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Studies on cell-mediated immune response
in leprosy patients have been carried out
by \-’al‘iOllS W()l'kC!'S l’ 237,810, 13,17, 18, 28. 29 }
wherein it has been shown that patients in
advanced stages of leprosy, ie., leproma-
tous leprosy, were deficient in their ability
to express delayed-type hypersensitivity to
both homologous as well as heterologous
antigens. This immune deficiency was fur-
ther confirmed through studies on the ability
of the patients’ lymphocytes to undergo
blastogenesis in the presence of PHA as
well as lepromin-like preparations derived
from the leprosy bacillus ('#). However, the
recent work of Rea er al (?}) appears not to
be in agreement with these observations.

All of the studies mentioned above have
been conducted on leprosy patients. Al-
though Rees er al (?*) had established the
mouse model introduced by Shepard (2¢) to
be in the BB or BT spectrum of human lep-
rosy. studies on immune response either on
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cellular or humoral level were not under-
taken till recently (2'). However, this model
has been extensively used for screening vari-
ous antileprosy drugs ('16.2224)  Present
studies were undertaken to evaluate the
mechanisms of cell-mediated immune re-
sponse in mice infected with M. leprae.
This work complements earlier studies on
the humoral response of similarly infected
mice (1),

MATERIALS AND METHODS

Mice. Six to eight week old female inbred
strains of BALB/c mice were used through-
out the experiments. These mice were bred
and raised in the laboratory of Dr. L. Levy,
USPHS Hospital, San Francisco, California.

Infection and immunization. The infec-
tion and immunization were carried out in
Dr. Levy's laboratory, prior to receipt of the
animals by our laboratory. Three groups of
mice were studied. Sixty mice in each group
were assigned randomly. Groups A and B
were inoculated in the right hind foot pad
each with 5= 10% viable and nonviable M.
leprae respectively, harvested during log-
arithmic multiplication in mice by the meth-
od of Shepard (?%) and as used by Levy er
al ('5). Group C consisted of normal un-
inoculated mice. For the nonviable challenge,
the M. leprae were killed by five repeated
cycles of freeze-thawing.
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Skin tests. Since both the infection and
immunization were done in the foot pad of
the animals, it was decided to do the skin
tests in the ears of the animals. Seventy-two
hours prior to a scheduled sacrifice, skin
testing materials were injected intradermally
into the ears, using a tuberculin syringe with
a 27 gauge needle. Extent of swelling and
ear thickness were measured with a Schnell-
taster (Schnelltaster system, Kroplin, W.
Germany) at 0, 6, 18, 24, and 48 hours after
intradermal ‘injections. Prior to skin testing,
the thickness of the normal ears was mea-
sured. This ranged between 0.3 and 0.5 mm.
A difference in excess of 1.0 mm in measure-
ment between the normal ear and the test
ear was considered as a significant reaction.

The amount of 0.03 ml each of M. leprae
cell extract (20 pg/ml protein), preparation
of which has been described previously (%),
PPD (25 pg/ml, kindly supplied by the
U.S.-Japan Cooperative Medical Science
Program, NIAID, through the Center for
Disease Control, Atlanta, Georgia) and
Dharmendra lepromin were used as skin
testing antigens at the concentrations men-
tioned, with sterile saline used as a control.
The skin test antigen was placed in one ear
of a given animal and saline was injected in
the contralateral ear. At the time of sacrifice,
both ears were excised and maintained in a
tissue fixative for future histopathologic
studies. The tests were read “blind™ by two
individuals not aware of the placement of
particular materials in a given ear.

Lymphocyte transformation (LT). Four
mice in each group were sacrificed by cervi-
cal dislocation at biweekly intervals begin-
ning one week post-infection. Prior to sacri-
fice, blood was collected from both eyes by
intraorbital puncture and the pooled plasma
thus collected was maintained at -20°C for
use in immunoglobulin and serum protein
assays. Inguinal and mesenteric lymph nodes
were collected and pooled in each group.
The nodes were teased out gently on a 200
mesh stainless steel screen into sterile
Hanks’ tissue culture medium using sterile
blunt forceps. The single cell suspensions
thus obtained were centrifuged in cold at
600xg and washed three times. The final cell
pellet was suspended at a concentration of
106 viable cells/ml of RPMI-1640, supple-
mented with penicillin-streptomycin, L-
glutamine and 10% heat inactivated normal
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human serum (Difco Laboratories, Detroit,
Michigan). The cell suspension was cultured
in one milliliter volumes of RPMI-1640 in
16 x 125 mm upright glass tubes fitted with
plastic closures. Cell cultures, in triplicate,
were stimulated by the addition of phyto-
hemagglutinin (PHA-Difco) to a final con-
centration of 10 pl/ml, lipopolysaccharide
(LPS-Difco) at 100 pg/ml and M. leprae
cell extract at 20 pg/ml. To avoid repeated
freeze-thawing, all the stimulating agents
were aseptically diluted in Hanks™ balanced
salts solution (HBSS) to obtain the required
concentration of each material in 0.1 ml of
HBSS. The diluted fluids were stored in
sterile provials (Cooke Laboratories, Alex-
andria, Virginia) at -70°C. As a standard
procedure the contents of each single vial
were used during an experiment immediately
after thawing. All cultures were incubated
for a total period of 96 hours at 37°C in 5%
CO; atmosphere.

Isotope incorporation. All lymphocyte cul-
tures were pulse-labeled by adding | uCi
ml of *H-Tdr (specific activity: 1.9 Ci/ mmol,
Schwarmann) in 0.1 ml HBSS approximately
24 hours before culture termination. Deter-
mination of label uptake was done as de-
scribed by Colley and DeWitt (%). Briefly,
cells were washed twice in ice-cold 0.15 M
NaCl and precipitated twice in cold 5%
(w/v) trichloroacetic acid (TCA) for ten
minutes. The final TCA-insoluble precipitates
were dried overnight at room temperature
and dissolved in 0.4 ml of hydroxide of hya-
mine 10x (ICN Isotope and Nuclear Division,
Cleveland, Ohio). The dissolved material
was transferred with 2 ml of absolute etha-
nol to 20 ml capacity scintillation vials con-
taining 10 ml of scintillation fluid (5 gm
PPO and | gm POPOP per liter toluene).
All samples were counted in a Beckman LS-
150 liquid scintillation counter with a count-
ing error of 5% or less. Since the degree of
quenching was constant for all samples, the
results are expressed as counts per minute
(cpm) per culture.

Each of the tests was done identically in
two separate experiments and the data was
calculated as the average of reading ob-
tained for the two experiments.

RESULTS

Course of infection. No significant differ-
ences were observed in spleen weights of
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animals in all three groups throughout the
course of experiments, neither were any
gross pathologic changes noted.

Skin reactivity. Table | shows the data on
skin tests carried out as a measure of de-
layed-type hypersensitivity (DTH). A posi-
tive skin reactivity to the homologous cell
extract antigen was observed in the mice
seven weeks after immunization with the
killed M. leprae. However, this response
was transient in nature and diminished to
the base level within a short time. Com-
pared to this, positive skin reactions were
observed at the Ilth week among the ani-
mals in the infected group. Once developed,
this positivity to the homologous antigen
persisted up to the 15th week, i.e., the time
of termination of the experiments. PPD
gave either weakly positive or negative skin
reactions in all the three groups. In the in-
fected and immunized groups, the Dharmen-
dra antigen gave reactions that were of a
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FiG. |. Transformation of lymphocytes from
normal and M. leprae infected and immunized
mice, with PHA, LPS, PPD and M. leprae cell
extract.

TABLE 1. Skin reactions in M. leprae infected mice.

Group®| Skin test Reading in mm/week of sacrifice
1 b
sntigens™l 3 5 7 9 1 13 15
Mlece | — 0.50 0.50 0.52 1.04 1.53 1.55 1.56
E E E E.S ES E.S E.S
PPD — - 0.50 — 0.51 1.04 1.00 1.05
A E B ES E - ES
Lepromin | ND 0.50 0.50 0.50 0.50 - 1.04 1.00
E E E E E.S ES
Saline — — — — — — —
Mlece | — 0.50 0.52 1.15 1.00 0.65 0.52 0.55
E E E.S E.S - B E E
PPD — - — 0.50 1.00 0.52 0.54 —
B E E.S E E
Lepromin| — - 0.50 0.50 0.52 0.52 0.45 0.48
E E E E E E
Saline | — - — — — — - —
Mlece | — 0.50 — — — 0.52 — —
E E
PPD - - — — - — - —
& Lepromin| — 0.52 0.50 0.50 0.48 0.53 0.55 0.52
E E E E E E E
Saline — — — — — - —

2 A = foot pad infection with 5 = 10? live M. leprae.
B = immunization with 5 10’ killed M. leprae.
C = uninfected normal mice.

bMle ce = M. leprae cell extract; lepromin = Dharmendra antigen.

(—) = no measurable swelling (S) or erythema (E).
ND = not done.

Note: A difference of 1 mm or more in ear thickness (S) accompanied by erythema (E) is considered to be a

positive reaction.
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low order, and in the control group this
antigen showed only erythema but no visible
or measurable swelling., Skin reactions to
saline were negative in all animals through-
out the course of these investigations.

Lymphocyte transformation. Figure |
gives the data on lymphocyte transformation
studies. The results are an average of tripli-
cate cultures for two different experiments.
The lymphocyte stimulation index (SI) was
calculated as counts per minute (cpm) ob-
tained in a stimulated culture of lympho-
cytes of mice in a given group/cpm obtained
in a nonstimulated culture of lymphocytes of
mice in the same group.

The responses to LPS, a nonspecific B cell
mitogen ('?), as well as to PHA, a nonspe-
cific T cell mitogen (% 12%) were quite uni-
form and persistent in lymphocyte cultures
from animals of all the three groups all
through the entire period of these studies.
This served as a measure of positive con-
trol. Lymphocytes from the infected animals
which had positive skin reactions trans-
formed in the presence of homologous cell
extract antigen. The development, however,
of positive skin reactivity and lymphocyte
transformation in the infected group, were
not evident until the 1lth week post-infec-
tion. Lymphocytes from the immunized ani-
mals, which showed positive skin reactions,
exhibited blast formation when stimulated
with the homologous antigen. This transfor-
mation was seen as early as the fifth week,
remained constant up to the ninth week, and
declined thereafter.

DISCUSSION

The experiments were designed to deter-
mine the kinetics of cell-mediated immunity
in mice infected with M. leprae. In an at-
tempt to follow the course of infection, spleen
weights were recorded for each animal sacri-
ficed at a specific time interval. No signifi-
cant differences were observed in the spleen
weights of mice in all the three groups at any
given interval. The foot pad infection of mice
with M. leprae produces a self-limiting dis-
ease which remains confined to the foot pad
only and does not become systemic till about
one or two years after infection (24). It is
likely that the spleen weights of the animals
remained unchanged because of the localiza-
tion of infection within the foot pad, espe-
cially since the experiments were termi-
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nated at about the 15th week post-infection.

Positive skin reactivity to homologous anti-
gen observed at the 11th week among the
animals in the infected group indicates the
development of skin reactivity at this stage
of bacillary multiplication. Once developed.
the reactivity persisted up to the 15th week.,
i.e.. till the termination of the experiments.
In the group of animals immunized with the
killed M. leprae, the onset of delayed hyper-
sensitivity was early as compared to the in-
fected group. The decline in this sensitivity
at a later juncture can be attributed to dimi-
nution in the antigenic stimulus as time pro-
gressed. Animals in Group C (uninfected,
normal) did not elicit positive skin reactions
with either the M. leprae cell extract or PPD,
These animals did, however, exhibit erythe-
ma only at the site of injection when the
Dharmendra antigen was used. A possible
explanation of this could be the presence of
particulate matter, both bacillary as well as
tissue, in this antigenic preparation. The
weakly positive skin reactions to this antigen
seen in the infected.and the immunized
groups of animals, could be due to the fact
that the Dharmendra antigen used has been
in storage for several years before it was
used and hence its potency may have dimin-
ished considerably. Abe er al (') state that
the lepromin preparation made in their labo-
ratory and maintained in the cold for five
years had a diminished potency as judged by
the ability to detect the late reaction in pa-
tients in comparison with a portion of the
same preparation lyophilized and kept for
the same period. It is very likely that this
may be true of Dharmendra lepromin.

It was felt that the LT test might be able
to detect sensitivity despite the fact that the
early skin tests were negative. Such observa-
tions have been reported by other investi-
gators in patients as well as in infected ani-
mals (*+27). Failure of the lymphocytes
from the infected animals to respond to an
appreciable level to specific antigenic stimu-
li in the early phase cannot be explained
satisfactorily at this time. It might be possi-
ble that although the lymphocytes were sen-
sitized, the sensitization was of such a low
order as not to be at an appreciable level.
Alternatively, it is likely that at the level of
infection induced, the lymphocytes were not
sensitized during the early phase, due to in-
sufficient accessibility of the antigen. How-



45,3

ever, transformation was seen to occur as
the multiplication of bacilli progressed and
reached a plateau level. It has been observed
by other workers that lymphocyte stimula-
tion ratio to M. leprae antigens was elevated
only in the later stages of infection (3').

Evans and Levy (?) studied the histopath-
ology of M. leprae infected mouse foot pads
and observed the changes occurring at the
plateau time, which are associated with on-
set of cellular immunity. Histologically they
observed a) the persistence of mononuclear
cells infiltrate, and b) the indication that
mononuclear cells containing organisms were
activated during killing of organisms. Obser-
vations made during present studies appear
to fit well with these studies. Resistance to
intracellular pathogens is vested in a cellular
mechanism that involves the interplay of
macrophages and specifically sensitized
lymphocytes ('?). The lymphocyte SI to the
homologous cell extract antigen seemed to
increase by about the I1th week after infec-
tion. The positive skin reactivity together
with the elevated SI indicate the production
and proliferation of antigen-reactive lympho-
cytes. These lymphocytes in turn govern the
activities of mononuclear phagocytic cells
through production of lymphokines. Occur-
rence of all these events coincides with the
time of plateau of M. leprae in the foot pad
of the infected mouse.

The observations made in the present
study indicate that induction of skin reac-
tivity in the mouse model correlates well
with the ability of the lymphocytes to under-
go blast formation in the presence of either
a nonspecific mitogen or a specific antigenic
stimulus. It is apparent that the response
of the mouse is basically a T cell rather than
a B cell one. These observations parallel
our earlier studies on the humoral response
in respect of the production and enhance-
ment of 1gM and the low level of 1gG
throughout the experimental course, despite
secondary challenges being given at various
intervals (20).

SUMMARY

Positive skin reactions to homologous an-
tigens in mice infected with Mycobacterium
leprae were observed at the time that the
bacillary multiplication was nearing the
plateau level. Once developed, the skin re-
activity persisted for a considerable length
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of time. Lymphocyte transformation studies
indicated that the lymphocytes from infected
animals were unable to respond to specific
antigenic stimuli in the early phase of infec-
tion. Possible explanation for this failure
could be that the lymphocytes although sen-
sitized, were not capable of responding to
the stimuli due to a rather low level of sensi-
tization. The elevated lymphocyte stimula-
tion index in the later stages of infection,
coupled with the skin reactivity indicates
the production and proliferation of antigen-
reactive lymphocytes which in turn govern
the activity of mononuclear phagocytic cells
through the production of lymphokines. Oc-
currence of all the events appears to coincide
with the time closer to the plateauing of M.
leprae in the foot pad of the mouse. It is
suggested that the cell-mediated immune
response in the M. leprae infected mouse is
basically a T cell rather than a B cell
response.

RESUMEN

En ratones infectados con Mycobacterium lep-
rae se observaron intradermoreacciones positivas
contra antigenos homdlogos hacia el tiempo en
el que la multiplicacidn bacilar estuvo cercana a
su meseta. Una vez desarrollada, la reactividad
en piel persistid durante un periodo considerable
de tiempo. Los estudios de transformacidn de
linfocitos indicaron que los linfocitos de los ani-
males infectados fueron incapaces de responder
hacia estfmulos antigénicos especificos durante
la fase temprana de la infeccidn. Una posible
explicacidn para esta falta de respuesta podrfa
ser que los linfocitos, aunque sensibilizados, no
respondieron a los estfmulos debido a un bajo
nivel de sensibilizacidn. El elevado fndice de
estimulacidn de los linfocitos en los estados tar-
dfos de la infeccidn, asociado con la reactividad
en piel, sefialan la produccidn y proliferacidn de
linfocitos reactivos al antfgeno los cuales, a su
vez, gobiernan la actividad de los fagocitos mono-
nucleares a travéds de la produccidn de linfo-
cinas. La aparicidn de estos eventos parece coin-
cidir con el tiempo en el cual el crecimiento del
M. leprae en los cojinetes plantares del ratdn

- alcanza su meseta. Se sugiere que la respuesta

inmune mediada por cdlulas en el ratdn infec-
tado con M. leprae es bdsicamente una respuesta
de células T mds que de células B.

RESUME

Chez des souris infectdes par Mycobacterium
leprae, on a observé des réactions cutanées
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positives & des antigénes homologues au moment
ol la multiplication bacillaire atteignait son pla-
teau. Une fois apparue, la réactivité cutanée per-
siste pour une considérable période de temps.
Des études de transformation lymphocytaire ont
montré que les lymphocytes provenant d'ani-
maux infectés ne répondaient pas a des stimula-
tions antigéniques spécifiques pendant la phase
précoce de linfection. Une explication possible
pour cette absence de réponse pourrait étre le fait
que les lymphocytes, malgré qu'ils soient sensibili-
sés, ne sont pas capables de répondre aux si-
mulations par suite d'un niveau de sensibilisation
relativement bas. L'observation d'un index de
stimulation lymphocytaire élevé au cours des
stades tardifs de I'infection, étant associée avec
la réactivité cutande, témoignent d'une pro-
duction et d’une prolifération de lymphocytes
réagissant aux antigénes, ces phénomenes pour-
raient & leur tour déterminer 'activité des
cellules phagocytaires mononucléaires, par le
truchement de la production de lymphokines.
L’apparition de ces phénomenes semble coincider
avec le moment ol la croissance de M. leprae
atteint un plateau dans le coussinet plantaire de
la souris. On suggere que la réponse immunitaire
cellulaire chez des souris infectées par M. leprae
est essentiellement une réponse par les cellules T
plutdt qu'une réponse par les cellules B.

Acknowledgments. We extend our grateful
appreciation to J. A. Gally and M. V. Kanchana,
for their helpful comments and suggestions dur-
ing the preparation of this manuscript. Our sin-
cere thanks are also extended to L. Levy, USPHS
Hospital, San Francisco, California, for his in-
valuable help during the conduct of this research
and for the supply of mice.

Active participation of Rekha R. Dalvi during
the early stages of these studies is sincerely ap-
preciated. We would also like to thank C. W. John-
son, Dean, School of Graduate Studies for partial
financial help to P.J. P. during his tenure as a
doctoral candidate in the department of micro-
biology.

REFERENCES

I. ABe, M., YosHivo, Y., KoBayasHi, S. and
Hokisara, H. Studies on the preparation,
standardization and preservation of lepro-
min. VII. Changes in the bacterial count and
the potency of lepromin during preservation.
Lepro 39 (1970) 1. Abst. in 1JL 40 (1972) 188.

2. Burrock, W.E. Studies of immune mecha-
nisms in leprosy. 1. Depression of delayed
allergic response to skin test antigens. N.
Engl. J. Med. 278 (1968) 298-304.

3. BurLock, W.E. and FasaL, P. Studies of
immune mechanisms in leprosy I11. The role
of cellular and humoral factors in impairment

International Journal of Leprosy

1977

of the in virro immune response. J. Immunol,
106 (1971) 888-899.

. CHAPrARAS, S. D., Goop, R.C. and JANICKI,

B. W. Tuberculin induced lymphocyte trans-
formation and skin reactivity in monkeys
vaccinated or not vaccinated with Bacille
Calmette Guerin, then challenged with viru-
lent Mycobacterium tuberculosis. Am. Rev.
Respir. Dis. 112 (1975) 43-47.

. CoLLey, D.G. and Dewitr, C. W. Mixed

lymphocyte blastogenesis in response to
multiple histocompatibility antigens. J. Im-
munol. 102 (1969) 107-116.

. Davies, A.J.S., LEucHars, E., WaLLIs, V.

and KoLrer, P.C. The mitotic response of
thymus derived cells to antigenic stimulus.
Transplantation 4 (1966) 438-451.

. Dierks, R. E. and Sueparp, C. C. Effect of

phytohemagglutinin and various mycobacte-
rial antigens in lymphocyte cultures from
leprosy patients. Proc. Soc. Exp. Biol. Med.
127 (1968) 391-395.

. Dwyer, J. M., Burrock, W.E. and FIELDS,

J. P. Disturbance of the blood T:B lympho-
cyte ratio in lepromatous leprosy. Clinical
and immunologic correlation. N. Engl. J.
Med. 288 (1973) 1036-1039.

. Evans, M.J. and Levy, L. Ultrastructural

changes in cells of the mouse foot pad in-
fected with Mycobacterium leprae. Infect.
Immun. 5 (1972) 238-247.

. GasL-Peczarska, K.J., Lim, S.D., Jacos-

soN, R. R. and Goop, R. A. B lymphocytes in
lepromatous leprosy. N. Engl. J. Med. 288
(1973) 1032-1035.

. Gorpon, G. R., Guour, D, C., Murray, J. F.,

Jr., PETERS, J. H. and LEvy, L. Plasma and
tissue levels of sulfones in mice and rats
receiving dietary dapsone. Int. J. Lepr. 42
(1974) 502-503.

. GREAVES, M. and Janossy, G. Elicitation of

selective T and B lymphocyte responses by
cell surface binding ligands. Transplant. Rev.
11(1972) 87-130.

. Han, S.H., WEIser, R.S. and Kau, S.T.

Prolonged survival of skin allografts in lep-
rosy patients. Int. J. Lepr. 39 (1971) 1-6.

. Han, S.H., Weiser, R.S. and Lim, Y.S.

Transformation of leprous lymphocytes by
leprolin, tuberculin and phytohemagglutinin.
Int. J. Lepr. 39 (1971) 789-795.

. LEvy, L., Moon, N., MURrrAY, L. P., O'NEILL,

S. M., Gustarson, L. E. and Evans, M.J.
Studies of the mouse foot pad technic for
cultivation of M. leprae. Int. J. Lepr. 42
(1974) 165-173.

. Levy, L., Bigaes, J.T., Gorpon, G.R. and

Peters, J. H. Disposition of the antileprosy
drug, dapsone, in the mouse. Proc. Soc. Exp.
Biol. Med. 140 (1972) 937-943.



45,3

17.

21.

22,

Lim, S. D, Kiszkiss, D, F., Jacosson, R. R,
Cuot, Y. S. and Goop, R. A. Thymus depen-
dent lymphocytes ol peripheral blood in lep-
rosy patients. Infect. Immun. 9 (1974) 394-
399.

. Lim, S, D., Touraing, J. L., STORKAN, M. A.,

Cuor, Y.S. and Goop, R. A, Leprosy. XI.
Evaluation of thymus derived lymphocytes
by an antihuman T-lymphocyte antiserum.
Int. J. Lepr. 42 (1974) 260-265.

. Mackaness, G. B. Cellular immunity. Ann.

Inst. Pasteur. 120 (1971) 428.

. NavaLkar, R.G. Immunologic analysis of

Mycobacterium leprae antigens by means of
diffusion-in-gel methods. Int. J. Lepr. 39
(1971) 105-111.

NAVALKAR, R. G., PATEL, P.J., REKHA, R. D.
and Levy, L. Immune response to Mycobac-
terium leprae: plaque-forming cells in mice.
Infect. Immun. 10 (1974) 1302-1306.

PETERS, J. H., GOrRDON, G. R., MURRAY, J. F.,
Jr., FieLpsteer, A, H. and Levy, L. Minimal
inhibitory concentration of dapsone for My-
cobacterium leprae in rats. Antimicrob.
Agents Chemother. 8 (1975) 551-557.

. Rea, T. H., Quismorio, F., Nies, K., HARD-

ING, B., Disaia, P, LEvan, N. and Friou,
G. Intradermal antigens, epicutaneous hap-
tenes, T cell counts, B cell counts, lympho-
cyte transformation and auto-antibodies in
one group of patients with lepromatous lep-
rosy. Int. J. Lepr. 42 (1974) 369-371,

Navalkar & Patel: Cell-Mediated Immunity in Mice

24,
25.

26.

27.

28.

29,

30.

31

227

REES, R.J. W., WEDDELL, A. G. M., PALMER,
E. and Pearson, J. Human leprosy in normal
mice. Br. Med. J. 3 (1969) 216-217.
SueparD, C. C. A survey for drugs with
activity against M. leprae in mice. Int. J.
Lepr. 39 (1971) 340-348.

Sueparp, C.C. The experimental disease
that follows the injection of human leprosy
bacilli into foot pads of mice. J. Exp. Med.
112 (1960) 445-454.

Smith, J. A, and Reicuman, L. B. Lympho-
cyte transformation—an aid in the diagnosis
of tuberculosis in patients with nonreactive
skin tests. Am. Rev. Respir. Dis. 106 (1972)
194-201.

Turk, J. L. and Waters, M. F. R. Cell-me-
diated immunity in patients with leprosy.
Lancet 2 (1969) 243-246.

Turk, J. L. and Waters, M. F. R, Immuno-
logical basis for depression of cellular im-
munity and the delayed allergic response in
patients with lepromatous leprosy. Lancet
2 (1968) 436-438.

Tursi, A., Greaves, M. F., TorriGiani, G.,
Pravyrair, J. H. L. and RortT, 1. M. Response
to phytohemagglutinin of lymphocytes from
mice treated with antilymphocyte globulin.
Immunology 17 (1969) 801-811.

WEeLcn, T.M. and Levy, L. Preliminary
studies with the lymph node lymphocytes of
M. leprae infected mice. Int. J. Lepr. 44
(1976) 199-205.



