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I>atienls wilh le promal ous leprosy arc 
known to display various immunological ab­
normaliti es including deficiency of delayed 
hypersensitivit y 10 skin antigens (1). diffi­
culty of· skin ~e ns iti7ation (II). delayed re­
jecli on of skin allografts (~). dec rea sed 
antigen or mitogen-induced lymphocyte pro­
liferation i ll I'ilro (4). decrea sed macrophage 
inhibition factor (MIF) production ( II ). and 
depiction of lymphocytes in the deep cortical 
area of the lymph node (''1). 

This impairme nt of cell-media led immu­
nit y could be due to :I reduction of the thy­
mm-dependent lymphocyte (T lymphocyte) 
population ( I" ). 10 an inadequacy o n Ihe 
part of T lymphocytes to exert their funclion 
( ~ ). or to humoral inhibitory faclors (3 ). 
and or to deficiencies of respo nse of ampli­
ficat ion or effector systems to T ce lls. 

Recent studies have demonstrated that 
patients with lepromatous leprosy have a 
high proportion of circulating lym phocytes 
possessing membrane-bound imm unoglo bu­
lim whi ch ma y represen t an accumula tion 
of bone marrow d erived lymphocyte s (8 
lymph ocytes) as .. consequence o f ovcrcom­
pensalOry production in the presence of a 
deficie ncy of Ihymu s-dl.'rived lymphocy te 
(T lymphocyte or T ce ll) ( 5.1 ). 

Also. thl.' quantitation of T lymphocytes 
in leprosy patien ts by using the properl y of 
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T lymphocYles to form nonimmune roselles 
with sheep red blood cell (SR BC) has been 
performed in o llr laboratories. and a low 
level of rose ll e-formin g T lymphocytes 
(T-RFC) was demonstrated in both percent­
age and absolute number of T lymphocytes 
( IJ ). 

The purpose of this paper is 10 eva luate 
T lym phocytes in the peripheral blood of 
patienl s with variou s Iypes of le prosy using 
a met hod based on the cytotoxic aClivit y of 
an anti·T-cell se rum prepared in rabbit s 
against lymphocytes of palient s with 
X-linked agammaglobulinemia . 

MATERIALS AN I) METHODS 

Patients. A total of 36 patients were stud­
ied: 20 had aClive lepromatous leprosy. 9 
had inacti ve lepromatous leprosy. 4 had bor­
derline leprosy and 3 indeterminate leprosy. 
The degree of acti vity and the form of the 
disease was establi shed o n the basis of clin­
ical findings. histopathology and bacterio­
logical st udies incl udin g animal inoculation. 
The classification of each pat ient was based 
on the Ridley and J opling scale ( I ~ ) . All pa­
tients had been t reated wi th DDS. 8663 and 
rifampicin and other specific drugs for vary· 
ing periods before study. rhe duration of Ihe 
discase and the racial background of the pa­
tien ts werc heterogeneous. The constitution 
of patient material was described in detail 
elsewhere (IJ). 

Twelve of twen ty active leproma tous le p­
rosy patients were drug (DDS) resistant. and 
sevcn of the c,lses with 'Ictivc lepromatous 
lep rosy had l'rYI/'ell/a fl odo.HIIII IlWro.1"U1II 
(ENL): five had reccived steroids (20 mg-
40 mg predniso lo ne / day) for va rying pe­
riods before the stud y. 

I'r r para ti o n o r a nti-T-ce l1 se rum. The 
prepamtion and the crileria for specificity 
of the antihuman T-cel l serum (ATCS) are 
described elsewhere (17). Brieny. we immu­
niled rabbit s with blood lymphocytes from 
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a patie nt with Bruto n-type agammaglo bulin­
emia and abso rbed the dcco mplc mcnlcd an­
tise ru m wit h cultured B lympho hla sls. 

"Iood sa mples fo r lymphoq'les. I>criphcr­
al blood (1 0 cc 20 ee) \~a s d rawn with :. Icrilc 
p la s t ic sy r in ges co n tain ing hepa r in and 
shipped to Minneapolis by direct a ir night. 
Bl ood collected si multa neously from two to 
three healt hy subjects living in Ihe same arca 
wa s handled in exactly t hc sa me way a nd 
shipped a long \\ ith the sa mples fro m the le p­
rosy pat ient s and ana ly;.-cd simu lt a neo us ly 
as controls. Dclai h, werc desc ribed in ou r 
prc ... io ll ~ publicat ion ( II ), 

I'rocedure. The techn ic used was lhal of 
two-sla gc microc),lotoxici ty as described hy 
Amos ('/ (II ( I ). Periphera l blood lym pho­
cytes from pat ie nts or no rmal ind ividuals 
we re a lw a ys se para ted on Ficoll- Hypa4 l1e 
grad ient ( Ib). Befo re proceeding with the 
ex periment. t he \iabil it )' of isolated cc lls was 
tcs ted by t rypa n blue dye excl usion method . 
Then a :.uspension o f 2" IO~ ce ll ml was in­
cu bat ed with a nt iserum in the well of a mi­
crotest ti ssue culture plal e (Falco n I' b stics. 
Los Ange les. California ), was hed. and rab­
bit compleme nt (C) (Gra nd Isla nd Biological 
Com pa ny, Gra nd Is land . New York) was 
added in a dilut ion of 1:2. All samples were 
stud ic d with seve ral dilut io ns of ATCS. 
Every test was do ne in duplica te. T he try­
pa n blue exclusio n method was used to eva l­
ua te the perce ntage o f live and dead cells. 
300 cell s being co unted in each well when 
the cytot o xic index wa s ca lcu lated . 

T he a bsolute numbers o f T ce lls were cal­
culat ed from the total W Il C count and the 
d ifferent ial count. 

R ES I ' I.TS 

Firl>t. we compa red the normal range of I 
cd Is in Ihe co nt rol sa mples for healt hy per­
so ns. A:. show n in rable I . t he mean \:tlue 
(62. 1% ) for 1 cells shi pped in the control 
gro up. whi ch were obta ined from 25 no rm;!1 
indivi duals a t Ihe University of Minne:.ota . 
fe ll wit h in Ihe no rma l ran ge (49f'( 78l'(, 
mean 65.5%). Table 2 sti mm ari 1f;'S Ihe resull 
of T cells for eac h group of leprosy pa t ie nts 
a nd the co nt rol ~ ubjech. 

110lh percen ta ge and absolu te numbers of 
T ce lls were ve ry low in (he blood of p:ll ients 
with acti \c le promatous type of leprosy. In 
thc other types of leprosy (i nactive lepro­
ma( o us. bo rd e r li ne. and indetcrmi nat e 
types). t he nu mhers of T cells fe ll wi thin 
the norma l ra ngc. T he ra nk of the gro ups 
from low to high is as follows: I ) aClive le p­
romat o us. 2) inacti\c le promatous. 3) bo rder­
line. and 4) indeterminate le prosy. 

Sonw of the nCl ive lepro mato us pat ie nt s 
( 12 cases) ha vc been proved to be d rug rc­
sistant (DDS). Thei r T ce ll le"els were stud­
ied a nd the results a rc summa ri l.ed in Table 
3. The absol ute num ber o fT cdls of the drug 
res istant patients were remll rka bly low as 
eomparcd to the group whic h was nOt drug 
res ista n t. The d iffe re nce was sta tistically 
significant (p < 0.05). 

Also, the act ive lepromat ous leprosy cases 
we re divided o n the basis o f co mplications 
with er,l"lhl'm" IIo d Ol·"m re~ct ion and the 
levels of T ce ll s we re ana lYlcd (Table 4). 
T he percen tage o f T cells in cases com pli­
ca ted by EN L was not d ifferent fro m the un­
com plica ted cases, but the abso lute number 
of T cells in the complica ted cases was sig-

T ARt E I . V(lllIl' oJ T cell dl' fl'rm i lled by CYIOIO X;(' f('Sf 
lI'il II awi- T-t'ell serum fo r com rol group. 

To tal Absolute no. Absolute r; of 
Subjects Wile lymphocytes % lymphocYles no. T cell r cell 

1 4.440 2464 56 1229 51.0J 
2 7.000 1540 22 90' 59.78 
3 4.700 2162 46 15]5 71. 19 
4 6.300 2079 n 1074 51.66 
5 6.000 1920 .12 1057 55.08 
6 5.700 2162 44 1494 69. 13 
7 7.800 3900 50 2994 76.75 

M c:m: 1470 i\'k a n: 62. 1 
S.D.: 710 S. D.: 10.2 
S.E.: m S.E.: 3.9 
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TAil .... 2. Pu celll{J){l' fl lld lIhSO/llfl' Iwmbn of fJf'fipllt'ral T 1 ·1·1I.~ ill 
p(I(il'tuS with \'ar;() IIS forms of it'prosy. 

Group 

I Normal population 
II Control group 

III Activc LL 
tV Inactive LL 
V IlB group 

VI I group 

A res = anll·T-ccll serum. 
1.1. = lepromlilous leprosy. 
HI! = borderline leprosy. 

I : mdClcrmin:lle leprosy. 

No. 
cases 

15 
7 

20 
9 
4 
J 

Ab~olul l' no. I\ TCS 
scnsili,'c cells mml 

blood 
(Me'In:tS.E.) 

1470:t270 
1062± 130 
t207f ]] 2 
12661:2 1H 
2159±408 

(f of A I CS-~cn,ili\c 
blood Iymphoc) tc~ 

(Mc:an±S.E.) 

6S .H 1.7 
62.1 :t3.9 
52,] 1: 2.0 
M.2±2.8 
62.2 ± 2.2 
f,(J ,1.( ±O.9 

Sla, iSlical a nalysis of percentage by Student's leSI: significant difference betwa:n Group III and II (p < O.OSI 
III and IV (p < 0.01); III and [ (p < 0,001): no significanl difference bet.,;«n Group_ I. II. IV. V and VI. 

T AHl E 3. Percelilage anti absolule number of pt!riplu,rtll T relll' in leprwy pmil'1lf.f 
tlmg (DDS) reSiSlO1II and non(/mg-resislfIlII pmit'lIIs. 

Absolute no. ATCS-scnsit i\ e Cj of A I CS-l>en~i t i\c 

No. edls mmJ blood blood I) mphocytcs 
Subject cases ( Mcan t S.E. ) lMean±S. E.1 

D rug ( DDS) 
resistant " 8J2 t 105 52 ± J .3 

Nondrug (D DS) 
resista nt 8 1342t2 15 52 ± 2.6 

T AIIU: 4. Percen/age and absolw e lIumbt'r uf {Jeriph('f(J/ T ('(,11.\' 
i ll leprosy paliellIs lI'ilh EN L (Jlld wil/IOW EN L 

Absolute no. ATCS-sen~iti\'c r; of A r CS-l>Cnsi l ill' 
No. cells! mmJ blood blood lymphocytes 

Subject m" ( Mean ± S.E. ) (Meiln±S.E.) 

EN L complicated 
group 7 lJJ5±290 52 ±.'.9 

Without EN L 
group IJ 95 1±170 51 ±.l.M 

T AIU.E 5. Percellrage and absolure number of periphertll T cells ill leprm: .. palit'llI.f 
who received sleroitl and tlotlsteroid-Irealec! p(u iews. 

Absolute no. ATCS-scnsilivc rc of A ITS-~ensili\c 
No. cells mmJ blood blood lymphocyte;, 

Subject cases ( MeantS.E.) IMcan±S.E.J 

Steroid Tx 
group 5 1216 t4(}6 50 ± 6.3 

Nonsteroid 
T x group l5 916 1 215 52t 4.7 
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nificantly higher than that \)f the uncompli­
cakd C;I~I.!S . 

Fi'e of the active 1cpromatotb cases had 
n:eei'ed l>teroid treatment whieh might ha ve 
~ tlppre ssc d the number of T ce lls. Wh e n 
th t'l>e fi\e ea~l'l> were compared to the o thers 
(Tanle 5), no me;tningful difference in the 
numher of I cells. as compared with th ose 
\\ho had not received steroid treatment ( 15 
t·;I.'('~)' was ohserved. 

DISCUSSION 

., he c\idencc for specifici ty of ATCS ha s 
been del>(rihcd in a prc vious publication 
( Il ). I he incidencc of T cells. as cv,tl uatcd 
ny A rcs. in peripheral blood of normal per­
~om is in al!reement wi th the rel>ults of other 
methods for evaluation of T ce ll numhers: 
for in stance, the percelllage of T-RFC in 
normal human peripheral blood ha s been 
found to be as high as 52(lf MI% by so mc 
authors ( 10 ). But thc perce ntage of T -RFC 
in normal human peripheral blood evaluated 
ny our institut e showed val ues a bit lowe r 
than that ob"er\'ed by ot hers: range is 34% -
621; ( I! ,. 

An average of 65.59c (range 490c 78%) T 
cells determincd by ATeS in no rmals fell 
betwee n these two ranges and mea n vll lues. 

The lowest values of both percentage and 
absolute numbe rs of T cells, as evaluated 
hy "TeS. in active lepromatou s leprosy 
agrces with the resu lt s obtained by the ro­
sell e-form ing technic (S " ). It is also consist­
ent wi th the obse rva tion of a complemclllary 
increase in the surface immunoglobulin­
hearing lymp hocytes as revealed by analy­
ses using nuorescein-Iabclcd antihuman im­
munoglobulin serum (5.7). 

Other Iypes of leprosy (inactive leproma­
tous. bo rderline, and indeterminate types) 
showed a normal range of T cells. This find­
ing, tOo, agreed wcll with findings obtai ned 
using the roselle-form ing technic (II). It is 
a lso very interesting that the spectrum of 
absolute T cell numbers correspo nds wi th 
the clinical spect ru m of the diseases ( IJ ) . 

In furthe r study of acti ve leprom at ous lep­
rosy, it was noted tha t a difference exists 
in the numbe r of T cells between 12 drug 
(DDS) rcsista nt active lepromat ous leprosy 
cases, and the 8 nond rug (DDS) resistan t 
act ive leproma tous patients. Whe n one com­
pared d rug resista nt (D DS) and no ndrug 
resistant patient s wit h lepromatous leprosy 

by perCcnta ge of T lymphocytes enumerated 
by the cytotoxicity tes\. o lle did no t o bserve 
significant differences in percentage of T 
lymp h ocy tes. Whe n T lym phocytes were 
ev;tluat ed in term s of absolute numbers, 
ho\\'e\er. a 1110st significant differe nce in ab­
sol ut e numbers of T lymphocytes between 
the two grou ps Wll S obse rved (p < 0.05). 
From this finding we believe that the enu­
merat ion. of the percen tage of T lym pho­
cytes mily be in sufficien t to evalua te Ihe 
adequacy or inadequacy of thi s popu lat ion 
of cells in the peripheral blood . It may sug­
gest that a marked deficiency of the capacity 
for ce llular immun ity exists in these drug 
(DDS) resist;uu patients. At the presen t, it 
is not clear how certain patien ts gain drug 
resistance du ri ng a nt ileprosy chemotherapy. 
Moreover. it is not known whether or not 
developme nt of drug resistance is related to 
the immuno logic status of these patients. 
Howe\·er. ou r resul ts suggest that severe T 
cell deficiency may in some way influence 
o r be a consequence of the propensity to 
develop resista nce to chemotherapy, 

T he mean numbers of T ce ll s in seve n 
cases of t'ry,he",,, 1/odosum leprosllm (EN L) 
:Ire higher than that of othe r cases with ac­
tive leproma tOllS leprosy patiell ts who did 
not have this complication. Eve n though 
this finding is not stat istically significa nt , it 
shows a simi larity with results obtai ned in 
the study of T lym phocytes by the roselle­
for ming technic in these two g·ro ups. 

The T cell numbers of fi ve cases of active 
lepromatous leprosy who had received ster­
oid treatment d id not differ sig nifi ca ntl y 
from the T cell num bers of those pa tie nts 
wi th lepromatous leprosy who had not re­
ceived steroid . This result ind icates tha t the 
low dose of steroid (20 mg of prednisolone) 
used in chronic t reatment of these cases, 
d ocs not profoundly influence the T ce ll 
numbers in peripheral blood. This fact is 
co nsistent with th e res u lts ob tai ned by 
others ( b. I~). 

All of the findi ngs of this study, including 
the decreased number of T ce ll s in active 
lepromatous leprosy and in drug (DDS) re­
sistant patien ts, were sim ilar. Therefore, the 
ev;lIu;lt ion of T lym phocytes using a heter­
o logous antiserum appa rently specific fo r T 
cells may be taken as a method va lid fo r 
findings based on study of T-RFC which we 
a nd ot hers ha ve repo rted elsew here. Means 
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of evaluating T cell number s yield esse n­
tially the same information as is obtained 
from a study of the numbers of so-ca lled 
T-roseuc-forrning cells. In this study no ad­
va ntage of onc meth'od for the other W<lS 

observed. 

SUMM A RY 

T lym phocytes were evaluated in the pe­
ripheral blood of patients wilh various forms 
of leprosy. using 11 hetero logous antiserum 
specifi c for human T cells. /\ sig nificant de­
c rea se in T lymphocy te numbers was ob­
served ;n c<lses of active lepromatous lep­
rosy bUI not in the inactive leproma tous, 
bord erlin e or indeterminate fo rm s o f the 
disease. 

Patients wi th lepromatous lep rosy resis t­
ani to chemotherapy sho wed a lower level 
o f T lym phocytes than did drug sensitive 
patient s, while patient s with lepromat o us 
leprosy complicated by erythema lIodoswn 
leprosum showed higher levels than did 
those with uncomplicated lepromatous lep­
rosy, Evaluation of T lym ph ocytes by micro­
cytotoxici ty test with the anti-T-cell serum 
used in thi s stu dy proved 10 be as accurate 
as the nonimmune or spo ntaneous formatio n 
of rose tt es with the sheep red blood cells 
afte r incubation at J7° C. 

RESUM EN 
Se evaluaron los linfocitos T en la sangre peri­

U rica de pacientes con diversas formas de lepra, 
usando un antiseuro hetercf]ogo cspccifico para 
cCiulas T humanas. Sc observd' una disminueion 
signifieativa del numcro de linfocitos T en los 
casos con lepra tcpromalOsa aetiva, peTO no en 
los easos con lepra lepromalosa inaetiva 0 con la 
forma borderline 0 la forma indetermimlda de la 
enfcrmedad. 

Los pacientes con lepra lepromatosa que eran 
resistentes a la quimioterapia mostraron un ni\'eI 
m:(s bajo de linfocitos T que los paeientes se nsi­
bles a drogas, mientras que los pacicnles con 
lepra lepromatosa eomplicada porerilerna nodoso 
leproso rnostraron nivetcs rna's alios que los con 
lepra lepromalOsa no complicada. La evaluacion 
de los linfocitos T por medio de la prueba de mi­
crotoxicidad con cl suero anti-celulas T utilizado 
en estc estudio, demostro ser Ian eXlicta como 
con cI metodo no inmune, 0 de formacion espon­
u(nea de rosetas con globulos rojos de carnero, 
despues de incubacion a ]70C. 

RESU M E 
On a eu recours a un anti-serum hctcrologue 

spccifique pour des cellulcs-T humaines. pour 
evaluer les Iymphocytcs-T dans Ie sang periphe­
riquc de malades aueints de divcrses formes de 
l~prc , Une diminution significativc dans Ie no rn­
bre dcs T-lymphocytes a ct~ conslatce dans les 
cas de I~pre leprom:tteuse active; cela n'a pas ctc 
observe dans les formes de lepre Icpromateusc 
inactiw, borderline ou indetermin~e. 

Les malades prcsentant une leprc lepromateuse 
resistante a la chimiolhera pie ont prescnle un 
ni vcllu plus bas de T-Iymphocytcs quc les rnalades 
sc nsibles 1, loa thcr<lpcUliquc. Par llillcu rs, les pa­
tient s souffrant d'une lepre Icpromateuse com pi i­
qucc par un tlr.J'lh~m(' 1/0/1(' 1/.'1' MPH'IIX mon­
tmien! des nive,lux plus elevcs quc ceux alteints de 
leprc Icprormlleuse non compliquce. L'cvalua­
tion des T-Iymphoeytes par une cpreuve dc mi­
crocylolOxicite au moye n d'un scrum prepare 
contrt' les cctlules-T. telle qu'elle a etc pnltiquce 
dans ccllc etude, s'cst reyelee aus.si prccise que 
la mcthode basel! su r la formation non immune ou 
spontance dc roscttes avec erythrocytes de mou­
tons incubcs :1 37° C. 
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