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The rarity of this phenomenon prompted
us to report this case. We like to share our
experience with that of others in the field.

—Sandipan Dhar, M.D., D.N.B.
Subrata Malakar, M.D.

Duncan Gleneagles Diagnostic and
Research Centre

Calcutta 700 019, India

Reprint requests to Dr. S. Dhar, H.No. 6,
SPD Block, Baghajatin, Calcutta 700 086,
India.
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A Lost Talisman: Catastrophic Decline in Yields of Leprosy

Bacilli from Armadillos Used for Vaccine Production

To TI tu EDrroR:

The editorial by Meyers( 7 ) in the March
1998 issue of IJL addresses timely and im-
portant issues on the role of the armadillo in
leprosy research. He states that "it was most
unfortunate that deep-seated controversy
surrounded research on this animal model
and, as a result, the armadillo was soou
largely relegated to an industrial role-
namely, the manufacture of large numbers
of leprosy bacilli for in vitro biochemical,
immunologic, chemotherapeutic, and even-
tually molecular biologic studies." He also
states that armadillos yield 10" leprosy
bacilli each. This is a misconception. Using
present production methods, yield is only
10" to 10 12 Mvcobacterium leprae per ani-
mal(`). At the Gulf South Research Institute
(GSRI), New Iberia, Louisiana, U.S.A.,
yields were as high as 10' 1 M. leprae per an-
imal. This difference of 2 to 3 orders of

magnitude had a profound effect on the
World Health Organization (WHO) Im-
munology of Leprosy (IMMLEP) program,
and will handicap any future programs de-
pendem upon armadillo-derived bacilli.

As Principal Investigator on projects that
produced high-yielding armadillos at GSRI
and low-yielding armadillos at the Florida
Institute of Technology (FIT), Melbourne,
Florida, U.S.A., I am uniquely qualified to
piece together the details of what happened.
In late 1973 we sent 4 g of infected tissues
from GSRI to Tore Godal of WHO. He esti-
mated they contained 10" acid-fast bacilli
(AFB). This prompted him to send a 2 g
sub-sample to R. J. W. Rees of the National
Institute for Medical Research (NIMR),
London, U.K. Rees found that they con-
tained 1.1 x 10 12 AFB per g (wet weight),
and that une g of bacilli (dry weight) con-
tained 1.4 x 10' 1 M. leprae. By June of
1974, Rees had found that severa tissue
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samples taken from four GSRI animais
contained an average of 4.4 x 10" AFB/g
(The Table). One armadillo, No. 5, con-
tained enough bacilli in its liver and spleen
afoite for the preparation of 132,000 doses
of the vaccine eventually developed by
WHO. High bacterial yield moas confirmed
independently by Kato, et al. of the Univer-
sity of Montreal, Montreal, Canada, wlio
isolated 60 mg dry weight of bacilli from
10-12 g of tissueC).

At the first meeting of the WHO Im-
munology of Leprosy (IMMLEP) Project
Group in Geneva in November 1974, GSRI
agreed to supply the IMMLEP Tissue
Bank, headed by Rees, with infected ar-
madillo livers and spleens. The first ship-
ment was nade in January 1975. In October
1975, Rees(") reported that 323 g of tissue
had yielded 492 mg (dry weight) of M. lep-
rae, equivalent to 2.1 x 10" AFB per g.
Bacterial yields from various batches of
sue differed by less than 7%. Some 300 mg
of freeze-dried M. leprae had been distrib-
uted by the Bank to various investigators on
behalf of IMMLEP.

In an article in Vaccine, Stewart-Tull( ' )
confirmed the figures published by Rees,
and quoted him as saying that the average
armadillo would yield 125,000 doses of
vaccine, and that 150 armadillos would be
needed to obtain 180 g dry weight of M.
leprae. This Iatter statenient shows beyond
doubt that Rees and, consequently, WHO,
expected armadillos to produce 1.7 x 10''
M. leprae each.

In a 1982 paper in T cbc'rc ulc, Draper(')
bestowed the ultimate accolade on armadil-
los as a source of bacilli for leprosy re-
search by writing that that they would yield
as many as 10'' AFB per g , as many as
might be obtained from bacteriological me-
dia though with rather more trouble. Of
course, the latter has still not been accom-
plished. Draper based Chis assessment on a
report issued by WHO in 1980. Hence, it
must have been founded on armadillo tis-
sues shipped to London from 1975 throu gh
1978, when the GSRI program still existed.

In 1982, Maugh(`') writing* Scienc e stated
that armadillos yielded as many as 10' 2 lep-
rosy bacilli each, a sufficient number for
both research and vaccine production.
However, estimates from people closely as-
sociated with the WHO program had al-

ready begun to decline. In 1980, Rees told
an Associated Press reporter that each ar-
madillo would yield 25,000 doses of vac-
cine, down from his original estimate of
125,000 doses. Expectations shrank further
in 1981 when Barry Bloom, in an intervim
with Nuture('), said that each armadillo, 3
years after infection, would yield 2.5 x 10''
AFB, enough for only 4000 doses. The tal-
isman for bountiful yields had been lost.

By then, I had left GSRI to begin the
manufacture of leprosy bacilli for WHO at
FIT usine a fixed IMMLEP protocol based
on inoeulation of xvild-caught armadillos. I
had great difficulty in producine tissues
containing more than 10"' AFB per g, and
moas gravely concerned. Low yields were
confirmed by a report issued by WHO in
1982( 14 ), stating that the low yield of M.
leprae from many armadillos was a cause
for concern. They had analyzed the data on
sources of inocula, sources of armadillos,
length of infection, and bacterial titers of in-
ocula. Noite of those factors appeared to ac-
count for the low yields.

In 1982, WHO had contracts with four
laboratories to supply M. leprae. FIT had
produced 38% of the usable tissues and,
most importantly, 91% of the high-yielding
tissues, those containing more than 5 x 10'
AFB per g. FIT was comparatively success-
fuI but even so our productivity was 2 or-
ders of magnitude lower than WHO had
projected at the beginnine of the IMMLEP
program.

Our final report to IMMLEP illustrates
the magnitude of the shortfall. During a pe-
riod of 14 years, we had produced only 265
animais (out of a total of 637 inoculated)
containing more than 10`' AFB per g of tis-
sue. Total production was 3 x 10' 4 M. lep-
rae, about equal to the number found in the
Tiver, spleen, and lepromas of GSRI animal
No. 5 (The Table) only 19 months after in-
oculation. Most importantly, our average
yield on the 265 successfully inoculated an-
imais was 1.2 x 10" AFB per animal com-
pared to 1.7 x 10'' AFB per animal pro-
jected by Rees, a 142-fold difference. These
fletires are unequivocal. The original IMM-
LEP goals had become impossible to attain.

The WHO Tropical Disease Research
Report for 1989-1991(1 confirmed Ihis
catastrophic decline by stating that research
ou leprosy bacilli was handicapped by the
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THE TABU,. Comparison oJnumbers of M. leprae produced bv armadillos at GSRI and
Florida Institute of Technology (FIT).

No. Year(s) Source Tissue Countcd by AFB/g

1 1973 GSRI Leproma NIMR 1.1 x^l0''
1974 GSRI Leproma Kato 8.0 x 10"

3 1974 GSRI Leproma NIMR 8.0 x 10"'
4a 1974 GSRI Leproma NIMR 8.2 x 10"'
4b 1974 GSRI Lymph rode NIMR 3.7 x 10''
5a 1974 GSRI Liver NIMR 3.4 x 10"
5h 1974 GSRI Splecn NIMR 6.4 x 10"

Average 1973-1974 GSRI All listai NIMR—Kato 4.4 x 10"
Average of Livers and

256 animais' 1981-1992 FIT splcens FIT—NIMR 7.0 x 10°

372 animais with AFB counts <10" per g were excluded from the average as unusablc; thus, effective yield was
2.4 x 10° AFB per g of tissue harvested.

small numbers of bacilli produced by ar-
madillos. The bacilli took 2 years to grow, it
said, and yields were limited to 10" to 10 ,2

M. leprae for each successfully infected an-
imal. Nevertheless, the report continued,
despite limitations of growing M. leprae in
armadillos, significam progress was 'nade
toward understanding the organism.

WHO damned the armadillo with faint
praise. As a source of bacilli, it had fallen
far short of expectations, yielding less than
1% of the extrapolated number of M. lep-
rae. The problems saddled on vaccine re-
searchers by low AFB titers are lamented in
a 1982 WHO report("): "Purification of the
bacteria from infected tissue has been a ma-
jor subject of the research. The criteria of
high recovery, preservation of bacterial
antigens, and elimination of host derived
material are not easily reconciled. The
method currently used achieves high yield.
... Some problems remain: (i) The suspen-
sions from some batches of liver tissue .. .
are contaminated with a particulate iron-
containing brown pigment.... (ii) The bac-
teria are contaminated by absorbed host
components ... (iii) There is strong evi-
dence that limited proteolysis occurs during
homogenization and that bacterial polypep-
tides are degraded.... (iv) Several workers
attempting the purification process have
been concerned about low recoveries ... at-
tempts to process tissues with very low bac-
teria! counts (107g) seem to result in poor
yields, probably because of ineffective pel-
leting of the bacteria. (v) The possibility
that some of the observed properties of M.

leprae are related to its growth in the ar-
madillo host should be considered . . . .
Meanwhile, attempts to cultivate M. leprae
in cultue should be encouraeed."

The clouds of frustration and wishful
thinking enveloping vaccine development
could have been dispelled in an instant by a
bountiful supply of tissues contamine >10"
AFB/g. Any metallurgical engineer knows
that a smelter designed to process ores coa-
taining 10% of the sought-after metal wil]
not function properly if the feedstock drops
to 0.1%. It is not surprising that 2 of 6 lots
of vaccine produced for WHO did not meei
minimum standards(') and field trials on
141,000 volunteers in Venezuela( 2 ) and
Malawi( 4 ) showed that the vaccine did not
afford sienificant protection against leprosy
infection. A trial is still in progress on the
IMMLEP vaccine on 37,000 volunteers in
South India. However, India has already
bypassed it by approving a vaccine based
on Mvcobacterium u•. C). The IMMLEP
program did not result in an effective vac-
cine and did not even give a clear-cut an-
swer as to whether such a vaccine is possi-
ble.

What caused Chis catastrophe? The an-
swer may be amazinely simple. At GSRI,
we harvested most of the tissues supplied to
WHO from young animais hora and raised
in captivity("). Thus, they were isolated
from sai! mycobacteria from time of birth
which prevented them from acquiring my-
cobacterial immunity. Ln Florida, ali of the
armadillos inoculated for the IMMLEP pro-
gram were wild-caught adults with acquired
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cross-immunity. The immunologic gap be-
tween the two groups could have caused the
difference.

We did not use laboratory-reared animais 2.
at GSRI with the specific intent of increas-
ing yield, although we realized this was a
distinct possibility(' `). At first we used them
to achieve our long-range goal of develop-
ing an inbred strain of armadillos highly
susceptible to Ieprosy. Immunologic naivete
was an autor atic resuit of the overall re-
search plan. Later, we used them in efforts
to avoid inoculating wild-caught adults that
we feared might be infected with the then
unknown organism causing a leprosy-like
disease in wild armadillos( 12 ). When the
GSRI Ieprosy program was terminated pre-
maturely, the talisman leading to high pro-
ductivity was lost.

I cannot prove that the decline of ar-
madillo productivity occurred exclusively
because of acquired immunity of wild-
caught animais, but the basic concept is en-
shrined in medicai lore. For generations, 8.
leprologists have preached that acquired
immunity protected white settlers in Hawaii
from infection during the storied leprosy
outbreak of the 19th century when multi-
bacillary leprosy led to the exile of immuno-
logically n aïve Polynesians to Molokai. Re-
gardless of the mechanism, I am certain that
yield did not dwindle by more dm 2 orders
of magnitude without cause. This cause
must be sought. M. leprae has not yet been 12.
grown in artificial media. Armadillos are
still the major source of supply.

Premature termination of the GSRI pro-
gram may have killed the hopes for an an-
tileprosy vaccine irrevocably, but many re-
search goals of the future will require boun-
tiful supplies of M. leprae. These could be
obtained by rediscovering the talisman lost
at GSRI or pursuing the seemingly endless
quest for cultivation in artificial media. Ex-
perience has shown that it is easier to re-
store a lost art than to create a new one for
which there is no pre-existing template. I
earnestly hope that the potential of the ar-
madillo will be re-evaluated by the next
generation of leprologists. Perhaps the lost
talisman can be rediscovered.

Eleanor E. Storrs, Ph.D.

72 Rii'erriew Terrace
Indialantic, Florida 32903, U.S.A.
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