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Study of the numbers of thymus-derived lymphocytes by the rosette assay
(T-RFC) in patients with leprosy reveals that lower than normal numbers of
T-RFC are regularly seen in those patients with the active lepromatous form of
this disease. Essentially normal numbers of T-RFC were found in inactive
lepromatous, borderline, and indeterminate types of leprosy. The lowest percent-
ages and lowest absolute numbers of T-RFC were encountered in patients with
lepromatous leprosy resistant to chemotherapy. Patients with lepromatous
leprosy complicated by erythema nodosum leprosum show numbers of T-RFC
that are more nearly normal than the numbers of T-RFC in patients with
uncomplicated lepromatous leprosy. These findings are discussed with respect to
the pathogenesis of lepromatous leprosy and the T-RFC deficiency demonstrated
in this disease. The possibility that transient defects in T-RFC numbers or
function may predispose to lepromatous leprosy is proposed.

The immunological phenomena in leprosy
were recently studied by several workers (2, 3, 5,
12, 13, 15, 18, 27-30). It is now well documented
that patients with leprosy, especially the lepro-
matous type, have abnormalities of cellular
immunity. These abnormalities are reflected as
(i) depression of delayed skin reactivity to
various cutaneous test antigens (2), (ii) diffi-
culty of sensitization with skin-sensitizing
agents as compared to normal subjects (28, 29),
(iii) delayed rejection of skin allografts in pa-
tients with either lepromatous or tuberculoid
types of leprosy (this abnormality, which is
most pronounced in lepromatous leprosy, may
be encountered) (12), (iv) depressed mitogen-
induced transformation of peripheral blood
lymphocytes (3, 5, 13, 18, 30) and failure to
produce migration inhibitory factor (MIF) after
stimulation with certain antigens in vitro (15),
and (v) gross depletion of the lymphocyte popu-
lation in the deep cortical areas of lymph nodes
(27).
Some authors (13, 27) have suggested that

these abnormalities may be due to reduction of
the thymus-derived lymphocyte (T lympho-
cyte) population in the lepromatous form of
leprosy. However, Gaafar and Turk (8) have
indicated that the histological findings of re-
duced lymphocyte population in lymph nodes
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are not necessarily an indication of deficiency of
T lymphocytes since such histological patterns
could be caused by a mechanical obstruction to
the circulation of lymphocytes through the
lymph node.
Recent studies have demonstrated that pa-

tients with lepromatous leprosy have a high
proportion of circulating lymphocytes possess-
ing membrane-bound immunoglobulins which
may represent an accumulation of bone mar-
row-derived lymphocytes (B lymphocytes). It
has been proposed that such increases of B
lymphocyte numbers may represent overcom-
pensation for a deficiency of T lymphocytes (or
T cell) since a deficiency of T lymphocytes in
patients with lepromatous leprosy was reported
(6, 9).
The reaction between a certain population of

human peripheral blood lymphocytes and sheep
red blood cells (SRBC) results in "rosette"
formation which has oeen shown to be an
excellent assay for T lymphocytes (1, 4). These
rosettes differ from immune rosettes, especially
in that the formation process requires incuba-
tion at 37 C (14, 31). The numbers of these
human rosette-forming cells (T-RFC) are not
related to hemagglutinin titers, and the cells do
not possess readily demonstrable surface immu-
noglobulins such as those that characterize
antibody-producing B lymphocytes (1, 14).

In this paper, we report direct evaluation of
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the number of circulating T-RFC in various
forms of leprosy. In addition we discuss the
relation between these T-RFC and the various
types of leprosy. (Our observations were origi-
nally presented at the 2nd International Work-
shop meeting on immunodeficiency diseases in
man, February, 1973, and at the American Fed-
eration for Clinical Research meetings, 28,
April, 1973.)

MATERIALS AND METHODS
Patients. A total of 36 patients having various

types of leprosy were studied; 20 had the most polar
form of active lepromatous leprosy (LL), 9 had
inactive LL, 4 had borderline leprosy (BB), and 3 had
indeterminate leprosy. The disease activity or inactiv-
ity was determined by clinical manifestations and by
histological and bacteriological study. The inactive
LL showed that bacterial indexes in both smear and
biopsy were 0. The classification of each patient was

based on the Ridley and Jopling scale (22). All
patients had been treated with diaminodiphenyl sul-
fone (Dapsone) or a phenazine dye, B663 (Clofazi-
mine) or rifampin, for varying durations before blood
was collected. The duration of the disease up to the
time of study varied from 1 to 45 years. Racial
backgrounds included white Caucasian, Mexican-
American, Filipino, Samoan, Hawaiian, Black, Chi-
nese, and persons of mixed origins.

Seven cases of active LL (cases 1, 2, 6, 8, 11, 15, and
17) were complicated by erythema nodosum leprosum
(ENL). Twelve of twenty cases (cases 2, 3, 5-7, 9,
12-16, and 20) were drug resistant (to diaminodiphe-
nylsulfone [DDS ]). Five had received various doses of
steroid (20 to 40 mg of prednisolone per day) for
varying periods before study. Three were being
treated with steroid at the time of study.

Lymphocytes. Samples of peripheral venous blood
were drawn with sterile plastic syringes containing
heparin and were transported by airplane from the
leprosarium (Public Health Service Hospital, Car-
ville, La., and San Pedro, Calif., Public Health
Service Hospital outpatient clinics) to the University
of Minnesota. As a control on each occasion, blood
was simultaneously collected from two or three
healthy persons and handled in the same way.
SRBC. SRBC were stored at 4 C in Alsever solu-

tion (50% vol/vol). Before use, the cells were washed
twice and adjusted to a 0.5% suspension in
RPMI-1640 (approximately 80 x 106/ml).
The T-RFC were assayed by a modification of the

method of Jondal et al. (14). Briefly, lymphocytes
were isolated from the patient's peripheral blood by
Ficoll-Hypaque gradients (24) and washed three
times in serum-free RPMI-1640 tissue culture me-
dium. The viability of the cells was then determined
by trypan blue dye exclusion method (each sample
transported from Carville, La., and San Pedro, Calif.,
to Minneapolis, Minn. showed more than 98% viabil-
ity). The cell concentration was adjusted to 5 x
106/ml and mixed with an equal volume of 0.5% SRBC
to give a final ratio of 10 SRBC per lymphocyte. The
mixture was incubated at 37 C for 5 min, centrifuged
at 200 x g for 5 min to optimize cell contact, and then

incubated again at 4 C for 60 min. After gentle
resuspension of the pellet with a Pasteur pipette, one
drop of the cell suspension was mounted on a hemocy-
tometer and the T-RFC were counted. The percentage
of T-RFC among 500 or more lymphocytes counted
was calculated, and the absolute numbers were cal-
culated from the total white blood cell and differential
counts.

RESULTS
T lymphocytes in peripheral blood of pa-

tients with leprosy were assayed by counting
the number of rosette-forming cells. As shown
in Table 1, the mean value for T-RFC in a con-
trol group of seven healthy individuals whose
blood was shipped with that of the patients
was 40%. A group of 40 normal controls studied
previously at the University of Minnesota by
the same assay procedure had a mean of 46%
with a range of 34 to 62% and a standard devia-
tion of 6%. The shipped control samples were
therefore slightly low in their content of T-RFC.
The number of T-RFC for various types of

leprosy is shown in Table 2. Both percentages
and absolute numbers of T-RFC were low in
active LL, whereas in the other types of
TABLE 1. Percentage and absolute number of T-RFC

in the blood of healthy human subjectsa
Absolute no. T-RFC Absolute no.

Subjects of lympho- lympho- ofTfRFCc
cytes/mm cytes)5

1 2,464 40.0 985
2 1,540 35.9 568
3 2,162 39.7 858
4 2,508 43.7 1,095
5 3,900 47.1 1,836
6 2,079 44.1 916
7 1,920 34.1 654

aAbsolute values designate the numbers of cells
per cubic millimeter of blood.

bMean = 40.8; standard deviation (SD) = 4.1;
standard error (SE) = 1.5.

c Mean = 987; SD = 385; SE = 148.

TABLE 2. Percentage and absolute number of T-RFC
in the peripheral blood lymphocytes of the patients

with various types of leprosy

No. of Percent of Absolute no.
Groupa No of RFC (mean of RFC/mmSsubecs SE) (mean ±k SE)

Control 7 40.8 ± 1.5 987 ± 148
Active LL 20 30.9 1.5 613 66
Inactive LL 9 48.8 ± 1.7 902 ± 68
BB 4 51.2 ± 3.5 1,101 ± 232
IL 3 44.3 4.5 1,502 165

a LL, Most polar form of lepromatous leprosy; BB,
borderline leprosy; IL, indeterminate leprosy.
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leprosy (inactive lepromatous, BB, and inde-
terminate), the numbers of T-RFC were either
normal or possibly higher than normal. The
latter differences were not statistically signifi-
cant. It is very interesting to see that a spec-
trum of the number of T-RFC corresponds with
the clinical spectrum of the diseases. The rank
order of the groups, from low to high, is as fol-
lows: (i) active LL, (ii) inactive lepromatous,
(iii) BB, and (iv) indeterminate leprosy.

Active LL was further studied as described
below. The number of T-RFC in the blood of
patients with this type of disease is shown in
Table 3. The mean values for both the per-
centages and absolute numbers of T-RFC are
low compared with the values obtained for the
control group (P < 0.01 for percentage, P <
0.05 for absolute number as determined by
Student's t test). Fifteen of 20 patients with

LL showed levels lower than the mean control
values both with respect to percentages and
absolute numbers of T-RFC. Seven patients
showed very low values (below 30% and an
absolute number below 600) and an additional
five patients showed either percentages or ab-
solute numbers of T-RFC in this very low range.

The percentage of the other four cases (cases
4, 8, 11, 19) fell within the normal range. Two
of these, however, had absolute numbers of
T-RFC lower than the mean normal value. Ex-
cept for these two patients, a good correlation
between the percentages and absolute num-

bers was found in most instances. A notable
exception is seen in patient 1, who had a very

low percentage of T-RFC but a high total
lymphocyte count, and consequently a high
value of numbers of T-RFC.
Some of the patients with active LL had

TABLE 3. Active polar form of lepromatous leprosya

Treatmentc Abso-
Patient Bac- Biopsy DDS T-RFC lute Reak

no. Age Sex Race terial index Antileprosy Drug resist- ENL ( no.
Remarks

index or MI" chemo- atneatment | T-RFC'
therapy tramn

Since
1 22 o Mexican 6+ 3.0 Steroid + 20.0 1040 1968
2 44 o Hawaiian 4+ 1.5 DDS Steroid + + 17.5 260 1943
3 48 o Samoan 5+ 2.4 B663 + 24.6 791 1931
4 68 o Caucasian 4+ 3.0 DDS 43.6 529 Several yr
5 74 o Caucasian 5+ 2.0 B663 Hydrochloro- ± 25.4 316 1943

thiazide (for
blood pres-
sure)

6 44 o Mexi-A 4+ 2.4 DDS Steroid + + 28.0 289 2 yr
7 69 o Mexi-A 4+ ND Sulphetrone Oretic

Aldomet + 32.0 541 1950
8 43 o Cuban 4+ DDS Thalidomide + 38.5 1002 1943
9 54 o Caucasian A 5+ Rifampin Valium, me- + 24.0 375 1939

probamate
10 38 o Mexi-A 5+ DDS Steroid (for 29.9 828 Unknown

neuritis)
11 25 o Filipino 5+ B663 Steroid + 45.2 654 2 yr
12 52 o Chinese 2+ B663 + 33.3 692 1941
13 50 o Caucasian 3+ B663 Atromid-S + 29.2 555 1947
14 69 o Caucasian 4+ B663 Vasodilan + 27.0 229 1933

Diamox.
15 57 o Filipino 4+ B663 Thalidomide + + 33.5 906 1932
16 62 o Caucasian 4+ B663 Sinequan. me- + 33.9 445 1938

probamate
17 47 o Cuban 4+ B663 Thalidomide + 29.8 871 1945
18 50 o 2+MI 0/28 DDS 28.0 328 3 yr
19 o 5+MI 0/100 DDS 39.0 1259 2 yr
20 o 6+MI 2/100 Rifampin ± 35.0 352 1957

a Patient information and percentage and absolute number of T-RFC/mm3 of blood from patients with active lepromatous
leprosy.

h ND, Not done.
c DDS, Diaminodiphenylsulfone; B663, riminophenazine derivatives; rifampin, 3-(4-methyl-piperazinyl-iminomethyl);

sulphetrone, diamino par 3-phynol 1-3 disulphopropylaminosulf'one. Oretic, hydrochlorothiazide; Aldomet, methyldopate
hydrochloride, MSD; Valium, diazepan; Atromid-S, clofibrate; Diamox, acetazolamide; Sinequan, doxepin HCl; Vasodilan,
isoxsuprine HCl.
dMean = 30.9; SD 6.9; SE 1.5.
'Mean 613; SD = 291; SE = 66.
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received steroid treatment which might have
suppressed the number of T-RFC. However,
when five patients who had received steroid
treatment were studied (Table 4), there was no
meaningful difference in the number of T-RFC
as compared with those not receiving steroid
treatment (15 cases). In other words, whether
steroid was given or not, T-RFC were regularly
low in patients with active LL.
The patients with active LL were divided on

the basis of whether or not their disease was
complicated by ENL, and the levels of T-RFC
were analyzed (Table 4). The percentages of
T-RFC in patients whose disease was compli-
cated by ENL (seven cases) were not different
from the values obtained for the uncomplicated
group, but the absolute number ofT-RFC in the
complicated cases was significantly higher (by
Student's t test) than that of uncomplicated
cases (P < 0.05). The absolute number of T
lymphocytes, however, was still significantly
below normal.
At present, one of the most difficult problems

in therapeutic management of leprosy is the
problem presented by patients who seem to be
drug resistant. It is not known whether or not
development of drug resistance is related to
immunological status of these patients. Hence,
we studied the T-RFC levels in the drug-resist-
ant patients. Both percentages and absolute
numbers of T-RFC in the patients harboring
drug-resistant organisms were low compared
with the values for the patients whose orga-
nisms were not drug resistant (Table 5). This
difference was statistically significant (P <
0.05, Student's t test).

DISCUSSION
The identification of human T-RFC as T

lymphocytes is now well documented (4, 31),
and the use of the rosette assay has already
proven of value for T cell quantitation in
primary immunodeficiencies, transplant -
related immunosuppression, and malignancy
(16; D. F. Kiszkiss, Y. S. Choi, and R. A. Good,

TABLE 4. Comparison of T-RFC in patients with and
without ENL and with and without steroid treatment

Percent of Absolute
Group pateiNo.of T-RFC T-RFCGroup pateints (mean (mean

±SE) (ma
-± SE)

ENL complicated 7 30.3 ± 3.4 717 116
Without ENL 13 31.2 1.5 556 74

Steroid TX 5 28.1 4.4 614 ±137
No steroid 15 31.9 1.4 612 82

TABLE 5. Comparison of T-RFC: active lepromatous
leprosy patients resistant and patients not resistant to

drug (DDS)

Percent of Absolute
TRC no. of

Group Cases T-RFC T-RFC
(mEan (mean
±SE)E

Total of active LL 20 30.9 ± 1.5 613 ± 66

Drug (DDS) resistant 12 28.7 ± 1.4 479 ± 62
Non-drug (DDS) re- 8 34.2 ± 2.8 813 t 100

sistant

in press). This report indicates a further ap-
plication of this assay, and the data herein
indicate that deficiency ofT-RFC numbers may
be an important factor in active LL. The main
finding of this study is that active cases of LL
have low numbers of T-RFC as regards both
percentage and absolute numbers. The quanti-
tation on the basis of absolute numbers of
T-RFC were needed, because there are cases
(e.g., case 1 of active LL) where comparison on
the basis of the percentage of T-RFC alone can
be misleading.

Other types of leprosy investigated, including
inactive lepromatous, indeterminate, and BB
types, appear to have normal or higher than
normal numbers of circulating T-RFC both with
respect to percentage of the total lymphocyte
population and absolute numbers. In fact, a
consideration of the absolute numbers ofT-RFC
for patients of each of the groups studied here
indicated that a broad spectrum of T cell
numbers occurs in patients with leprosy. Pa-
tients with active LL, which is clinically the
most serious type of infection, show the lowest
numbers of T-RFC. T-RFC numbers in BB
cases of leprosy show values intermediate be-
tween those seen in patients with active LL and
patients with the indeterminate type of leprosy.
Patients with inactive LL have T-RFC levels
higher than patients with active LL but appar-
ently lower than the levels seen in patients with
BB.
The T-RFC levels in five of the patients with

active LL who had received steroid treatment
did not differ significantly from those of pa-
tients of other groups that had not received
steroids. Thus, our results are consistent with
the results of others (7; A. S. Fauci, personal
communication), which indicate that there was
no significant change of the T-RFC level by the
doses of steroid used (20 to 80 mg of predniso-
lone). This is interesting in light of the known
immunosuppressive influence of steroids.
The mean value of T-RFC in seven patients
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whose disease was complicated by ENL is
higher than the mean value obtained for pa-

tients with active LL who did not have the
complication of ENL. This finding is consistent
with the view that ENL may be a reaction that
reflects good prognosis from the immunological
standpoint (20). However, up to the present, we
cannot establish a clear relationship between
ENL per se, the number of T lymphocytes, and
the prognosis. Some cases complicated by ENL
are clinically quite troublesome, and their
symptoms can last several years.

The patients with active LL who were refrac-
tory to chemotherapy with DDS had T-RFC
levels lower as a group than patients who were

responsive to DDS therapy. This difference is
particularly apparent in terms of absolute num-
bers of T-RFC and suggests that a marked
deficiency in cellular immunity exists in pa-

tients who are refractory to chemotherapy. It is
tempting to speculate on the relationship be-
tween refractoriness to chemotherapy and the
lowered T-RFC levels. At present it is not clear
how certain patients become refractory to
chemotherapy during treatment. It has been
postulated that inadequate (low or irregular)
doses of drug may produce drug resistance of
the infecting organisms (19, 25). However, our

results suggest another possibility, namely that
severe T-RFC deficiency may in some way

contribute to the tendency to become refractory
to chemotherapy. Both could be related to the
number of organisms with which the body must
deal.
There is some disagreement regarding T lym-

phocyte levels and cellular immune status in
leprosy patients. For example, some investiga-
tors (8, 13) argue for an actual T lymphocyte
deficiency, whereas Gaafar and Turk (8) argue

that the deficiency of lymphocytes in the deep
cortical areas of the lymph nodes is consequent
to inadequate lymphocyte circulation caused by
macrophage accumulation. Our data suggest
that, at least in the active LL, an actual T-RFC
deficiency exists. One can then speculate that
the T-RFC deficiency is intimately related to
development of LL. This is consistent with the
experimental findings of Rees (21) and others
(10, 11) who have shown that inoculation of
thymectomized and antilymphocyte serum-

treated mice with Mycobacterium leprae results
in a disseminated infection in mice over 6
months of age, whereas a similar inoculation in
normal mice causes a localized tuberculoid
lesion (23).

It is, of course, possible that the congestion of
the T-dependent regions of lymphoid organs

with histiocytes secondary to infection with

Mycobacterium leprae interferes with normal
traffic and proliferation of T lymphocytes.
Thus, the deficit of T lymphocytes reflected by
the low numbers in the circulation shown in this
study may be consequent to the histiocytic
accumulation at sites where T lymphocytes
normally proliferate. However, we think that a
transient T-RFC deficiency may occur which
permits initiation of proliferation of Mycobacte-
rium leprae which could in turn lead to further
cellular immune dysfunction. Such transient T
lymphocyte deficiency may not be recognized in
retrospect. Indeed, it may be only identifiable
in the experimental animals in which T lym-
phocyte deficiency can be artificially induced
by appropriate manipulation, e.g., antilym-
phocyte serum or thymectomy (10, 11, 21).
At present, we do not think that T lympho-

cyte deficiency is a genetic defect because the
number of T-RFC returns to normal levels after
leukocyte infusion therapy or effective chemo-
therapy (17, 26). However, further study will be
required to clarify when, what, and how the
deficit of T-RFC develops in the host which
expresses acquired LL.

ADDENDUM
While this paper was in preparation data somewhat

similar to those presented here for lepromatous lep-
rosy were published by Dwyer et al. (N. Engl. J. Med.
288:1036-1039, 1973).
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