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Sl ides  pre p ared w i t h  suspens ions  o f  My co ba c /eri!l m  leprae recovered fro m s k i n  
b i o p s y  s p e c i m e n s  o b t a i n e d  fro m t rea t e d  l e p ro m a t o u s  l e p ro s y  p a t ie n ts  a n d  o x id i zed 
w i t h  per iodate  c o n t a i n e d  on lhe ave rage 3 6% m o re ac id-fast b a c t e ri a  ( A F B )  l h a n  
d i d d u p l i c a t e  s l i d es s t a i n c d  by t h e  s t a n d a rd a c i d -fasl s t ai n .  B y  co n trast , s l ides  
prepa red with suspens io ns of M. leprae recove red d ur i ng logari t h mic mu l t i p l ica t io n 
in m o use foo t  p a d s  a n d  t realed  w i t h  p e r i o d a t e  c o n t a i n e d  on t h e  a verage 1 6  or 3 3'% 
fe wer  A F B  t h a n  d i d  d u p li c a t e  s l ides  st a i n e d  by the sta n dard t e ch n iq u e .  T hese 
res u l t s  a re i n co n sis t e n t  w i t h  a n o n-ac id -fast  s t age in lhe gro w t h  o f  M. leprae. 

I n t r o d u c t i o n  

The c 1a im has been made tha t  ox iel at ion  of  Mycobacterium tu berculosis anel 
M. leprae re n elers more o f  t hese organ isms sta i n able by an aciel -fast s ta in ing 
techn ique than when ac i el - fast stain ing  is carri e el ou t  wi thout  pr ior  o x iela t ion  
( Nyka ,  1963 , 1 96 7 ;  Reich e t  aI. , 1 9 7 2 ;  Haraela ,  1 9 73 ; Mohyse n  and Alemayehu ,  
197 3 ) . This  c la im h as been reexamined for M. leprae. 

Ma teriais and Meth ods 

I n  th is l abora tory ,  which has been engaged in the  i nocu la t ion of m i ce wi th 
M. leprae for the  past 9 years, i t  is standard prac t i ce to  make d u pl i cate  
preparat ions  o f  bacteria l  suspens ions on Reich count ing s l ides* for acid-fast 
s ta i n ing  and e n umera t ion  o f  ac id-fast b aci l l i  ( A F B) .  Both sl ides are rout ine ly  fi xed 
i n  formal in  fumes ;  one  s l ide  is  s ta ined wi th  a care fu l ly  s tandard ized ac id-fast  sta i n  
at room temperature ,  and  the  A F B  are enumerated ( Shepard and  M c Rae,  1 96 8 ) ;  
b o t h  the  s ta ined and  u nsta ined s l ides are fil ed  i n  a l igh t-t igh t box .  The e xposure 
of the s ta ined sl i d e  to l igh t is m i n imized between the  t ime i t  is s ta ined and the 
t i me lt is fi n a\ ly  fi l ed .  

For  the purpose of  t h is s tudy ,  5 0  pa i rs of  s l ides  were selected from the files _  
These included 20  pa irs prepared  be tween September, 19 7 1  and Apri l , 19 73  from 

* Bellco Glass ,  I n c . ,  V ine land ,  New J erse y ,  U . S . A .  
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t h e  b i o psy spec i m e n s  0 1' pa t i e n ts who h ad been t rc a ted w i t h  ace d a pso n e  or  
ri fa m p i c i n  for 3 o r  6 m o n ths  (G ro u p I - " h u m a n " ) , 2 0  pa i rs p re p a reel w i t h  
logar i t h m i c-ph ase M. /efJrae fro m m o use foot  pael h O ll1oge n ates  d u ri n g  t h e  fi rs t s i x  
1 l 10 n t h s  0 1' 1 9 74 ( G ro u p  2 - " n c w  1l1 0 u se " ) ,  a n el I O pa i rs p re p a reel from m o use 
roo t  pael h omoge n a tes b e t wee n Jan uary anel M ay .  1 9 7 I ( G ro u p  3 -"ol d 1 l1 0 use " ) .  
O n ly t hose pa i rs were se l e c t eel t h at h ael y i e l el eel a lu i n i ll1 l1 ll1 0 1' 1 00 A FB per 6 0  o i l  
i mme rs ion fie lds  w h e n  or ig i n a l l y  co u n teel . 

The 50 unsta i neel s l ides  wcre i ll1 me rseel i n  a fresh ly-prepared 1 0% ( w/v)  
aq ueous so l u t ion  0 1' pe rioel ic ac i el for  4 h ,  a fter wh i c h  they were r i n seel wi th  water  
anel s t a i n eel b y  t h e  s tandard ac i el -fast s ta in  ( o x i el at i o n  for  24 h was fou n el to  y ie l el 
the same resu l t s  as per iod a t e  t re a t m e n t fo r 4 h ) .  -

C . H .  c x am i n ed a l i  1 00 sl i el es fro m  Groups  I ,  :2 a n d  3 .  I n  ael el i t i o n ,  20 s l i eles 
fro m G ro u ps I ,  2 a n el 3 werc recoel eel a n el ree x a m i ned b y  C. H . - I O s t a i neel  b y  t he 
stanel a rd tec h n iq ue a n el 1 0  a rt e r  pe rioela te  ox iela t i o n .  L . P . M .  e x all1 i neel 20 o f  the  
si ides  fro m G ro u ps I ,  2 and 3 - 1 0  s tai n ed by t h e  conve n t i o n al ac i el - fast st a i n  and 
1 0  s ta i neel a rt e r  t rea t m e n t  wi th per iod a t e .  In  ad d i t io n to  these 1 00 s l i eles ,  1 0  

" h uman" and 1 0  " n e w  m o usc "  a c i el - fast  s t a i n ed s l i eles  p rev ious ly  fou nd by  L. P . M .  
t o  y ic ld  a t  least  1 00 A F B  pe r  6 0  f i e ld s were se lec ted  for re co u n t i n g  b y  the samc 
ex ami ner . A l i  1 20 s l i d es w e re codeel w i t h  a t h ree-d ig i t rand o m  n U ll1 b e r. 

The res u l t s  h ave bee n ana l y zeel by t he  l i nea r  regress io n tech n iq ue ( G o l el s te i n ,  
1 9 64 ) .  

Resu lts 

REP R O D UC I B I L l T Y  OF C O U NTS O F  A F B  
T h e  resu l t s  o f  t h e  d u p l icate  co u n ts a re p lo t ted i n  F ig. I .  Al i  4 0  p o i n ts 

represe n t i ng el u p l i cate co u n ts m a el e  b y  the  sall1e o bserver w e re p l o t teel w i t h  t h e  
first cou n t  a s  t h e  "obse rve r  n o .  I "  va l u e  a n d  t h e  second COll n t  as t h e  v a l lle  fo r 
"obse rver no .  2" .  The d up l i cate cou n ts by L. P. M.  are rep rese n te el b y  t h e  o pe n  
c i rcles . The s !ope of l i ne  a ,  t h e  regress ion l i ne  ca lcu la teel for the  20 compar isons , 
is 0 . 7 4 ,  a val u e  sign i fi can t ly  smal ler t h an I .  The s lope o f  the  regression l i ne for 
dup l icate cou n ts b y  C. H .  ( c losed c irc les,  l i n e  b )  is 0 . 8 2 ,  a value not  sign i ficant ly  
di  fferen t from I .  

l t  may be more appropriate  to consider the  abso l u te d i fferences ( the  
differences wi thou t  regard to  s ign ) between d u p l icate counts as the  measure of 
obse rver e rror. The mean a bso l u te el i ffe rence be t ween el u p l i cate  coun ts ,  e x p ressed 
as the percen tage of t h e  mean of t h e  two coun ts, i s  2 5 %  fo r L . P . M .  an el 24% for 
C. H .  One may a lso calcu late the regress ion of the  s m a l l e r  cou n ts o n  t h e  l a rger 
counts  in each pa i r ;  the  s lopes 0 1' t hese regress ion  l i nes  a re 0 . 6 2  for L. P. M .  and  
0. 84 for C. H . ;  both  v a l u es are sign i fican tJ y  sma l l e r  t h a n  I but  n o t  d i ffere n t  from 
each o t her. 

Twenty of  the point s  p lot ted i n  F ig . I ( Ll's ,  l in e  c) represen t  counts  made b y  
L. P. M .  (obse rver no .  I )  and  C. H .  (observer  n o .  2 ) .  The  s lope of  the  regress ion of  
the  counts by  c. I-I . on those o f  L. P . M .  was 0 . 7 6 ,  a va l ue  sign i fican t ly smal ler  than 
I but  not  d i ffere n t  from 0.74 or  0 . 8 2 .  

Because L.  P .  M.  reex am ined 1 0  s l ides p repared from h uman materia l  that  h a d  
been fi rst examined from I to 3 years earl i e r, i t  was  possib le  to assess the  effec t  of  
storage on the number of A F B  sta ined by the conven t ional  A F B  sta i n .  The 
regress ion of  the rece n t  coun ts on those ma de origi na l ly was 0 . 7 8 ,  which is not 
sign i ficant ly  smal ler than  I .  
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Fig.  1 .  The n ll m b e r  o f  A F B  cOll n te d  b y  o bserve r n o .  2 a s  a fll n c t i o n  o f  t h e  n ll m b e r  c O ll n t ed 
by o b se rver  n o .  1 in t he  sa me p re p a ra t i o n .  The l i n es rep rese n t  t h e  regress ion  of t h e  n ll m b e r  
cou n t e d  b y  observer n o .  2 o n  t h a t  c o u n t e d  by o b server n o .  1 .  

L. P. M .  vs L . P . M .  - (o) ,  l i n e  a ;  
C. H .  vs C. H .  - ( e),  l i n e  b ;  
C. H .  vs L . P . M .  - 6's, l ine  c .  

Eq uat ions  of t h e  regress ion l ines  and t h e i r  corre l a t i o n  coeffic ie n t s  ( r )  are as fo l l o w s :  

l ine a - Cou n l  n o .  1 = 246 .4  + ( 0 . 744 ± 0 .208)  (Count  no .  2 - 2 8 2 . 3 ) ;  r = 0 . 8 7 1 ; 
l ine  b - Co unt  n o .  1 = 2 7 5 .6 + ( 0 . 8 20 ± 0 . 2 2 4 )  (Count  n o .  2 - 2 9 8 . 0 ) ;  r = 0 . 8 7 6 ;  
l i n e  c - Co un t n o .  1 = 2 7 1 . 6 + ( 0 . 7 6 3  ± 0 . 1 5 2 )  ( Co u n t  n o .  2 - 3 6 7 . 4 ) ;  r = 0 . 9 2 6 .  

E F FECT O F  P E R I O DA T E  T R E A T M E N T  

I n  Fig. 2 ,  t he  numbers o f  A F B  in  the  acid-fast s ta i ned p reparat ions  are p lotted 
as a funct ion  of the num bers of  organ isms cou n ted i n  the periodate-trea ted 
preparat ions .  The slope of the regression  of  the coun ts in the acid-fast s ta ined 
preparat ions  on t hose i n  the  periodate-treated s l ides  p repared from sk in  b iopsy 
spec imens from pat ien ts (open c i rcles ,  l i ne  a) was 0 . 3 8 ,  a va lue sign i fi can t ly  
sma l ler  than 0 . 6 .  The s lope  of the  regression  of  the  numbers o f  organ isms i n  
acid-fast sta ined preparat ions  on  those in  correspond ing per iodate-treated s l ides 
prepared wi th  M. leprae harvested from i n fected mouse foot pads ( c1osed circ les ,  
l ine b) ,  i s  1 . 0 7 ; t h is va lue is not  s ign ifican t ly d i fferen t  from I ,  but is d i fferen t  
fram 0 . 3 8 .  
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Fig_ 2 .  The n u m ber of A F B  stained by the s tandard acid-fast stain as a funct ion  on the  
nu mber sta ined af t e r  periodate ox ida t ion .  The l i ne s  re prese n t  the  regress ion of  t he  n u m be r  
s ta ined b y  the  acid -fast s t a i n  on  t h a t  s t a i n e d  a f t e r  per iodate t rea t m e n t .  Shaeled areas represe n t  
the  9 5 %  confidence bands .  

" Human" s l ides-(o) , l i ne  a ;  
" Olel mouse" a n d  "new mouse" sbdes  - ( e) ,  l ine  b .  

Equat ions of t h e  regression ! ines and  t heir corre lat ion coefficien ts are  as follows :  

l ine  a - Coun t  no .  I = 2 2 7 . 1 + ( 0 . 3 8 1  ± 0 .2 1 4 ) ( Count no .  2 - 3 9 3 . 8 ) ;  r = 0 .662 ; 
l ine b - Count  n o .  1 = 2 8 9 . 7  + ( I  .067  ± 0 . 2 5 9 )  ( Coun t  no .  2 - 2 1 9 . 2 ) ;  r = 0 . 84 7 .  

Discussion 

The p u rpose of th is s tudy was to reexam ine  c 1a ims that  per iodate t reatmen t  
rendered  sta in able M .  leprae tha t  could not  o therwise be s ta ined by the  acid-fast 
technique .  The resu lts demonstra te  that th is  i s  i ndeed the case for M. leprae 
recovered from pat ie n ts after  treatmen t  su ffic ien t to  render  the organ isms 
non-in fect ive for mice ( Shepard et  a!. , I 9 7 2a, b ) .  The n umber of  t hese organ isms 
sta ined a fter  pe riodate t reatme n t  was, on the  average, 3 6% larger than that 
d i rect ly  s ta ined by the acid-fast techn ique .  These data appear consi s tent  w i th  
those reported by  o thers . 

Tha t  we are not  measu ri ng  the e ffects o f  s torage has a l ready been shown.  The 
quest ion of  an artefact  imposed by a systemat ic d i fference between observers is 
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TA B L E  I 

COlI/pariso l 1  oI cut l l l l ! l lK (' rror lV i r il ej/ecrs oI periuJa re  rrca l / / / C / I I 

Observer  15 * 
N o .  I N o .  2 S o u r c e  S t a i n  1 1  ( 'lo )  

----- -----
L. P . M . L . P . M .  N e w  rn o u se A F B  1 0  6 . 9 3  
L. P . M .  L . P . M .  Hu rna nt A F B  1 0  2 0 . 3  
C.H .  C . H .  H u rn a n  A F B  1 0  1 4 . 4  
C . H .  C . H .  H u rn a n  Per i o d a t e  1 0  1 . 5 4  
L . P . M .  C . H. O l d  m o use A F B  1 0  1 6 . 1  
L . P . M .  C. H .  H u m a n  Per io d a t e 1 0  40 . 5 *  
C. H .  C . H .  H u m a n  Period a t e  v s  A F B §  2 0  3 6 . 4 *  
C. H .  C . H .  N e w  m o u se Perioda t e  vs A F B § 2 0  - 3 2 . 9  

C. H .  C . H .  O l d  m o use Period a t e  vs A F B §  1 0  - 1 6 . 4 t 

* [j = � 1 2 00 ( Observa t i o n  n o .  - Observat io n 110 .  2 ) /C O b se rva t i o n  n o .  I + O b s e rva t i o n  

n o .  2 ) I / n ,  w h e r e  1 1  = t h e l1 11 m be r  o f  p a i rs o f  o bserva t i o n s .  
t Observa t i o n  n o .  I - t h ose CO lln t s m a d e  i n  t h e  p e r i o d  1 9 7 1  t o  1 9 7 3 ;  o bserva t io n  

n o .  2 - rece n t  c o u n t s .  
* N o n e  o f  t h e  va l u e s  o f  15 w a s  s i g n i fi ca n t l y  t1 i ffe re n t  fro m O ;  t h e s lopcs  o f  t h e  regress i o n  

l i n es c a l c ll l a t e d  f o r  t h ese se t s  o f  d a t a  w e re s ign i fi ca n t l y  d i ffere n t  f r o m  I ,  h o w e v e r .  

§ Observa t i o n  n o .  I - t h ose co u n t s  m a d e  o n  p e r i o d a t e- t rea t e d sl i d e s ;  o b serva t i o n  n o .  
2 - cou n t s  m a d e  011 s l ides  sta i n e d  b y  t h e  s t a n d a r d  a c i d -fast s t a i n . 

best answere d  by th e  d a t a  I i s ted i n  Tab le I .  Here,  t h e  mean d i ffe re n ce bet wee n 
dup l icate  cou n ts or co u n ts on d u p l ica te  p re p ara t i o n s  is expressec\ as t h e  percent  
01' the mean o f  the  2 cou n ts .  The  abso l u te c\ i ffe re n ce between d u p l icate  cou n ts on  
the same pre p ara t i o n s  i s  t he same on the ave rage fo r t h e  2 obse rve rs . C. H .  ap pea rs 
consisten t ly  to co u n t  fe wer o rga n isms t h a n  d oes L. P. M . :  t h i s  is  part i cu lar ly t rue  
for the  per iodate-t rea ted " h u m a n "  s l i d es .  I t  may be, then ,  tha t  C . H .  under­
est ima ted the e ffec t  of per iodate t rea tment ,  perhaps by regu larly  d ismiss ing as 
staining arte facts objects that  the more experie n ced L. P . M .  cons idered  M. leprae. 
Thus, the e ffect  of periodate trea tment  of M. leprae recove red fro m  t reated 
pat i en ts appears to  be  rea l ,  and  m ay in fac t  be greater than that  we have 
measured .  

The  s i t uat ion w i th  respect  t o  M .  leprae h arvested fro m mo use foot  pad t issues 
dur ing l ogari t hm i c  m u l t i p l i ca t ion ,  howeve r ,  a p pears d iffe re n t . In  t h is case , 
observer C. H .  found consi s ten t ly  more A F B  s ta ined by  the  conven t iona l  
techn ique th an after  per iodate t rea tment .  And even i f  C . H .  u n d erest ima ted the 
nu mber o f  these organisms s ta ined after  o x i d at i o n ,  t h e re is n o  ev ide nce o I' an 
excess 01' AFB sta inec\ after perioc\ate treatment ,  as was the  case wi th  those 
recovered from treated p at i en ts . Th us,  the p henomenon is n o t  t he resu l t  of fad ing 
of the acid-fast s ta ined organ isms on s torage , nor is i t  the resu l t  o f  observer error. 

Reich has reported ( 1 9 7 1 )  tha t  the number 01' viable organ isms in  a logari thmic  
phase cu l tu re of a cu l t ivable mycobacter ia l  strain - the " NQ baci l lus" - was as 
much as l OO-fo l d  greater  than the n umber enumerated as A F B. He suggested that  
the fai lu re to be  sta ined by  the acid-fast sta in was a characteri s t ic  associated with 
"physiologic youth" of  th is mycobacterial stra i n .  I n  a later prese n tat ion , 
pub l ished only in a ostract ( Re ich et ai. ,  1 972 ) ,  he reported that  i n  approximate ly 
ha lf  of a group  of  smears of  skin scrap ings and  bacter ia l  suspensions recovered 
from the b iopsy spec imens  01' sk in  lesions of pa t i en ts ,  periodate trea t men t  
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i n c rc a sed  t h e  n u m be r  o I' A F B  by  a t  l eas t  3 0% a b ove t li c n u m ber c o u n led in  the  
correspondi n g  conventi o n a l l y -s t a i n ed p re p a ra t i o n s .  He  c o n c l uded t h a t ,  as  was l h e  
case w i t h  c u l t u re s  0 1 ' th e NQ bac i l l u s . a n  i m porta n t I'ra c t i o n  0 1 ' M. leprae goes 
u l 1 s t a i ned b y  t h e  s t a n cl a rd ac i cl - I'ast st a i n ,  a n d  t h a t ,  becausc we h ave no  
i n clepe n d e n t  m easu re 0 1' t h e  n u m b e r  o I' M .  leprae, ' " m y cobacter ia l  cou n t i ng t h a t  
i n c l u clecl o n l y  th e re cl s ta in ecl b a ci l l i  wou ld  p rov i d e da ta  t h at cou ld  be i n v a l id fo r 
experi menta l  conc lus ions  t h a t  were based o n  t he ass u m p t ion  t h a t  e i ther  t h e  e n t i re 
pop u la t i o n  or const a n t  p ro port ions  o I' the  p o p u l a t i o n  were b e i n g  i nvest igated . " 
The c1 a ta p rese n ted i n  t h is re port sugges t ,  on t h e  o ther  h and, t h at t he fa i l u re o I' 
sta i n i ng by t h e  s t a n dard ac id-fast tech n iq ue is a cha racte ri sti c o f  c1 ead o r  c1 ecacl e n t  
M. leprae t h a t  are u na b le to i n fec t tIle m o u se foo t  p a cl ,  wh creas "you th fu l "  
orga n is ms- t h ose recove re cl from the  m o u se foo t  pad d ur i n g  logari t h m i c  m u l t i p l i­
ca t i o n -st a i n  a t  l e ast as we l l  by t he s t andarcl t echn ique as a fte r per iocl a te  
trea t me n t . 

The c1 a t a  p rese n tecl h e re su gges t , fu rt h er, t h a t  t h e  e x cess oI' " h u m an " M. leprae 
s t a i ned a rte r per ioclate ox i da t i on  is  i n co nseque n t i a l .  In an  ear l ie r , a s  yet  
un p u b l ished st u d y o f  the c o u n t i n g  t e c h n i q u e ,  we fo u n d  that  the M. leprae we re 
oft e n  ra n d o m l y  d i s t r i b u tecl  i n  t he "c i rc les" o I' l h e  c o u n t i n g  s l i d e ;  t h a t  i s ,  the  
nu m be rs o I' o rgan isms e n co u n te red i n  fie ld-by-fi e l d  c o u n ts were consiste n t  w i t h  
t h e  Po isson d is t ri b u t i o n  ( G ol d ste i n ,  1 9 64) .  M o re over, t h e  n um be rs o I' orga n isms 
cou n ted d uri ng  the e x a m i n a t i o n  of  20 fie lds  a lo ng t h e  equator  o f  e ach o I' t h e  
t h ree c i rc les  o n  t h e  s l i d e  fe l l  i n  t h e  range - 50% to  + 1 00% of t h e  mean  fo r th e  3 
c i rc les 90% o I' t h e  t i m e .  Th us, some vari a t i o n  o I' t h e  n u m bers o I' organ isms 
cou n te d  in du p l i c a te p re para t ion s is to  be e x pec ted , even  when both h ave been 
sta ined si m u l ta n eo us l y by t h e  same tec h n iq ue and were e x a m i ned b y  the  sa me 
observer.  I n  order  to c1 emonst ra te  a n  e ffec t  o f  pe r i oda te t rea tmen t ,  the  d i fferen ce 
be tween n u m bers o f  A F B  co u n ted on d u p l ica te sl ides  m ust  be shown to be 
greater  t h an t h at a t t r i b u ta b le t o  c o u n t i n g  e rro r. O u r  da t a  suggest that  the i n c re ase 
of the n um b e r  of s t a i n a b le A F B  from h u m a n  ma ter ia l  p rod uced by per ioclate  
trea t me n t  is  o n ly a l i t t le  l a rger than the appare n t  i n erease that  m igh t be  
encoun t e re d  b y  c hance w h e n  t h e  same s l ide  i s  ree x a m i n ecl b y  t h e  same O I' another  
e x a m i ner,  a n d  may b e  n o  greater  th an t h e  appare n t  i n crease e n co u n tered  when 
d u p l i cate but  n o t  ident ica l  p re p ara t i o n s  are  e x a m i ned . Certa i n l y ,  there is n o  
ev idence t o  suggest t h a t  s t a i n ing  by t h e  s tandard ac id -fast tech n iq ue res u l t s  i n  a 
gross underest imate o f  t h e  n umber  of M. leprae i n  a p re p a ra t i o n . 
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