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Because the leprosy bacillus has HOt been cultivated, the Olil~­
available source of a bacillary antigen is thc hacillus-ladcll lcproma ti s­
sue excised from lesions of patients with activc lepromatous jrpros,\-. 
The classical 1\ritsuda-Hayashi lepromin, such as that used ill this 
study, is prepared as follows : 

The lepromatous material is heated for severa l hours, Ot' nutoclaved, The fluid is dis­
carded, and th e lepromas ar e clea nsed as thoroughly as possibl e of nonl eprollJatous ti s~up 
elements ( fibrou s ti s~u e , fat, epidermis, etc,) , The leproma ti sue is weighed before g rind ­
ing to a thick paste in a sterile mortar. The paste is slowly diluted and mixed with normal 
saline solution, to whi ch 0.5 p er cent phenol is add ed, until .-mears show a pproxilllately 
500 to 1,000 bacilli p er field or until the concentrati on of ba cilli lI~a teh es th nt of a pre­
viously used batch of lepromin , this r equiring about 20 cc. of dilu ent p er g ra m of tissue. 
The coarser tissue particles nre r emoved by filterin g through g auze or- less wnstefully­
nylon fabric (bolting cloth) or by sedim enta ti on. Leprolllin thus differs f rom other 11I1ti­
gens or susp ensions of killed ba cilli in that it ha s, of necessity, a hUlllan tissue cOIllPonent. 

The test is p erform ed by injecting 0.1 cc. of the lepromin intraderlllally, usually in 
the flexor surface of th e f orearm or in the deltoid r egion. 'fhe commonly-accepted r e­
sponse is the "late," or Mitsuda, reac ti on. It is n llIuch-delayed rel1 ction in the form of a 
nodule which becomes palpable after 7 to 10 days, rea ches its IllaximUl1l a fter 3 to 4 
weeks, then g radually subsides. Occasionally th ere lIIay be necr osis and ul ce ration of th e 
center of the nodule and this llIay take a long timp to herll. 

An "early" lepromin r eaction of th e 48-hour tubl'rc'ulin type is also reeognized ( 0 ) . This 
r eaction is not seen in the lepromatous type. Tn our experience, following inj ection of 
the regular Mitsuda-Hayashi leprolllin, it occurs ill n \"tll 'inhle Hnd oftC'n ;; 1111111 proportion 
in the tuberculoid ty pe and in l10rtllnl individuak 

The lepromin test almost invariably g iYe5 negati\'e result:; ill eases of tl](> l l' prolllatuu~ 

ty pe of leprosy. This negati\'ity, , ... hich is a sso~inte(J ,\,ith th e presence of \'a8t nUillbel's of 
bacilli in th e lesions, is a sp ecifi c feature of the test. It is widely held that the Mitsuda 
Teacti on is of g rea ter f r equen('y nnd gr eater illtensity in persons with tubercul oid leprosy 
than in normal p ersons of comparabl e ages. This would be additi ona l evidence of the 
sp ecifi city of th e test, but statisti cal evidence is inadequa te. 

In those borderlin e cases in which th e leproma tOllS elelll ent predoillinate,;, the t e~t i,; 
usually negative; whereas, if the lesions are predominantly tuberculoid, th e r everse may 
be true. In r ea ctional tuber cul oid leprosy, if there a re Ill any bacilli in th e les ions the 
test Illay be negative or onl y weakl y p ositive. Thus th e If'promin test is of value in 
progno is and in the clinical class ifi eation of leprosy. 

IRead a t the Leonard Wood Memorial-J ohll s H opkill s UJlj'-ersity Symposiulll 0 11 Resea rch 
in Leprosy, Baltimore, Md" May 8-10, 1961. 
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Rf'll ct i\' ity to lepL'OInin hns been shown to be \'Cty (,O lnlll on among hen lthy peL'SOllS, 
in cluding individunls without contact with lep rosy. ::'IIa ll)" workers ha\'e reported positiye 
findings in plates where leprosy is absent OL' extr emely rare. Froll! 50 to 1II 0re than 75 
pel' ce nt of ad ults tested in New York, Clcvelnncl , Paris, Cllrdiff ( Wales ) and otheL' n Oll ­
end ellli c a r eas( I, 2 , 3 , J O, ll ) b a ye been sho wn to be l'eaeti\'e to lepl'Omin. Thus infection 
with llf. lepm e is not a prerequisite to r eactiyity to lep rolllin. 

The fo ll owing fi g ures f rom our studies in Cebu (4, ii , 7, 8 , 9), based on a large number 
of f'Xllillinati ons, show that the proporti ons of norUlIll pe rsons g iving positi\'e J[itsucl a 
rcarti oll s in crease l'npidl y with age. They range f r0111 a lm ost comp lete nf'gativity in early 
illfall('y to a ll but universfll pos iti\' ity in th e adult age. : 4.9 pel' cent of infa nts 6-11 
lIIonths of ag(" 17.9 p e l' cent of childrrn ] -2 yral'!:; of agc, 36.5 pel' cent 2-3 yea rs of flgC , 
{j5 to 74 p CI' cent 6-10 ,Yra rs of agc, IlIld lIlOI'P than 90 pel' cellt of a ll fld ults. 

It i,; well kn own that lep rolllfltous lep rosy is 1I10re f refJu entin malcs than ill f ellla les 
- lIIore thall twi ce ns f req uent in Cebu- but that there is no sex disparity with respect 
to the tubcrcul oid type. A ('omplll'ison of the results of the lepromin tf'st in 776 males 
llnd 1,075 f emnles in the general adult population of Cordoba , Cebu, sh owed 67 per cent 
of rea ctol',; alllOng mal es and 70 pel' cent alllong fema l e~ with no substa ntinl differ ences 
alllong the age groups. 

Judg ing f rom obserycd se(·ondary at tn ck rntes , p er sons li\'ing in household associa­
tion with cases of lepromatous leprosy have a mu ch hig her risk of infection than those 
exposcd to cases of th e tuber culoid typf', nnd th e latter in turn are somewhat more 
exposed th an the remainder of the popnlation . Oll r experience in Cebu (0) again indicates 
that th ere is littl e d ifference betwee n th ese three classes in resp ect to reac tivity to lepro­
Illin . Comparll bl e ngc-adjus tf'd percentage,; of contacts of nil ages \\'h o I·P Il(·ted to lepromin 
wcre: for conta cts of lepl'ol1lntous cases, 73.4 per cent ; fo r conta(·t.· of tuhe]'(:ul oid ca~es , 

68.3 pCI' ccnt; and fo r persons not known to have li\'ed in household a ssocia tion with 
leprosy cases of either ty p e, 68.2 p e l' cent. For ch ildren of 10 to 14 YPIlJ'S the proporti'On 
{)f r cncto rs was somcwhat hig her fo r th ose of lep romatous households than f'Or those of 
nonlepromatolls ; th e difference w as not sig nifi cn nt in th e stati stical ~cnse, but wnrrants 
f urther study . 

.In searching for a non specific origin of r eactivity to lepromin, 
foremost consideration has been given to infection with M. tu,berculo sis. 
~11h e l' e arc Ilumerous r eports of positive correlation hetwe~n reactivity 
to tuberculin and to lepromin when both tests wel'e performed simul­
taneously in apparently healthy per sons. This association, together 
with the definit ely ascertained fact that B CG vaccination induces r e­
activity to lepromin, constitutes the principal support for the theory 
that prior infection with NI. tub erculosis causes r eactivity to lepromin. 

In another of our studies on Madan I sland, Cebn (5), related to 
the effectiveness of BCG in producing r eactivity to lepromin, a pertinent 
observation was made. A total of 483 children from 6 to 35 month of 
age, living in their hom es and consid el'ed to be healthy, wer e tested 
with lepromin and with 0.0001 mgm. (5 ,]~U) of PPD-S. Because of 
their young ages, any tuberculous infection in these children would 
obviously be r ecent. There were no cases of leprosy in any of the 
fam ilies concerned, and the prevalence rate in the goneral population 
wa s woll below 2.0 pOl' cent for all fo rms of the disease. ,]~he prevalence 
of tuberculosis was probably consid erably above that of leprosy. Never­
theless, only 2.3 pOl' cent r eacted to tuherculin "\\'hil e 23.2 per cent re-
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acted to lepromin. Insofar as a small dose of tuberculin is an indicator, 
this group of children ""as r elatively free from infection with M. t'Ub er'­
c'Ulosis. These findings seem definitely to prove that r eactivity to lepro­
min may be gained naturally in the absence of infection either with 
M. tu,be1'culosis or with M. leprae. 

~rh e present study is an attempt to throw further light on the 
r elationship of the lepromin r eaction to th e tuberculin r eaction and, 
in particular, to poss ibl e prior infection with some other species of 
Mycobacterium. 

MATE.RIALS AND METHODS 

A comparison is made of the cutaneous responses of hea lthy children to lepro/llin, to 
p urified tuberculins made f rom a human st rai n of M. tub e1'c/tlos'is, from one of the avian 
tubercle bacillus, and one f rom the Battey stra in of Mycoba cteriu lll; and also to killed 
suspensions of whole M. tub e1'culos'is and whole M . (l 'l'i llm- the suspensions being used 
only in children nonreactive to the homologous PPD. 

The purified tuberculins were of equivalent dosage, 0.0001 rugm. j O.l ce., 0 ]' 5 TU, 
and were prepared by the U. S. Public H ealth Service. The heat-killed suspensions of 
whole M. t1lb e1'c1Ilosis (T3505) and whole M. avillm (M. C.), in phenolized saline, were 
specially prepared for the study by the State Serulll Institute of Copenhagen. They were 
also of equal dosage, 0.01 mgm. j O.1 cc., and contained about the same number of bacilli 
per field as the lepromin. 

The test subjects were 746 healthy children, 7 to 10 yea rs of age, f l'om two publi c 
schools in the towns of Opon and Tali say, in the province of Cebu, Philippines. Scar 
indicating previous BCG vaccination were found on the arms of 194 of these chililren. 
It was found that the vaccination had been performed in all instances at least one and 
one-half years before testing and in the great majority more than 3 years before. The 
children were divided into six: g roups of about 120 each. The method of assignment to 
groups was as follows : The cards for the children of each sex were arranged in order of 
ascending age; the six youngest males were each assigned to one of the six groups using a 
list of numbers obtained at random, then the second lot of males, and so on through the 
r est of the males and the females. 

The preliminary tuberculin tests were g iven to the six g roups as follows : 
Group 1. Human type PPD. 
Group 2. Avian type PPD. 
Group 3. Battey strain PPD. 
Group 4. Human and avian types, simultaneously. 
Group 5. Human tpye and Battey strain, simultaneously 
Group 6. Avian type and Battey strain, simultaneously. 

In the first phase of the study the children were given tuberculin tests in the right 
forearm. Readings were made after 72 hours. The average of two cross diameters of 
induration was adopted as th e fin al measurement. Reactions of 6 mm. or larger were 
regarded as positive. 

In the second phnse of the study all children were tested with lepromin . In addi­
tion, children negative to human PPD were given an intradermal test with 0.1 cc. of the 
killed M. tttb e1'culosis suspension. Those negative to avian PPD were similarly retested 
with the whole lIf. avimn suspension. The lepromin and bacillary suspensions were given 
simultaneously in the left forem'm, 72 hOUl'S afteI' the tuberculin tests were made. Non­
reactors to Battey tuberculin were not tested with a corresponding whole bncillus suspen­
sion, as none was available. 

Reactions to lepromin and to the M. t1lberculosis and lIf. avium suspensions were 
lueasured at 24, 48, and 72 hours for tuberculin -type ea rl y r eactions, and at 10, 14, 18, 
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2 1, 2S, :J:~ , :llld 4:·l days fo )' thl' late Ilodubll' 0 )' :'Ilitsutl ll ph!'IIOlllenon type of rea ction. 
Thl' tissup- I'I'! 'l' sus lw nsiolls of killed M . III !J en'lI /o"i" Hnd !IT. Ol'illl/l p roduc·ed both 

ea rly a nd latc n'<ll'tions which wCl'e I'cry Silllilllr in appl'H),fln('p to t lw (>arl~r and late 
]'(>adions to 1l'[>),Olllin . 1 n judgi llg' positil·it .v, thp)'efo )'(>, tlw sH 111(' l'rite)'ia as for lepromin 
readiyjt~· IH'I'(' applied to the (>al' l ~ ' a nd la te )'ca (·tions to tlwsl' ~uspension ,, ; that is, ea rly 
l'caetions of 10 111m. o r la)'g(> ]' wc )'(> ),(>gard cd a f; positin', /\,; \\' (> )'C la te rea(· tions ( nodulcs) 
of fi llllll . 01' 111 0 ),(>. 

RBSULTS 

T U BEHCUL1 ~ REAUT IO)lS 

~'he results of the individual tuberculin tests are summarized in 
rl'ahle 1. rrhe figur es there sho\\' that sigl1ifi cantly more children re­
acted to th e avia n and Battey tuberculins (+0.2 % awl 48.8 %, r espec­
tively) tha1l to human PPD (26 .7 70 ), although the r eactions to human 
tuberculin tended to be la rger. An appreciabl e proportion of the re­
sponses to all three were of low or in term ediate grades, this being par­
ticularly the case with respect to the avian and Battey tuberculins. 

r('he compari son between children with scars indicating previous 
BeG vaccination and those without such sca r s is of great interest. This 
subject will he discussed in a subsequellt l'epOl·t, but it will be noted that 
the vaccinatecl children showed a f requency of r eactivity about 20 per 
cent higher than the unvaccinated, that this \\'a s the case for each of the 
tuberculins studied and was caused pl'incipnlly hy an excess of smaller 
r eactiom; among the vaccinated. 

Simultaneous tests with the human and avian tuberculins were 
made ill 122 children (Group -1:), of whom 3l (or 23.4% ) reacted to hu­
man PPD and .+-1: (or 36.1 %) to the avian. Of the 31 reactors to the 
human PPD, 30 reacted also to the avian, whil e of the 91 nonl'eactors 

TABLE 1.- R eacli1'ity of C e bl~ ('hildrell ) 7 to )0 y eol's of ag e) to human) avilm) and B attey 
tub el'cltlill s according to s i ,e of I'eac/'ion an(l presence or ab en ce of scal's indicating pre­

v iou s B CG 'forcination. 

PPD PCl' c(>nt positive 

0.0001 lll g lll. ~ulllbc l' tes ted 1+ 2+ 3+ Total _. 

H Ullla n 
No BeG sears 282 8.5 7.1 9.6 25.2 
BeG sears 93 15.1 6.4 9.7 31.2 -- -

Total 375 10.1 7.0 9.6 26.7 

Avian 
No BeG S('a rs 276 17.7 16.7 3.6 38.0 
BeG sears 90 20.0 24.5 2.2 46.7 -- -- -

T otal 366 18.3 ]8.6 3.3 40.2 

Battey 
No BeG sca rs 271 25, 20.7 ------ 46.5 
BeG eRrs no 32.7 19.1 2.7 54.5 

-- --
Total 381 27.8 20.2 0.8 48.8 
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TA B" " 2 .- Co rl' e/alio ll Il e/ iaen 'f e(( l"/ iri/ y to IIIII/ill//, lind (lI"'ian l/fi)e f( 'lIl i li s i n J ;!,~ ('liild f Pn 

t e~ ted 1cith bo th silJl ul/llneo ll :< /Y, 

HUill a n 

I A"ia n Xu, Po~ iti\" e Xo. ~ f'gati ve T otal children 

N o, Positive :30 14 

I 
-t-t 

No, Negntive 1 77 78 
Total Children :-a Dl I p ry 

~~ 

-

to the human only ]--1- (or 1;").-1- % ) r eacted to the avial!. '(,hu s th e two 
r eaction s wer e positively and highly correlated. (,rable 2) 

Tn s imultaneou . tes ts with the human and Battey tuberculin s given 
to 129 children (Group i)), 30 (or 23.370 ) were found to r eact to the 
form er and 62 (or 48.1 70 ) to the latter. Of the 30 pos itive to human 
PPD,26 (or 86.7 0/0 ) reacted to the Battey PPD, whil e of the 99 nOll­

reactors to the human J> P D, onl y 36 (or 36.470 ) r eacted to Battey. The 
correlation is again positive and significant, but not as high as in the 
case of the human vs. a\' ian tuberculin s. (rl~able 3) 

T L\ U I.E 3 .- Con elotioJ/ /i e/w ee n 7·pof"liri/ .lJ to illImall li n d ({}3ol/('.I/" /,,/i Pl·(" ,, /i I/ .• i n 129 
(·hilri f Pn l es t I'd '/fi/h bo iJ/. silllllltan eo ll " /.l). 

Battey 

No. pos itive 
N o. negative 

T ota l children 

No. po. iti" e 

26 
4 

30 

HUIll:ln 

:36 
63 
99 

--1- _:_I'<_lt_II_1 _('I_li_ld_I_'l'I_I __ 

I 62 
67 

129 

In simultaneous tests " 'ith avian and Battey tuberculins 1lI 125 
children (Group 6), ;)2 (or -1-1 .6% ) r eacted to the avian, and 6-1- (or 
51.2 % ) to the Battey. Of the ;)2 positives to the avian, all hut 1 reacted 
to the Battey, whil e of the 73 nomeactors to avian Oldy] :3 (or 17.8 ro ) 
r eacted. This is an even closer pos itive a ssociation than that hdween 
human and avian. (Table 4) 

If only r eaction s of 11 mm. or more of induration be con sid er ed as 
positive (instead of the usual 6 mm. limit), the positive associations 
still r emain but are not so marked. Of 17 children giving such r eac­
tions to human PPD, 11 r eacted in like degree to avian. Of 105 who 
would be consic1 er ec1n ega tive at this lcvel, 8 showcc1 these larger r eac-

T AIJLE 4.-C07Te/at iol1 /i p/w ee n 1·ea(' lirit.1J /,0 at"i ll 1l a lld Bat tey t ll be),(' lIlin ." ill J25 children 
tested1c ith both s imultaneoll s ly . 

Avifl n 

Ba ttey Xo, pos iti\"(~ Xo, nega ti ve Total chil d ren 

~o . positirc 51 1:3 64 
Xo. X egati,'c 1 60 61 

- --
Tota I chil d ren 52 73 12.'5 
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tions to avian. If we go to a still higher level allCi consider as positive 
only those r eactions with 21 mm. or more of induration, only 8 would 
be positive to human PPD. Of these 8 only on e had a r eaction of this 
size to avian. Of the 114 negative at this high level to human PPD, none 
would be considered positive to avian. 

rfumin g to the human PPD and the Battey, and again considering 
as positive only those r eaction s of 11 mm. or larger, it is found that of 
15 children stron gly r eactive to human 'PPD, 8 r eacted in the same 
man11el' to Battey. Of 114 negatives to human PPD by this standard, 
17 r eacted to Battey. The association is still a positiye one, again not 
so close as between human and avian ane1 not so high as at the lower 
level. ~I oving to the level of 21 mm. ancl ove1' , there would be 8 positives 
to human PPD, of whom none would be considered positive to Battey. 
Of the 121 negative to human , likewi se nOll e wa s positive to Battey. 

Finall y, in the comparison of the avian and Battey tuberculins on 
thi s higher standard of positivity, it is found that of 32 children posi­
tive to avian PPD at the 11 mm. level , 27 sho\\-ed reactions of similar 
size to the Battey, whil e of !-"l3 negative to a\' i:m ollly 6 were positive to 
Battey. rrhi s is a closer association than that seell hetween human and 
avian or between human and Batte)" but U:s'ain not so high a s at the 
lower level. rraking 21 mm. as the stanc1a 1'(1 of positi\'ity tlwre wa s only 
on e positive to avian and 1l01l C' to Hatte ~·. 

EARLY REACTIONS TO LEPROMIN AX!) T O THI': Sl' Sl'l': X SJOXS Ol~ 

lULLED M. tub e·rculosis AND M. (( v iuIII 

Tuberculin -like early r eaction s were ohse n 'ed with the suspensions 
of killed human and avian tuber cle ba cilli as well as \\·ith lepromin. All 
of the 746 children in the study were tC'sted with lepromin, and 114 (01' 
15.3% ) gave positive early reaction s mea suring 10 mm. 0'1' more. Of 
these positive r eactors, 99 (01' 86.8ro ) showed latC' (~I itsuda) reactions, 
while of 632 who wC'l'e negativC' fol' the earl~r (2-1--48 hours ) reaction, 
454 (or 71.8 ro ) showed late l'C'actioIlS. .A lthough the cOl'l' ela tion is 
positive, the agreement between the ea rly and late r eactions to lepromin 
is not nearly as close as reported by other worker s. 

As stated previoLlsly, to avoid severe l'el:lctions and because the 
assumption seems justifi ed that those r eacting to PPD would also r eact 
to the whole bacilli, only the children negative to the 0.1 microgram 
dose of the human and avian tuberculin s, respectively, wer e t ested in­
tradel'mally with 0.1 cc. of the suspension s of the corresponding killed 
tubercl e bacilli. 1:'he r esults are shown in Table 5. 

The apparent early reactions to the intradermal tests with the tu­
bercle-bacillus suspensions wer e much more frequ ent and larger in 
the tuberculin-negative childl;en than were the early (Fernandez) re­
actions to lepromin. Of 197 children, tested 'with the human tubercu­
losis antigen, 75 (or 38.1 ro ) gave early r eactions of 10 mm. or more ; of 
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TABJ,E 5.- Ead y 1'eac tiolls to iep 'romin ancl to S/l spensions of killed 111. tuberculos i:; a neZ 
M. aviull1 vn CebtL child1'en n egat ive to Il uman or a rion PPD 1'es pedi vely, aceo rdi?/,g to 

p resence or absen ce of SCQj'S indicating prer ioll s B CG ro ("c l:1/,atl:on. 

(Per cent rea cti ye) 

N Ullibe r Doubtf ul 1+ 2+ 3+ 
Antigen 'r ested 5-9 111m. 10-14 111m . 15-19 1I1ll!. 20 n"lI . + Total 

Lepromin 
~o BeG sca r 276 :30.8 6.2 O . -~ ------ 6.6 
BeG selll" 63 20.6 7.9 ------

I 
7.9 -- -- -- --

Total 339 28.9 6 . .') 0.;3 0 6.8 
--

M . t l!"bel'c ulos is 
(0.01 Il1g ll1) 

~o BeG scar 158 -+2 .4 26.8 10.6 1.2 :IS.O 
B eG seal" 39 -1-1.0 17.9 12.S 2.6 33.:'1 

-- - - -- -- --
T otal 197 -1-2.6 2.504 11 .2 1.5 38.1 

--
M . avium (0.01 mg m) 

K o B eG sca r 118 23.7 35.6 17.8 10.2 6:l6 
BeG scnt' 24 25.0 41 .7 16.7 .'is.4 

-- -- -- --
T otal 142 23.9 36.6 17.6 S.5 62.7 

1'42 tested with the avian antigen, 89 (or 62.7 % ) gave s imilar carl? r e­
actions. In contrast, 0111y 6.8 per cent of tho tuherculin-negative chil­
dren gave positive early lepromin (Fel'llalldez) r eactions of the same 
size. 'rhe children with scars indicating B eG vaccination did not differ 
materially from nonvaccinated children in r espect to early r eactivity 
to any of these antigens. 

There were indication s, however, that the apparent early r eaction s 
to th e tubercle-bacillus sllspension s were of a nonspecific infiammatory 
nature not definit ely r elated to the more significant late reaction s. No 
association was observed between the early and the late r eactions to the 
M. avium antigen; that is, the proportion s of positive late reaction s 
were almost equal for early r eactors as for cady nonl'eactors, and, at 
the most, only a doubtful positive association was found between the 
early and the late r eactions to the M. tub eTculosis suspension. 

LATE REACTIONS T O Ll~PROMIN AN D TO TI-IE 

M . tub erculos is AND M . (f v i UIIl SUSPENSIO~S 

In spite of their young ages-7 to 10 years-the Cebn children in 
this experim ent were highly r eactive to lepromin as measured by the 
late (Mitsuda) r eaction; 533 (or 74.1 70 ) of them showed nodul es of 
5 mm. or larger size. The Opon children and those of ~ralisay did not 
differ in the fr equency of these r eactions. This percentage is higher 
than that observed in a study mad e in 1950 on Opon children of 7 to 9 
year s, in which the proportion r eacting was 65.3 per cent. 

Even in the tuberculin -n egative child rell, definit e la te r eaction s 
were ohserved with the tissue-free snspensions of killed M. tub erculosis 
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and M . ((rill/J/ which \\' CI'C l1Ia cl"oscop i call~' \'er? similar to the nodules 
01' late l'cactioll s produced by standard lcp romin. 'I'he late r eaction s to 
leprom in and to the suspens ions ill the tuherculill -Hcgative children are 
givcn in Table 6. 

'I' hc figures of Table 6 show that if small reactions (less than 5 
111m.) H rc cxcluded, then about the same pl'oportioll s of children, nega­
tive to the homologous tubeJ'culin s, reacte(l to the whole-bacillus anti­
gens of 111. tub erculosis and M. avi'UlII, 37.0 p C I' ccnt and 40.8 pel" cent, 
respectively . . r\ much higher proportion, 67 .6 pel' cent, rcacted to lep-
1'0mlll. 

TABU, 6.- Late r eactions I n l epro lilin alld to " /f ~ Jl e ll .' io Ii S of 1L. tubertulo::; is or :'II. ayiulll 
1'espectivelv, a.ccol'ding to }J 're~ence or abSel1(' e o! sea 1'8 illd i("a I i1l 9 ]Ire r iO/fS 

B eG vaclJination. 

Xumbel' Doubtful 1+ 2+ :3+ I 'J'otfll 
Al1tigP!l Tested :3-4111111 5-7111111 8-9 111111 10 !lllll + 1+ to 3+ 

Leproll li l1 
No BeG sca r 276 27.2 62.7 2.5 2.2 67.4 
BeG SC"fl l' 63 28.6 57.1 7.9 3.2 68 .2 

-- -- -- -- - -
Total 339 27.4 61.7 :J.;1 2...1 67.6 

11£. tllb en' lIlosis 
(0.01 mg lll) 

No BeG sen r 158 53.6 31.1 1.:3 1.:3 33.7 
B eG scar 39 41.0 41.0 - 7.7 48.7 

-- -- -- -- -- ---
Total 197 .,)1.8 33.5 1.0 2.5 37.0 

M . ari/on 
(0.01 IlIgl1l) 
~ 0 BeG se,Il' 24 62.5 29.2 - - 29.2 
BeG sen t" 118 53.4 39.0 :u 0.8 43.2 

-- - - -- -- - - --
Tota l 142 54.9 37.3 2.8 0.7 -to.8 

1 t is evident from inspection of Table 6 that late reaction s to lepro­
min were of no greater fr equency in previously vaccinated children 
than in others. In the case of M. tub e1'c'U losis and 111. avium ther e is 
some indication of greater frequency and of larger size of r eactions 
among the vaccinated. 

'With regard to the nature of the r eactions followin o' injection of 
the whol e bacillus suspensions, there seemed to be two distinct types: 
(Cf,) the early and perhaps nonspecific inflammatory r eaction which 
r eached its maximum at about 48 hours and then rapidly subsid ed, aJld 
(b) the second or late r eaction the nodul e of which wa s observed about 
the 10th day and on the average r eached its maximum earlier than did 
the lepromin reaction. It began to disappear about the 21st day when 
the lepromin nodules wer e still increasing in size. The lepromin r eac­
tion showed its gr eatest average size about the 28th day. The mean 
sizes of all mea UJ'able r eaction s, includin o' those of douhtful signifi­
cance, on . uccessive r eading. are shown in Fig. l. 
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FIG. l.- Mea n sizc of reactions to lepromin and to heat·kill ed suspensions of whole M. 
tuberculosis a nd 3[. a'l; ium. Schoolchildren 7 to 10 yea rs of age, Mactan and Talisay, Cebu. 
Cur ve A: M. tub erculosis in 197 children negative to humlln PPD. Curve B: M. avi'ltm in 142 
children llega ti" e to a "inn PPD. Curve C: lep romin in 339 childrcn negati,'c to hum an or 
avian PPD. Curve D: lepromi n, a U (746 ) children in study . 

As far as coulc.l he judged by in spection and palpation, the reac­
tions to the bacillus suspensions wer e similar to one another and to the 
Mitsuda r eaction in every way, except that they wer e of smaller average 
size and r eached their maximum at an earlier date than did the lep­
romin nodule. As with lepromin, a few instances of necrosis were seen 
with both suspensions. r\ third and less obvious differ ence was that the 
M. t'ttbet'culosis and M. aviU1n nodules receded somewhat morc rapidly 
than the lepromin nodules. 

ASSOCIATION OF THE LATE LEPRO:\UX llEACTlOX WITH I1EACTJOX:-; TO TH I'; 

TUBEIWULINS AC\TD WHOLE B.\ CTLL LS AKTIGENS 

Omitting all r eactions consider ed to be doubtful, comparisons wer e 
made of the frequencies of the late lepromin r esponse in (a) positives 
and negatives, r espectively, to each of the three tuberculins; (b) posi­
tives and negatives to the M. tuberculosis and M. avium suspensions 
among nonreactor s to the homologons tu hel'culill ; and (c) positives and 
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llcgatives to cach of the tuberculin s and its homologous ba cillary anti­
gen. ~Ilhe data a re summal'illed in Tablc 7. 'Th c c1iffcrl'll Ce between the 
proportion of lepromin r eactors for the tuhcrculin or whol e-bacillus 
positives on the on e hand and for the tuberculin 01' whole-bacillu s nega­
tives on the other, constitutes the mcasurc of thc association between 
the types of r eactivity being compared. 

T ABLE 7 .- Assol· iation ill GeIJl/ (-//ild'r ell be l weI' /! Ih e lul e II'}J/'O /JI;II rt' lId;OIt lI u d Ih e !'eac­
lions t o (n) IlIIm(/!/. , al'iflU an d Bat tey t."b l'n ·lIlin." ( h ) 'whole M. tuhel'tulosis O!' M. 
ayium slI 8p en8 ;on in tl/U elT II1-i1l I1 l'g lll;I' (,.", and (e ) IIIIJe r cllliJi {(li d /cli o/('- blll'illus anl igens 

I{(/'- Plt t og ethe!'. 

P ositive -:\ ega ti \'(, 
To (a) , ( b) 0 1' (e ) To (a) , (h) 0 1' «.) 

I 

% Lep-

I 

% Lep-
XUlllher r omin rOlllin 

Antigen tested No. positive No. posi ti \'e Diffel'l' ll ('(' 

( a,) Human, a v -ial~ and Battey tub m'cllUns ( 0 .0001111g1ll . ) i n (/11 (· Ii;1 d!'en : 

Human PPD 375 

I 

100 

I 

89.0 

I 

275 

I 

67.:3 21.7 
Avian PPD 366 147 85.0 219 63.5 21.5 
Battey PPD 381 186 89.8 195 62.6 27.2 

( b) ]{-illeclM . tllb e!'cltloS'is O!' M . avimn (O.Ol mgm.) in il/b el'clIlin lI egllt i l' e:l: 

M. t l/~ e·rclllos ;s I 
M . an 1l1l1 

197 
142 

73 I 97.3 
58 86.2 

]2,1 I 
8,1 

( c ) 'l'ub el'culi n and w hole-bacillus antigens taken t ogether: 

PPD-H and 
7\f. tub M'cnlosis 375 173 92.5 202 
PPD-A and 
111. a r i um 3613 205 85.4 161 

5:3.2 
;)0.0 

56.4 

55.3 

4U 
36.2 

36.1 

30.1 

Diffel'ence" 

SE of oiff. 

4. 2 
4.5 
6.2 

6.5 
4.5 

7.9 

6.-± 

"In mndom sn mpl ing n difference ns greflt or grentcr tha n :) tiJll es S]~ ill eith er direction 
is expect.ed about 5 tim es in 100; of 3 times SE nbout 3 times in ] ,000. 

Jnspection of section (a) shows that of tho three tuberculins, the 
Battey showed the highest degr ee of associa tion, although all wer e posi­
tively alld highly associated with the lepromin r eaction. Of the two 
whole-hacillus suspensions, tha t prepared from the human bacillus 
showed a closer association to lepromin than did the avian bacillus sus­
pension. The very close association with the lepromin r oaction was 
even more evident with the bacillary suspcll sions in the tuber culin 
negatives than it was with the tuberculin s among all the children. 

Ther o is another point not previously mentioned which indicates a 
positive r elationship between the Mitsuda r eaction and r eactivity to the 
whol e bacillu s antigens of M. tub erculosis and M. avium . Inspection of 
Figure 1 shows that the average size of the ::\ Iitsuda r eaction at each 
r eading was gr eater for all children in the stud y (1)) than for those who 
wer e negative to both of the whole bacillus antigclls (C). 'rhat is to ay, 
the average size of the i.fitsuda r eactions among children r eactin g to 
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the whole hacillus antigel1f; C'xceeded that amollg the ll egal iv e~ suffi ­
ciently to raise !,nhsta lltjally the average size of the ~ I itsuda r eact ion 
for all children ahove that fol' the negatives. 

Clearly, therefore, infection with M. tub erculosis, ill. ((vium or with 
the Battey organism might have caused some positivity to lepromin. If, 
however, negativity to tuherculin or to the whole bacillus ill(1icates ab­
sence of such infection, then at least in the case of 111. tub e1'clllosis and 
,11. (f vium, such infection cannot account fully 1'0]' lepromin l'eactivity. 
'1'his is ev ident from in spect ion of the frequency of IC' pl'omill l'eactors 
among the negatives ('rahl e 7) . 

. Somewhat mol'(' than o]}C'-hal f of the Il egatives to thC' human -bacil­
lus preparations, all(1 al so of the negatives to the avian-bacillus prep­
a ration s, were positive to lepromin. 'Phe differences in each case incli­
cate the approximate amollllt of lepromin reactivity which may be 
attributable to infection with M. tuberculosis, with M. aviU1n, or with 
some other mycobacterium antigenical1y r elated to these organisms. 

Tn a previous study of this question (") a comparison was madC' be­
tween reactivity to lep romin and that to graded or increasing doses of 
tuberculin. The tentative conclusioll was l'eached that, although there 
was a positive correlation, lep romin reactivity could not he fully ex­
plain ed by prior infection with M. fttb erc1l1osis. 

The present study confirms this findin g and goes farther hy inclUfl­
ing, as a not fully satisfactory explanation , infection \\·ith M. ((vium. 

There are other antigens which should be studied in comparison 
with lepromin, but it is now questionable whether any mycobacterial 
infection can account fully for lepromin r eactivity. Possibly some of 
the fungi may have a r elationship. }\fore extensive studies are needed. 
These should include comparisons with all available mycobacterial an­
tigens and with those prepared from various fungi known to infect 
man. Further evidence should be sought r egarding the r elative fre­
quency of r eactors among otherwise comparable children living under 
different environmental conditions. 

SUMMARY 

A comparative study has been made of the reactions in healthy 
Cebu children to lepromin, to human, avian and Battey PPD 's, and to 
heat-killed suspensions of whole M. tuberculosis and M. aviu1n. The 
bacillary suspensions were given only to nonreactor s to the homologous 
tuberculin s to avoid violent reactions and on the assumption -that all 
tuberculin reactors would have responded to the homologous whole 
bacillus antigen. 

Of the 746 children in the study, 15.3 per ·cent gave positive early 
lepromin (Fernandez) reactions, while 74.1 per cent showed positive 
la te lepromin (Mitsuda) reactions. Of these children 194 had been vac­
cinated with BCG at some time in the past; there was no difference 
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hetw ('('n the:-;e children alld others with respect to the f requency of 
either ear1~' or late r eact ion s, 

Significantly more children reacted to avian PPD (-:1-0.20/0 ) and Bat­
tC'~ · PPl) (-+8.80/0 ) than to human PPD (26.7 0/0 ). Most of the r eactions 
to the three Jlurified tuberculins were of low 01' intermediate gr ade. The 
previou sl~' yaccinated children show ed a frequency of reaction about 20 
pel' cent gr eater to each of the tuhC'rculins than un vaccinated children. 

Simultaneous tests showed the human', avian alld BattC'y tubercu­
lin s to be positively and highly as:-;ociated with olle another. 

An appreciable proportion of children negative to the human and 
avian tuberculins showed early and late r eaction s to the iuspensions of 
kill ed M. tub erculosis and M. aviulII. r('he tuberculin-type ea rly r eactions 
appeared to be of a nonspecific inflammatory nature. The late reactions 
were in the fo rm of definite nodules vC'r), similar macroscopically to late 
lepromin (Mitsuda) reactions, hut they r eached their max imum on the 
average somewhat earlier than did the late lepromin r eaction s. 

Th C' r eaction s to the human , avian and Battey tuberculin s were 
pos itivel~T and highly a ssociated with the late lepromin r eaction s. The 
late reactions to the III. tub erculosis and 111. avimn suspensions wer e 
even more pos itively and highly associated with the Mitsuda reaction 
in the tuberculin-negative children . r('he average size of the l\fitsuda r e­
a.ction also was greate r at each r ea ding for all children ill the study than 
for those negative to both bacillary suspensions. ~'hese findings clearly 
sho\\' that infection with the human or avian tubercle bacilli, or the 
Battey organism, or possibly with other antigenically related mycobac­
teria , might have caused some of the positivity to lepromin. 

Nevertheless, more than 50 pel' cent of the children nega tive to the 
lIf. tub e1'culosis preparations (PPD and whole bacillus ), and. to the M. 
{) viU'l'n preparations, were still positive to lepromin. The tentative con­
clu sion is r eached that mycobacterial illfection cannot account fully for 
the high frequency of ]'eactivity to lepromin, and further studies are 
suggested. 

RESUMEN 

E~te estudio versa sobre las l'eacciones obsel'vailas en nii'i.o~ sa nos de Cebii fl la lep l'o­
mina, los DPP hUlll ano, avial'io y de Battey y las suspensiones lIIfltadas al ca lor de los 
lJI. tnb ercnlosis y lJI. avium Integros. Nose admini straron las suspensiones bacil.ares mas 
que a los que no reaccionaron a las tuberculinas homologas, a fin de evitar reacciones 
violentas y partiendo de la suposicion de que todos los l'eacto l'es n las tuberculinas hllbie­
ran tam bien respondido al antigcno del bacilo integro homologo. 

De los 746 ninos del estudio, 15.3 pOl' ciento acusaron reacciones positi vas tempranas 
(de Fernandez) mientras que 74.1 pOl' ciento revelaron l'eacciones positi vas tal'dias a la 
lepromina (de Mitsuda) . 

En forma signif icativa, mas ninos (40.2 % ) reaccionaron al DPP aviario y al DPP de 
Battey (48.8 % ) que al DPP hUlllano (26.7% ). La mayoria de las reacciones a las tres 
tuberculinas purificadas f ueron de tenor bajo 0 intermedio. 

Pruebas silllultaneas demonstl'aron que las tllberculinns hUllJana, aviaria y de Battey 
csta positiva c intensamentc asociadas entre sf. 
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l ' nn prllpOI'ClOn nprrciable de Ius lIinos negatil'us 11 la s tnhcl'l:U li -hulil a ll'l .1' nYHII'IH, 
rl'I'elo l'r!l<'('ioncs te'llIprnnas y tl11'd1<1 s 11 In s suspensioll rs ripl M. tub erc//los i,' y drl A(, 

uri/lin IIlntadas. Las r eacc ioll es teilipranas de estil o tuhrl'(·ullni c·o pareeieron ser de natu ­
ra l(,7.11 infltlillatoria anespecifica, Lns tardia:s tOlll a1'on la forilln clp nodul o:s bi pn definidus, 
lllUY selll e.iantes Illacl'oseopica ill ente a 111 S r eaeeiones tal'c1ill s a la lepl'Olllinli (:I1itsuda), 
pero a leonzaron su IllnXilllO el 14°. dia en ta nto que las renceiones tal'd1as a la ]cpl'omina 
~dcanzal'on pOl' tel'lliino llIedio su tnili ano lIlavoI' al 28°. di a, 

Lns r eacc ion es a ln s tuberculinas hUlll n n~l, al'ia ria y de Battcy se asoeia ron positiva 
e intrnsa llirnte eon la s rcaec iones tardin s a la lepl'omina. Lns tnrdia s n las susprnsioncs 
ell'l lJ[ , IlIb en 'lIlos is y uel M. arimll r stuvipron aun III<ls pos itivn e int!'n ,H IllPlltr nsoc iacln s 
con In reaccion de Mitsuda en los ninos negntivos a la s tuberculinas. E stos hallnzgos 
deniuestran chuamente qu e la infeerion con los bac ilos tuhrrculosos hUIlHinos 0 av inrios, 0 

con el mi crobio de Battey 0 pos iblelllPnte con otrn s micobnctcl'ia s a ntigenirnill entp nfines, 
. pod rill haber Illotivado parte de la positividad a la lepronlinl1. 

No obstante, mas de 50 por ciento ele los nin os npg'n tivos n Ins 1)J'('plIl'lleiones dl·1 M . 
tllbet·clIlosis (DPP y bacilo integro) y a las del 111. CILium eran toc1nvia positil'os 11 la 
leprolllina. La conclusion tentativa es qu e Ia infeccion mi cobacteriana no p uede explicar 
del todo la elevada f recucncia de la reactividad a III lepromina y se proponen estudios 
ultel·io res. 

RESUME 

Chez des cnfa nts sa ins de Cebu, on a etud ie et cO lllpare les r eactions it In lepromine, 
aux P.P.D. humain , aviaire, et de Battey, a insi qu'it drs suspensions ba cillaires integrales 
de M, tl.lb et·(,ulosis et de M. Clvintn tues par la chaleur. Les suspens ions bacillaires n'ont 
ete administl'ees qu'it des sujets qui ne reagissa ient pas it la, tubel:culine cOlTespolldante, 
d'abol'd afin d'evitrr des reactions violentes, et aussi pl1ree qu 'on a suppose que tous Ies 
sujets r eagissant it la tuberculine aurl1 ient repondu it la suspension bacillaire integ ralc 
correspondantc. ' 

Des 746 enfants indus elans cesse etude, 15.3 % ont fourni des rea ctions precoces 
positives (Fernandez) it la leproillinr, tandis que 74.1 % ont teilloigne de reponses tarelil'es 
positives (Mitsuda) a ce meme antigene. 

Un nombre signifi cativement plus elel'e d'enfants r eagissent au P .P .D. avi a ire 
(40.2% ) et au P.P.D. de Battey (48.8%) qu'au P.P.D. hUllll1in (26.7% ). La plupal't des 
rea ctions aux trois tuberculines purifiees ont ete classees COllllne fa ibles ou interlll edillires. 

Les tuber culines huma in e, aviail'e et de Battey, lorsqu'elle' ont He t('stees 
silllultaneillen t, se sont revelees hautement nssociees les un es nux autres. 

Une proportion non negligeable d'enfants negatifs aux tuberculin es humaine et 
aviaire ont accuse des r eactions precoces et tardives aux suspensions ele JJ1. tub er(,1 /los is, 
et it celles de M. a 'rium, tues. Les reactions ele type tuberculinique se sont reveles de 
na ture inftamlllatoire non specifique. Les r eactions tardives ont revetu la fo rm e de nodul es 
bien elefinis tres semblables macroscopiquement aux nodules des reactions tardives 
(Mitsuda) it Ia lepromine; cependant, ils sont parvenus it leur maximulll au 14ellle jour, 
alm·s que les reactions tardives it la lepr omine ntteignent en Ill o~'e nn e leurs plus g randes 
dim ensions au 28eme jour. 

Les reactions aux tuber culin es humaine, avia ire et ell' Batte~', ont ete forte ment 
associees avec Ies reactions tal'dives it la lep romin e. Les r eactions ta rdives nux suspensions 
de 31. tllb el'elllo sis et de M. avimn ont encor e ete plus etroitement associees avec Ia 
reaction de ~Iitsuda cbez les enfants nega tifs it la tuberculin e. Ces observations Illontrent 
cla il'ement que I'infect ion par Ie bae il1 e tuberculeux hUlllain ou aviaire, on par l'organisme 
de Battey, ou encor e eventuellelll ent par d'a utl'es mycobacte l'ies antig'eniquement 
apparentees, ont pu intervenir pour entl'a1ner une reaction positive it la lep rOllli ne. 

Et cepend nnt, plus de 50% des enfnnt. r eagissa nt ncgativement aux p r epa rati ons de 
M. tllbet·clIlosis (P.P. D . et bacille integra l ), ou aux preparation, de JJf. ar ill11l , etnient 
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positi fs Ii. la lepromin e. Les auteurs avan cent la conclusion que l'infec tion par des 
lIlycobacteries ne peut pas rendre cOlllpte, entierement, de la f requence elevee des reaetiom; 
positin's Ii. la lepromine ; des etudes complelllentaires den-ont etre poursuivi es . 

• -1 (" 1.-11.0 tde dg"/ll ents-l'i~ e a re indebted to Dr. Lyd ia B . Edwa rds of the Public H ealth 
Service, U. S. Department of H ea lth , Education and vVelfare, fo r the human, avian and 
Battey tuber culins used in this study, and to Mr. i\Iogens Magnusson of the Tuber culin 
Laboratory, State Serum Institute, Copenhagen, for the heat-killed suspensions of M. 
t"b el'c lIlos'is and ]1[. aviltlll. The lepromin used was prepared by Dr. Epifnnio l\hbalay, 
Eyerslry Childs Sa nitariullI , Crhu, Phi lippinf's. 
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