IMMUNE REACTIONS OF THE GUINEA-PIG TO M. LEPRAE"*
Georce 1. Frre, M.D. and Caronyxy K. Wrixkue, M.
L United States Public Health Service Hospital
Carville, Louisiana

In summarizing animal work in the immunology of leprosy,
Taylor “” remarked that certain features can be studied in animals,
and that dogs and guinea-pigs have heen used frequently.

A review of 1]1{' literature of this subjeet, with the help of Kef-
fer’s @ bibliographic abstraction of the entire u.uh'jm'l of l:-pmmiu
reactions (1960), makes it elear that experimental work in guinea- ]}l”\
has been moderately conditioned by a much larger volume of work in
human beings in the effort to understand the meaning of “lt-lnmutn
reactions.” In particular, the antigenic materials used in guinea-pig
studies have been preparations of leprosy tissues treated in a variety
of ways before injection into animals, usnally as “*lepromin.”

The present work has as its thesis the thonght that reactions in
guinea-pigs to living preparations of M. leprae could provide knowl-
edge not to be obtained from the use of any of the standard or modi-
fied lepromins, i.e., the Hayvashi ", Wade “" Fernandez and (‘fastro
Dharmendra ', dll(l other pr (-pau‘ltmns All nf these are treated ehuml»

cally or thermally, and immune responses, like those studied by Taylor
et al "V, have been to these proparatmm Do fresh preparations of tis-
sue u))]hlllllllg M. leprae bhehave in the same way? Four experiments
are recorded here.

EXPERIMENT 1

A bacillus-rich leproma was removed aseptically from a patient
who had had leprosy more than 20 years. After a period of improve-
ment on sulfone therapy, reactivation had occeurred, three years before
removal. No antileprosy treatment had heen given in the 40 days prior
to this. Half of the leproma was preserved at 4°C and the other half
at 37°C for 48 hours, to permit autolysis. Cultures for contaminating
bacteria at this time showed no growth. Both specimens were then
minced and hand-ground in saline, the final suspensions being in the
proportion of 1:30 with respect to the original tissue, but in actuality
somewhat more dilute becanse of incomplete suspension. Both showed
numerous M. leprae on smear.

Forty guinea-pigs in two groups of 20 were inoculated with these
suspensions, the v olume of 0.5 ml. being administered in two locations
subeutaneously in each animal. One group received the cold-preserved
material, the other the autolyzed.
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A small {ransient response (Fig. 1) was seen in the animals re-
ceiving the 48-hour cold-preserved leproma at about 7-9 days (A). A
similar response occurred a little earlier from the 48-hour autolyzed
material (B). The response was not immediate. It took a few days
to appear, and may have been due in part to inflammatory changes
resulting from enzymatie digestion of introduced proteins other than
those within the bacilli. -
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Fig. 1. A. Reaetion to first inoculation of “live” suspension. B. Reaction to first inoculation
of “autolyzed” suspension. €. Reaction at 3 weeks to second inoeulation of “live’ suspension.
D. Renction at 3 weeks to second inoculation of autolyzed suspension.

There is good agreement " that there is a tissue component in
the lepromin reaction, although the nature of the reaction to tissue and
tissue-produets in the reaction is not clear. Our observations suggest
that one moiety involved is a produet of enzymatic protein digestion,
either antolytie, or the result of host enzyme action on material inocu-
lated. This reaction is mild, and oceurs before an immune response
is fully developed. It reaches its maximum in about seven days, and (in
other experiments) has been observed when heat-treated tissues have
heen used as the inoculum. Significantly, too, it regresses more rapidly.

EXPERIMENT 2

The animals used in Experiment 1 were reinoculated with the same
suspensions previously used, the suspensions having been preserved at
4°(. Again, all animals received two injections, one on each side, but
the dose was smaller, 0.25 ml., and it was given intradermally. It is
recognized that an intradermal inoculum of this size will, in the guinea-
pig, be partly diffused into the subeutancous area.

The results (Fig. 1) were manifestly different from the results of
the first inoculation (C' and D). Any ‘‘tissne response’ like that occur-
ring in the first group would be obscured, if present. The reactions de-
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veloped fairly rapidly, reaching a maximum in 24 to 48 hours and re-
gressing slowly thereafter. No Mitsuda-type response at three to four
weeks was evident. If present in small degree, it is possible that it was
masked by the continuing early change.

It is well shown from the many experiments of Taylor ¢f al. """ that
this type of response can be elicited by a variety of prepared leprosy
antigens, This particular experiment goes no further than to show that
it is elicited by a single injection of lepromatous material, cold-pre-
served and otherwise untreated, given three weeks earlier,

A significant feature of this second inoenlation was the effeet upon
half of the disappearing or disappeared lesions from the first inocula-
tion. These reactivated and became larger within the first 48 hours,
again gradually fading away in three to four weeks.

The prompt reactivation of these lesions resulting from the first
inoculation is, perhaps, an evidence of what Taylor ealls the **hooster™
effeet of repeated inoculations. Well developed within 72 hours, even
though the reactivations were not uniform and not seen in all animals,
some were as marked as or even larger than they had been originally.
The **hooster’ effect here must have resulted from an inercased
amount of cirenlating antibody stimulated by the second inoculation.

EXPERIMENT 3

In this experiment a leproma was obtained surgically from a never-
treated case of leprosy. The suspension was prepared as in the first
experiment, at 1:30, with some loss from sedimented coarse particles.
Histologie sections of a part of the lesion showed it to contain large
(almost maximal) numbers of bacilli, many in bundles. The process ap-
peared to be very active.

An aliquot of this suspension was heated on the water-hath at
100°C for ten minutes. The unheated and the heated suspensions were
inoculated (0.25 ml.) subeutancously into separate groups of 16 guinea-
pigs each. The inoculations were completed 90 minutes after the surgical
removal of the leproma.

Two additional groups of animals were inoculated with a suspen-
sion of mycobacteria spp. BCG, 50 mgm./ml., the dosage being 0.25 ml.
An aliquot of this suspension was heated at 1007 simultancously with
the aliquot of the suspension of leproma. These two suspensions were
inoculated into two additional groups of 16 guinea-pigs each.

All animals, including those inoculated with BC'G, showed a slight
T-day response, which rapidly disappeared.

Five weeks later, all animals were skin tested with (1) tubereulin
(PPD, second strength), (2) the same heated suspension of leproma
used for inoculation, preserved at 4°C, and (3) standard lepromin
(Wade-Mitsuda).

The animals inoculated with live BCG all had positive tubereculin
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reactions. The tubereulin reactions were negative in the other three
groups.

The reactions of the animals inoculated with the fresh untreated
leproma suspension are shown in Figure 2 (A). The response was of
the delayed Mitsuda type, maximum at three weeks, although of small
degree. It was slightly greater to the tests with the heated suspension
than with the standard lepromin (B).

Reactions of animals inoculated with the heated suspension of
leproma were too slight to chart. There was a very weak reactivity at
five to seven days in those tested with the heated suspension, but none
in the lepromin-tested group.

Animals first inoculated with heated BCG showed a weak response
of the Mitsuda type to the later injection of the heated leproma sus-
pension (Fig. 2, (). This was not observed in all animals, and its sig-
nificance is doubtful. The live BCG provoked an early mild reaction at
seven days (D).
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Fia, 2. Immune reactions 5 weeks after first inoculation. A, 1st inoculation of “live” M.
leprae, 2nd, same suspension heated. B. 1st inoculation of “live” M. leprae, 2nd, lepromin. €.
1st inoculation of heat-killed BCG, 2nd, heated M. leprae suspension. D, 1st inoeulation of live
BOG. 2ud, heated M. leprae suspension.

EXPERIMENT 4

Following the death of a patient with lepromatous leprosy of long
standing, who had avoided or neglected treatment for many years, the
spleen, containing numerous organisms, was obtained at autopsy 5%
hours post-mortem. Portions were machine-suspended, and the heavy
debris was permitted to settle for 24 hours and discarded. The super-
natant was then centrifuged at 150 g. for 20 minutes, and the bottom
20 per cent also discarded. The supernatant contained large numbers
of well-stained bacilli, and a fair amount of cellular debris, but few
intact cells., No other bacteria were seen. The material had been han-
dled with sterile glassware and instruments, and kept cold, but had
not been aseptically removed from the body, and was presumed to be
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mildly contaminated. An aliquot of the final suspension was heated at
100°C for 20 minutes,

The following day two groups of 16 guinea-pigs cach were inocu-
lated subcutancously with 0.5 ml. of the unheated and heated suspen-
sions, then 28 hours old.

RESULTS

There was a slight indurated reaction (2-3 mm.) at 48 and less at
96 hours at the sites of inoculation. This was gone in most animals at
one week, and at two weeks the sites appeared nearly normal. No
abscess formation, and no infection, oceurred in either group.

At the three week reading all animals showed inflammatory lesions
soveral mm. in diameter, and at four weeks these were elevated, bulg-
ing, and 12-20 mm. in diameter. In the animals receiving the unheated
suspension, the lesions softened in their eenters, and many suppurated
and discharged their contents. In the other (heated suspension) group
only a few suppurated, and the lesions were measurably smaller, al-
though still very large. Microscopie preparations of intaet lesions from
cach group of animals showed central purulent matter surrounded by
granulation tissue containing poorly developed epithelioid cells. Aeid-
fast bacilli were numerons in the exudates, less numerous i the mar-
ginal cellular zone. .

The lesions receded after five weeks and at eight weeks all had
wholly regressed, with residual searring in those which had suppurated.

All 29 surviving animals were lepromin-tested nine weeks after the
original inoeulation. Initial reactions were observed equally in hoth
eroups, which were largely gone at three weeks. There were no see-
ondary Mitsuda-type responses.

DISCUSSION

The ““tissue factor’ is potentially more than one thing. If it is
simple reaction to autolyzed cellular material, it appears carly and
disappears carly. The violent reaction to human spleen shown at three
to five weeks is probably a tissue-rejection phenomenon, which may
have had its beginnings earlier than was grossly apparent. It was more
intensely inflammatory when the tissue was untreated by heat or chem-
icals. Heating the tissue will lessen but not eliminate the reaction,

This tissue-rejection factor in the lepromin reaction will not he
uniform in any series of lepromin reactions in man, hecause it will vary
according to immune factors inherent within the population tested. It
is possible that in the severe positive reactions in man the necrosis
and suppuration are part of a tissue-rejection rather than of the
“Mitsuda-reaction.”” One naturally wonders if the high incidence in
man of positive reactions to lepromin made from M. lepracmurium
represents in large part a rejection by human tissues of murine tis-
snes, @

The tissue-factor is shown to he at least two-fold in nature. The
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“Faria reaction,” ® and the observations of Mitsuda reactions in dogs
and other animals, need seriously to be studied from this aspeet. Floch,
Y and Kooij and Gerritsen ® have algo observed marked reactions to
skin and liver in lepromin-positive individuals.

The reactivation of former sites by a second injection proves the
existence of some cirenlating antibody, whether to tissue or to baeilli
ix not shown. Kven though the first reaction had subsided, a good deal
of antigenically active material remained at the site, needing only more
circulating antibody to provoke further response. This suggests baceil-
fary bodies rather than the tissue factor, as the residual antigen.

The antigenieity of whole M. leprae is of a low order, compared to
that of M. tuberculosis, perhaps on a par with that of M. phlei. Never-
theless, it is demonstrable at this low level by a single injection of live
bacilli, although the number of animals per test must be substantial,
and the observations eritical. It seems possible that much of the diffi-
culty of analysis of “*lepromin’” activity could be controlled by using
the least altered bacilli as the primary antigen. Many of the studies of
leprosy antigens have not taken advantage of the faet that M. tubercu-
losis hominis in the living state has antigenie capacities exceeding those
of heated preparations.

The importance of active antigen is shown by the differences be-
tween response to the second inoculations in Experiments 1 and 3.

48-hour reaction to

First Second second
Kxperiment 1 Live live® Positive
[xperiment 3 Live Heated Doubtful or absent

*Live suspension preserved at 4° O for 21 days.

Here there is a suggestion of greater antigenicity of the unheated
suspended M. leprae. This is not an altogether original observation,
hecause some of the experiments of Hadler and Ziti ¥ suggest slight
tuberculin sensitization of guinea-pigs hy live M. leprae, although
tubereulin (PPD) sensitization has not been observed here.

SUMMARY

When live preparations of M. leprae are used as the sensitizing
antigens, weak reactions of the Mitsuda type are observed following a
single immunizing inoculation. A single injeetion of the same suspen-
sion heated for ten minutes is ineffective. Other observations testify
to a greater antigenicity of M. leprae minimally altered, than that of
heated preparations, -

The tissue-factor in lepromin reactions is seen as a dnal mixture
of early response to enzymatically-digested produets and a later tissue-
rejeetion immune phenomenon, When marked, it ean easily mask true
responses to leprosy antigens, or even prevent proper development
thereof,
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RESUMEN

Cuando preparaciones vivas de M. leprae son usadas como antigenos sensibilizantes,
se observan reacciones débiles del tipo Mitsuda despues de una sola inoculacion inmu-
nizante. Una sola inyeecion de la misma suspensién ealentada durante 10 minutos es
inefectiva. Otras observaciones atestiguan la mayor antigenicidad del M. Teprae minimal-
mente alterado, que aquel de las preparaciones ealentadas.

En las reacciones leprominas el factor-tejido es visto como una mezela mixta de
respuesta temprana a los productos enzimaticamente digeridos y a un fenémeno de in-
munidad taria de reyeceion-tejido, Cuando mareado, puede muy facilmente enmascarar
las respuestas a los antigenos leprosos, o aun prevenir el propio desarrollo,

RESUME

Lorsque des préparations de M. leprae vivants sont utilisées comme antigénes de
sensibilisation, des réactions faibles du type Mitsuda sont observées i la suite d'une unique
inoculation d'immunisation. Une seule injection de la méme suspension chauffée durant
10 minutes est inefficace. D'autres observations témoignent du plus grand pouvoir anti-
génique de M. leprae lorsqu'il n'est altéré que de facon minime, par rapport anx prépara-
tions qui ont été chauffées,

L'intervention tissulaire dans les réactions i la lépromine est envisagée comme étant
un mélange de deux phénoménes: une véponse précoce it des produits digérés par les
enzymes, et un phénoméne immun plus tardif consistant en rejet des tissus, Lovsque cette
intervention est marquée, elle peut facilement masquer la réponse réelle aux antigénes de
la lépromine, ou méme empécher le développement normal de eette réponse,
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