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Effect of Preformed Immune Complexes on the Course of
Mycobacterium leprae Infection in Normal Mice

To THE EDITOR:
Normal mice infected with Mycobacte-

rium leprae in the foot pads show a limited
multiplication. Dissemination of infection
is seen in immunosuppressed animals, i.e.,
the thymectomized and irradiated ( 9) and
nude mouse ( 7) and the nude rat (4). The
severe immunosuppression seen in these
animals does not simulate human leprosy
before or during the course of the disease.
Out of the many known and unknown fac-
tors operating in the causation of the de-
pressed cell-mediated immunity in lepro-
matous leprosy, one is the presence of
immune complexes (IC). The IC, in turn,
are capable of producing specific immuno-
depression by blocking the recognition of
M. leprae antigen by lymphocytes. In ad-
dition, IC might have multiple other effects
on the whole array of immuno-competent
cells ( 7) and, subsequently, dissemination of
infection may involve other systems.

In the present study, 4-week-old, closely
bred, Swiss albino mice (Lacca strain) were
divided into two groups: Group I, com-
posed of 55 normal control mice, and Group
II, composed of 55 mice which were inoc-
ulated in the right foot pad with M. leprae
(1 x 104 AFB/foot pad) obtained from bi-
opsy specimens of untreated lepromatous
patients. Both the control (NC) and infected
(NI) mice were each divided into two batch-
es, i.e., OdIC (N = 30) and 3mIC (N = 25),
depending upon the period at which IC were
administered: at zero day (Od) or at 3 months
(3m) post-inoculation with Al. leprae. A

large number of animals were used as a pre-
cautionary measure because of their high
mortality rate. Five mice each were sacri-
ficed periodically at 3-, 6-, and 9-month in-
tervals from the OdIC batches and at 6- and
9-month intervals from the 3mIC batches,
since the data for the remaining period were
obtained from a study conducted and pub-
lished earlier (") wherein the procedures for
foot pad inoculation, harvesting, and count-
ing of bacilli were also mentioned.

Freeze-dried M. leprae (obtained as a gift
from IMMLEP) were sonicated to prepare
antigen ('), and healthy rabbits were im-
munized to raise the anti-Al. leprae serum
(AMLS). The production of antibodies
against M. leprae antigens was confirmed
by immunodiffusion. The zone of equiva-
lence (ZE) was determined as described by
Roitt (w). The tube containing 240 tg of M.
leprae antigen gave maximum precipitate
and was taken as the ZE. Twice the ZE gave
complexes in 2 x antigen excess. AMLS was
adsorbed with homogenized human skin
tissue and also with Al. bovis (BCG), M.
tuberculosis (H37Rv), and M. avium. IC
were prepared in vitro by incubation of the
Al. leprae antigen and the AMLS. IC in 2 x
antigen excess (1 mg protein) were admin-
istered in 0.3 ml of saline intravenously (i.v.)
every week for 1 month starting at day 0
and at 3 months after M. leprae inoculation
into foot pads.

The kidney, liver, sciatic nerve, skin, ear-
lobes, snout, and tail tip of all sacrificed
animals were fixed in 10% Formol saline.
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FIG. 1. Kidney section of mouse given human Al.
leprac inoculation and preformed immune complexes.
Numerous AF13 are seen in the renal parenchyma (Fite-
Faraco x 330).

Skin tissue was taken from the right hind
leg close to the inoculated site.

In the NI group, data for which were pub-
lished earlier ("), acid-fast bacilli (AFB) re-
covered from pooled homogenate of five foot
pads could not be counted since only a few
bacilli were seen in the smears and none
were seen in the pin-head stamps. However,
there was a steep rise in the AFB counts at
6 months (3.40 x 10 5/foot pad) which re-
mained stable up to the 9-month harvests
(3.04 x 10' AFB/foot pad). Infection was
established early in the NI-OdIC batch, i.e.,
at 3 months we were able to see bacilli with-
out much difficulty (mean 8.40 x 10 4 AFB/
foot pad). An increased number of AFB
could be harvested at the 6-month sacrifice
(mean 4.65 x 10 6 AFB/foot pad) which
maintained a plateau up to 9 months (mean
1.79 x 10 6 AFB/foot pad). Except for the
early detection of infection at 3 months, the
growth pattern was similar to the NI group.
Administration of IC at 3 months did not
bring about any appreciable increase in ba-

FIG. 2. Liver section of mouse infected with human
Al. leprac and given preformed immune complexes. A
pair of AF13 is seen in the central vein (Fite-Faraco
x 330).

ciliary counts when compared to the NI/
OdIC batch at 9 months; counts at the b-
and 9-month harvests were 4.48 x 10' and
5.99 x 10' AFB/foot pad, respectively. No
growth was seen in nutrient agar and LO-
wenstein-Jensen media inoculated with foot
pad homogenates.

In the NI group a few AFB were found
in 40% of the kidneys at 9 months. Sixty
percent of sciatic nerves had a few AFB at
3 and 6 months. At no time were AFB de-
tected in the skin and liver tissues. How-
ever, 40% of the animals showed solitary
AFB in the earlobes and in only one animal
at the nose tip at 9 months.

However, we were surprised to see nu-
merous AFB in parenchyma (Fig. 1) and
attached to walls of tubules of 20%, 40%,
and 60% of the kidneys at 3-, 6-, and
9-month sacrifices, respectively. The AFB
were found in both the cytoplasm of histio-
cytes and extracellularly. Histopathologi-
cally, interstitial nephritis, including peri-
arteritis and periglomerulitis, was also seen
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in association with AFB dissemination. A
few AFB were detected in 40% and 60% of
the sciatic nerves and the skin at 6 and 9
months, respectively. The skin of 20% of
the animals at 3 months and the liver (Fig.
2) at each period of study were positive.
Focal hepatitis with lymphomononuclear
cells and histiocytes were seen in 40% and
20% of the animals at 6 and 9 months, re-
spectively. A few AFB in the tail tip of one
animal at both 3 and 6 months and two
animals at 9 months were seen. In the NI/
3mIC batch, a fairly large number of scat-
tered AFI3 could be detected in the kidneys
(20%) at both harvests. A few bacilli were
also seen in 20% of the sciatic nerves and
skin. A good number of AFB in the liver
and a few AFB in the earlobes, nose tip, and
tail tip were seen in one animal each at both
6 and 9 months. In the NC animals, no
change was observed in any of the above
tissues.

Very little work has been done on the role
of IC in the pathogenesis of leprosy in spite
of their circumstantial association with er-
ythema nodosum leprosum (ENL) ('. ").
Hypergammaglobulinemia ( 3) results in the
combination of specific antibodies with M.
leprae or host antigens and consequently the
production of IC. In the NI group, the in-
fection was established at 6 months and fol-
lowed a growth curve typical for M. leprae
infection ( 13). The yields were not as high
as obtained by Rees and Weddell (u). Vari-
ations in the maximum number of AFB ob-
tained and time variables for the infection
have been described (").

AFB could be detected in the various tis-
sues of mice given IC and Al. leprae inoc-
ulation as early as 3 months; whereas in NI
mice not administered IC, AFB were seen
around 1 year as was reported earlier ( 12 ).
IC seemed to be more effective in the pro-
duction of immunosuppression when given
simultaneously with M. leprae inoculation,
as seen in the NI/OdIC batch.

From this study it may be envisaged that
IC have an immunosuppressive role. An-
tigenically related mycobacteria may sen-
sitize an individual to M. leprae antigens
and/or modulate the immune response to a
subsequent leprosy infection. If they are re-
lated to M. leprae, contact even with sapro-
phytic mycobacteria in the environment

might be important (S). Clarification of an-
tigenic crossreactivity of AI. leprae to the
other mycobacteria will help in exploring
the immuno-epidemiology of leprosy (').

—Surrinder Kaur, M.D., M.A.M.S.
—Chetana Vaishnavi, M.Sc., Ph.D.

—13hushan Kumar, M.D., M.N.A.M.S.
Department of Derniatology

—Nirmal Kumar Ganguly,
M.D., M.N.A.S.

Department of EXperilltent al
Aledicine

Postgraduate Institute of
Education and Research

Sector 12
Chandigarh 160012, India

REFERENCES
I. BJUNE, G., CLOSS, 0. and BARNETsoN, R. ST.C.

Early events in the host parasite relationship and

immune response in clinical leprosy; its possible
importance for leprosy control. Clin. Exp. Im-

munol. 54 (1983) 289-297.
2. BULLOCK, W. E. Studies on immune mechanisms

in leprosy; depression of delayed allergic response

to skin test antigen. N. Engl. J. Med. 278 (1968)
298-304.

3. BULLOCK, W. E., Ho, M. F. and CIIEN, M. J. Stud-

ies on immune mechanisms in leprosy; quantita-
tive relationships of IgG, IgA and IgM immuno-

globulins J. Lab. Clin. Mcd. 75 (1970) 863-870.
4. DAWSON, P. J., COLSTON, M. J. and FIELDSTEEL,

A. H. Infection of the congenitally athymic rat
with Mycobacterium leprae. Int. J. Lepr. 51 (1983)

336-346.
5. GELBER, R. H., EI'STEIN, V., FASAL, P. and DRUTZ,

D. J. Erythema nodosum leprosum, an immune

complex disease. Int. J. Lepr. 41 (1973) 553-554.
6. HARBOE, M., CLOSS, 0., 13.10RVATN, B., KRONVALL,

G. and AXELSEN, N. H. Antibody response in rab-

bits to immunization with Mycobacterium leprae.
Infect. Immun. 18 (1977) 792-805.

7. LANCASTER, R. D., HILSON, G. R. F., MCDOUGALL,

A. C. and COLSTON, M. J. Mycobacterium leprae
infection in nude mice; bacteriological and his-

tological responses to primary infection and large
inocula. Infect. Immun. 39 (1983) 865-872.

8. PAUL, R. C., STANFORD, J. L. and CARSWELL, J.
W. Multiple skin testing in leprosy. J. Hyg. (Camb.)

75 (1975) 57-68.
9. REES, R. J. W. and WEDDELL, A. G. M. Experi-

mental models for studying leprosy. Ann. N.Y.
Acad. Sci. U.S.A. 154 (1968) 214-236.

10. ROITT, I. M. The classical precipitin reaction. In:

Essential Immunology. 4th ed. London: Blackwell

Scientific, 1980, pp. 5-6.



55, 2^ Correspondence^ 361

II.  SHEPARD, C. C. and McRAE, P. H. Hereditary
characteristic that varies among isolates of My-
cobacterium leprae. Infect. I m mun. 3 (1971) 121-
126.

12. VAISIINAVI, C., KAUR, S., KUMAR, 13., GANGULY,
N. K. and CHAKRAVARTI, R. N. Trophic changes
and extensive dissemination in normal mice in-
fected with human Mycobacterium leprac. Indian
J. Lepr. 56 (1984) 742-747.

13. VAISHNAVI, C., KUMAR, B., GANGULY, N. K. and
KAUR, S. Phagocytic and bactericidal activities of
macrophages from Mycobacterium leprae infected
normal and immunosuppressed mice. Int. J. Lepr.
53 (1985) 233-237.

14. WEMAMBU, S. N. C., TURK, J. L., WATERS, M. F.
R. and REES, R. J. W. Erythema nodosum lepro-
sum: a clinical manifestation of the Arthus phe-
nomenon. Lancet 2 (1969) 933-935.

Mycobacterium leprae, Probably a
Microbe-dependent Microorganism

To THE EDITOR:
Experimental evidence supports the re-

cently advanced concept that Mycobacte-
rium leprae is probably a unique microbe-
dependent microbe ( 2 4 ' 6 ). Results led to the
formulation of a new culture medium, per-
mitting in vitro multiplication of bacilli de-
rived from armadillos infected with M. lep-
rae (; . 4 ). The proposed multifactorial culture
medium (MFM) was based on the recently
acquired knowledge that getting M. leprae
to grow is a multifactorial problem ( 1 . 3 ).
The slow growth of the bacilli in a deep
liquid medium, however, was difficult to
assess and not satisfactory for practical pur-
poses as a tool for diagnosis, drug sensitiv-
ity, metabolic studies, and as a pharmaco-
logical model for detecting new antileprosy
drugs. Experiments were aimed at achieving
visible growth on solid media, accelerating
growth rate, increasing yield, and providing
further evidence for the validity of the claim
that getting M. leprae to grow is dependent
on a supply of growth factors (mycobactin
and exochelin) from secondary mycobac-
teria. Results just available now bring fur-
ther evidence that growth of those bacilli
from armadillos infected with M. leprae is
dependent on the above growth factors, but
that a still-unidentified third growth factor
might contribute to considerable yield of
cell mass, and finally that a visible growth
can be achieved on the surface of agar slants
of the multifactorial media.

An iron-poor Sauton-Tween liquid me-
dium contained asparagine 4 g, citric acid

2 g, K,HPO, 0.5 g, ZnSO, 0.04 g, MgS0,
0.4 g, glycerol 40 ml, and Tween 80 10 ml
in 1 liter of distilled water. It was adjusted
to pH 7.0 with NH 2OH. The solution was
distributed 200 ml/flask and autoclaved for
30 min. The media were inoculated with M.
phlei and incubated at 37°C until a thick,
heavy growth developed on the surface of
the medium. The flasks were sonicated in a
Bronsonic sonicator (20-90 kilocycles fre-
quency) for 10 min. The cultures were au-
toclaved for 30 min, and filtered while hot
through Whatman 802 filter paper. The fil-
trate was adjusted to pH 5.8 with KH,PO 4 .
Na thioglycolate 1.5 g, thioctic acid 0.05 g,
and 0-cyclodextrin 1.5 g were collected in a
mortar, mixed, and ground for 5 min. The
fine powder was dissolved in the mortar with
small amounts from the filtrate and added
to the collected filtrate. Ferric ammonium
citrate 0.05 g and MgS0, 0.1 g were also
dissolved in the filtrate. The solution was
readjusted to pH 5.8 and distilled water
added to the volume of 1 liter. Readjust-
ment to pH 5.8 was required; 500 ml of the
liquid MFM was autoclaved 30 min. In 500
ml of the medium 15 g agar (Difco) was
dissolved and 20 ml was distributed into
each 50-m1 screw-cap tube. Autoclaved for
30 min, the media were cooled to make agar
slants.

Armadillo-grown M. leprae cells were
collected, prepared, and semi-purified asep-
tically, using the liquid MFM. The cell sus-
pension was centrifuged at 3000 rpm for 15
min. Two 5-mm diameter loopsful of the
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