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chemotherapeutic regimens was accom-
panied by some beneficial effect. Their evi-
dence appears to consist primarily of the
results of measurements of the morpholog-
ical index (MI) and of inoculation of normal
mice. After 2 years, 2 of 51 patients not
treated with pyrazinamide were noted to
have solid-staining organisms in their
smears, whereas solids were found in the
smears of none of the 63 treated with pyr-
azinamide. At this same time, viable Al.
leprae were said to have been detected by
mouse inoculation in biopsy specimens ob-
tained lirom 9 of 38 patients treated without
pyrazinamide, and in the specimens of only
I of 20 patients treated with the drug. Fi-
nally, after 4 to 5 years, viable organisms
were detected by mouse inoculation in none
of 14 specimens obtained from patients
treated with pyrazinamide, whereas viables
were detected in the specimen of 1 of 6 pa-
tients not treated with pyrazinamide.

By Fisher's exact probability calculation,
the likelihood of the reported results having
occurred by chance, when the two samples
have been drawn from the same population,
is greater than 0.05 in every case.

Despite the widely publicized injunction
against the use in leprosy patients of a drug
that has not been shown to be active against
M. leprae in mice, one is occasionally al-
most persuaded that such a course is justi-
fied, perhaps because the unusual properties
of the drug promise great benefits, if only
the drug can be shown active. If one permits
himself to be persuaded, he should at least
maintain his scientific scepticism, and re-
quire that the proof that the drug is effective
in patients be unimpeachable. This Katoch,
et al., have failed to do.

In fact, the injunction against the use in
patients ofdrugs not already shown effective

in mice was based on the felt need to protect
patients from clinical trials with drugs that
were ineffective at best and, at worst, haz-
ardous. Perusal of this paper reveals that
patients were exposed to regimens that in-
cluded isoniazid and thiacetazone, drugs that
are also potentially toxic and, with respect
to isoniazid, a drug that has not been dem-
onstrated effective against IL leprae in mice.

One additional criticism must be leveled
against the authors. Nowhere are given the
criteria for multiplication of Al. leprac in
the mouse loot pad, despite the obvious im-
portance oldie results of mouse inoculation
to the authors' case. In the report of the
THELEP trials in I3amako and Chingleput
( 3), to which the authors refer, persisting Al.
leprae were carefully defined.

—Louis Levy, M.D., Ph.D.
Visiting Prolessor
Department of Comparative Medicine
The Hebrew University-lIadassah

Medical School Jerusalem
P.O. Box 1172
Jerusalem 91010, Israel
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Reply to Dr. Levy

To THE EDITOR:

Dr. Levy has raised some questions about
our findings on pyrazinamide reported in
the INTERNATIONAL JOURNAL OF LEPROSY
recently (6). We have been fully aware of

various issues raised by Dr. Levy, and have
considered these in depth even before re-
porting our results. In the following para-
graphs we would like to clarify these ques-
tions: a) criteria of multiplication, b) reasons
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for using drugs which do not show desired
activity in the mouse foot pad, and c) our
conclusions.

Dr. Levy has commented that we have
not mentioned the criteria of multiplication
in the mouse foot pad. We have given de-
tailed methodologies of the mouse foot pad
technique used by us in our paper (last para-
graph of Patients and Methods, page 2). A
10-fold increase in the harvest count com-
pared to the inoculum was taken as true
multiplication in this study ( 6). This is clear-
ly mentioned in the last line of the above
paragraph.

The issue of injunction against the use of
drugs which do not show any activity in the
mouse foot pad should be dispassionately
reexamined. We agree with Dr. Levy that
patients should be protected from unnec-
essary hazardous trials. But we do not ac-
cept that the drugs should be discarded just
on the basis of mouse foot pad results alone.
We have partly discussed this issue in the
Introduction and Discussion of our paper
( 6). The reasons for our using such drugs are:

a) Because of the uncultivability of My-
cobacterium leprae in in vitro systems, the
mouse foot pad model is the only accepted
system for drug sensitivity screening. How-
ever, all results in mice cannot be extrap-
olated to humans. For example, clofazimine
(Lamprene) (B663) had a very good effect
on M. tuberculosis infection in mice ( 5 . ' 2 )
but clearly was not so effective in human
pulmonary tuberculosis, thus results in hu-
mans did not correlate with the results in
mice. Even in the mouse foot pad model
different sensitivity results for Al. leprac
have been reported for thiosemicarbazones
( 7 . "). Despite the reported 99.9% kills in
mice with a single dose of rifampin, viable
bacilli are present even after 24 months of
multiple drug therapy (MDT) in patients.
This is additional evidence that the mouse
foot pad is not perhaps the model for the
phenomenon of "persistence" or for the
testing of drugs for this purpose.

b) Pyrazinamide has a very good steriliz-
ing effect against tuberculosis when it is used
as part of a combination therapy in the ini-
tial phase of treatment. Pyrazinamide has
been reported to inhibit tubercle bacilli di-
rectly and/or through its metabolites and
acts in the acidic environment of macro-

phages ("). Since M. leprac resides mainly
in macrophages, it would be of interest to
see its effect in human leprosy. Although it
is true that Al. leprae growth was not in-
hibited by pyrazinamide in mice when this
drug was administered alone ( 10 ), this is not
definitive evidence to show that it will not
have any effect on the prevention of emer-
gence or eradication of persisters in hu-
mans, particularly when it is tried as part
of MDT. Like clofazimine, the therapeutic
effects of pyrazinamide in human cases may
be different from the effects in the mouse
model. This may be due to pharmacokinetic
or metabolic differences, the unsuitability
of mice for studying the persister stage, or
some unknown factors. This can only be
determined by actual trials. With all these
background data and knowledge that all
studies in animals cannot always be extrap-
olated to man, we have tried using a com-
bination of drugs with pyrazinamide to see
its effect on persisters. Pyrazinamide is an
easily available and marketed drug for use
against tuberculosis. The trial was well su-
pervised, so we do not believe that patients
were in any way put to unnecessary risk.

c) About the use of isoniazid (INH) and
thiacetazone, we again felt justified in the
same way as for pyrazinamide. Besides that,
thiacetazone had been shown earlier to be
effective in mice ( 2) and also in man ( 3 ).

The combination of INH and thiacet-
azone has been in use against tuberculosis
for several years and, despite occasional
toxicity, is well tolerated. Shepard ( 9) has
also reported the bacteriostatic effect of INH
in mice when administered continuously,
but not by the kinetic method. Beneficial
effects have also been recorded in clinical
trails (4). Besides the present study, the com-
bination of dapsone (DDS) + INH + thi-
acetazone also has been tried at this institute
earlier ( 8). Although the number was small,
it has been found to be almost as effective
as DDS + clofazimine, and not many ad-
verse reactions have been recorded. Most
of the present-day antileprosy drugs were
considered initially because of their effects
against tuberculosis. We believe that anti-
tuberculosis activity should also be given
some weight, as well as activity in mouse
foot pad infections, in considering new an-
tileprosy drugs even though neither of these
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guarantees the efficacy in man. That can only
be decided by actual trials. We are not rec-
ommending their use but see no harm in
investigating them in well-supervised trials.
The combination of such drugs will have an
additional advantage in countries endemic
for both tuberculosis and leprosy.

Finally, about our conclusion, we have
not tried to make any claim about the el-
licac■„, of pyrazinamide. To the contrary, we
have indulged in self-criticism and high-
lighted various limitations ofour work. Since
the corresponding regimens with pyrazin-
amide showed growth in Car smaller num-
bers of patients at 2 years (1/20) as com-
pared to regimens without pyrazinamide
(9/38), we inferred that pyrazinamide may
have some eflect. We have discussed var-
ious limitations (Discussion, page 7, second
paragraph, second column, and also Sum-
mary) of our study in our paper. The num-
ber of cases from whom scrotal biopsies
could be obtained was small. We believe
that the duration of 2 months' treatment
was also inadequate, and thymectomized ir-
radiated mice should have been used but
were not available at our institute then.
Nevertheless, we have done the statistical
evaluation by the "Z" test for proportions
for mouse foot pad results at 2 years and
find the results significant (p < 0.05). The
level of significance by Fisher's exact test
was <0.07. The statistical details were not
mentioned in the report because we believe
that statistical analysis at this stage would
not serve any purpose. In this preliminary
communication, we wanted to share our ex-
periences and not make any hasty definitive
conclusions.

To quote from our paper, the tentative
conclusion was that "Pyrazinamide appears
to have some effect against persisters in lep-
rosy, and a well-controlled, randomized trial
with longer duration of pyrazinamide ther-
apy in a larger group of patients needs to be
carried out to unequivocally determine the
exact role ofpyrazinamide in leprosy." These
are the inferences which we have drawn and
also mentioned in the concluding sentences
of the Discussion and also in the Summary
of our paper.

We thank Dr. Levy for his comments and
hope that our reply will explain our logic as
well as our interpretations.

— Mrs. Kiran Katoch, M.D.
Senior Research 0Ilicer
Ilead„lIedical Unit I
Central .1.-1LAL , 1 Institute fin . Leprosy

282001. India
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