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A n  analysis o f  data generated by harvests of  Mycobacterium leprae from t h e  foot
pads of mice is prese nted .  Acid-fast bacteria ( A F B )  w ere randomly dist ributed 
within the circles of a counting slide in fewer than half of  the  preparations; the 
A F B  were more l ike ly  to be distributed randomly in t hose preparations containing 
fewer organisms.  The mean coefficien t  of  variat ion 

1 00 
x standard deviat ion 

mean 

of the  n u mber of AFB was 2 9% for the 3 circles o n  a counting slid e ,  60% for t he 4 
foot-pads normaUy pooled for a harvest, and 48% for harvests fro m 4 repl icate 
pools of  4 to 8 foot-pads. The doubling time of M. leprae d uring logarithmic 
mu lt iplication in  mice averaged 1 0 . 7  days, confirming a n  a lmast identical estimate 
made in an  earlier s tudy by a d ifferent technique .  Finally , multiplicat ion of M. 
leprae was found to be  a l i t t le slo wer in  mice inoculated in  bot h  hind foo t-pads 
than i n  mice inoculated i n  o nly one .  

This  analysis confirms the precis ion of data generated by work with S hepard's 
foot-pad technique.  Except for the case of  foot-by-foot harvests ,  differences a mo ng 
measurements  eq uivalent in t ime or numbers of A F B  to 2 doublings of M. leprae 
appear certain ly to be mea ningful .  

I ntroduction 

Since its descript ion by Shepard ( 1 960) ,  the mouse foot-pad techn ique for the 
cu ltivat ion of  Mycobacteriurn leprae has been applied to the study of n umerous 
experimental  and cl in icaI  problems i n  leprosy. Alth ough the  tech nique  is  
demand ing, rest ricting i ts  em ployment to a few laboratories ,  the results of  i ts  
appl icat ions have been usefu l. The data generated in  these laboratories and the 
conclus ions and hypotheses based on them are widely used by investiga tors and 
c1 inicians unfamil iar  wi th  the techniq ue. K nowledge of the l imitat ions of  the  
technique  is req uired i f  the results o f  e x pe riments are to be correct ly  i nterpreted 
and appli ed. 

Received for pub l icat ion 2 3  J une,  1 97 6 .  



276 w. M. KRUSHAT, K. E. SCHILLlNG, S. A. EDLAVITCH AND L. LEVY 

In ea rl ier papers in t h is series, we examined the fate o f  inoculated M. lepra e 
(Levy et aI., 1 9 74), s tudied the app l icat ion of th e mo use foot-pad techn ique to 
the measuremen t  of the  proport ion  of bac i l 1 i  in fective fo r mice in ski n b iopsy 
specimens obta ined from leprosy pati ents (Levy and M urray , 1 976) , an d 
measured the d o u b l i ng t ime of M. leprae d u ri n g  loga ri thmic mult i plication in the 
mouse foot-pad (Levy, 1976) .  In t h is re port,  we presen t  a stat istical ana lysis of 
the results of  the mo use foot-pad harvest proced ure: 

MateriaIs and Methods 

AI1 stud ies were performed on M. leprae harvested from the foo t-pad tissues of 
local ly-bred BA LB/c mice accord i ng to the method d escri bed by Shepard (1 960 ) ,  
and cou nted by means of a carefu l 1y-stand ard ized tech n ique ( Shepard and M c Rae ,  
1968) .  The M. leprae employed in the st ud ies were of  a number of stra ins; 
however, the  grea t majority o f  the studies ,  i nc lud ing ali  measu rements of dou b l i n g  
time ,  were performed with the  stra in  fumished by Shepard in  1967 a n d  used 
su bseque ntl y as the standard stra in  for most of  the work of th is laboratory . M ost 
of th e stud ies  to be reported were based on d ata ge nerated i n  the course of other 
work. A few were carried o ut primari ly for the pu rpose of th is report. 

Results 

T h is study is d iv ided into 6 sections: ( I ) Distribution  of acid-fast bacteria 
(A FB) within the "circles" of the Re ich cou nti ng s l ide (Bel lco Glass Co . ,  
Vine land , N.J., V.S.A . ); ( 2) variation of the n umber of  AFB among the 3 c ircles 
o f  a counti ng slid e; (3) variation of the n umber of  AFB among rep l icate harvests, 
each from a s ingle foot-pad; (4) variation of the n umber of AFB among repl icate 
harvests, each from a pool of  4 to 8 foot-pads; ( 5 )  d o u bl ing time of M. leprae 
d u ring logarithmic multip l icatio n i n  mice; and (6) comparison of mul t ip l i catio n  of 
M. leprae i n  mice inocu lated in both hind foot-pads ( BH F) with that  i n  mice 
inoculated only in the right h ind foot-pad ( R H F) .  

DI STRIBUTIDN DF AFB W I T H I N  C I RCLES 

If the A FB were d i stributed randomly-that i s ,  if each organ i sm were 
indepe nd e nt of every other  organism -within the circles of a counting sl i d e ,  the 
sampling distribution of the AFB in the microscopic fte lds  examined would be a 
"Poisson distribution" with a mean of X (Goldste i n ,  1 964). To test wheth er the 
A FB were d i strib uted according to a Poisson distribution , A FB were enumerated 
in each of 60 o i l-immersion fields  examined in the 3 circles on each of 20 s l ides ,  
and the n umber was recorded fteld-by-field . A goodness-of-fit test using the X2 

statistic (Goldstein , 19 64) was used to determine whether the observed 
distrib ution of  AFB/fie ld  corresponded with a Poisson distrib ution . An e x ample 
of  this calculation is shown in Table 1 .  In this case (specime n  no.  8 of Table  2) ,  
1 20 AFB were  counted in  60 fields ,  yie lding a mean  (X) of 2 .00 AFB/fiel d .  The 
value o f  X 2 calcu lated in this example i s  smal ler  than t h e  criticaI val u e ,  i nd i cating 
that the differences betwee n  observed and expected frequencies are not 
inconsistent with a Poisson distribution .  

I n  Table 2 ,  the valu es o f  X and X 2 are listed  fo r each of 20 specimens , together 
with the corresponding d egrees o f  freedo m .  Eleven of the 20 showed diffe re nces 
b etween observed and expe cted frequencies of th e numbers of  AFB/field  greater 



Specimen 
no. 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
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TABLE I 

Expected and observed distributiol1s of AFB for specimen No. 8 
yielding a total of 120 A FB/60 fields (A. = 2.00 AFB/field) 

No. AFBI 
field 

O 

2 

3 

Total 

60e-2.D 

60( 2. Oe -2.� 

60( 4.0e -2.0) 
2 

60( 8. Oe -2.0) 
3! 

60-51.43 

Frequency 

Expected Observed 

8.12 11 

16.24 14 

16.24 14 

10.83 11 

8.57 10 

60 60 

*The criticaI value of X2 for P= O.OI with 3 degrees of freedorn=11.3; 
therefore. the observations are consistent with random distribution of 
the AFB. 

TABLE 2 

X2 as a function of À" for 20 specimens 

Specirnen 
À DFt X2 no. À DFt 

0.12 I 0.48 11 2.38 3 
0.45 I 9.96:j: 12 2.42 4 
0.60 I 0.33 13 3.48 3 
0.82 I 0.89 14 4.43 4 
1.27 2 26.62:j: 15 5.72 3 
1.37 I 49.28:j: 16 6.75 5 
1.85 3 15.49:j: 17 7.47 5 
2.00 3 1.88 18 8.20 I 
2.02 3 2.26 19 9.88 4 
2.05 3 11.53§ 20 60.67 I 

* À = mean no. AFB/oil imrnersion field. 
t Degrees of freedom. 
:j: P < 0.01. 
§ 0.01 <P<0.05. P> 0.05 for ali values of X2 not footnoted. 
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X2 

47.69:j: 
1.12 

10.35§ 
7.83 

42.63:j: 
22.07:j: 
36.78:j: 
55.92:j: 

1211 :j: 
4095:j: 

than would be consis tent  with a Poisson distribution. Two addit ional  specim ens 
yielded X2 values l arger than the criticaI values for P = 0.05 but  smaller than those 
for P = 0.0 I ,  suggesting that t hese were bord erline  cases. 

The frequency d istributions of t he number  of AFB per field of 3 representa tive 
specimens are shown in Fig. I. The e xpected and observed frequencies for 
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Fig. I .  Frequency d istribut ion of the num ber of AF B / fie ld of three representat ive 
s�e�imens.  ( a )  S pecimen no. 8 ;  À = 2 .00 ,

. 
X2 = 1 . 8 8 ,  P >  0

.:.
0 5 .  ( b )  Sl�cimen no. 1 3 ;  À = 3 . 4 8 ,  

X - 1 0 . 3 5 ,  O .OS > P > O.O I .  ( c )  Speclmen no. 1 5 ,  À - S . 72 , X - 3 8 . 7 3 ,  P < O .O I .  The 
ex pected frequency (e) and (O) the observed frequency .  

specimen no.  8 ,  shown in  t h e  le ft-hand panel ,  are qu i te sim ilar . The e xpected and 
observed frequencies are  p lotted i n  the center panel  for spec imen no.  1 3 ,  which 
yielded a X 2 value of borderlin e  sign i ficance.  In th is case , more than the e x pected 
numbers of fie lds con tained I AFB and more than 6 AFB,  whereas the n umbers 
of fields conta in ing 4 or 5 AFB were smaller than e x pected .  The e xcessive numbe r  
of  fields observed to contain small n umbers of AFB is  even more apparen t  in  t h e  
d istrib ution of AFB shown in  the right-hand panel  fram specimen no .  1 5 , which 
yielded a significant1y large value of  X 2 .  In this case also, the n um ber of fields 
containing in termediate n u mbers of  AFB is smal ler than e x pecte d .  

I nspection of t h e  d a t a  of  Table 2 suggests that t h e  AFB are less l ikely t o  be 
d istributed accord ing to a Poisson d istribution in preparat ions yie ld ing larger 
values of À. This impression may be tested by plott ing log IQX 2 as a function of 
10g I Q À  for these 20 samples. The regression of IOg l O X2 on 10g 1 Q À , shown i n  Fig. 2 ,  
has  a slope sign i ficantly greater than  O ,  confi rming that  AFB from specimens with 
smaller values of À are more l ikely to be randomly distributed i n  the circles of a 
counting sl ide than are AFB from specimens yielding larger values of À .  

V A RI ATION OF THE NUMBER O F  AFB FROM CI RCLE T O  C I RCLE 

The variation of  the n umber o f  AFB among the 3 circles o f  a count ing slide was 
d etermined for the 233 sl ides prepared during 1 9 7 5  that y ielded a total of  at  least 
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Fig. 2 .  Log lOX2 as a function of  IOg 10À (À = mean no . AB F/field) for 2 0  preparations i n  
which t h e  number of  AFB  counted in each microscopic field was com pared to  that expected 
from a Poisson d istrib utio n .  The shaded area represents the region of criticaI values of X2 for 
0 .05 > P >  0 .0 1 and 1 to 5 degrees of freedom.  The eq uation of the regression line is :  
10g l O X2 = 1 . 1 4  + ( 1 .4 1  ± 0. 5 5 )  ( lOg l O À - 0.40) ; the corre1at ion coefficient .  r = 0 . 7 8 .  

50 AFB i n  t h e  60 fie lds  examined .  F o r  ea ch sl ide . the m e a n  and stand ard 
d eviation of  the n umber of AFB in each of the 3 circles were calculated . The 
variat ion from the mean of  the 3 circles of the number of AFB coun ted i n  each of 
the circles i s  expressed as the coefficient of varia tion (C.  V.) ,  which is 100 t imes 
the standard d eviation divided by the mean (Goldstein ,  1 964). Use of this statist ic 
permits  one to consider the variat ion among the 3 coun ts i ndependen tly of an 
e ffect of  the magnitude of the counts,  as sh own by the regression of the C.V.  on 
the total  number of AFB :  

C.  V. / 1  00 = 0 .35 - 0 .000 1 2  (no .  AFB - 2 10 ) . 

The 9 5 %  confidence I imits around the estimate of the slope of the regression l ine  
include O and the correlation coefficient,  r = 0 . 1 2, a value not d ifferen t  from O at  



280 w .  M .  KRUSHAT, K .  E .  S CHILLlNG , S .  A .  EDLAVITCH AND L .  LEVY 

40 f- -

-

3 0  

-
'" � c .. 
E 
'õ .. � 

f- r---Q. 2 0  '" -
Õ 
ó z . .  

1 0  -
r-

� 

nill. I � 
- 3· 0 -2 ,0  - 1 , 0  O 

ln ( c.v' / IOO ) 
F ig. 3. Frequency d istrib ution of I n  (C . V . I I OO) o f  the num ber of A F B/circIe for 233 

specimens.  

P = 0.05 . Thus,  the C . V .  d id not depend on the total  number  of AFB cou nted in 
the 3 circles of  each slide .  

The  C .  V. was not  normally d istrib uted , so  that  t h e  dispersion of the ind ividual  
values of the  C.V.  about the mean value could not easi ly be  described . The natural 
logari thm ( I n) of the C . V .  was d istributed as shown in Fig. 3 ;  the X 2  
goodness-of-fi t t est showed that this d istrib ut ion was consisten t  w i th  a normal 
d istribut ion CP > 0 . 1 ) . The mean C . V .  was 29%, with 95% con fidence l i m its  o f  26 
and 3 1  %. 

I n  2 5  of the 2 3 3  sl ides ( 1 0 . 7 %) ,  the number of AFB i n  1 of o f  the  3 circles fel l  
outs ide the  range - 50% to + 1 00% o f  the mean for the 3 circles. These slid es 
yielded larger values of th e  C . V .  M oreover, 1 4  of 77 sl ides yie ld ing 50 to 99 
AFB/60 fields were  inc luded in  th is group,  whereas only 1 I of  the 1 5 6 sl ides wi th  
1 00 or more AFB were  included ; these proportions are  sign ificantly d i fferen t  
CP  < 0 .0 1 ) . Thus, a disproport ionately large fraction of these 2 5  sl ides was 
composed of slides with smaller numb ers of  AFB .  

VARIA T10N OF T H E  NUMBER OF AFB F R O M  FOOT T O  FOOT 

On 1 3  occasions, harvests of  M. leprae were performed from 4 individual 
foot-pads of mice of the same group .  These resul ts are summarized in  Table 3 .  
ll1e rat io of the larges t to the  smallest number of AFB harvested from the 4 
foot-pads of a group  ranged from 1 . 6 7  to 20 .0 ,  with a mean of 6 .66 .  The  mean 
C. V .  for the 1 3  sets o f  4 foot-by-foot harvests, calculated by averaging the values 
of 1 n C . V . ,  was 60%, with 95% con fidence l i mits 4 5  and 79%. 
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T A B L E  3 

Varia tio ll of lhe Il um ber of A FB fro m f 0 0 1  lO f 0 0 1  

E x pcr iment  
no .  N u mber of  AFB/foot-pad (x  l Os ) Ra t io  * c. v . % 

I 1 . 3 8 3 . 60 8 . 89 1 3 . 1  8 .49  7 8  
2 8 . 9 5  1 4. 4  1 9 . 4  5 9 . 3  6 . 6 3  9 0  
3 1 . 90  7 . 2 7  1 1 . 5  1 2 . 4  6 . 5 3  5 8  
4 1 . 0 1  1 . 30 1 . 5 6  2 . 04 2 . 02  30  
5 3 . 7 7  4 . 63  5 . 69 1 0 . 6  2 . 8 1  49 
6 1 . 3 5  2 . 2 2  6 .48  1 7 . 0  1 2 . 6  1 06 
7 0. 8 5  1 . 02  3 . 92  6 . 00 7 .06  84 
8 3 . 9 2  5 . 8 5  8 . 3 6  1 3 . 3  3 . 3 9  5 2  
9 0. 7 0  0. 84  0 . 84  1 . 5 5  2 . 2 1 39  

1 0  2 7 . 6  30 . 3 39 . 9  46 .2  1 . 6 7  2 4  
1 1  2 . 2 1  2 . 8 8  5 . 1 1 1 3 . 3  6 . 0 2  8 7  
1 2  1 . 39  3 . 77 8 . 4 5  8 .46  6 . 09 64 
1 3  0 . 2 8  1 . 7 0 2 . 7 9  5 . 6 1 20 .0  87  

* Rat io  of l a rgest to smal lest  number in set  of  4 .  

TA B L E  4 

Varia lio ll of the Il umber of A FB/foo t-pad among replica te harvests fro m poo ls of 4 to 8 foo t-pads 

Exper iment 
no.  N u m ber  of A FB/foot-pad ( x  l O s ) Ratio * c. v . (%) 

I 0. 8 5  4 . 22  4 . 7 0  6 . 34 7 . 4 3  5 7  
2 6 . 3 0  8 . 0 3  9 . 7 6  1 3 . 4  2 . 1 3  3 2  
3 2 .04  2 .07  2 . 24  4 . 80  2 . 3 5  48 
4 4 . 5 2  7 . 94 1 8 . 5  3 5 .0 7 . 74 8 3  
5 2 . 3 8  3 . 3 2  5 . 07 6 .94  2 .92  45  
6 4 .45  4 . 5 3  1 1 . 0  1 3 . 1  2 . 94  5 4  
7 0. 1 7  0 . 5 0  0. 5 0  0 .68  4 .00  46 
8 0. 7 3  0 . 8 7  0 . 9 6  1 . 09 1 . 5 0  1 7  
9 4 . 4 7  5 . 1 7  6 . 26  7 . 3 1 1 . 64 2 1 

1 0  0 . 8 2  1 . 5 0  2 . 1 0  2. 8 2  3 .44  47  
1 1  1 3 . 00 1 5 . 0  1 9 . 0  3 2 . 0  2 . 46 43  
1 2  0 . 29 0 . 4 1  1 . 30  3 .00  1 0. 3  1 00 
1 3  0 . 8 8  0. 9 1  2 . 1 0  2 . 3 9  2 . 7 2  5 0  
1 4  8 . 6 5  2 0. 0  3 1 . 0 3 9 . 0  2 . 3 1  5 4  
1 5  0 . 1 2  0. 1 9  0 .60 0. 8 8  7 . 3 3  80  
1 6  3 . 3 4  5 . 90 8 . 5 0  9 . 5 4  2 . 8 6  4 1 
1 7  1 . 05  1 . 3 5 1 . 5 6  1 . 8 7  1 . 7 8  2 4  
1 8  0 . 1 9  0.4 1  0 .42 1 . 4 1  7 . 4 2  9 0  
1 9  3 . 20 5 . 9 2  1 1 . 2  1 l . 3  3 . 5 3  5 1  
20  3 . 6 2  3 . 9 8  6 . 69 I l . l  3 . 0 7  5 4  
2 1  5 . 6 2  1 5 . 6  2 1 . 7 2 2 . 5  4 .00  48 
22 9 . 00 2 0. 1 30 .4  30 .9  3 .43  46 
23  0 . 8 5  1 . 5 0 2 . 5 3  3 . 74 4. 3 8  5 9  

* Ratio of  largest t o  smallest nu mber in set o f  4 .  
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V A R I A T I O N  O F  TH E N U M B E R  O F  A F B  F R O M  H A RV EST TO H A R V E S T  

On 23 occas ions ,  4 h arvests of  M. lepra e were performed on th e same  d a y ,  ea ch 
from the pooled tissl les of 4 to 8 foot-pads of m ice inocu l atec\ in th e sa me 
e x per iment. The resu lts o f  th ese harvests are prese nted i n  Ta b le  4 .  The ratio o f  
the largest t o  t h e  sma l l est y ie ld  of  the re p l icate harvests rangecl from 1 . 5 0  t o  1 0. 3 ,  
w ith a mean of  4 . 0 8 .  The mean C . V. for th e n sets of 4 repl icate harvests, 
calculatec\ by averag ing the values of I n  C. V. ,  was 48%, with 95% con fi d e nce 
l imits 40 and  5 7%. Th us, the vari ation  among rep l ica te harvests of M. leprae fro m 
pools of 4 to 8 foot-pads is smal ler  than  that among harvests from ind iv id u al foot
pads,  b ut greater  th an th at fou n d  among circles prepared from the same bacter ia l  
sl lspension . 

OOU B L I N G  T I M E  OF M. L EPR A E  

On m a n y  occas ions  d llr ing th e past 8 years,  2 harvests o f  M .  leprae were made 
d ll ring logarithmic multip l ication of the sam e  stra in  of  o rga n isms .  On 1 29 
occasion s ,  the earl ier of the 2 harvests yie lded > 5 x 1 04 b llt < 5 x l O s AFBjfoot
pad . The slo pe o f  the l i n e  jo i n i ng the 2 h arvests was calclllated for each of the 1 29 
e x per iments , i n  order  to d er ive an estimate of the doub l ing  time of this  stra in  of 
M. leprae d u ri n g  logarithmic mll ltipl ication . The mean slope was 0 . 094 log 2 l In its 
(0 .094 doubl ings)jday; the reciprocal  of th is s lo pe represents a m ea n  doubl ing  
time of 1 0 . 7  d ays .  The 9 5 %  con fi d ence l imits a rou nd th is  estimate o f  the mean 
doub l ing time are 9 . 8 9  a n d  1 1 . 6 days per doubl ing .  

M U LTIPLICATlON IN BOTH H I N O  F E ET COMPA REO TO THAT I N  O N E  H INO FOOT 

In 8 exper iments, mice of one group  were inoculated R H F  and mice o f  a 
second grou p  were i noculated BHF with equal portion s o f  the same bacteria l  
suspension .  Harvests of  M. leprae from the pooled tissues of 4 foot-pads were 
performed at i ntervals ,  growth cu rves were constructed , and the n umbe r  of days 
fro n i noculat ion to multip l ication to the leve I of 1 06 AFBjfoot-pad was 
calculated from each gro wth curve.  On the average , the time req u i red for 
mul t ip l ication  to 1 06 A FBjfoot-pad of mice inoculated BHF was 6 . 5 %  l onger 
than that of  mice inoculated RHF; however, this valu e  is not signi ficantly 
d i ffe rent from O. The regression  of the t ime to 1 06 AFBjfoot-pad of m ice 
inoculated BHF on th at of  mice i noculated RHF is  shown in Fig .  4.  The s lope of 
the regression lin e ,  1 .4 1 , i s  sign i ficantly larger than  1 . 0 ,  ind icating  th at 
muIt ip lication  of M. leprae is somew hat slower in m ice inocu lated BHF than i n  
those i noculated  R HF .  

I n  order  t o  i nterpret th is  fin d ing ,  i t  i s  n ecessary t o  consid e r  the possib i l ity that 
fewer AFB were systematical1y i n oculated LHF than R H F .  In 1 6  experime n ts ,  
mice that h ad been inoculated BHF were k i l led , and harvests of  M .  leprae 
were p erformed from separate pools of 4 R HF and 4 LHF. In  1 0  of  these 
experiments, the n umbers of AFB harvested from both pools were > l O s and 
< 1 06 j foot-pad . These d ata are p resented in Table 5. The mean d i ffe rence 
between the yie lds  of  M. leprae from pools o f  R H F  and LHF was not signi ficantly 
d i fferent from O. I f  the organ isms may be assumed to have muItip l ied at the same 
rate in either  h i n d  foot-pad of mice inoculated in both , then  there is  no evidence 
that  the n umber of M. leprae i n oculated LH F was systematical ly d i ffe rent from 
that i n oculated RHF. 
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Fig. 4. Time to 1 06 AF B/foot-pad in mice inoculated B H F  as a funct ion of the t ime to 1 06 

AFB/foot-pad in mice inoculated RHF .  The eq uation of the regressio n l ine is : No. days 
BHF = 1 5 8 + ( 1 .4 1  ± 0 . 2 9 )  (No. days RHF - 1 46 ) ;  r = 0 .98 .  

TABLE 5 

Varia tio n of the number of A FB/foot-pad fro m  L HF to RHF 

Ex periment 
no. 

I 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  

Number of AFB/foot-pad ( x  l O s )  
R H F  LH F 

5 . 7 9  
1 . 94 
3 . 9 3  
1 . 3 6  
9 . 1 6  
3 . 74 
9 . 70 
1 . 9 9  
4 . 62  
2 . 5 6  

4 . 1 2  
4 . 1 0  
2 . 27 
3 . 7 0  
6 . 8 4  
3 . 0 3  
5 . 2 7  
I . S  1 
2 . 8 6  
2 . 1 6  
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Discussion 

Appl icat ion of Shepard's  technique for cu l t ivation of  M. lepra e in the  m ouse 
foot-pad ( S hepard ,  1 960)  h ave prod uced a consid erable  body of data  that have 
subseq uent ly  been employed in m aking c l in ica i  decis ions and in the select ion of 
the d rugs for tr ia ls  and for use in th erapy ,  to name but a few im portant  uses . Bu t  
because the techn ique  i s  carried out  in on ly  a few laborato ries ,  m any workers who  
use i ts  results  d o  not  understand cleariy i t s  strengths  and l im itat ions .  The 
performance o f  the  techn iq ue  d u ring the 1 0  years s ince this  laboratory was 
establ ished has generated m u ch data,  an analysis  of  which m ay be i n format ive to  
some of the  " consumers" o f  t hese and simi l a r  data . The p u rp ose o f  this  re port i s  
to presen t such an  ana lysis . 

The presentat ion is d ivided into  6 sect ions .  The fi rs t 4 sections rep resen t  a 
progressive increase of scale ,  beginn ing with the dist rib ut ion of A F B  am ong the  
microscopic fie lds  examined in a circle o f  a cou n ting sl ide , and end ing with  the 
reprod ucibi l i ty of  the  harvest proced u re performed on  the pooled t i ssues  o f  a 
number o f  mouse foot-pads.  The last  2 sec t ions represent "by-proel ucts" o f  this  
analysis-a seconel l ook a t  the doubl ing t ime o f  M. leprae, and a comparison o f  the 
rate  of  mu l t ip licat ion in mice inoculated in both h ind  foot-paels to that in  animais 
inoculateel in one .  

I n  the perfo rmance of Shepard 's technique ,  A F B  are enumera ted in  only a 
m in ute fraction o f  the bacterial  suspension that  resu l t s  from a harvest o f  M. 
leprae. A I O-J..I I a l iquot of a s uspension 2 ml or greater in  vo lume is p ipet ted onto 
each of the surfaces bounded by the 3 circ les  of  a count ing s l ide ,  and AFB are 
enumerated in 20 1 250x  oi l - immersion field s a long the equator of each c irc le .  The 
d iameter of a 1 2 50x  field of one of our microscopes is 0 . 1 8  mm,  and that of 
a circle of  a sl ide from the batch currently in  use i s  1 . 1 3  cm . Therefo re ,  one fie ld  
represen ts 0.00025 of the area of a circle ,  or  0 .002 5 J..I I ,  and the 60 fields 
examined represent  0 . 1 5  J..I I ,  or 0.00075 of a 2-m l  suspension .  Had we establ ished 
that the AFB were independent  anel randomly distributed,  in the sense that their 
d istribut ion fit a Poisson d istribution , then accurate est imates of  the n u mber of 
AFB i n  the mouse foo t-pael could be  reaeli Iy  obtained , the only source of 
variation be ing sampling (experimental)  error. However, the resu lts  ind icate that 
one cannot assume the AFB t o  be randomly el istributed on the circles of a 
count ing s l ide ,  especially when the  numbers of AFB are large . 

Such a situation could have resulted from "clumping" of the M. leprae, both as 
closely-grouped organisms and as groups of  wel l-separated organ isms con tained 
within tissue cells that

' 
had escaped disruption . These phenomena, encountered 

not infrequently i n  work with mouse foo t-pael techniq ue as d escribed by 
Shepard ( 1 960),  would  produce more fields containing both larger and smaller 
numbers of  AFB than would be predicted from the mean number of AFB per 
field .  The demonstration that a non-random d istribution was associated with 
l arger n umbers of  organisms is d ifficult t o  interpret o Even a small value of X, the 
mean number o f  organisms/oil-immersion field , is  consistent  with mult ipl icat ion 
of M. leprae. Specirnen no.  8 (X = 2 . 0),  for example ,  represented a yield of  
5 .62  x l O s AFB/foot-pad , more than 1 00 t imes the  number  o f  M .  leprae 
i noculated .  Thus, the associat ion of non-random ness with larger numbers is not 
simply a resul t  o f  mult iplication . 

Because it is not possible to q uanti ta te the increased variat ion that results from 
the non-random d istribution of the AFB , other methods of assessing the precision 
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o f  t h e  mouse foot-pad technique must b e  employed . The c . v .  offers another  
means of assessing variat ion in a populat ion . Al though i t  m ay lack a degree of 
precision ,  i t  possesses the advantages of independ ence o f  the size of  the  
popula t ion - in  this  case , the  n umber  o f  A F B  coun ted . And we have shown that  
the I n  C .V .  is a p proxi mately normal ly  d is t ributed ,  perm it t ing  the  app l icat ion of  
normal  stat ist ics for tes t ing  the hypotheses and determ in at ion  of confidence 
in terva ls .  The usefu lness o f  the C . V .  resides in i t s  rela t ionship to the standard 
deviat ion . I f  the mean number  of A F B  counted in the 3 circles of a count ing s l ide 
is 1 00 ,  then the  " t rue  m ea n "  lies in the  range 1 00 ± 29 
(mean ± (C.  V . / l 00) x mean ) ,  and the 95% confidence l imits  a round the number 
of AFBjfoot-pad calcu lated fro m the  mean or total  number of AFB counted in  3 
circles wou ld  be 29% larger and 29% smal ler  than the  number ca lcu lated . 

One migh t e x pect that the C. V .  for repl icate sl i des would be smal ler  than  that  
for repl icate c i rc les- i . e .  that  the variat ion o f  the number  of AFB between 
d up l icate s l ides wou ld be smal ler than that  among t rip l icate circles ,  and t h at the 
C .V.  for 2 repeated cou n ts o n  the same s l ide would be smal ler  yet . [ n  the course 
of another study ( Levy et aI. , 1 976 ) ,  2 obse rvers perfo rmed d u pl icate counts  on 
20 s l id es .  The mean values of the  C . V .  ca lculated for each observer we re 9 and 
1 4% ;  the  mean rat ios of  the larger to  the  smal ler  number  o f  M. leprae per s l ide  
were 1 . 3 3  a nd 1 . 3 1 ,  respect ive l y .  These va lues a re sign i ficant Jy smal ler  than th ose 
for repbcate circles. 

Al though M. leprae are most often  harvested from pools o f  mouse foo t-pad 
tissues rather than from the t issues of i nd iv idua l  foot-pads,  the variat ion of  the 
number of  AFB fro m foo t  to foot  was o f  some in terest .  Harvests from sets of  4 
foo t-pads yielded a C. V. of 60% and a mean ra t io of the largest to the smal lest  
number of  AFBjfoot-pad of  6 . 66.  This s i tuat ion is q u i te d i fferen t  from that  
represent ing more common applicat ion of  foot-b y-foot harvesting,  in wh ich one 
seeks evidence o f  variat ion among animaIs or ev idence that  a m argina l ly  adequate 
inoculum has infected some a n imais but  not oth ers. In these la t ter  app l icat ions ,  
one would ex pect a m uch larger value o f  the C .V . ,  with a much broader  range 
between the smallest and l argest number of AFBjfoot-pad . 

One would also e x pect that the variation among harvests of M. leprae from 
repl icate pools of mouse foo t-pad tissues would be smal ler  than that among 
indiv id ual  foot-pads. This was indeed the case ; the C.V. is smal l er  for h arvests 
from repl icate pools of from 4 to 8 foot-pads than for harvests from ind ividual  
foot-pads. A most i mportant  observation is  that pool ing the t issues does not , 
under  ordinary circumstances, obscure real ly unacceptable variat ion from foot to  
foot .  

. 

One by-prod u ct of this study was the measu rem ent of the doubling t ime of a 
si ngl e  stra in  of M. leprae d uring logari thmic  mult ipl icat ion in mice .  I n  another 
study ( Levy, 1 976) ,  we found the doubling t ime,  m easured b y  a different 
technique,  to be  i 1 . 1  ± 1 .9 days.  The m easurem ent  made in  this  
study- l 0.7 ± 0 .8  d ays-is virtual ly ident ical .  

A second by-product  was the comparison of rates of mult ip l ica tion of M. leprae 
i n  mice inocu lated BHF to that in mice inoculated only RHF.  M ult ipl icat ion in  
animaIs inoculated BHF was  s ign ificantly slower, but  the  d i fferen ce of rates was 
so small that i t  was not meaningful  biologically. The d ifference did not reflect a 
systematically smaller inoculum LHF.  This observation is of som e practical 
importance .  In many experiments we inoculate mice BHF rather  than RHF in 
order to  economize on mice,  cages and the demands on the staff of our animal  
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house.  We had been reassured that this was an  acceptab le  proced ure by the  resu l ts 
of an earlier st udy ( Levy , 1 97 5 ) , in which we showed that m ice in  fected with M. 
leprae i n  one  h i n d  foot-pael I S to 6 0  days earl ier  were not  p rotectec t  agains t  M. 
leprae chal lenge in the  seconc\ hind foot-pad . At every chal lenge i n t e rval , 
m u ltiplication of M. leprae in the chal lenge inocu lum was com pared to that i n  
contro l  mice not p reviously i n fec ted . T h e  con t ro l  mice w ere inocu lated B H F .  
Perhaps h ad t h e  cont ro l  mice been  inoculated R H F ,  we migh t have observed a 
small effect  of t he p rimary in fe ction at t h e  earl ier  inte rvals s im ilar to the  
d ifferen ces observed i n  t h e  cu rre n t  s tudy be tween  mice inoculated B H F  and those 
inoculated R H F .  

ll1 e ela t a  p resen teei i n  t his analysis suggest  t h a t  t h e  mouse foot-pact tech niq ue 
as  elescribed by Shepard exh ib �ts  a conside rable c1egree of p recision .  Except in the  
case of  foot-by-foot harvests ,  d iffere nces amon g  m easuremen ts equ ivalen t  i n  t i m e  
o r  in  n u m b ers of M .  leprae to a t  least one c10ub ling (or  halving) m a y  be  accepted 
as real; c1iffere nces equ ivale nt to two doubl i ngs appear certa in ly to be  meani ngful .  
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