est une erreur de vouloir éliminer a tout prix les élements de tissus de la lépromine,
ear ils jouent, indiscutablement, un role dans la lépromino-réaction tel que nous le
connaissons et iterprétons.”

Wade (®)—writing after the observations here reported had been
made — supported this opinion, saying, however, that the role of the
tissue elements is decidedly secondary, He pointed out that the tissue
elements of the leproma proper are more or less saturated with the
products of metabolism and breakdown of the bacilli ‘which they con-
tain, to the extent of making them demonstrably acid-fast under certain
circumstances of fixation and staining, and he held that **it is difficult to
believe that such baeterial produets in the tissue cells are without some
influence in the antigenicity of lepromin.”” The following passage ap-
pears in the Second Report of the WHO Expert Committee on Lep-
rosy ():

Certain workers believe that there is no need to remove the tissue elements, particu-
larly in view of the faet that the lepra cells are impregnated with the produets of metabo-

lism of the active baeilli and of disintegration of the old ones. It is, however recommended
that further investigation of this matter be earried out, to arrive at a final conclusion.

The fact that in none of the tests of lepromatous patients reported
in this study did the standard lepromin used cause false positive re-
sults, even by the Madrid (3 mm.) eriterion, indicates that it is satisfac-
tory for practical use. The suspension, more laborious and expensive of
reagents to prepare, despite its greater content of bacillary bodies (")
regularly caunsed on the whole somewhat less reactivity (and usually
but not always less ulceration), with an almost negligible proportion of
false negatives except in young children; but the lesser proportions of
reactions in them above 14 level of the Madrid seale are not negligible.
In general, the proportions of stronger reactions are considerably the
less.

Since the findings of the different workers concerned, in different
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parts of the world, were of the same tenor, and sinee none of the in-
vestigators evidenced interest in acquiring more of the snspension for
personal use, it was coneluded that there would be no profit in pursning
further this line of investigation. Although the results of this work,
which was done several years ago, led to no change in our practice, it is
nevertheless put on record because there has been no similar study in
this field. :

SUMMARY

(‘fomparative tests of Wade's ““purified bacillus suspension’ and the
standard lepromin prepared from the same pool of leproma have been
made in the Philippines, Netherlands New Guinea, Kast Africa and
South Africa,

('onsistently in the comparisons the standard lepromin gave more
positive Mitsuda reactions, or more strong reactions, than the suspen-
sion; and in the healthy children tested the PBS sometimes gave nega-
tive results when the reactions to lepromin were positive. For this
reason alone it would not be satisfactory for use in field work in which
children are involved.

Lepromin gave more early reactions than the suspension in the cases
for which that effeet was reported (Philippines), suggesting that in the
preparation of the latter the immediately-available antigenice elements
had partly been eliminated.

The suspension on the whole caused somewhat less uleeration of the
reaction lesions, which is a point in its favor. However, contrary find-
ings were not infrequent, so nuse of the produet could not be advoeated
strongly on that ground.

The results in tubereuloid ecases permit comparison of the reaetivi-
ties of the four different regional groups, whether considering average
sizes of the reaction lesions or the percentage of the stronger reactions.
Despite the high percentages of positive reactors in the Philippine sub-
jeets, the New Guinea people proved to be distinetly more so, and the
Fast African cases the most reactive of all. The South African cases
were much less reactive in comparison. The question of why people
living in different environments differ materially in reactivity remains
an intrigning problem.

RESUMEN

En las Filipinas, Nueva Guinea Holandesa, Afriea Oviental y Sud-Africa, se han
verificado pruebas eomparadas de la “suspension baeilar purificada” (SBP) de Wade v
la lepromina estindard preparada del mismo lote combinado de lepromas.

Constantemente en la comparacion la lepromina estindard rindié reacciones de
Mitsuda mds positivas o reacciones mis intensas que la suspensién; y en los nifios
sanos comprobados la SBP di6 algunas veees resultados negativos euando eran positivas
las reacciones a la lepromina. Bastaria con esta razén para que no fuera satisfactoria la
suspensién en obras en campaiia en que figuren nifios,

La lepromina acusé reaceiones mis tempranas que la suspension en los easos para los
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cuales se consigné tal efecto (Filipinas), indicando esto que en la preparacion de la
iltima se habian eliminado parcialmente los elementos antigénicos immediatamente dispon-
sibles.

En conjunto la susupension ocasiond alguna menos ulceracion de las lesiones de la
reacei6n, lo enal constituye un punto en pro suyo. Sin embargo, no son raros los hallazgos
opuestos, de modo que no debe recomendarse obstinadamente sobre esa base el uso del
producto.

Los resultados conseguidos en los easos tuberculoideos permiten comparar las reac-
tividades de los euatro distintos grupos regionale, va sen considerando los tamanos medios
de las lesiones de las reacciones o el porcentaje de las reaceiones mis intensas. A pesar
de los altos poreentajes de reactores positivos en los sujetos filipinos, los de Nueva Guinea
mostraron una proporeién decididamente mayor y los eaos del Afriea Oviental fueron los
mis reactivos de todos. En comparaeién con éstos, los sudafrieanos fueron mucho menos
reactivos. La cuestién de por qué la gente que vive en diversos medios ambientes diserepa
sustancialmente en sn reactividad sigue siendo un problema intrigante,

RESUME

Une étude sur la comparaison des réactions a la lépromine standard et a la
“suspension baecillaire purifiée” de Wade (PBS), préparées a partir des mémes lépromes,
a 6té menée anx Philippines, en Nouvelle-Guinée Hollandaise, en Afrique Orientale et en
Union Sud-Africaine,

Au cours de ces comparaisons, la lépromine standard a, de maniére consistante,
entrainé un plus grand nombre de réactions de Mitsuda positives, ou bien des réuctions
plus aceusées, que la suspension. De plus, chez les enfants sains, la PBS a parfois
fourni des résultats négatifs, alors que les véactions & la lépromine étaient positives.
Pour cette raison déja, 'nsage de cette suspension ne donmerait pas satisfaction sur
le terrain, lorsque des enfants sont en eause.

Lorsqu'on a tenu compte du délai de réaction (aux Philippines), la lépromine a
donné des réactions plus précoces que la suspension, suggérant ainsi que dans ce
dernier produit les éléments antigéniques immédiatement accessibles ont été éliminés
au cours de sa préparation.

Dans l'ensemble, la suspension entraine une uleération quelque peu diminuée des
lésions réactionnelles. Ceel est un élément en sa faveur. Toutefois, comme des observa-
fions opposées ne sont pas rares, on ne pent se baser sur cet argument pour recommander
fermement 'usage de ¢e produit.

Les résultats obtenus chez les malades tuberculoides permettent de comparer la
réactivité des quatre groupes régionaux étudiés, soit d’aprés les dimensions moyennes
des lésions réactionnelles, soit d'aprés le pourcentage des réactions plus accnsées. Malgré
I'importante proportion d’individus qui réagissent positivement aux Philippines, les sujets
de - Nouvelle-Guinée se sont révélés les dépasser nettement, et les malades d’Afrique
Orientale sont ceux qui, parmi tous, réagissent le plus. En comparaison, les sujets
d’Afrique du Sud réagissent beaucoup moins. La question de savoir pourquoi des
sujets vivant dans un environnement différent témoignent de variations objectives de
réactivité reste un probléme intriguant.
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