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Ou l' experimental studies e) have shown that degenerate chang0~ 
in the morphology of the rat lep rosy bacillus, Mvcobacl e1'itl1n l ep'l'(f e 
muriu1I1, as seen with the electron mi croscope, permit the identificatioll 
of dead form s, and we believe that the similar degenerate form s of 
the human leprosy bacillus, M. l epra e, are likewise dead organisms. 
F'urthermore, there is sufficiently good agreement betweell the pro
portion of degenerate form s of M. l ep'l'(f f' identifi ed with the electron 
microscope and the proportion of baci lli irregulflrly stained by th0 
Zi ehl -Ne01 sell method a s se0n with the light rnic roscop0 to suggest 
that the bacilli which s tain irregularly a re dead (1). Further evidence 
for this view has come from compa ring the appeflrances of in dividually 
identifi ed a nd s tain ed human l ep ros~r hacilli in the li g'ht and electron 
micl'oRcopes (2). 

Although this co rrelation between the observat ion s with the light 
and electr on microscopes have held for M. l eprrte under all condition R 
so far investi gated, the correlation has 1I0t extellded to M . l ep1'Cl e 
IIwri1tl1l under ce rtain ,in vi tro conditions. For exampl e, when the rat 
lep rosy hacilli were incubated in phoRphate huffel' at 37 °C, the pro
portion of cleg(,lI eJ'ate form s seen with th(' electron microscope in 
crea sed within a f ew weeks, but irregular sta inill g onl~T became appar
ent aft('I' several month s. Rat leprosy hacilli from tissue cultures also 
showed degenerate form s in the electroll microscope, but did not 
show obvious irregular sta ining with caebol-fuchsin. ,\T e report here 
hri efl y a modification of the standard ~ichl-~ eelRen staining' method 
which does allow degenerate forms of the rat leprosy bacilli to be 
id('ntified with the liQ'ht microscopl'. The method ma? al so be useful 
in making morc ce rtain the identification of cleg('nerate humall l e]l J 'os~' 
hacilli. 

MATERIALS A~D MI';THODS 

The methods for preparing suspensions of ]J{, lql1'(f c Jlllirill/ll a nd CXfl lllllllll g th cs\' 
bacilli with the light and electron microscopes have been preyi ously desc ribed ( 1.2). Sus
pensions of bac illi containing high proportions of dege neratr (dead) orga ni sms were 
produced by incubllting in phosphate buffet· at 37 °,C for seve ral months. 

Ziehl-Neelsen m eth()d and mod-ifications.- Thr c:II'bol-fu chsin stain was prepared as 
follows : Ba ic f uchsin, 5 gm.; phenol crystaL', 25 gill.; nbsolutr nlC'ohol, 50 CC ,; and dis
tilled water to make 500 cc. 
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111 ol'dt'1' to uett; J'llIill e til(' eITl'd of the ,o;uspl'lIdi llg l'luid Ihl'd tor ca rbol-fUl;h ~ in 011 

the morpholog) · of the baeilli seell with th e electron mi ero~e()pe, a control " solvent" was 
prepared a s fo ll o ws: phenol (, l'y~ tH\,; , :25 g ill., ahsolute :l lcol1 ol. 50 Ct'., a nd dis tilled \nltel' 
to make 500 CC, 

Dried film s of' ba ci lli were s tained on th e clectl'oll-micl'os('ope support b,Y pxposurp to· 
s tca illing ca rbol-fuchs in 0 [' its solvent fo J' 2 millutes, decoloJ'izing ill 2.;) 1)('1' cellt sui furi c 
a cid , and eountc rs tninin g with 1 p el' ernt 11fjurous lIleth.ylell e hlu e for 1 1l1inute. 

Th e I'outi Il e IIl c thod fo r St>1 i ni IIg bnri II i on " I id es \\"a s to exp ose t n s tt'llll l illg ('11 rbo\ 
fu (·hsin fo r !) lllinutrs, decolorizr in 25 \)(' 1' ('Pilt sulfuri c l\l· id {'o r 10 millutl':; , lIlld ('\lUllt C' r 
s tain in 1 p e l' (,C ilt aqueou s lIl e thylene blu e for 1 mi nute. :U od ifi catio ll s of til(' method 
a.ppl it'd t o t he tplllpenltu I'e II nd the ti IIlP 0 f t'X p nsu 1'( ' to ea rbol-fuch s in . (' 0111 pa ri solls \\" ('1'1' 

m a d e at 18 °, :12 °, 37 ° , J2 ° Hnd JS oC with t'xpOSUI'(' tim('s of' 1 , :3 , 6, ]:2 , Fi and 2J hours , 
FOl' th ese IRtter tes ts the slides WCrt' imillcrscci in Cop lin .iars ('olltllining: ('H l'bol-f u r hs in 
\ll'lri at th e appl'Opri ll tp t t'mprrnturr ill thl' ilH'llbntol'. 

RESULTS 

J-:XA ~IL\' A'I' I ON OF Jf. LEPRAE JWRlUM \\' [TH Tl-IE ELECTR O:\" ~r l (,HOSCOP I ': 

A"FTEH " AlnOllS TREATMENTS 

(1) Standcw cl cl/rb o l -f~l chsin staining .- Wh en dead hacilli wer e· 
('xumin0d with th 0 elect ron microscop0 aft er being stu in 0d h.Y th0 
standard Zi ehl -Neelsell technique, it wa s no longer poss ihl e to deter 
min e \\·ith ce r tainty the degenerate organisms. 'I~he sta ining process had 
r edistributed their r emaining cytoplasm to more nea rly l' es011lhle the 
uniform appearance of normal organisms, which ]n fact cOl'J'clat e(\ 
with their more or less r egular stainin g seen with the light mi crosco pe. 
By mapping out the area of the bacilli occupied hy electr on-de1\ S0 
material it could be seen that this fill ed 60 p el' cent of th e stained 
hacilli on the average, compared with 45 per cent hefor e stainin g. A 
series of studi es was undertaken in o rd er to ddermin e which stage 
of th0 Ziehl -N eelsen m ethod lea ds to changes in th0 di s trihution of 
elect ron-dense mate rial in the d egenerate bacilli. 

(2) Effect of th e l tld/ sin so lve1'd.- vVhen the bacilli after exposure' 
to s t eaming fuchsin solvent were examin ecl with the elect r on micro
scope, it wa s found that this procedure alon e ]'esultedin a spread 
of the electron-dense material in the cytopla sm . As a furth er control 
the bacilli wer e exposed to s teaming water , but this caused no change 
in the distrihution of th e electron-dense material, and the l1aci11i could 
still be identified a s d egenerate organisms with th e 01ectron microscope. 

These obse rvations led us to ascertain whrth0r stainin g of de
gene rate ill. lep1"(l e nwri'um at 10\\'er tempel'atn r es would avoid tl10-
r edistribution of electron -dense material. 

(3) Sta,ining 1Uith carb ol-fu chsi1'l, at low er t elllp eratures .- .. \. series 
of smears was stain ed at differ.ent temperatllrcs var?ing from 18° to 
·18 °(" ancl var~rinQ,' in staining tim0 from 1 to 2-1: hours. 1'he r esults 
of these studi es showed t ha tat tern pera tu r es hi l)'he1' thall 37 ° C, dead 
hacilli generally showed uniform sta inin o', wherea s at 3rC irreguhu
staining was r etained. Howen~ l', staining' at 37 °(, for less than (~ 
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hours left a s ignificant proportion of the organisms unstained 01' 

poorly stained; below 37 ° C, even prolonged staining left many bacilli 
too poorly stained to be id entified. This sugges ted, ther efore, that 
for routine procedures th e smears sho uld he sta in ed at 37 °C for not 
less than 6 hours and for convenience usually 6 to 15 hours. 

COMPARISON OF THE PHOPOR'L'101 OF DEGENER A'J'E F ORMS OP olI, LH I>RA R 
]lURIU J:f SEEN Wl'l' H 'J'nE E LECTRON MI CROSCOPE 

AND IHREGUJJARLY-S'fAIN I NG BA CTLLT 
SEEN WITH THE L lG H T MTCROSCOPE, USI NG ' I'H8 NEW PROCEDURE 

, A series of 21 amples of M. Zeprae m'Lwium. from a variety of in 
v 'i tro experiments carried out either in tissue culture or in cell-free 
media were examined independently with the light microscope, after 
staining at 37 °C for 6 to 12 hours, and the proportion of irregularly 
stained bacilli in each was r ecorded. Th e same suspension s wer e in
dependently examined be electron microscopy and the proportion of 
degenerate form s counted. ~rhe r esults of these studies are g iven in 
Table 1, which shows the ver y close agr eement between the two 
methods. 

T ABLE l.- Com pCIl' ;SO l1 of Ih e Pl'opol, tion of clegenem te fonns oj' Mycobacterium leprae 
murium seen 1c'ith the electl'on m'icl'oscope, and il'r eg uZal'ly-s taine(l bacilli seen with 

the light 1JI i cI'oscope in the same sample, afte r the modifi ed Zi eJ.I-N eeZsen method, 

Degenerate in electron microscpe Irl'egul arl~' sta ined by ca rbol-fuchsin 
(pel' cent ) (p er cent) 

100 (J8/ 48) 100 (40,140) 
100 (20/ 20) 100 (30/ 30) 
100 (J0/ 40) 96 (96/ 100 ) 
]00 (25/ 25) 86 (38/ 44 ) 
100 (25/ 25) n (36/ 47) 

98 (98/ 100 ) 95 (95/ 100 ) 
97 (133 /137) 99 (106/ 107 ) 
90 (63/ 70) 76 (64/ 8J ) 
86 (63/ 73) 85 (85/ 100 ) 
73 (66/ 91 ) 66 (66/ 100 ) 
45 (5/ 11) 50 (20/ 40) 
20 (5/ 25) 5 (5/ 108) 
9 (5/53) 13 (9/ 69 ) 
6 (3/ 50) 6 (7/ 110 ) 
6 (3/.'50) 5 (3/ 65) 
6 (2/ 33) 5 (5/ 100 ) 
J (2 /50) 6 (12/ 191) 
J (2/ 50) J (4/ 107 ) 
3 (3/ 100 ) 8 (4/ 49) 
3 (4/ 126) 6 (3/ 50) 
:2 (2 / 102) 8 (4/50) 

COS CLUSIONS AND ' UMMARY 

On examination of degenerate forms of M. ZepTa e nnl'riu'In with the 
electron microscope after taining with hot carbol-fuchsin, the typical 
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features of degenerate organisms can no longer be id entified. Electron 
microscopy r evealed that the staining process led to spreading of 
the cytoplasmic content, so that the organisms had the appearance 
of more or less uniformly-filled bacilli. By examining degenerate forms 
of these microorganisms with the electron microscope after differ ent 
stages of the Ziehl-N ee]sen method, i t was found that the r edistribution 
of the cytopl asmic content of these bacilli m:;curs when the organisms 
ar e heated in the presence of the Ziehl-Neels en solvent, even without 
the dye. However , the char acteristic features of (leg-enerate ll I. lepme 
murium can be r etained by staining at lower temperatures . '1'he best 
:r-es ults were obtained by taining with carbol-f uchsin at 37°C for 6 to 
15 hours. Using this modifi ed Ziehl -Neelsen method, th e viahility of 
these ba cilli can be assessed with the light microscope. 

CONCLUSIONES Y RESUMEN 

Al examinnr fOl'mas degeneradas del 1IJ. lepl'ae murium con el mif")"oscopio elec
tl'onico despues de la coloracion con carbol-fuchsina en cali ente, no pueden identif icarse 
ya nUiS las caracteristi cas tipicas de los micro bios generlldos . La microscopia electronica 
r evelo que el procedimiento de coloracion fo mcntaba. la di spersion del contenido citopliis
mico, de modo que los mi croorga nismos revcstian el aspecto de bn ci los henchidos mas 0 

menos uniformemente. Examinando formas degenerlldas de estos microorganismos con 
el microscopio electronico despues de apli ear clivel'sas etapas del metoclo de Ziehl-N eelsen, 
se observo que la l'eclistribu cion del contenido citop\;l smico de estos bacilos tiene lugat' 
cuando se ca lientan los microorganismos en preseneia del solvente de Ziehl -Neelsen, aun 
sin el colorante. Sin embargo, pueden retenerse las caracteristicas tlpicas del M. lepme 
mW'ium degenerado eoloreando a temperaturn s mas bajas. Se obtuvieron los mejores r e
sultados tifiendo con carbol-f uchsina a 37 ° C. p Ol" espacio de 6 a 15 horas. Usando este 
metodo de Ziehl -Neelsen moclif icaclo, puede j ustiprecia l'se la viabilidlld e estos ba cil os 
con el mi croscopi o luminoso. 

RESUME 

Lorsqu'on examine au mi croscope electroniq ue les forme ' degenerees de 111. leprae 
mU1'i~tm apres coloration par la f uchsine ph eniquee Ii chaud , on ne p eut plus identif ier 
les caracteristiques typiques des organ ismes degenen'is . La microscopie electroniqll e 
revele que la methode de coloration entraine une diff usion du contenu cytoplasmique, telle 
que les organismes revetent l'apparence de bac.ill es plus ou moins uniformement remplis. 
En examinant les formes degenerees de ces microorga nismes au microscope electronique 
apres diff erentes etapes de la technique de coloration de Ziehl-Neelsen, il a ete cons
tate que la r edistribution de contenu cytoplasmique de ces bacilles a lieu lorsque les 
organismes sont c.hauffes en presence de la solution de Ziehl-Neelsen, meme si Ie c.olorant 
est absent. Neanmoins, les caracteristiques typiques de M. 7Pl11'ne 111111'ium degenere p eu
vent etre retenues pnl" la coloration a plus hasse temperature. Les l"esultats les meill eurs 
ont He obtenue p ar la coloration avec la earhol-fuchsine a 37° C clmant 6 it 15 heures . En 
employa nt cette methode de Ziehl-Neelsen modifiee, la \'iabilite de ces bacilles peut ft.re 
estimee au microscope ordina ire. 
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