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A prolllin('nt f eature of lepromatom; leprosy is th e pl'es('nce of 
gr('at nlllllher s of Hansen bacjUi in large mononuclear cell s. ~lhpse 
cell s are in intimate contact with antigens from th e leprosy hacil1i, 
under conditions sirnilar to those brought about by th e inoculation of 
Freund adjuvant C), whose potentiating effect on all kinds of anti gens 
is well kno'wn. 

~:h e adjuvant action of mycobacteria and smallpox y irns lIas been 
demon strated for oth er antigens that may he presf'nt simultaneously. 
Lewis and Loomi s (11 ) ''''ere th e first to di sco \'er that th e incr eased 
pl'oduction of an tibody against sheep erythrocytes in tuber culous 
guin ea-pigs should be attributed to the tuberculou s; infection. Denney 
and Hopkin s (3) described the activation of specific leprosy lesions 
following smallpox vaccination and noted later a r egression of leprosy 
in a number of th e patients. It is no,,, known that the adjuvant action 
of mycobacteria r esults in improvements of antibody production, 
enhancements of tuber culin-type sel1 sitizations, and incrf'ases in resist
ance. Hanks (8) has analyzed, in t erms of chall enge dosage, the 
r emarkabl e enhancement of r esistance again st murine leprosy in rats 
following immunization with killed JJ1. lepr'aemuriu,m combined with 
BCG for its adjuvant effect. In another publi cation Hanks (9 ) has 
summarized pertin ent literature and concepts on the use of adjuvants 
to improve immunologic r esponse in human leprosy. 

It is known that lepros~r pati ents sornetilll es r eact viol ently after 
smallpox vaccination (3), ,,,ith r ecurrence of specific lesions and 
severe symptoms of general invo!\'ement. After antityphoid inocula
tion, however, Johan sen and Munday e O) did not ohserve activation 
of lesions. 

Lepromatous lesions, with ] epl'o s~r hacil1i and their adjuvants, 
could have a potentiating effect on antigen s not r elated to acid-fast 
bacilli. If thi s holds true, th e serologi c r esponse to yaccination would 
be quantitatively greater than that observed in normal per son. In 
the case of antityphoid vaccination agglu tinin titration hefore and 
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after nwcination should provide the desired information. The iJlve~ti 
gation here r eported demonstrates that lepromatous patients do have 
a higher capacity for agglutinin formation than controls when sub
lIIitted to the sallie :schedule of antityphoid vaccination. 

MATElUALS AND METHODS 

1. P erso ns testecl.- Lep romn /"O US patients and soldiers were Hrst tested for tile 
prespnee of Iln tityphoid agglu tinins. No titer highpr thlln ] :20 was foun d in any scm 
tested befo re inoculation. 

S ixty lepromatolls patien/"s, 44 with active infect ion and Hi wi th l·pgressive lesions, 
(:omprised the experimenta.l gTOUp. Thpir mean age was 45 ypars (from 17 to 63); the 
1\Venlge dura tion of t he infeet ion was 17 years (from 2 to 37) . Sixty military recruits 
comprised the control group. They had not received any vaccination for en teric fevers. 
Their mean age was 10 years (from 17 to 26). Tlleir health was good. 

2. Typhoid vltccine.- Formalin-ki lled typhoid vaccine, as described by Siler (13), 
was used. It was prepared by growing the strain Panama 58 (Watson type of 
Salmonella typhi obtained from the Wal ter R,eed Army Institute of Research, Army 
Medical Center, Washington, D.C.) on Roux fla sks with bacto-beef infusion ag·ar. After 
incubation fo r 24 hours at 37°C, the growth was harvested wi th buffered saline. The 
bacterial content was determined by plate counting, wi th t he usc of MacConkey medium, 
and the suspension was diluted to a standard strength of 10!) organisms per ml. The 
organisms were killed by addition of 0.1 per cent formalin to the diluted vaccine. 

The vaccine was disppnsed in 10 ml. fla sks and released for inoculation after the 
contro ls had shown it was steri lized properly by formalin and f ree f rom toxic effects 
for 250 gm. g'uinea-pig'S inoculated with 1.5 ml. of the vaccine subcutaneously. Two 
doses of the vaccine, 0.5 and 1.0 ml., were g'iven subcutaneously, with an interval 
of 8 days. 

3. H~tmltn sera.-Bleedin g was carri ed out before vaccination and 21 days after 
the second dose of vaccine. Blood was coll ected in sterile tubes and kept at low tem
perature on its way to the labora tory, where sera were lyophi li zed in volumes of 2 ml. 
Lo permit paired comparison under the same conditions. The lyophilized sera were 
reconstituted with di stilled water and left ovel'll ight iu the icebox. 

4. Agghttinin tit rat iOl1 .- H. antigen (6) was prepared f rom 24-hollr cultures of 
the act ively motile strain H.-90l of Salmonella typhi on 2 per cent sugar-free beef 
inf usion agar, contained in R,oux fla sks. The growth was suspended in buffered salt 
solution at pH. 7.6 containing 0.2 per cent of formalin. The susp ension was adjusted 
to a turbidi ty of 5 on the MacFarland nephelometer sca le. It was s torN\ at room tem
perature for 48 hours, tested fo [, sterility, and kept in the icebox. 

The H. agglutination tests were set up in rows of 12 round-bottomed tubps of 
12 x 75 mm. size. To two-fold dilut ions of sera in saline, 0.5 ml. per tube, 0.5 ml. of the 
H antig'en was added. The tubps were shaken, incubated in the water-bath at 52 °C for 
4 hours, Hnd t hen stored in the icebox ovprnight for reading ncxt morning. 

E ach set of reactions comprisrd paired sera f rom the same indi vidual , coll ected 
before and after vaccination. Agglu tinin endpoints were assigncd to the dilution show
ing 50 p er cent agglu tina tion, in accordance wi th the recommendations of Felix and 
Bensted (5). 

RESULTS 

The frequency of agglutinin titers for H ant igen of Salmonella 
tvphi for both groups is pl'e.'ented in Table l. 

The distribution of titer was different in the two groups: two-
thirds of the lepromatous group had log titers of 3.1 or higher, the 
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TAIIIJ ~; ] .- fi'rclju(:/I c!J of Il l!!J!Jllttinin titers (1/1I Ollg I f'prOlllrtto lts 1)(11;(, lIts (1//(1 nurllllli 
co ntrols (!ftc!' inocl.tintion 1Vith t!Jphoid 'vnccille. 

H agglutinin titer Lepromatous Normals 
(serum dilutions) patients (control g roup) 

- log 
1.6 3 2 
1.9 2 7 
2.2 4 4 
2.5 6 7 
2.8 6 17 
3.1 11 9 
3.4 14 10 
3.7 7 2 
4.0 5 2 
4.3 2 0 

Total 60 60 

Log geometric mean titer 3.09a 2.79-

aThe chfference between th e mean titers l S slgmfi cant at t he lev('1 of P < 0.01 by t ·test. 

log of the modal class being 3.4, while in the control group approxi
mately two-thirds had log titer s of 2.8 or lower, the log of th e modal 
class being 2.8. 

The computed values of the geometric mean titers expressed were 
2.79 for the controls and 3.09 for the lepromatous group. The differ
ence is statistically significant by t-test at a level of < 0.01. 

DISCUSSION 

The possible enhancing effect of M. leprae on antibody r esponse 
to nom'elated antigens was pointed out by Hanks (S.9 ) in a review 
of literature and of concepts on the adjuvant action of mycobacteria. 

As noted above the work of Lewis and Loomis (11) showed an 
enhancement of r esponse to sheep-erythrocytes in guinea-pigs, induced 
by tuberculous infection, and Denney and Hopkins e) described an 
adjuvant effect on M. Zeprae antigen caused by smallpox vaccination. 

In a recent study of the influence of leprosy on cutaneous and 
serologic reactions to Candida albicOlns, Buck and Hasenclever e) sub
mitted evidence of serologic hyperreactivity in cases of lepromatous 
leprosy, but not in patients with the tuberculoid type of the disease. 
They defined serologic hyperreactivity in terms of quantitative differ
ences in agglutination titers observed among lepromatous patients as 
compared with normal controls. This hyperreactivity was demon
strated also in relation to isoagglutinin titers to A and B blood group 
antigens, a fact suggesting that the results obtained with Candida 
albicOins represented a partial picture of the behavior of lepromatous 
patients inoculated with any antigen. 
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'l'his was the case in lepromatous patients inoculated with typhoid 
\"accine in our studies. 'l'heir response, as judged by H agglutinin 
titrations, was significantly higher (P <0.01) than responses observed 
in the uninfected control group. 

The higher capacity for antibody f<?rmation in lepromatous 
patients may be related to the presence of M. Zeprae in the lesions, 
producing a permanent adjuvant condition for antigens, not only from 
mycohacteria, but from sources not related antigenically. 

As a whole our data and those found in the literature point in 
one direction only, viz., a status of hyperergy in lepromatous patients. 
The serologic findings give an indication of the magnitude of the 
antigen-antibody reactions occurring in vivo. 

N early all discussions of immunologic states in lepromatous 
leprosy emphasize the cutaneous anergy and overlook entirely the 
remarkable serologic responses to M. Zeprae itself. For the sake of 
perspective, attention is directed to the fact that in lepromatous 
patients there may be found: circulating antigen e~ ), high levels of 
antigen-antibody complexes e), and high levels of antibody (1) . If it 
is true that continuous interactions between antigen and antibody can 
create physiologic disturbances, lepromatous leprosy and its reactional 
states deserve more adequate investigation from this point of view. 

SUMMARY 

By inoculation of antityphoid vaccine and titrations for H agglu
tinins, the capacity for antibody formation against antigens not related 
to the acid-fast bacteria was investigated in a group of 60 leprpmatous 
patients and 60 soldiers. In both groups no titer higher than 10-1.3 was 
found previous to vaccination. 

The values of the geometric mean titers expressed in logs were 
2.79 for the controls and 3.09 for the lepromatous group. The differ
ence is statistically significant by t-test at a level of <0.01. 

The higher capacity for antibody formation found in lepromatous 
leprosy favors the formation of circulating antigen-antibody com
plexes. The biologic role of sUich complexes in leprosy, as a cause of 
tissue lesions, should be further investigated. 

RESUMEN 

En un grupo de 60 pacientes lepromatosos y 60 sold ados, fue investigada la 
capacidad para la formacion de anticuerpos contra antlgenos no relacionados a las 
bacterias acido-alcobol-resistentes, pOI' inoculacion de vacuna antitifica y titraciones para 
las aglutininas H. En ambos grupos no f lle encontrada previa a la vacunacion, un titulo 
mas alto que el10-1.3. 

Para el grupo lepromatoso los val ores de los titulos medios geometricos expresados 
en logaritmos fueron 2.70 para los controles y 3.09 para el grupo lepromatoso. La 
diferencia f ue estadisticamente significativa pOl' el t-test al nivel de < O.OL 

La mayor capacidad para la fOl1l1acion de anticllerpos encontrada en la lepra 
lopromatosa, favorece la formacion de complejos circulantos antigenoanticnerpos. EI 
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papel biolog-ico de talcs cOUlplcjos C.II la lepra, ('0 111 0 ulla causa de Il'sioncs tisnlares, 
dehe sr e III1'eri orlllrnt(1 ill\·('sti gacl;t. 

HE 'UMB 

L(! pou\'oir de fOl'lner des alilicorps ('on tee des alltigelle;; ;;H ns relation avec Ie;; 
Imde ri cs acido-resistantes a etc ctudic chez GO malndes leprolllatetlx et chez GO militair('s 
all moycn de l'inocnlation de vaccin anti-typhique et de titrations des agglutin inrs 
H. A ucun t itre superieur a 10 1. 3 n'a ete deccle chez [' \1n Oll I'a.utre groupc pl'ealab lclllcnt 
It la vaccination . 

. Exprimes en logaritJunes, la 1lI0yellll e geometriqlle <1( 's ti lTcs ehlit 2.79 chez les 
conlToles et 3.09 chez Ie lepromateux. La llif(erence cst slntistiqnem('nt s ignifi cati \'c 
au t-t('st pour un seuil de probabilitk inferieur a 0.01. 

La capacite de former des anticorps, qui s'est revelee plus c1evcloppee dans la l;'p1'e 
Icpromateuse, favo1'ise la formation de complexes antigcnes-anti<:orps rirculants. Le 1'01(' 
biolog'ique de tels complexes dans lit 10p1'e, ell tant qne (·ltnse de lesions i'i ssnlaires, devrai t 
{aire l'objet d'etudes ultel'ieul'e. 

Acknotvledgement.-The suggestions of Dr. Jolll1 ] r. Hanks have been most helpfnl 
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