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BA CTERIOLOG F 

r:l'his r eport cmpha~izc~ : (a) investigatioll of the cy tology and 
metabolism of M. Zepr-a e r ecover ed directl y from les ion s and (b) its 
cultivation independentl y of animal cells .. 

Cyt ol ogy and h is t o(J h e ))1 is f1·!J.-Succe~p-ful cultivation of :11. l ej l ra e 
will not decr ease th e importance of cytolog ic examination of leprosy 
bacilli obtained directly from les ion p- o 

rnterna tional convention s arc needed to ensure (a ) uniform meth­
ods for obtaining samples and preparing smeal'S, and for staining and 
differ entiation ; (b) a logar ithmic or arithmetic scale for express ing 
concentratiOlls of bacilli, and (c) class ification and inte,rpretation of 
the morphologic features in M. Zeprae. ~rh e imm ediate goal should be 
to estimate correctly the proportion of solid-stainillg form ". 

In routill e examinations in lepromatous, borderline and dimorph­
ous cases work can be saved by r ecalling that car lobes, Ha sal mucosa 
and margins of palpable or active lesions are the sites most fr eque1ltly 
and strongly positive, and the last s ites to become negative during 
therapy. Elimination of nasal scrapes is r ecommended. 

Microscopic work can be r educed by gr eater use of 10"- power ob­
jectives. The Committee r ecommends certain modifications of Muir 's 
system of grading. The oil immer sion objective is used to count bacilli 
when they are rare. The low power (lOO X mag.) is particularly useful 
in s trongly positive cases. ~rhe bacteriologic index is the average of 
the values assigned to individual film s at each examination . . 

Difficulties in simultaneous metabolic study of paras ite and host 
include (a) distinction bet\\'een the specific activiti es of each, (b) the 
fact that microorganisms grown i~ vivo do not utilize exactly the same 
systems they use in vit1'O, and (c) the limited availability of microbes 
in most infections. Advantage should be taken of leprosy to investigate 
r elationships between cytologic and histochemical properties of llf. 
leprae; facts can be developed by simultaneous studies of other myco­
bacterial cells that are growing, r esting or blocked by chemother apy. 

Biochemi stry ClncZ 1netabolism.-In the inves tigation of the bio­
chemistry and metabolism of rat and human leprosy bacilli specific 
functions can be analyzed without the complexities of g rowth. One 
goal is to identify key systems that r efjuir e supplementation to permit 
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growth of the organism ,in vitro; another is to jearn the manuel' in 
which exi sting' sys tems permit g'rowth within hos ts. 

Ellzymes liberated from cell-free extracts of rat and human lep­
rosy bacilli have provided evidence of conventional components in the 
glycolytic, hexosemonophosphate, and citric acid cycle systems. S everal 
lines of evidence direct interes t toward problems in terminal respira­
tion. Neve l'theleHH, biochem ica 1 in ves tiga tioW'; have been handicapped 
ill th e same mann er a s bacteriolog ic studi es . ~rh ey have not yielded 
clues on factor s permitting lll. lepra c to expand the key systems r e­
quil:ed fOl' g rowth 'i 'l'/, ,pit ro. 

Th e c'ultivation problem.- Th c central importance of in vitro cul­
tiv ation of 111 . lep1"ae is widely ],ecognized. Factor-requiring and 11on­
cultivated mycobacteria in tlllimal hos ts in every country afford oppor­
tunity for exploring th e Ul1collvf'ntional conditions and factors required 
by host -adapted mycobacteria . Investigation of special problems in 
fa ctor-r equiring and presentl y uncultivated species may improve meth­
ods fol' gTo,vth of conventional spec ies ancl a lso provide models of the 
("pes of de fi ciency to be anti cipa ted in 111. lepme. 

Cultivable s pecie's : 'I'he number and vHri ety of s train s now known 
to he a ssociHted \\'i th th e r espiratory tract and those r ecover ed y ear 
by year from leprosy indi cate' clearly that pote'llti?lly parasitic or 
pathogenic m.vcobacteria a l' e' ubiquitou s. Important questions include : 
(a ) Ar e such strain s r ecovered from lepI 'osy patients hecause of 1'esi­
dmlce in ulcer s, or when spread elsewhere on the skin ? (b) Are they 
similar to stra in s known to cause cutan eous ulcer s or to those a ssoci ­
ated with tho r espiratory tract'? (c ) Can they be eliminated from biop­
sies fo r M. Zepme by ~kill s terilization ? (d) May they at times be 
found wi thill 1I0nulce ratcd tissues after Rkin sterilization '? (e ) Are 
ther e pati ents in whom these' strains induce or complicate r eactional 
s tates ~ Cultivabl e s train s of mycobacteria from body surfaces are of 
genuin e intclr est to microbiology and immunology. S everal types of 
mycobacteri a p er s ist together dm'ing subculture of fr eshly i solated 
"stra ins." R ep eated plating, therefor e, is necessary, 

N on cultivated s pecies : Nearly 100 years of un successful effort to 
propagate 111. lepme on ba cteriologic media, and more r ecently in cell 
cultures, ha ve fail N1 to y ie'](1 clu e'S on the' chara cte'r of obstacles to he 
overcome. 

1. In selecting n mo<1e'l y ielding both cultivation and biochemical 
data. Rapr'ophytes, tubercl E' bacilli, and other independently gTowin!!' 
s train s are largely r\ll ed out, whil e the factor -requiring M . ,iohnei and 
the woodcock bacilli qualify . On withholding the factor, they are con­
v erted to noncultivabl e s tatE'S and ma ,v becom e' counterparts of 1I!f. 
lepra e in seyeral r espects. ,Ve alRo should know more of factor and 
g rowth r equir ements of othE'l' non cultivated mycohacteria, These may 
show othe'r and more' s})('cinli7.ed l' e'quirE'mellt s. 
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2. Problems for profitable study include: (a) biochemical and 
metabolic differences between growth-competent and incompetent cells, 
(b) definition of systems r ehabilitated by addition of factors essential 
for growth, (c) material s and conditions for optimal utilization of 
growth factors, (d) comparative merits of host cells and of other 
microbes as a source or" essentials. 

Criteria for M. lep'I'o e: Before concluding that one has cultivated 
ill. lep'I'ae the following cr iteria should be met: (a) significant, trans­
plantable growth should occur through use of a new principle, facto1'( s) 
or condition( s ); (b) cultures should be obtained from all lepromatous 
pati ents and nearly all tuberculoid cases ; (c) distinctive nutritional 
and metabolic properties should be stable; (d) serologic differentiation 
from other species should be definite ; and (e) suspensions adjusted to 
equivalence with control lepromin, and simultaneous skin tests in the 
same individual s, should be employed. In experiments in cell cultures 
and animals, the r equirements are: significant increases in bacterial 
counts, ~rrial transmiss ibili ty, noncultivability, and points rI ano e 
above. 

HIM UNOLOGY~ , i'i 

r:rhe following fa.cts and views are outlined as basic to current 
understanding of the pathogenesis and immunology of leprosy. 

Genetic background in 1/'w·n.-All animals make effective response 
to thousand s of antigens. Genetic factor s must be consider ed in order 
to explain the exceptionally wide range of resistances and cutaneou 
r eactiviti es ill leprosy in man. Individuals in any population tend to 
fall into one of three groups: 1. Capable or average r esponde l' s,G the' 
majority of whom are, or become, resistant. 2. Slo\\' r esponder s, who 
a J'e susceptible to leprosy, and develop the nonlepromatous form s. 
Les ions tend toward self-healing. Cutaneous r eactivity often develops 
slowly and in moclest degree. 3. Poor r esponder s, in a small minority 
of whom leprosy is persistent and progressive'. Capacities fol' r esis t­
alice tend to r emain at insignificant levels. 

~ Sub ·committee on Immunology: Dr. ,J. H . Hanks, c//aiJ'IIIQII, and Drs. l'L P. Azc"edo, 
.1 . E. Ca rcl ama, J. :If. l\f. F('I'n:tnclez, R. S. Guinto, S. W. A. Kuper, E. Montcs tru c. A. Rothberg. 
K. Ya nllgisa \\'a . 

~'Th (' Suhconllnitt e!' on Serology, n subcommittee of this Puncl, sponso red a Work Con · 
fc rence on Serology of Leprosy during the Congress, in eoopera tion with the Pan-American 
H ealth OrgAnization. The r eport of this subcommittee WAS not aVAilable at the time of 
printing tlli s issue of the JOURNAL. It will appeAr, howe\'er, in the complete Transactions 
of th e YTllth IntcrnAtionll l Congress of Leprology. Reports from th e Work Conferencc CAn be 
, "',lin!'!! in tit!' meantime from th e Pan ' Am eri c:1n H ealth Organization, 150 1 l'\ew Hampshi l'l' 
J\\' cnu c, N.W ., Wa shington, D. C. 20036 (Ref.: Res 63.3, 27 Noyember 1963). 

GIn order to group a multiplicity of phenomena in three classes, the term chosen cannot 
he technical or specific. "Response" seems to cover a series of concepts : proneness to infection, 
performance during recogn ized cl isell se, ability of cells to dc~tro~' M . lrp)·oe. cutancous 
!'rae th' it)', el l'. 
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Basis of ctcquired 1·esis lance.- N ative and acquired re:-; is tull ce to 
mycobacterial infections have not been shown to be clue to, or associ­
ated with, antibodies 01' antibody production. Ka tive r es istance mar 
depend ill part upon fa ctors unfavorabl e to r eproduct ion of M. leprae; 
it is rapidly fortifi ed by acquired r es istallCe. Acquired r es istance de­
pends primarily on improvement in the na tural capac ities of mesench~' ­
mal cells to digest mycobacterial cell walls ami hyd rolyze thei r protei II 
components. t;ince the fundam ental r eaction s for the de ·truction of 
microbes arc hydrol ytic, they a rc less ·p.ecific than antibody produe­
tion. and serolog ic r eaction s but more primitive and fUlldamental. 

Cutaneous r eactivity .-'J.'he conn ection bdween cutan eous reac­
tivity and r es'i ·tance r es ts on th e fact that microbial cell wa lls arc 
naturally toxic and diges tibl e in animal mesenchyme celk Rates of 
d,es trllction ar e originall y higher and more l' eadil~' enhanced in )'('­
sistant than ,_usceptible famili es of animals. 'rhe "immunized " Hnim;.d 
or person, by de. troying bacterial walls more rapidl y, liberates toxic 
components at a goreatel' rate. Th e degr ee of "sen s iiivit~,,, will depell(l 
on hydrolysis r a tes , inherent toxicity of bacterial deri,'atives, and 
differing susceptibilities to damage of ti:ssue cell s in va rious animal 
species. As an example, killed tubercle bacilli a re destroyed more 
rapidly than M. lep1'ae, while the soluble deri vatives a ppea l' to be morc 
toxic. The end r esult is that tuber cle bacilli stimula tt' stronger " sen­
sitizations " than those induced by lYl. lepra e. 

Natural causes of cutan eous 1'eactivity.- In gelleral populati()]) s 
stimulation s occur haphazardly. The per cent of positive r eactors is 
r elated' importa.ntly to age. Ma ll Y previously" unknown causes " of 
r eactivity can now be identified. 1'he li st of natUl'all~' encountered 
infections and/or carri er tates now includes : (a) pulmonary infectioll s 
caused by M. k.ansasi, the avian-Battey complex, and oth er unclass ifi Nl 
strains from Runyon 's groups I -IV; (b) cutaneous infection ' and 
ulc,er s caused by M. ulce1'ons, 111. balnei, the Kakel'ifu Kasongo .·train s 
in ' the COJ;lgo, and probably also strain s of the t ~'pes r epeatedly iso­
lated during efforts to cllltivate M. leprae. 

Intact mycobacteria arc antigenic. A 'ingle test with;) T U of 
PPD has a "booster" effect in mild and moderate tuber culin r eactors. 
It would be unwise ther efor e to suppose that soluble components of 
111. lepme are incapable of enhancing cutaneou. r eactivitr. 

E pidem;iologic il1tplica ti01'l s of cu taneous 1'eacl i l'itv·- L epl'osy in­
f ections do not cr eate strong sensitizations. There is no outstanding 
tuberculin-type r eactivity by which the spread of ill. lepra e through 
general populations can be detected, but the usc of leprolin s f rollt 
washed leprosy bacilli offers a po sibility of findin g per. 'ons who r eact 
more strongly to derivatives of M. lepm e than to s imilar preparatiow;; 
from tubercle bacilli and other r elated species. ']'he ~ritsuda r eactioll 
may be used to assay the potential for r esistance in popul a tions, F or 
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thi s purpose, one is lIOt concerned that cutaneous reactivity may have 
been created through cross-stimulations by other mycobacterial anti­
gens. 

Immunization.-l. BCG and other mycobacteria. timulate Mitsuda 
positiveness, but not in all persons. r:rhey fail to affect "poor r e­
~ponde rs , " i.e., those incapable of adequatQ r espon . e to JIll. leprae itself. 
2. Available stimulators, e.g., BCG plus small amounts of specific 
alltigen in the form of killed 111.. lepme, may prevent or ameliorate 
di sease among" slow responder.'." 3. For the majority of persons, the 
"capable" 1'e ponder, ea rl y timulation of Mitsuda reactivity or 
r esistance is not necessa 1')'. 

Immtm'izing components in mycobactr'ia.-(l) Cell walls are in­
her en tly toxic in normal animals. The tuberculin-type reactivity they 
induce is relatively nOll specific. R esistance is increased. (2) Soluble 
components liberated by rupture of cells are r elatively 110ntoxic. They 
do not by themselves induce appreciable tuberculin-type reactivity, but 
have a potent and r elatively specific immunizing effect. In immunized 
animals both fractions elicit tuberculin-type skin reaction s. 

Summary of concepts in the for egoing.-l. Preventive immuniza­
tion, chemoprophylaxis, and therapy must be des igned to benefit that 
small segment of humanity poorly equipped genetically to deal with 
1II. leprae. 2. Genetic factors and prior exposure to specific or C1'OSS­
reacting antigens are major determinants of r esistance and of cutane­
ous r eactivities to soluble products or intact bacilli. 3. The prognostic 
significance of the Mitsuda r eaction depends upon innate capacities for 
intracellular digestion of the toxic walls and proteins of JIll. leprae. 
4. For the majority of persons in a population, immunizatlon against 
leprosy is not neces ary. 

Assay and intel'p1'eta tion of cutaneou,s 1·eactivities.- tudy of 
cutan eous reactivities to heat-killed JIll. leprae and it soluble products 
has been a major tool for investigating immunology and r esistance in 
lepro y. 

(1) The Fermindez reaction: The Panel subscribes to the readinO' 
and internretation of the F ernandez r eaction a defin ed in the Reports 
of the Madrid (1953) and Tokyo (1958) Congresses, 

(2) The Mitsuda reaction: Mitsuda reactions are induced by the 
intradermal injection of lepromin (JIll. lepme in heated leproma sus­
pensions ) or washed M. leprae. They are analogous to mild or slowly 
developing K och reactions to tubercle bacilli. R eadings of the Mit uda 
r eaction as ay rates of destruction of mycobacterial cells and hould 
be spaced to y ield data that can be plotted as time-profile curves. The 
practical signiflcance of these points is illustrated by more detailed 
c011~irl er l'lti()n of the Fernandez r eaction , and the 'Vade and Olmos 
Ca tro phenomena. 
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S tandards and r eading of the Mitsuda r eaction: The Panel makes 
three new r ecommendations : 1. The provisional standard for lepromin 
should contain 160 million bacilli per cc. 2. Mitsuda r eactions of less 
than 5 mm. average diameter are of doubtful significance. 3. Careful 
comparisons should be made between reactions to the provisional 
standard lepromin and a 1:8 dilution of the same, preferably in the 
same individuals. I t may be possible to eliminate non specific reaction s 
due to tissue components and to expand the existing upplies of 
lepromin by 8 times. ' 

It is reasonable to r egard po -itive :Mitsuda reactions as expr es-
ions of resistance to leprosy, confidence being proportional to the 

degree of positivity. ])oubtful r eactors should be ),eexamined aftc], 
6 to 8 weeks. Ulcerations should be r ecorded ; they are not retained as 
a sl~ cc ial g rade of rcact ion , since they may be created by itching or 
scratching. 

LEPROMIN 

On the basis of efficient recovery of bacilli and relative conveni­
ence, Wade's modification of the Mitsuda-Hayashi method is preferred. 
Recent studies, however, demonstrate that two quite different types of 
result arise from current efforts to prepare lepromin-. In one study, 
16 lepromins (prepared in 10 separate laboratories ) differ ed by 800 
times in bacillary content. Successive lots from some laboratories were 
found to differ by 100 or 200 times. H ence it must be questioned if 
existing data on Mitsuda r eactivity are comparable from place to place 
and time to time. 

Another group of workers, on the other hand, r eported that: (1 ) 
lepromins made in two different countries agree closely in bacillary 
content and skin test potency; (2) highly r eproducible lepromin s can 
be made by pooling of selected lepromas and by minimizing discr epan­
cies in tissue dilution; (3) biologic standardization can be conducted 
in guinea-pigs more conveniently than in man; (4) lepromin is anti­
genic in man; and (5) tissue components sometimes contribute an 
clemcllt of non specificity when full-strength lepromins (tissuc 3-;) o/r ) 
a.re employed in testing. 

The need to sha.rpen the prognostic significance of the Mitsuda 
reaction has heen evident for some year s. ~rabulation s of the prognos­
tic value of Mitsuda r eactions have r evealed that 2+ and 3+ reaction s 
have great significance, while 1+ (3-5 mm.) r eactions do not. 

New r ecommendation s a 1'e made by the Panel with r espect to the 
size of 1+ Mitsuda r eaction s. The table below set forth percentages 
estimated by Yanagisawa and associates as false-positive r eactions 
when the 1+ grade of r esponse was judged by the three existin o' cri ­
teria for r eading'. 
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-- -
Criteria for P er cent false positives Per cent ~iitsuda posit.ivrs 
1+ reactions among 1+ reactions among nonlepromatous eases 

Madrid ]953 3 mm. 20.0 94-99 average 97.0 
WHO 1958 5 mm. 5.0 78-93 average 86.0 
J apa n J955 7mm. 1.5 65-80 average 73.0 
--

-While a r ecomm endation of 7 mm . foi' 1+ wouM elimina te nearly 
all th e fal se lJos itives, it would eliminate also some 13 per cent of posi­
tive reactors among nonl epromatous cases of leprosy (see table). Like­
wise it would have a significant effect on judgments on percentages of 
potentially resistant persons during population surveys. The 5 mm. , 
or "VHO criterion, ther efor e is recommended. 

Hecoml1lendation s are made al so for dilut ed lepromin : Economy, 
though often emphasized, is less important than improvement of sig­
nificance without undue loss of sensitivity. In observations by Guinto 
and ';Vade Olt lepromins diluted 1 :10 the slope of the curve relating 
the per cent of positive r eactors to the dilution of lepromin indicated 
that differ ences would di sappear if the lepromins wer e diluted 1:7 or 
1:8 and if 3 mm. were r ega rded as 1+ . rplms, with suitable change in 
criterion fo), positivity, the tissue components in the lepromins used 
could be diluted approximately 7.5 times with no loss of positive r eac­
to r s. Dilutions of 1 :20 would cause excessive loss of sensitivity. 

In similar investigation s Yanagisawa and associates studied r eac­
tion sizes considered significant when lepromins are diluted to r educe 
the GCCU rrence of nonspecific r eactions. "Vith two types of lepromin 
it was necessary to use a 1:8 dilution to eliminate nonspecific r eac­
tion s . .If 5 mm. is taken as the diameter of 1+ Mitsuda reactions, a 
1 :8 di lu tion of lepromin might be expected to cut the area of reaction 
from 19 mm!! to 6 mm:!, which y ields an expected diameter of 2.8 mm. 
rl'his means that 3 mm. r eaction s could be r ega rded as 1 +, which is in 
agreement with the conclusion derived from the data of Guinto and 
' ;V ade. 

Inter est has been aroused in the use of "depot" lepromin, i. e., 
dilute lepromin in an oily medium, administer ed with a tuberculin 
syringe or multiple puncture apparatus. The oily adjuvant conserves 
bacilli at tho site of injection over long periods and r eleases antigens 
~o gradually that these injection s may be u cd to indicate if subsequent 
CO il ve rsions to reactivity occur. 

From da ta in for egoing section s it is evident that the most specific 
and reliable Mitsuda r eaction s should be induced by leprosy bacilli not 
alter ed during purification. Dhal'mendra-type antiO'ens and bacilli 
purified by drastic enzymatic rilethod s are universally r eported to in­
duce few er and less persistent r eactions than those obtained with 
~fitsuda-Hayashi-Wade type lepromins. At present, in spite of many 
rfforts, preparation of purified S ll pCll sions r emains unsati sfactory. 
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The r esults of these investigations fall into three categories : 
1. If advantage is taken of the properties of chloroform (great 

affinity for mycobacteria and high density ), r elatively pure bacilli are 
obtained, but acidfastness is seriously impaired, cell walls are weak­
ened, and the adjuvant effects of lipopolysaccharides are r emoved. As 
a r esult, these preparations elicit less frequ ent and Ie s per sistent 
r eaction s than tho e induced by lepromin. 

2. Similar limitations are caused by drastic enzyme or bile treat­
ment. 

3. Less drastic procedures yielding high-quality bacilli and per ­
sistent skin r eactions, are too complicated to be r ecommended. Purifi­
cation by salt flotation and sedimentation in alcohol are inadequate 
and r ecovery of bacilli is in effi cient. 

While the practical problem of skin tes t r eagents may perhaps be 
solved by dilution or "depot-type" preparations, ther e is urgent need 
for pure bacilli for preparation of leprolins and other immunologic 
and serologic purposes . This topic deserves intensive study. 

SUYl:MARY ON IMMUNOLOGIC METHODS A N D M ATBRIALS 

1. Assay of cutaneous r eactivity depends upon: (a) the F er11lin­
dez r eaction to solubilized protein s of M. lepme, as· an indication of 
prior effective experience with r elated mycobacterial antigens, and 
(b) the prognostically significant Mitsuda r eaction as a measure of 
rates at which cells of M. leprae can be destroyed. To gain maximal 
information on the latter point, the Mitsuda r eaction must be r ead on 
several occasion s over periods that may be as long as 8 weeks. 

2. As a provisional standard it is r ecommended that lepromin 
should contain 160 X lOG bacilli per cc. in the presence of 3-5 per cent 
ti ssue compon ell ts . 

3. Given approximately 160 X 106 bacilli/cc. of lepromin (in ac­
cordance with the r ecommended provisional standard), problems cre­
ated by nonspecific r esponse to tissue components probably can be 
r educed by new decis ions r egarding the size of a significant r eaction 
to lepromin 1.:8 or by "depot " lepromins in oily adjuvants. 

4. Ther e is as ye t no satisfactory solution to the difficulties in­
volved in efficient preparation of washed suspensions of M. Zeprae for 
serologic work, for use as purified r eagents for the Mitsuda test, or as 
a source for solubilized proteins for leprolins. 


