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Ell, S. R. Plague and leprosy in the Middle
Ages: a paradoxical cross immunity?

In recent years, it has become well estab-
lished that the diagnosis of leprosy in Eu-
rope became accurate by the 13th century,
although only lepromatous leprosy was sub-
ject to the religious, legal, and social sanc-
tions carried by that diagnosis. It is also
clear that the incidence of leprosy began to
decline in the 14th century. Since 1348
marked one of, if not the worst demographic
disasters in European history, it has often
been assumed that leprosy patients were
killed off in such great numbers that leprosy
began to decline as a result. This argument
suggests persons in leprosaria as weak, mal-
nourished, and ripe for any epidemic dis-
ease. A more systematic review of both me-
dieval and modern (medical) evidence
suggests that plague ought to have acted to
increase the proportion of persons with lep-
rosy and that leprosy’s decline in Europe
was well under way when the Black Death
occurred.

Anecdotal evidence from areas in which
both plague and leprosy exist raises the pos-
sibility that leprosy confers at least partial
immunity to plague. In Madagascar, for ex-

ample, in this century a plague epidemic
decimated the resident staff of a leprosar-
ium without a casualty among the patients.
Two more recent concepts help explain this.
In the first place, many lepromatous leprosy
patients mount exaggerated antibody re-
sponses to bacterial antigens. One organism
for which this response has been well doc-
umented is Salmonella typhi, immunity to
which confers immunity to plague. Second-
ly, plague victims are not typically mal-
nourished or sickly. Yersinia pestis repli-
cates very rapidly in humans, but is highly
dependent on available host serum iron. For
religious reasons, the diet of leprosy patients
in the Middle Ages was one which would
reliably lead to iron deficiency. Thus, there
is a basis for the anecdotally observed im-
munity of some leprosy patients to plague.

It is also apparent that leprosy was al-
ready on the decline by 1300; that is a half
century before plague struck Europe. The
reasons for this decline are totally unknown.
In 1300, half of the leprosaria beds in En-
gland were empty, having been full in 1200
when the population was smaller. In the
midst of this decline, plague dropped pop-
ulation densities over 50% in many urban
areas. To the extent that leprosy is a discase
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associated with overcrowding, plague back-
handedly compromised the contagion of
leprosy, while sparing persons suffering from
the disease. At the same time, it is possible
that healthy persons charged with provi-
sioning leprosaria may have been killed off
to a degree that many persons with leprosy
died anyway.

This situation in which one disease con-
fers immunity to a second, which nonethe-
less hastens the demise of the first, might
plausibly be considered a paradoxical cross
immunity.—[Department of Radiology, The
University of Chicago Medical Center, Chi-
cago, Illinois 60637]

Dhople, A. M. Thymidine uptake as an in-
dicator of cell ability and in vitro growth
of M. leprae.

The claim of the cultivation of any mi-
croorganism rests on two criteria: a) that
there is definite unequivocal evidence of
growth, and b) characterization of the cul-
tivated organism identified as Mycobacte-
rium leprae or undistinguishable from them.
While there is no difficulty in establishing
multiplication in fast-growing organisms,
M. leprae presents problems not only be-
cause of its slow rate of multiplication but
also because of its property of “clumping.”
In the absence of very evident growth, such
as 100-fold multiplication, the criterion of
assessing the multiplication of the organism
by the existing methods as described by
Hanks, Shepard and Rees is inadequate be-
cause it is extremely crude and does not take
into consideration the “clumped” bacilli.
Therefore, in addition to intracellular ATP,
we decided to consider incorporation of la-
beled precursors of macromolecule as
another sensitive criterion.

The significance of incorporation of
YH-thymidine by M. leprae cells has already
been demonstrated by Khanolkar and also
by Nath and co-workers. Since thymidine
is a precursor of DNA but not RNA, its
incorporation into bacterial DNA should
represent a fundamental correlate (DNA
synthesis) with viability of M. leprae and
presumably provide an approach to evalu-
ate at least the DNA-synthetic activity of
this organism.

In order to use *H-thymidine as an in-
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dicator of bacterial viability and DNA syn-
thesis, it is important to determine if the
‘H-thymidine gets incorporated into bac-
terial DNA. For this purpose, three types
of experiments were carried out: a) direct
assay of *H-thymidine uptake by DNA iso-
lated from pre-labeled M. leprae, b) assay
of thymidine kinase in M. leprae, and c)
assay of thymidine phosphorylase in M. lep-
rae. In our studies, we have shown that 17%
of the total *H-thymidine uptake by whole
cells is attributed to the incorporation into
bacterial DNA and only 1% into RNA. This
finding was further substantiated by dem-
onstrating the presence of thymidine kinase
and the absence of thymidine phosphory-
lase in cell-free extracts of M. leprae. Sim-
ilarly, in vitro-grown M. lepraemurium and
M. lufu have the ability of *H-thymidine
uptake, and possess thymidine kinase but
not thymidine phosphorylase. On the other
hand, uptake of *H-thymidine by M. tuber-
culosis and M. avium was significantly low-
er, and both showed the presence of thy-
midine phosphorylase but not thymidine
kinase. Finally, in a given culture medium
for M. leprae, an excellent correlation has
been demonstrated between intracellular
ATP, bacterial DNA, *H-thymidine uptake,
and viability of M. leprae by the mouse foot
pad technique.—[Medical Research Insti-
tute, Florida Institute of Technology, Mel-
bourne, FL 32904]

Acknowledgment. This work was sup-
ported by the German Leprosy Relief As-
sociation, Wiirzburg, Federal Republic of
Germany.,

Franzblau, S. G. and Harris, E. B. Meta-
bolic analyses of M. leprae: use in eval-
uation of in vitro culture media and drug
activity.

The suitability of a number of (previously
described) in vitro culture media for My-
cobacterium leprae was determined by anal-
ysis of bacillary intracellular ATP. Values
were determined at time intervals and com-
pared to a Dubos-albumin control medium
(DA). The rates of ATP decay in M. leprae
incubated in Nakamura’s NH-10 medium,
Veeraghavan’s V(L) medium, Dhople-
Hanks medium, two ‘““conditioned” media
(derived from nerve cell supernatants) sim-
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ilar to Mahadavan’s, and three modified
Sigma serum-free cell culture media were
all more rapid than that obtained in DA
medium. DA was thus employed as a basal
medium in an /n vitro system for screening
for antileprosy drugs using ATP analysis.
Three of four commonly used antileprosy
drugs, as well as established antimicrobial
agents acting on cell wall, nucleic acid and
protein synthesis, and membrane function
resulted in significantly accelerated decay of
ATP compared to drug-free controls. A
number of metabolic analyses are being
employed in parallel to determine optimal
cultural parameters for M. leprae: ATP
content, uptake and incorporation of
“C-palmitate into phenolic glycolipid-I,
uptake of *H-adenosine and *H-amino
acids, uptake and oxidation of '*C glucose,
and FDA/EB viability staining.—[Labora-
tory Research Branch, GWL Hansen’s Dis-
ease Center, Carville, LA 70721]
Acknowledgment. This work was sup-
ported, in part, by NIH grant no. AI122492.

Harris, E. B., Franzblau, S. G. and Has-
tings, R. C. In vitro studies of phenolic
glycolipid-1/"*C-palmitate interaction and
Mycobacterium leprae metabolism.

The metabolic activity of Mycobacterium
leprae in an in vitro system was examined
by utilizing the presence in M. leprae of a
specific phenolic glycolipid (PGL-I). Bac-
teria derived from experimentally infected
armadillo tissue and nude mouse foot pads
were suspended in Dubos-albumin medium
and incubated in the presence of '*C-pal-
mitic acid. Using established procedures,
total lipids were extracted from the reaction
mixtures and PGL-I separated by column
and thin-layer chromatography (TLC). The
PGL-I fractions were recovered from the
TLC plates and transferred to scintillation
vials for radioactivity determination. The
incorporation of '“C from palmitic acid into
the PGL-I fraction increased linearly for 14
days, and was shown to be both pH and
temperature sensitive. It was also observed
that incubation under increased CO, ten-
sion markedly stimulated '*C incorporation
into PGL-I. Various antileprosy agents were
investigated for their effects on PGL-I syn-
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thesis using this system. The effectiveness
of the drugs was reflected in the amount of
“C from palmitate incorporated into the
PGL-I fraction. The data gathered from this
study suggest a system for assessing the met-
abolic activity of M. leprae exposed to var-
ious experimental conditions.—[Labora-
tory Research Branch, GWL Hansen’s
Disease Center, Carville, LA 70721]

Acknowledgments. This work was sup-
ported, in part, by NIH grant no. A122492
and NIAID Interagency Agreement no. YO1-
AI-60001.

Foster, R., Sanchez, A., Lau, B. H. S., Small,
C. S., Stuyvesant, W., Baldwin, B. and
Foster, F. The effect of diet on the growth
of M. leprae in mouse foot pads.

Diet was one of the earliest environmen-
tal factors suspected in the etiology of Han-
sen’s disease. There has been recent interest
in studying the possible association of diet
with the disease. This study evaluates the
possible role of diet affecting the growth of
Mycobacterium leprae in the foot pads of
mice on diets differing in fat and protein
content.

Five semipurified diets contained 2% fi-
ber, 1% vitamins, and 5% minerals. One
diet contained dried pork (high fat); another
dried, smooth-skinned, fresh-water barbel
fish (low fat). These two diets were simu-
lated in levels of fat and protein, using soy
protein and soy oil (see table, soy ““pork”
and soy “fish”). One diet was formulated to
contain low levels in both fat and protein
content (lo-10). One hundred ten BALB/c
male, weanling mice were randomly divid-
ed into five groups of 21 mice each, and fed
these different diets ad libitum. On day 10
of the diet, 1500 mouse-passaged M. leprae
(obtained from Centers for Disease Control,
Atlanta, Georgia) were inoculated into both
hindfoot pads using a modified Shepard
technique. The mice were individually
identified and weighed periodically. Begin-
ning at the third month, five mice/group
were sacrificed monthly until the sixth
month. Foot-pad harvests and smears were
performed using Shepard’s method on one
hindfoot pad; the other foot pad was used
for histology. Differences in the smear bac-
terial counts among diet groups increased
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with time. The six-month counts are shown
below.

Diet % % " Mean (+5.0) AFB/ml
15 Fat Protein P .
Pork 269 202 8.49(+6.19) x 10°
Soy “pork” 27.1 233 6.41(+5.83) x 10°

Barbel fish 5.6 31.0 2.57 (£2.91) x 10?
Soy **fish” 4.4 34.5 2.54 (£1.78) x 10°
Soy (lo-lo) 2.1 12.7 7.13 (+5.81) x 10°

Microscopic study of the mouse foot pads
failed to show any significant changes or
acid-fast bacteria (AFB). No significant dif-
ference in AFB smear counts was obtained
due to protein source (fish or pork) in this
study. Therefore, diets with similar fat levels
were combined. Significant differences (p =
0.023) were observed between the high-fat
(pork and soy “‘pork™) and low-fat (fish and
soy “fish”’) diet groups. The low-protein and
low-fat diet (lo-lo) resulted in high bacterial
counts, perhaps due to protein deficiency in
the early stages of development of the mouse
host.

These data suggest that high dietary fat
or low dietary protein may influence the
progression of Hansen’s disease once it has
been established in the host. More study is
urgently needed to define the possible role
of diet in Hansen’s disease.—[Programs in
International Health and Nutrition, School
of Health, and Departments of Microbiol-
ogy and Pathology, School of Medicine,
Loma Linda University, Loma Linda, CA
92350]

Acknowledgments. This study was sup-
ported in part by the Leprosy Research
Foundation and the Loma Linda Pathology
Group, Inc.

Ohashi, D. K. The identification and char-
acterization of acid-fast bacilli cultured
on hyaluronic acid media and an evalu-
ation of their etiologic role in leprosy.

Two strains of mycobacteria, Molokai-75
(MO-75) and Hawaii-75 (HI-75), were cul-
tured from the tissues of Hansen’s disease
patients by Skinsnes who alleged them to
be Mycobacterium leprae. These strains were
examined and characterized by a variety of
methods. They are acid-fast, pleomorphic
bacilli which grow on Middlebrook and egg-
based media. Both strains form typical my-
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cobacterial microcolonies on Middlebrook
medium. MO-75 develops mature colonies
on Middlebrook 7H10 agar plates at 37°C
at 5 weeks; HI-75 develops mature colonies
at 3 to 4 weeks. MO-75 produces a light-
yellow pigment and is a nonphotochromo-
genic strain; HI-75 develops a deep yellow
pigment and is a scotochromogenic strain.
In approximately 60 standardized deter-
minative tests to evaluate phenotypic char-
acteristics, MO-75 was found to be most
similar to M. intracellulare, and HI-75 most
similar to M. scrofulaceum. In Schaefer
antisera, MO-75 agglutinates in type 7 sera;
HI-75, in type 41 sera. Each strain differs
in its susceptibility to different antibiotics,
and neither is susceptible to low doses of
dapsone or clofazamine. Examination of
these strains by crossed immunoelectro-
phoresis (CIEP) using rabbit sera raised to
killed whole-cell sonicates indicated that the
strains did not share common antigens.
Normal human sera and sera from lepro-
matous patients, incorporated in the inter-
mediate gel of the CIEP systems, reacted
with most antigens of both strains. CIEP
analyses indicated MO-75 was more similar
to an accepted strain of M. intracellulare
than HI-75, and HI-75 was more similar to
an accepted strain of M. scrofulaceum. In
experiments to stimulate growth of these
strains, MO-75 responded more to sulfhy-
dryl-containing molecules contained in the
media than did HI-75. Thin-layer chro-
matography of the type-specific C-myco-
sides demonstrated different mobilities for
MO-75 and HI-75.

It was concluded that these strains are not
identical to each other, as might be expected
if they were the isolated form of M. leprae.
As a result of this research, MO-75 and HI-
75 are the best characterized of any myco-
bacteria isolated from lepromas. MO-75 and
HI-75 resemble other descriptions of slowly
growing scotochromogenic mycobacteria
reported from lepromas based on rate of
growth and pigmentation. The use of my-
cobacterial taxonomy to identify leprosy-
derived mycobacteria (LDS) is demonstrat-
ed. Characterization of LDS by methods
such as these may eventually clarify the
pathological significance of mycobacteria
isolated from lepromas.—[Walter Reed
Army Medical Center, Washington, D.C.
20307]
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Khera, V. R. and Mahadevan, P. R. Studies
of in vitro-cultivated isolates of Myco-
bacterium leprae from nodules of lepro-
matous leprosy patients.

Sixty-five isolates of Mycobacterium lep-
rae were harvested from nodules of lepro-
matous leprosy patients. These isolates, cul-
tivated in the conditioned medium obtained
from mouse dorsal root ganglion cultures,
were similar bacteriologically, biochemi-
cally, and immunologically during the first
3 to 4 transfers to the well-characterized
strains of M. leprae. These in vitro-culti-
vated isolates, however, deviated from M.
leprae-specific characteristics in their later
transfers in the conditioned medium, but
regained their M. leprae-specific character-
istics after one in vivo cycle through the
mouse foot pads (MFP). The regained char-
acteristics were once again lost after 3 to 4
in vitro transfers. The acid-fast leprosy ba-
cilli harvested from dapsone- or rifampin-
resistant patients also elicited growth in the
conditioned medium containing the same
dose(s) of dapsone (25 ug/ml) or rifampin
(4 pg/ml). Likewise, these isolates demon-
strated growth in MFP in drug-fed mice. All
of the in vitro-cultivated isolates differed
from atypical mycobacteria on the basis of
mycolate profiles, protein patterns, growth
and biochemical characteristics, and exhib-
ited a Mitsuda response similar to M. /lep-
rae. Further genetic characterization of these
isolates is in progress.—[Baylor College of
Medicine, Houston, TX 77030; Foundation
for Medical Research, Bombay, India]

Williams, D. L. and Gillis, T. P. Expression
of recombinant 65 kD protein of M. lep-
rae using the cloning vector pKK223-3.

Mycobacterium leprae protein antigens for
the most part have remained either unde-
fined, as to their immunogenic potential, or
have been studied indirectly with immu-
nologic reagents, such as monoclonal anti-
bodies and T-cell clones. The production of
M. leprae proteins as recombinant products
has established a new source of protein an-
tigens for study. Production of these recom-
binant proteins in a suitable expression sys-
tem should provide sufficient quantities of
native proteins and polypeptides for direct
immunogenicity/antigenicity studies. Pre-
liminary results of 65 kD protein produc-
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tion in Escherichia coli Y 1089 recombinant
lysogens (lysogenized with lambda gtll
clone Y3178 encoding 65 kD protein) in-
dicated that the 65 kD protein was not pro-
duced as a fusion protein under the control
of the lac Z promotor. Small but detectable
amounts were observed by immunoblotting
using monoclonal antibodies. In an attempt
to increase the yield of 65 kD, we produced
transformants in E. coli JM 105 using the
recombinant plasmid pKK223-3 contain-
ing either a 3.6 kb EcoR1 restriction frag-
ment from clone Y3178 (pKK223-3-3.6) or
a 2.9 kb Nrul restriction fragment (pKK223-
3-2.9) derived from the purified 3.6 kb frag-
ment. Transformants produced with the
pKK223-3-3.6 plasmid showed increased
65 kD production as compared to recom-
binant lysogens. However, all transform-
ants screened showed no enhancement of
65 kD production in the presence of IPTG,
suggesting the absence of a fusion protein
product. Further immunologic screening and
DNA analysis of other transformants in-
cluding pKK223-3-2.9 is currently in
progress to test the feasibility of using ““high-
level” expression vectors, such as pKK223-
3, for enhanced production of 65 kD protein
and other M. leprae proteins.—[Laboratory
Research Branch, GWL Hansen’s Disease
Center, Carville, LA 70721]

Clark-Curtiss, J. E. A molecular approach
to epidemiological studies of leprosy.

The inability to cultivate Mycobacterium
leprae by conventional laboratory tech-
niques has made study of this organism’s
genetic and physiological capabilities ex-
tremely difficult. Moreover, there are pres-
ently no means to determine the extent of
relatedness or divergence among M. leprae
strains isolated from human patients in dif-
ferent parts of the world, nor is there much
information regarding the relatedness of M.
leprae to the armadillo-derived mycobac-
teria (ADM) described by Portaels, et al.
(Ann. Inst. Pasteur 136A: 181) or to the M.
leprae-like organism that causes leprosy in
the mangabey monkey. Hybridization ex-
periments between total chromosomal
DNAs from human-derived M. leprae and
M. leprae isolated from naturally infected
armadillos have been reported to demon-
strate essentially complete homology be-
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tween these organisms (Smith, et al., Int. ]J.
Lepr. 51: 667).

Recombinant DNA technology has af-
forded a means to determine the functions
of specific M. leprae genes by inserting frag-
ments of the M. leprae chromosome into
plasmid or bacteriophage lambda vectors
that can then be introduced into Escherichia
coli. Since E. coli is readily cultivable and
genetically well characterized, the cloned M.
leprae genes can be identified by their ability
to complement mutations in the E. coli host
strain or by immunological screening using
monoclonal antibodies to specific M. leprae
antigenic determinants or using polyclonal
patients’ sera.

In order to establish the extent of relat-
edness or divergence among M. leprae
strains, I have chosen ten recombinant mol-
ecules from among the plasmid libraries
prepared in my laboratory to use as probes
in restriction fragment length polymor-
phism (RFLP) analyses. RFLP analysis is a
technique by which small differences in the
DNA sequences of two organisms can be
determined by changes in sizes of DNA
fragments generated by restriction endonu-
clease digestion. The ten recombinant mol-
ecules used in the studies were chosen at
random and range in size from 1 to 3.3 kilo-
bases. The M. leprae insert DNA from each
of these molecules was separated from the
vector, radiolabeled, and used as a probe in
Southern hybridizations with chromosomal
DNA from human M. leprae from two ex-
perimentally infected armadillos, M. vac-
cae, M. lufu, several ADM strains, and M.
leprae purified from a naturally infected ar-
madillo. The chromosomal DNAs were to-
tally digested with the Pstl restriction en-
donuclease (in separate reactions) prior to
separation by agarose gel electrophoresis.
The M. leprae insert that specifies citrate
synthase (Jacobs, er al., PNAS 83: 1926)
hybridized to single PstI fragments of all
chromosomal DNAs tested, but only with
DNA from the human M. leprae strains and
the strain from the naturally infected ar-
madillo did the probe hybridize to the same
size fragment. Two other probes hybridized
to fragments of M. vaccae, M. lufu, and M.
leprae DNA and one probe hybridized to
M. lufu and M. leprae DNA. In all cases,
hybridization to the M. vaccae and M. lufu
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DNAs was significantly less than to M. lep-
rae DNA, and the homologous fragments
were different in size from those of M. lep-
rae, indicating polymorphism with respect
to the Pstl restriction sites. The six other
probes hybridized only to DNA from hu-
man M. leprae and from the naturally in-
fected armadillo M. leprae. In all hybrid-
izations thus far, the probes hybridized to
the same size fragment from human M. /ep-
rae strains and from the naturally infected
armadillo M. leprae, confirming the identity
of the two strains. Thus, RFLP analysis will
be extremely useful in establishing molec-
ular relationships among the genomes of M.
leprae from different parts of the world.—
[Departments of Microbiology and Immu-
nology and Biology, Washington Univer-
sity, St. Louis, MO 63130]
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Anderson, D. C., Young, R. A. and Buchan-
an, T. M. Synthesis of epitopes of mono-
clonal antibodies to the 65 kD protein of
Mycobacterium leprae.

Using the predicted sequence of the 65
kD protein of Mycobacterium leprae (Mehra,
et al., PNAS 83 (1986) 7013-7017), pep-
tides have been synthesized containing the
epitopes for 9 of 14 different monoclonal
antibodies which recognize this protein. The
shortest peptide which tightly binds the
IIIC8 monoclonal is DPTGGMGGMDF-
amide, which half-inhibits binding in an
ELISA at 30 ng peptide. Deletion of the
N-terminal residue destroys potency, and
deletion of the C-terminal phe increases the
amount needed for half-inhibition to 700
ng. Oxidation of both methionines de-
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creases potency by over 100-fold, suggesting
that these may be critical residues for bind-
ing to the antibody. The shortest peptide
which tightly binds the IIC8 monoclonal is
YEDLLKAGV-amide, which half-inhibits
in an ELISA at 35 ng. Deletion of the N-ter-
minal tyr decreases potency tenfold, and
deletion of the next N-terminal glu drops
binding another fivefold. These antibody
epitope sequences represent refinements of
the longer published epitope sequences of
ASDPTGGMGGMDF and GEYEDLLK-
AGVADP. Interestingly, the monoclonal
F67-2, which inhibits interaction of IIC8
with the 65 kD protein in cross-competition
studies (Buchanan, ef al., unpublished data)
appears to share a very similar epitope
with IIC8 with the minimal sequence
DLLKAGYV. We have also approximately
located the epitopes for six other mono-
clonals. The binding sites for these anti-
bodies also appear to be sequential rather
than assembled. Synthetic peptides and their
variants may also prove useful in finding
and studying critical sequences unique to
M. leprae, as well as those which stimulate
proliferation of helper/inducer T cells, which
may be useful as skin test reagents or in
vaccines.—[University of Washington, Se-
attle, WA 98144; Whitehead Institute for
Biomedical Research, Cambridge, MA
02142; GWL Hansen’s Disease Center,
Carville, LA 70721]
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Mshana, R. N. and Nilsen, R. Leprosy neu-
ropathy: cells expressing MHC class II an-
tigens in the lesion.

Without neurological complications, lep-
rosy would mainly be a skin disease of only
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cosmetic importance. The pathogenesis of
leprosy neuropathy is not fully understood
but is generally thought to be the conse-
quence of an immunopathological reaction.
By using monoclonal antibodies to cell sur-
face antigens, we have analyzed the local
immune reaction in leprosy neuropathy le-
sions. It was found that BT nerve lesions
differed from LL nerve lesions in having
significantly larger numbers of Leu-3+
(helper/inducer) and Tac+ (IL-2 receptor)
T cells. B cells (Leu-14), Leu-2a+ (sup-
pressor/cytotoxic T cells) and cells express-
ing transferrin receptors were similar in both
groups. HLA-DR and HLA-DQ antigens
were found on Schwann cells, lymphocytes,
macrophages and endothelial cells. Leu-6+
dendritic cells suggestive of Langerhans’ cells
were also seen in the lesions. Multibacillary
nerve lesions from patients with pauciba-
cillary cutaneous leprosy lesions had the
same immunological reaction as LL nerve
lesions. We believe this to be the first in-
stance in which MHC class II antigens have
been shown on Schwann cells. Furthermore,
our demonstration of Langerhans’ cells in
intraneural leprosy lesions suggests that the
pathogenesis of leprosy neuropathy is a more
complicated immu