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Anergy to lepromin, and consequ ent nEtsuc1a ltegativit~" has long 
been held to be of significant import in the prognosis and classification 
of human leprosy. :It is widely held that this an ergic state r efl ects ab
sCJ1 <;:e of the ability to r espond to or r esist infection with Mycobacte1oium 
leprae. Ther e are, however, r eason s for qu es tioning the ahsolute valid
ity of thi s concept. 

Despite the prodigious number s of bacilli present in th e \e::; io11 s of 
well-es tablished lepromatous leprosy, the progr ess of thi s form of the 
disease is typically r estrain ed, and som e patients may accomplish spon
taneou s r ecovery. Because of the marked di sparity l)('tween macro
scopic lepromin positivity and histologic demon stration of the tubercu
loid g ranuloma, and because some r ecovered lepromatous individuals 
r ecover reactivity to Mitsuda testing, Azulay ef (/1. wer e forced to con
clud e that lepromatous leprosy does not n ecessaril y arise in th e an ergic 
margin of the population which lacks the capacity of r esponding to 
lepromin with tuberculoid granuloma formation e). 

Tn the more fulminating disease produced in murine animal s by 
M. leprae 'muriu'm, there is evidence of continuous enhancement of r e
sistance. In thi s disease, as in human leprosy, early rates of increa se in 
leproma weights are not maintained. Further, infection of rats and 
mice in u ter o or neonatally markedly raises their r esistance to subse
quent challenge eR). Hanks (8) has demonstrated healing of rat lep
romas late in the course of disease, again indicating that r esistance in
creases during the progress of infection. Ther e is an abundance of 
other direct evidence that r esistance develops during the course of my
cobacterial infection eo. 18). Finally, white cells from periton eal exu
dates of rats infected with M. Zepra e 'm.uriwn tran sfer the delayed type 
mycobacterial hypersensitivity to normal guin ea-pigs (22). This capac
ity incr eases after second challenge. These observations indicate that 
even though the microorganisms cannot be r eadily overcome (8) , gen
eral cellular r espon se to specific antigens is enhanced during this type 
of infection. ~'hey also indicate that different levels of cellular r esponse 
can be assayed in animals which do not exhibit classical dermal sensi
tivity . 

lThis study was suppor ted by Grant No. E-2880, Na ti onnl Insti tute of All ergy tl nd Infec· 
tious Diseases, ati onal Institu tes of H ealth, Public H ea lth Service, Bethesda, Ma ryl:llld. 'l' his 
l'cport was read at the Leona rd Wood Memorinl ·J ohlls H opkin s U niversi ty Symposium on 
ReseilTch in Lepl'osy, Ba ltimore, May 8·]0, ] 96l. 

2Seni or Resem·ch F ellow, Division of Genera l :I'fedicn l Sciences, Na tionnl I nst i tutes of 
H en lth , Public H ea lth Service. 
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']'h0 tnul-'i:e t' of sell ::; it ivity fro m an ima ls relatively anergic 011 der 
mal skin to::; ting to an illdicator sp0c i0S, immediately suggested the pos
sibility of us ing this technique fo r 0xamining experimentally the con
cept that patients with lepromatou ::; leprosy have lost their abili ty to 
r espond to ]1,[. Zepra e antigens. The possibility exists that the failure of 
elicitable dCl'malrespon se in lepromatous leprosy patients rnay be due, 
at least in part, to the necess ity of illjectillg antigen into cutancous 
tissues of illclividuals who alread~' possess' large reservoirs of antigell 
or wh080 skin is ancrgic for some other r easoll. 1 t ther efor e seemed 
des irab le to measure, by mea ns of pa ssive trall sfer techniques, the r e
acti vity of c011s derived f rom other than cutaneous tissues. 

lkforc a ppl ying tl10 loca l pa ss ive t ra nsfc r technique to the lep
romatou~ leprosy prob10m, howcver, it wa s dC0med advi sable fir s t to 
asccrtai n thc abi li ty of Icucocyt 0::; from tuberculin-posit ivc individual s 
to incite tuhcrculin-type hypers011 s it ivity wh en mixed with tuberculin 
and injected into the skin of normal a nimals. Thu s, Bacon et oZ. (2) have 
shown by th e tran sfer method that cell s of rats sensitiz0d to tubercle 
bacilli a1'0 hyperreactive-a fact shown hy at 10ast three other worker s 
or group :-; in thc last seve ral yea r s e' 12,2 1). ']'he present l'0port will deal 
mainly with resul ts obta in ed in inte rsp0c ie::; t ransfe r cxp0]'iments using 
h uma n ci rCllla ting leucocytes. 

MATERIALS AND METHODS 

Cell d()II()I'~ ,-A series of 35 medical students, 01' patient>; on the ~Il'di cal Outpatient 
Sen ' ice of Hubbard Hospita l, \\'ho gave positive reactions to PPD were used as donors of 
sensitiye cells, A g roup of II indi\'iduals fro m the sallie source who were negative to 
second strength PPD (250 STU) were elllployed as donol's of nOl'lll a l cells. 

P'l'epa1'ation of leucocytes.- vVhite cells were isola ted f rom 10 cc. of heparinized 
Mood byscclimenting-ery throcytes accord ing Ito tho fibrinogen :lIIethod of -8 kog and Beck(lll ). 
Cells were washed twice in hepa rinized Hanks' balan ced salt solution (B SS ); packed 
volumes were noted (usuall y 0,1 cc.) j leucocyte counts were don e, viabi lity was deter
mined, and SllI ears fo r differentia l counts lI'ere prepared. Suspensions were then di\'ided 
into 2 equal \'Olllllles, centrifu ged, and the supernatant fluid s were discarded , 

T es t P rocedu'/'es,-Testing was carried out essentia lly as reported previously e~) . 
Cell aliquots were resuspended in eitber 0,15 cc. of BSS 01' 0,15 cc, of MassH chu~etts State 
or P arke-Davis Old Tuberculin diluted 1 :15 ill BBS , Rabbits, obtained f roll1 a local sup
p lier, were injected intrudermally with Cell -OT a nd Cell-BBS mixtures and with OT 
alone, Leucocytes were injected within 4 hours after their rell10val frolll donors, and the 
usual test site cHrri ed 0.05 cc, of packed cell s 80 pel' cent of which were viable. Differ
ential count~ rCI'ca led the a \'e rage population to consist of a bout 65 pel' cent mononuclear 
cell s. 

A rea s of skin reaction were determ ined a t 2-1 and -18 bours, Specifi c l'ca ctivit,Y was 
judged by subt racting the area of reaction prod uced by a cell-BSS ntixturc f rom that 
produced by the correspond ing crll -OT mixturc. 

Se rolog' ic proredures will be descr ibed where indicated , 

RESULTS 

Fig. 1 illustrates a typical tes t scheme, with the r esults obta ined. 
It can be secn that Orr] :!) st imulated no recipient r esponse, but that 
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mm'2 

W. B. CELLS + OT - 300 288 - R.A. CELLS + OT 

W.B CELLS + BSS - 64 

O - OT 

~----~~----------------
SPECIFIC REACTION AREAS 236mm2 252mm2 

FlO. I.- Representing 48-hour cutll nCO liS I"cs ponseti in I'hc rabbit I"Cte ll' lIl g" "il"culati ng 
leucocy tcs f rom donor " Vv.B." or "R.A." (tubcrculin ·sensitiyc hum nn subj ec ts ) , lIIixcd with 
Old Tuberculin (OT) or bn l:lIlced salt solution (BSS ) . 

when OT was mixed with cell s from a sensitized person a significantly 
gr eater r esponse was elicited than by cells plus BSS. . 

Control sites were characterized bv raised areas with clark center s 
and peripheral blanching due to the vol~lm e of injected cells. Also, slight 
erythema surrounded the raised areas. More pronounced erythema tons 
zones, accompanied by slight thickening and induration, character ized 
cell-OT sites. 

Table 1 presents r epresentative r esults of the transfer experi
ments, and illustrates the range of specific r eactivity obtained. Cells 
from tuberculin-negative individuals, when mixed with OT, d id not 
elicit r eaction sites that were gr eater than the corresponding area s of 
cells plus BSS. 

The bar graph in Fig. 2 shows the average r eaction s obtain ed in 
r esponse to the three types of injection mixtures decribed. Cells from 
sensitive individuals uniformly gave evidence of heightened r eact ivity 
when mixed with tuberculin . 

'While no serologic studies have been mad e with se ra from the in
dividuals involved in the transfer studies described, certain findings in 
our laboratory using sera from other subjects infected or immunized 
with mycobacteria are pertinent to the present discussion . 

Of 20 se ra obtain ed from rats infected with 111. l ejJra e IIlLIrill1n 

(lI1lm), with marked demon tJ'ated abi lity to resist a second infect ion of 
that organism and with cellular h ~·p ersen s i ti\- i t~· , only -± gave ev id ell cc 
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TAHI ,E 1 .- I1(/llge of 48- II o lir rew·l io il ., oiJ /oilt ed ill denllol r e-'polI :,e o{llOrl/lIIl ra iJl) il .- to 

1£, 11 ('0(1) 11'-' f ro m fli/ iertlllin-}Jo-,ilic e lind tli/Jer l" l//iu -.u egltfir e }/II/I/ (II/, .' 11/))('1'/8 , I II li S Old 

TuiJ ercl.Ilh, or uuZanced 81tit .,a llil ioll , llnd l o OT alone. 

-±S-hour l'eactio lls (mm~) 

Cell d OllOl' Cells + 0'1' OT aloJl e Spec ific il l'l'.l 

T lI ben'//1 i 11 - }JOs itir e I: ltd iridlllll~ 

F.K 300 100 0 200 
L.H . .JOO ,1,9 0 351 
1.13 . 176 36 0 1-1-0 
J.B. ]-to 2.') 0 115 
D.H. 2SS Hi 0 :272 
B .. J. .J20 6-l- 0 ~l56 

B.A. 300 ') -
_.') 0 275 

T II/JI' r l'lti i II - II ('go fir e illd i rid lIols 

C.K 6-l- 6-1, 0 0 
(LI\' . i)6 .'iG 0 0 
(; .. T. 81 S l 0 0 

of lll ycohactC' rial antihody. One se rum relwted with pol ysaccharide from 
OT, and anothe r with protein antigens f rom OT, in hemagglutination 
tests. '(1he gamma-2 glohulin fractioll S of 2 differen t sera wer e positive 
foll o\\'ing fra ctionation hy the method of Nichol and Deutsch (1 I), when 
tested in tann ed-cell hemagglutination tests aga inst antigens contained 
in jl IlIII sonicates .3 Selected se ra f rom this gr oup were also negative in 
Parlett' s agar diffusion system (1 3) aga inst lVilm sonicates. However , 
hyperimmun e rabbit se rum prepared against the antigen present ill 
Mlm sonica tes r eacted strongly in diffusion sys tems, giving 4 distinct 
hand s. 

Th C' :;e ra of 60 rats injected \\'ith killed H 37Rv and possessing 
sensitive cell s, were all lI ega tive when t ested with polysaccharide or 
p rotein antigens from OT by hemagglutination procedures. All of the 
se ra test C' cl, however, showecllow levels of complement-fixing antibodies 
aga in st 0'1' . Xone of them bad demon strable complement-fixing anti
bod~' fo l' any of a variety of normal mouse-tissue antigens . 

.r\ sllmmation of results obta illed in serologic studies with 10 lep
romatou s allel 2 tuberculoid leprosy sera is presented ill Table 2. Posi
t ive hemagglllti11 ation was demonst ra ted agaill st polysaccharide anti
gens from OT and against proteill . f rom both 0~(1 and MllJI sonicate. 
Ho\\,eyer , 110 correlation could be made between the titer to a given 
antigen amI the clinica l :-;tate of the patient. 

;l ~rllll - illft'de d tissues lI' e l' (' h O lll ogc lli ~ecl :t ll d b:t c illi we l'e wfls hed f l'ee of ti ssue CO ll lpO
lICll ts. A 10 pe l' CC ll t s us pe ns io ll of \\'nsh N I h:t e illi wns subj ec ted to sO lli e oRc ilbltio ll ill n 10 
K.r. Hnyth co n S o n ic Osc illntol' until 110 illt:tcl baci ll i lI'e l'e d e lll o ll s trnble .. upc l'II:ttnnt Uuids 
f l' ont 8u<:.ll pt' c pn l'nti o ll s h:1\'c hel' lI tNllI cd "so lli c: ltl'S" :lllcl we l' e used ill h Clll:tgglutinn ti OIl :l ll d 
flgflt' d i ffn sio n (' xpe l'illl c ll tS. 
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FIG. :].- Avcrage 
48-hour skin reactions 
in normal rabbits to 
the intradermal injec
ti on of mixtures of 
Old 'l'uberculin (O'L') 
0 1' balanced salt solu
tion (BSS) and cells 
from t uberculin-posi
tive and t uberculin 
ncga ti'-e hum:lII sub
jects. 

gmployment of a 1 :20 dilut ion of Lederle quadrupl e-str ength OT in 
Parlett's agar diffusion system all owed the detection of r eaction bands 
with 5 of the 7 lepromatous sera tested. It is of interest that only the 
sera from lepromatous cases were positive in this limited series. 

Five sera tested by the indirect fluor escent antibody technique 
gave relatively weak, but definitely positive staining of both Mlm and 
H37Rv. 

TABI. E 2.- Sel·0 Iogic l'ecl/;tirity of lepl'o8 ,1j sem. 

Heillagg\utininu Agar diffusion" 
0'1' polysuc- PPO Mlm 

Patient" ehu l'ide protein protein 0'1' MIIII 

1. Lep + 256 64 16 + -
2. Lep + 64 128 8 + + 
3. Lep + 16 64 128 NO xn 
4. Lep + 64 128 64 + + 
5. Lep + 8 128 64 ND XD 
6. Lep + 32 8 4 XD XD 
7. Lep + 16 -16 64 + + 
8. Lep - 64 6-10 128 + -
9. Lep - 256 256 128 - -

10. Lep - 4 32 32 - -
n. Tub - 64 128 ]28 - -
12. Tub - 32 64 32 - -

"Lep = lepromatous; 'rub = tuberculoid; (+ ) , ( - ) = presence or absence of bacilli in 
smeR I'S of skin scrapes. 

bTiters expressed ns reciprocnl of dilution; all sera previously absorbed ,,-itlr Il ormal red 
cells. 

"(+) , (-) = presence or absence of 1 to 2 distinct bands after 14 c1n~'s ' incubation; 
ND = not clone. 
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Limited cxperiCllCe with passive cutaneous flllaphylaxis using lep
rosy se ra and antigens from tuberculin ha s, a!' yet, not y ielded positive 
results . 

Also, leprosy sera have shown low levels of complem ent-fixing 
antibody for a variety of normal human t issues, including kidney, 
testes, liver , spleen, lung, and heart. 

DlSCUSSIOK 

The independence of tuberculin sensitivity a1l(1 the presence of 
hemagglu tinating antibody again st tuberculill L!' a well-es tablished fact 
(1) which has been r eemphasized by certain facets of the studies re
ported here. Indeed, in general the state of delayed hyper sensitivity 
develops and persists independently of humoral antibody-pr oduction 
e· 6) . 'rher e is little r eason to doubt that this truism is opera tive in 
leprosy. 

Obviously, this does not mean that "cellular ists" are " ce11ular
ists" alld "11Umoralists" ar e "l1Umoralists," amI " never the twain 
shall meet." 

Hanks (8) concludes that high levels of cellular r espOlH;e are 1'e
quil'ed effectively to combat mycobacterial disease. Whether this r e
sponse be 0110 of cellular sell sitizat ion or of antibody synthes is, knowl
edge concerning the rol e of the one contributes to 11 hetter under stand
ing of the part played by the other. 

Results of Taylor et al. eO) indicate that late r esponse to lepromin 
does not adequately test the capacity for immun e r esponse. Also, the 
use of heat for the preparation of lepromin has been questioned (9) .4. In 
addition, we would raise the qu estion as to the complete validity of 
evaluating lepromatous patients by the injection of antigen into aner gic 
sites . The local passive tran sfer tec11lliquc could overcome thi s latter 
objection by the use of systemic cells and soluhle antigens from M. 
lepra-e. The use of this procedure with cell s from Ml'ln-infected rats 
showed that tuberculin resulted in better r eactivity than did Mlrn 
lep romin, presumably because of the more r eady availability of cross
reactillg antigens in the soluble mycobacterial material (22). Taylor et 
al. e O) also emphasize the need for a specific leprolin preparation and 
r ecommend the substitution of a specific Fel'l1andez-type reaction for 
the lvli tsuda test in the evaluation of ability to r espollCl. 

Agar diffusion, as developed by Parlett and Youmans (H. 15.16), 
Parlett et al. (I7) , and Parlett (1 3) for t uberculosis systems, would ap
pea r to offer an extremely useful tool for the identification and eventual 
isolation of specific antigens from M. leprae. Such material s, if protein, 
could well provide specific antigen s for use ill dirC'ct and passive trans-

4Disruption of washed bacilli by sonic oscill ation or by treatment in a Ribi cell fraction· 
ator could provid e antigens from ltf. lepme with minim al mOllifications in th e na tive antigenic 
moiety. 
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fe r skin tests . These \\'o rk (' rs ohserved no cross r eactivity ill agar be
tween 13 leprosy . era and ullheated antige ns f rom cultures of tuber cle 
baci.lli. Similarl'y, , Veiss and Fus iUo e4 ) found no r eactivity hetween 
tuberculosis anti g('n and l epros ~r se ra hy 1he globulin titration tech
niqu e. On the other hand , BuneH and Hll eim; (4 ), us ing OT as an t igen 
in aga r plate diffusion studies, demonstrated reactivity with a pool of 
lepromatous se ra and obtain ed negativ(' r e ~mlts with tuberculoid sera. 
These r esults closely parallel our own, and poss ibl y reAect loss of speci
ficity in the heated antigell employed. 

\l so, the demonfi tration of ti ssue- reacting antibody in ce rtain lep
ros.y se ra suggest the ill te r es ting possih il it~, of 1'he opera t ion of an 
a utoimmun e mechmli sTll ill thi s di sease. 

S UMMARY 

1. The va lidi t~· of ~Iitsuda testing fo r the eva lua tion of the ability 
of leprosy patients (espec iall y lepromatous cases ) to r espond is ques
tioned. A pass ive transfe r technique has been cl esc ribec1 for the pos
sible circumvention of ce rtain of the ohjections raised. 

2. Results of hemagglutination, complement fixation, agar diffu
s ion, and Auol'escent antihody tests using human amI animal se ra cersus 
mycobacterial antigens suggest that with the poss ibl e exception of agar 
diffus ion techniques, r esults of serologic tests do Hot co rrelate with the 
clinical status of individuals infected with mycobacteria. 

3. The poss ible usefulness of serologic studies for providing spe
cific antigens of valu e in determinations of cellular sensitivity has been 
cons idered . 

RI~SUMI~N 

1. Ponese en dull a In nl lidt·z de la cOIllproha eion de Mitsud ll pll ra justiprecia l' In 
capaciclild de los Ict)l·o. ·os (sobre todo e/l,;OS leproillatosos) para J'eacc ionar. Se desc ribe 
una teeni ea de transfcl'encia pasiv:l para el posibl e desenredo de los rcparos ofrecirlos. 

2. Los resultados de la helll aglutinaci6n, la f ij aei6n del complemento, la difusion del 
agar y los ensayos de anti cuel'pos f luorescen tes, usando sueros humanos y ani males, COtn
pard os con los de los a ntigeno rni cobactel'ian os, sugieren que, con la posible excepc i6n 
de las teenicas de dif usi6n del agar, los resultados de las serorreacciones no correlacionan 
con el estado cHnieo de los indi viduos infectados con micobacter ias. 

3. Se considera la posible utilidad de los estudios serologico ' para. el sUlllinistro rle 
antigen os especificos de \'a lol' en la s detel'lninaciones de la sensibilidad eelular . 

RESUM]~ 

1. Le bien-fonde dc 1'I)pl'euI'c de :.\Iitsuda aux f ins d'evaluel' l'aptitude des lepreux 
(et pa rti culierement des leprolllateux ) it r eagi r, est mi se en qu estion . Une technique de 
tl'ansfe l't passif a He dee l'ite, qui pOUl'l'ait eventuell ement toul'l1 el' certa ines des ohj ections 
avancees. 

2. Les l'esultats de I'h eJllagglutination, de la f ixation du cOlllplenJent, de la di ffusion 
sur aga r , et des tests aux anticorp .. f luol'escents, fa isHl1t usage des reactions de serums 
bUlllains et animaux it I'eganl d'a ntigenes llJ,Yeobaetel'i ens, sugge l'ent que les l'esultats des 
tests sel'olog iques, a I'exception peut-et l'e de la diffusion sur aga 1', ne corres pondent pas 
it l'etat clinique des inclil'idus infeetes pal' des llI yeobactel'ies. 
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3. On discute de I'utilitc possible de. Ctudeti sCl'ologiqlH'S pOUI' 1I1l'ttre nu point des 
II l1tigellcs s pceifiqut,s n d ab lcs pour dCterlllinl11' la scnsih ilitc cl' llul ai l'c . 

.!l cknowl edgml'nt~ .-I ali i indebted to ::'I [l' '; . Gl'acc E . Dllhlll'Y for able tl' :·lllli . al as
sistance, to Dr. Robert S. Anderson for providing sample,; of lI'hole hlood f roll l tubel'culin
positive and -ncgati,'e hUlll ans, and to Dr. Edgar B. John\\'i('k fol' the l ep l'os~' sera. 
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