
Tl-n~ CONCENTRA'J.'lO~ OF M. LEPRAE IN CURRENTLY 
. AVAILABL1;J LJ~PRO~UNSI 

1IJCHEL F. L ECHAT, M.D., ~LP.I-U 
AN D JOHN H. HAN K S, Ph.D. 

J oilll s Jl opki1ls U ll ive rsity ·L conard W ood Memorial L ep rosy ](,c8ca rcll La borato ry 
Til e J oil ns H opkins School of Il ygiene 

Balt imore, Ma rylan li 

rrhis r eport deal s with the concentration s of L11ycobacte'rium lepra e 
in 16 ]epromins, which were kindly mad e available to us by friends and 
associates. Since lepromin is employed to assay F ernandez and Mit
suna r eactivity to antigew3 from 111. lepra e, judgments concernillg 
prognosis in individual patients mid resistance in populations 111'1' 

drawn from the r eadings obtained. 
If the r esults of the 1IIitsuda r eactioll a re to be reprouucible, and 

comparisons valid in various parts of the world, it is important that all 
Iepromins should cOlltain ad equate and r eproducible concentrations of 
bacillary bodies. 

The purpose of this stud y has been throe-fold: 
1. To simplify methods for counting 111. Zeprae in lepromin in order 

to make them fea sible in other laboratories . . 
2. To learn whether the bacillary content of availabl e lepromins is 

sufficiently uniform to justify confid ence in existing data on 
Mitsuda r eactivity. 

3. rro make suggestion s r egarding feasible concentrations of M. 
leprae/cc. of lepromin. For this purpose, one must consider: 
(a) the numbers of bacilli available in lepromas, and (b) exi st
ing data on the cOllcentrations desired for the Mitsuda r eaction. 

METHODS 

L epromins: Requests for 5 cc. of each of two successive lots of leprolllin were mail ed 
to investigators thought to be making a nd using lepromin. The respondents were supplied 
with kits for mailing the samples and with questionnaires on which to record the methods 
employed for collecting lepromatous ti ssues and f or preparation of the lepromins sub
mitted. Each sample was transferred to a 20 cc. rubber-stoppered serum vial (containing 
two 3 111m . glass beads to facilitate r esusp ension of sediments) a nd stored by r efrigera
tion. The lepl'omins were processed in group for unifo rmity of procedures, olle pl't'yi 
ously counted lot being included with new lots as a control. 

The method tinall y adop ted for estim ating the concentrations of M. leprae in 
lepromins will be described in an accompanying p aper . It included three improvements 
of the origi nal methods of H anks (3). These were (a ) addition of the diluent solution 
prior to di spersion of the declumpecl bacilli, (b ) a sim ple, r apid method of tra nsfe rring 

1 Thi s work was suppor ted in par t by a grant f rom the Wo rld H ealth Organization a nd 
hy Gmnt E-2998, Nationa l I nstitute of Anergy and In fectious Diseases, Nationa l Institu tes of 
H enlth, Pub lic Hea lth Se rvice, Bethesda, Maryland. This mater ial will be presented in pa rt 
at the VnI In ternational Congress of Leprology, Rio de J aneiro, B razil , Sep tember ]963. 

2 Leonard Wood Memori al·National Institu tes of Health F ellow in E pidemiology. 
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repli cate salllples to g lass slides, by means of pin hca ds, lind (c) cliniinatiu ll of th e usual 
calihrations of the areas of films on slides and of the optical field s of microscopcs. 

Satisfactory dispersions of bacilli and agreements of counts \\' ('re obser\'ed , except in 
lepromins containing r elillively large particles of tissue. S in ce this defect prc\'cllts the 
drawing of uni fonll ~amp les into syringes and the injection of ullifor m a liquots into a 
se ri es of perSOIl S, it is a problem whi ch must he solved hy the elilllillation of ti'lsue 
particl£'8 durillg th e p]'('par:Jtion of lepromin . Thi s Tl]'oblcllI is noll' undcl' inl·cstig·at ion. 

RESULTS 

Table 1 sho\\":'; counts in the 16 samples of leprolllin in which bacilli 
could be found. The highest count is 7GO times higher than that of the 
lowest. In two in stall ces two success ive lots of lepromin from single 
sources differed hy 100 and 200 tim es in bacte rial counts. 

A survey of reported methods of preparing lepromin indicates that 
the foremost causes of trouble are as follo\\'s: insufficient attention to 
established methods of selecting and pooling lepromas, excessive grind
ing of tissues and consequent disruption of bacilli, over-dilution, and 
failure to make adequate microscopic and clinica l compari son s hetween 
success ive lots. 

TABLE 1. Nauk oj' ('oneentl'lItions of M. lpprae in 16 iepl'omiHS; 
a'Lemge and media,'11 (·ollnts. 

NUlIlber of If the mediall count is 
bacilli/ cc. Apparent regarded as 25 X lOG 
(X 106 ) sub-groups ±10% ±15% 

228 
218 (3) 
218 

98 
62 (2) 

37 
33 
25 

(M) (6) 2:2 -28 21-2!) 
25 
25 
16 

- - .. ~- - - - .- . --

2 
1 
0.9 (5) 
0.4 
0.3 

62 = Average. l 

1 The average and the media n values (M) are low in part because of known o\'er
dilution of some samples sublliitted . E.g ., the count of 37 X 106 = a 1:5 dilution of one 
Icpromin. At tissue 4%, th e counts of 0.4 and 0.3 would be 4 al1d 3 million, respectil'cly. 
Incorporation of the indica ted corrections, however, would not hri ng the avcrtl ge nnd 
median values into line with pre-existing data (sec Table 2) . 



350 I nt crnai ional J out'1lal of L ep1'osy ]963 

TADl ,E 2. Pat te rns of bacillary cO llcen trat ion -in lep"omas (/I/ cllepl'olll. ills. 

Appl'Oximate Discrepancies 
Lepromas 01' median between high 

lepromins Bacill ijcc Average llumbers and low 
examined ( Refs) (X 106 ) numbel' assig ned counts 

- - ._- -
] lldi\'idual 210 1 

lepromas (2) ] 2-+ 
J ndi vidnal J:'I[ 40 

Ir pl'omins: W (3) 38 76 :w l1 X 
.lH 2-+ 

]9 
5552 

185 267 ] 85 9X 
60 

I P ooled lepromins: 
Abe et (ll U) 220 
'Vade, l\fw 150 185 18.'i 1.5X 
i\Jabalay # 1 213 
Mabl1 l:lY #'2 208 
' Vade 16-+ 186 186 1.3X 
Marda pi a/ (-+ ) 158 

A verages of above: 179 J.51 

S ixteen sm11ples 1-::-in present study : 62 I 25 

] Counts adjusted to tissue 3 p er cent. These counts were made in the pre-sulfone 
era. They are t.honght to be low fo r two reasons : the bacilli were not declumped 
(clumps are lost £rom films mor e r eadily than single bacilli) ; fix ation of films to slides 
was not as ca refully controlled as at p resent . 

~ Counts aoj nstpd to tissue 3 pel' cent. 

rehe data ill Table 2 arc assembled to demon strate three points. 
1. The fir st two section s in the table show that the bacterial con

centration s in first-q uality, individual lepromas tend to differ by 
at least 10 times. The necessity of pooling at least five or six 
lepromas is in escapable. 

2. The next two sections in the table show that when lepromas arc 
carefull y selected and pooled the bacterial counts fall in a fairl y 
narrow range. In the studies illustrated, comparative skin tes ts 
demon strated only small differ ences in :Mitsuda r eactivities to 
220 and to 150 X 106 bacilli/cc. of lepromin. 

3. At ti ssue 3-5 per cent, the bacterial concentrations in the fir st 
fOlH' sections of the tabl e average 179 X lOG. 

DISCUSSION 

Extreme varia tion s in the concentrations of M. Zeprae in currently 
available lcpromins raise serious que tions r egarding the comparative 
value of exi sting da ta on Mitsuda r eactions. If M. lepra e is to be r c-
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g-arded as the major factor inducing l\litsuda reactions, it is urg'ellt 
that steps be taken to standardize bacterial concentrations. 

As a result of careful investigations of bacterial concentrations in 
relation to early and late skin reactions, the J apallese workers cited 
in Table 2 C ' ~) have adopted 160 million bacilli per cc. of lepromin. 

8killed laboratory workers are not al\\'a~' s availahle where lepromas 
may he ohtained. Our laboratory, therefore, is preparcd to cooperate 
with all laboratories that will undertake to cstahlish counting un(l pool
ing procedures p ermitting l'e-di strihution of H s tandard product on 
an institutiOllal 01' r egional ba sis. 

SUMMARY AND CO)l"CLUSIONS 

1. This survcy of concentrations of lJI. lcpra e in leprolllins avail
able to us has heen combined with a re-s tudy of method s for estimating 
the numbers of bacilli and the collection of information on the prepara
tion of lepromin. 

2. Enumerations in ]6 valid sampl es of lepromin from 10 sources 
revealed that: (a) the richcst lepromins cOBtained 760 times more 
bacilli than the poorest; (b) two lots from individual investigators 
may differ hy a s much as roo or 200 timcs ; (c) the average in this 
series was only 35 per cent of those in other ha se-line studies. 

3. A survey of reported methods indicates that foremost problems 
in the preparation of lepromins are: (a) insufficient attention to estab
lished methods of selecting and pooling lepromas, (h) excessive grind
ing of tissues and consequent disruption of hacilli, (c) over-dilution, 
and (d) failure" to make adequate microscopic and clinical compari
sons between successive lots. This is takell to mean that the prepara
tion of lepromin has been left too long for person s who arc occupied 
with other dutie~, and that more assistance is nec(led from national 
and regional laboratories. 

4. Assembled data indicate that an international stalHlard con
taining 3-5 per cent ti ssue and 160 X 106 bacilli per cc. should be at
tainable by proper ca I"e in pooling of lepromas. An offer has been made 
to cooperate with laboratories interested 111 achieving this standard. 

RESUMEN 

J. E:;ta investigaeion dc conccntracioncs dc lIf. Ze}Jl'ae cn leproll1inas disponibles 
ha sido combinada con un r c-estudio de los metodos para la cstimRcion del nUll1cro dc 
bacilos y la recoleceion dc informacion ell la preparlleiol1 de lepromin!!. 

2. Enull1eraciones en 16 cjemplllres validos de leprominll dl' 10 Fuente:;, revellll"ou 
quo: (a) las leprominas mas rieas conteuian 760 veees mas bll ci los que las Illas pobres; 
(b) dos lotcs dc im'estigadorcs inrlividulllcs purdrn difel;r tanto como 100 a 200 veccs; 
(c) cl terlllino medio en esta s serirs fue solfllllentC' el 85 % de aqurllos C'n otr:l Hnea basica 
de cstudio. 

8. Una investigurion dc metod os eomunieados indi(·u fluC los prineipales prohll'lI1as 
(> n la prcparacion de lC' prominas son: (a) insuneicntc Iltencion II llIetodos estahlecidos 
dc selcccion y pool de lepromas; (b) cxcosiYIl pulyeri7.fleion de tejidos y consiguiente 
di srupcion de hll Ci los; (r) dl'l11ll siada dilu('ion, y ((1) ffllla s (>11 Ill S 'eom pal"Uciones 
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adecuadns microsc.op .. icas y clinicas entre los sucesivos lotes. E sto es dicho para signifi ear 
que la preparacion de lepl'omina ha sido dejada demasiado tiempo a p ersonas que estan 
ocupadas con otros tm'eas, y que mayor asistencia es necesa ria desde los laboratorios 
nacionales y reg ionales. 

4. Los datos juntados indican que un standard intel'l1aeional conteniendo 3-5% de 
tpjido, y 160 X 106 bacilos pOl' cc. debe sel' obtenible con cuidado apl'opiado al pool de 
los lepromas. Una oferta ha sido hecha para coopel'ar con los laboratOl'ios interesados 
('n .l ogl'lll' estos standards. 

RESUME 

1. Les auteurs ont ,pl'of ite de cette etude systematique de la concentration de 111. 
leprae dans des lepromines mises it leur di sposition pour proceder it un nouvel examen des 
methodes utilisees pour estimer Ie nombre des bacilles. lIs ont egalement analyse la 
lI1aniere dont les informations sc ra.pportant it la preparation de la lepromine ont ete 
reunies. 

2. L'enumeration des bacilles dans 16 echantillons yalables de lepromin!} provenant 
de 10 origines diffel'entes a }'evele les fa its suivants : (a) les lCpromines les plus riches 
contiennent 760 plus de baeilles que les plus pauvres ; (b) deux lots de meme origine 
peuvent differer dans line proportion de 100 it 200; (c) la moyenne du nombre de bacilles 
dans ce ttc se1;e de lepromincs n'a ete que de 35 % inferieure u cell es trouvees dans d'autres 
etudes de r eference. 

3. Vne r evue des methodes de preparation telles qu'elles ont ete ra,pportees pCl'Tllet 
de mettre en evidence Ie f ait que les problemes rencontres 101'S de la preparation de la 
Iepromine sont les suivants : (a) trop peu d'attention est accordee a.ux methodes etablies 
pour la selection et Ie ra ssemblement des !I~promes; (b) Ie broyage des ti ssus est excessif, 
entraillant une destruction des bacilles; (c) la dilution est trop grande; (d) on neglige 
de pl'oceder it des comparaisons microscopiques et cliniques d'un lot au suivitllt. 

Ces observations donnent it penser que la preparation de la lepromine a eM trop long
temps laissees entre les mains de p ersonnes qui sont absorbees par d'autres responsabili
tes, et suggerent que plus d'assistanee devrait etre foumie sur ce plan pa r des laboratoil'es 
nationaux ou regionaux. 

4. Les donnees reunies montl'ent qu' un standard international, it. savoir une lepro
mine cont.enant 3 a 5% de tissu ·et 160 X lOG baeilles par ce., devrait pouvoil' etre obtenue, 
si 1'0n prend soin de meIer des lepromes de diverses origines. Les auteurs proposent de 
collaborer a\'ec des labol'atoil'es intel'esses it preparer des lepromines repondant it ce 
standard . 
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