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Effect of Shipment of Skin-Biopsy Specimens to a Distant
Laboratory on Viability of Mycobacterium leprae

To THE EDITOR:
In some clinical trials of antileprosy

chemotherapy, measurement of the re-
sponse to treatment requires shipment of
biopsy specimens to a distant laboratory
where Mycobacterium leprac are recovered
from the specimens and inoculated into
mice. Earlier work (4) had demonstrated that
M. leprae survived periods of storage at 0—
4°C, justifying shipment of specimens to
distant laboratories for inoculation into
mice, but the number of specimens studied
and the method employed were insufficient
to exclude a small but systematic loss of
viable organisms in the course of shipment.

In a series of clinical trials among patients
with lcpromatous leprosy at the Leonard
Wood Memorial Leprosy Research Labo-
ratory, Cebu, The Philippines (1•2), con-
ducted between mid-1969 and early 1974,
patients were subjected to skin biopsy at
intervals, and 409 biopsy specimens were
divided, one portion ofeach specimen being
processed for inoculation of mice in Cebu
and the second portion air-shipped on wet
ice to the U.S. Public Health Service Hos-
pital, San Francisco, California, where mice
were also inoculated. Specimens obtained
during the morning in Cebu were usually
put aboard an afternoon flight to Manila,
and transferred to an international flight that
left Manila that evening, arriving in San
Francisco on the same evening (because of
the west-to-east crossing of the Internation-
al Date Line). In San Francisco, the speci-
mens were usually picked up during the eve-
ning of arrival and, when possible, processed

for mouse inoculation the following day.
Thus, the elapsed time between biopsy in
Cebu and inoculation of mice in San Fran-
cisco was frequently no more than 48 hr.
Occasionally, a longer period of storage in-
tervened between biopsy and inoculation of
mice in San Francisco.

In both Cebu and San Francisco, the tech-
nique of Shepard (3. 'I was employed for re-
covery of leprae from the biopsy spec-
imens, counting the organisms, inoculating
mice, and harvesting the organisms from
mice. The generation time (G), defined as
the number of days per doubling of M. Lep-
rae, was calculated according to the rela-
tionship:

number of days between
inoculation and harvest

logarithm,
(number AFB harvested/

number of AFB inoculated)

This calculation assumes that all of the in-
oculated organisms were capable of multi-
plication, began multiplying on the day of
inoculation, and multiplied at a constant
rate from the day of inoculation to the day
of harvest. Although these assumptions are
untenable, this measurement has provided
a useful means of evaluating the effects of
treatment in a number of clinical trials
among patients with lepromatous leprosy.
In addition to the values for G, the differ-
ence between the dates of inoculation in the
two laboratories (D) and the year of biopsy
(Y) were recorded for each specimen.

G —
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TABLE 1. Distribution ()I'D and Y fin. 409
specimens studied in Cebu and San Fran-
cisco.

D (days)

0 1^2^3^4^6
(Numbers of specimens)

Total

1969 1 I 4 3 2 0 11
1970 0 19 61 29 7 1 117
1971 6 20 113 13 1 1 154
1972 3 42 35 4 4 0 88
1973 4 25 7 0 0 0 36
1974 0 3 0 0 0 0 3
Total 14 110 220 49 14 2 409

The distribution of the values for D and
Y is presented in Table 1, in which a value
for D of 1 day is equivalent to an elapsed
time of 48 hr, a value of D of 2 days to 72
hr, etc. In the course of the 5-year period,
organisms from 30% of the specimens were
inoculated with an elapsed time no longer
than 48 hr, and 84% with an elapsed time
no longer than 72 hr.

Of the 409 specimens, the Al. leprae re-
covered from 170 failed to multiply in mice
in either laboratory. Virtually all of these
specimens had been obtained from patients
in the course of treatment; one may con-
clude only that the proportions of viable M.
leprae in these specimens were insufficient
to infect mice. These 170 specimens are not
useful in comparing results in the two lab-
oratories for the purpose of investigating the
effects of storage in the cold on viability of
the organisms, and are not further consid-
ered.

The organisms recovered from 39 addi-
tional specimens multiplied in the mice of
one laboratory, but failed to multiply in the
mice of the other (Table 2). Were death of
M. leprae during storage quantitatively im-
portant, one would expect a disproportion-
ately large fraction of these specimens to be
associated with larger values for D; yet, this
was not the case. Considering the 239 spec-
imens yielding multiplication in at least one
laboratory, 8 of 86 specimens (9.3%) with
D 1 day failed to yield multiplication in
San Francisco, compared to 13 of 153 spec-
imens (8.5%) with D 2.

The results of the study of the 200 spec-
imens yielding multiplication in both lab-
oratories demonstrate that the mean values
for G-32.7 days [standard deviation (S.D.)

TABLE 2. Comparison of results from the
sttuly in Cebu and San Francisco of 39 spec-
imens not yiehling multiplication in mice in
one of the two laboratories.

13 G(
1970

1 >100 22.9
1 >100 35.6
1 >100 39.8
1 >100 43.6
1 >100 68.3
_^36.4^>100
-,^48.0^>100_
-,^65.5^>100
/ >100^40.4_
1^>100^46.5
-,^>100^62.8
-,^>100^66.2
-,^>100^86.1
3^71.3^>100
3^78.7^>100
3^>100^36.8
3^-100^89.8
4^51.7^>100

1971
1^62.0^>100
1^>100^79.0
/ >100^30.3
/ 68.8^>100
2^85.8^>100
2^88.7^>100
/ 91.0^>100
-)^>100^63.5-
-)^>100^86.3
-,^>100^91.5_
3^31.0^>100
3^45.3^>100
6^71.6^>100

1972
26.1^>100
57.2^>100

1^68.8^>100
1^>100^31.4

1973
0^45.7^>100

47.0^>100
1^65.1^>100
1^74.2^>100

14.3] in Cebu and 34.0 days (S.D. 12.3) in
San Francisco-are remarkably similar,
suggesting that the values estimated for G
in the two laboratories do not differ system-
atically (to conserve space, only the results
of the 113 specimens studied during the
years 1971 and 1972 are presented in Table
3).

The formula defining G suggests that the
reciprocal, 1/G, may be more directly re-
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TABLE 3. Results of inoculation of mice in Cebu and San Francisco with M. leprae from
200 specimens.

1) (3(11w Gy D G(^„,, Gs, D G( 1131, Gs, D G„„•, G51- D 0(3 lU GSF'

1971 1 23.4 26.1 / 42.5 41.5 1 22.5 26.3 1_ 20.4 24.2
0 20.5 23.6 1 23.5 22.1 / 54.9 32.8 1 22.7 25.3 / //./ 22.1
0 21.0 19.0 1 23.5 26.2 2 63.6 96.2 1 22.8 29.1 / 22.6 44.4
0 24.5 24.3 1_ 24.5 22.6 2 77.9 29.0 1 23.9 26.0 / 21.7 40.7
0 28.3 32.3 1 24.9 41.9 2 83.2 45.6 1 24.2 28.3 2 22.8 25.5
1 18.9 29.5 1 25.5 27.0 2 98.4 38.0 1 26.0 23.2 2 23.4 24.7
1 19.9 27.0 26.5 28.4 3 30.3 41.5 1 26.5 29.3 2 23.7 25.4
1 22.2 26.5 1_ 27.4 34.0 3 44.1 78.3 1 27.2 24.9 2 24.6 32.3
1 27.2 37.6 1_ 27.5 28.0 3 45.0 29.4 1 29.2 28.8 2 25.1 27.7
1 27.4 31.9 1_ 27.6 37.2 3 46.0 31.1 1 29.5 30.6 / 26.5 28.9
1 46.3 38.0 1 27.8 30.3 1972 1 29.9 33.5 / 28.2 24.7
1 47.0 52.2 1 27.8 33.6 0 19.3 31.6 1 30.1 39.6 / 28.6 27.1

17.1 22.1 27.8 39.8 0 29.4 92.1 1 31.0 38.5 1 30.6 48.4
2 17.7 27.5 29.2 23.0 0 40.7 73.9 1 33.2 36.6 / 37.8 49.3

17.8 20.8 /_ 29.2 32.6 1 16.2 24.1 1 35.0 41.5 2 38.2 30.0
18.1 35.5 / 29.8 31.1 1 17.8 23.5 1 35.1 39.1 3 22.6 26.3

/ 20.2 23.4 2 31.7 49.5 1 19.9 26.7 1 41.2 44.5 3 23.1 24.2
20.5 23.8 2 33.2 26.7 1 20.6 27.1 1 44.7 35.1 3 26.3 40.7

2 20.7 23.8 2 33.8 25.0 1 21.0 25.7 1 17.0 20.9 3 68.4 73.2
/ 22.3 44.2 2 35.6 26.1 1 21.3 34.7 / 17.4 30.1 4 25.3 30.9
/ 22.4 23.1 2 37.1 25.0 1 21.9 23.2 / 17.8 41.1 4 26.5 33.9
/ 22.4 23.1 2 37.7 41.6 1 22.3 27.3 2 19.0 25.1 4 28.8 24.7

22.5 24.1 2 40.8 32.4 1 22.3 36.1 / 19.7 29.0 4 36.2 23.8

lated to the number of viable M. leprae in-
oculated than is the value G itself. In ad-
dition, as measured by the skewness and
kurtosis parameters,' the distribution of 1/G
was much more similar to a normal distri-
bution than was that of G itself. For these
reasons, 1/G in San Francisco (1/G) and
1/G in Cebu (1/Gc,„,3) were employed in
the following analyses.

It was postulated that 1/G51 and 1/G( Lill,
are linearly related. The degree to which this
relationship may have been perturbed by
shipment of the specimens to a distant lab-
oratory, or by some factor related to the
passage of time in the course of the 5 years
of the study, was examined by the tech-
niques of multivariate and stratification
analyses. Considering all 200 pairs of val-
ues, the technique of linear step-wise regres-
sion, employed to examine the regression
of 1/G51 on 1/Gc,„„, D and Y, yields
the relationship: 1/G„ = 0.15 + 0.42 x
1/GcEill, - 0.0018 x Y; p < 0.0001, and
R2 = 0.29, indicating that only 29% of the
variance between 1/G„ and 1/6„„„ is ex-
plained by this regression. D failed to enter

' Skewness is a measure of deviation from symme-
try. Kurtosis is a measure of the peakedness or flatness
of a frequency-distribution curve, compared to the bell-
shaped normal curve.

the equation, implying that this variable ex-
erted no measurable influence on the regres-
sion. The coefficient of Y, -0.0018, is very
small, and the entry of Y into the step-wise
regression was found to explain only 4% of
the variance.

The influence of Y and D on the regres-
sion of 1/Gs, on 1/G,„„„ was examined fur-
ther by first calculating the regression of
1/G51! on 1/G,,,,3„, and subsequently cal-
culating the regression of the residuals
(RES)2- i.e., the departures of 1/G„ from
the value predicted by 1/G CLAW -on both D
and Y. The regression obtained was:
RES = 0.092 - 0.0013 x Y + 0.00064 x D.
The coefficients of both Y and D are very
small. The coefficient of D was not signifi-
cantly different from 0 (p = 0.29); whereas
that for Y was (p = 0.014). However, the
value for R2, 0.052, indicates that Y ac-
counts for only 5% of the observed variance
of RES. This analysis confirms that Y exerts
only a small influence on the regression;
whereas D exerts no measureable influence.

Finally, the influence of D on the regres-
sion of 1/G5, on 1/G(-E151, was examined by

= For each specimen, RES is defined by the relation-
ship: RES = [1/Gs1 - (0.020 + 0.36 x 1/G(LI3o)], in
which 0.020 and 0.36 are the intercept and slope, re-
spectively, of the regression of 1/Gs, on 1/0,3 ,,„,.
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omitting the data for the years 1969 and
1970, and by considering separately those
specimens for which D = 1 and 2 (the num-
bers of specimens with D = 0, 3, 4, or 6
were too small to permit such an analysis).
The regression or 1/Gs,.. on 1/G,,„„1, for the
54 specimens with D = 1 obtained after
1970 is: 11G51: = 0.017 + 0.38 x 1/G(
p <0.0001, R2 = 0.39; and the correspond-
ing regression for the 66 specimens with
I) = 2 is: 1/G51, = 0.020 + 0.35 x 1/Gcniu;
p < 0.0001, R2 = 0.25. These regression
equations are virtually identical, again con-
firming the lack of influence of D on the
regression, and suggesting that the influence
of the year of biopsy on the regression of
liGs„ on I /Gc,„„ is exerted primarily on
those specimens obtained during the first
11/2 years of the study.

A deleterious efThct of prolonged storage
in the cold on the viability of M. leprae
might be expected to result in larger values
of G in more distant laboratories than in
laboratories in which organisms from the
same biopsy specimens are inoculated with-
out interim storage. However, the data that
resulted from this study do not demonstrate
a systematic difference between the results
in the two laboratories consistent with a del-
eterious effect of storage.

To be sure, differences were observed be-
tween results in the two collaborating lab-
oratories. However, the only identifiable
factor influencing the results was Y, the year
the biopsy was taken. This source of vari-
ation, which in fact exerted only a small
influence on the results of inoculation of
both laboratories, appeared to be present
only during the first years of the collabo-
ration; during this period, the mouse foot-
pad technique was being established for the

first time in Cebu, and all of the problems
of trans-Pacific air shipment were being en-
countered. In fact, the major source of vari-
ation of the results of inoculation of mice
in the two laboratories remains unrecog-
nized.
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