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Abstract. To assess cell mediated immune (CMI) function in patients with lepromatous and borderline
lepromatous leprosy (LL and BL), 35 patients were examined with the MULTITEST® CMI™ system to
evaluate cutaneous delayed-type hypersensitivity (DTH) responsiveness to 7 recall antigens. Reactions were
assessed quantitatively and qualitatively. In addition, patients were classified as “responsive” (2 2 positive
reactions), “hypo-responsive” (1 positive reaction), or anergic. Only hyporesponsive and anergic patients
were re-tested. In 23 patients tested before treatment started (Group 1), 9 were responsive, 4 hypo-respon-
sive, and 10 anergic. Upon re-testing, 10 of the 14 hyporesponsive-anergic subjects showed improvement.
In 12 patients assessed after therapy initiation (Group 2), 9 were responsive and 3 others became responsive
upon re-testing. Quantitative assessment indicated variable deficiencies in cutaneous DTH reactivity that, in
many cases, improved with therapy. Correlations between reactivity and disease severity (LL versus BL) or
duration of disease were not observed.

The MULTITEST® CMI™ system provided a convenient, safe, and reproducible method to assess
cutaneous DTH responsiveness in LL and BL patients. Our findings indicated that most LL and BL patients
are able to generate detectable but generally fewer and less robust cutaneous DTH responses to recall
antigens, many improving with therapy. However, a semi-quantitative classification whereby patients that
reacted to 2 or more antigens were considered *responsive” showed little difference between patients and
controls. Overall, the data support the contention that deficits in cutaneous DTH responsiveness probably
neither predispose nor necessarily accompany lepromatous disease, a practical consideration as efforts to

develop a leprosy vaccine continue.

INTRODUCTION

The lepromatous forms of leprosy, to include
lepromatous leprosy (LL) and borderline leproma-
tous leprosy (BL), are associated with deficiencies
in cell-mediated immunity (CMI) (anergy) against
M. leprae as manifested by robust replication of M.
leprae within permissive macrophages, reduced
peripheral blood mononuclear cell proliferation upon
exposure to M. leprae, and deficient lepromin
(Mitsuda) skin tests (Sehgal, 1994). However, pre-
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vious assessments of cutaneous delayed type-hyper-
sensitivity (DTH) responsiveness in LL and BL pa-
tients when tested with non-leprosy, commonly used
recall antigens have shown inconsistencies (Bullock,
1968; Guinto, 1968; Rea et al, 1976; Ulrich et al,
1972). This may relate to differences in the type or
concentration of antigens used, methods of applica-
tion, interpretation, or analysis. In addition, lepro-
matous disease may be associated with variable re-
sponsiveness among individuals, depending on bac-
terial load, duration of disease before therapy was
started or genetic factors such as ethnicity or histo-
compatibility classification (Rea et al, 1976).

The MULTITEST® CMI™ is a disposable, plas-
tic applicator with 8 heads containing tines pre-loaded
with 7 common recall antigens and a control sub-
stance (vehicle) that provides an accurate, repro-
ducible, convenient, and safe method to assess cu-
taneous DTH responsiveness (Ahmed and Blose,
1983; Frazer et al, 1985; Walsh et al, 1995). The
localized reactions generated by standardized anti-
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gen preparations administered percutaneously by tines
are readily quantified and as importantly, may re-
duce some of the potential pitfalls in skin testing by
providing consistent antigen doses and depth of ap-
plication. Here, we used the MULTITEST® CMI™
to assess the capability of LL and BL patients, be-
fore or after therapy initiation, to generate cutane-
ous DTH responses to recall antigens. Our data
indicate that LL and BL patients are variably defi-
cient but not necessarily incapable of generating
DTH reactions to common recall antigens, and that
therapy generally improves responsiveness. Thus,
we concur with the contention that defects in cuta-
neous DTH reactivity probably neither accompany
nor necessarily predispose to the development of
leprosy (Rea et al, 1976), a concept that may be
relevant as efforts to develop a leprosy vaccine
continue (Nath, 1998).

PATIENTS AND METHODS

Patients

Filipino patients aged 14 to 60 years old and
diagnosed with LL or BL (multibacillary) at the
Leonard Wood Memorial Center for Leprosy Re-
search were eligible for enrollment. Reasons for
exclusion included pregnancy, other known systemic
diseases, reactional leprosy (erythema nodosum
leprosum or reversal reaction), or immuno-suppres-
sive therapy within the previous 6 months. The study
was approved by the Institutional Review Board of
the Leonard Wood Memorial.

Patients were classified according to the Rid-
ley-Jopling scale (Ridley and Jopling, 1966). Lep-
romatous patients were subcategorized into lepro-
matous (LL) or borderline lepromatous (BL) based
on clinical examinations, slit skin smears from 6
sites stained for acid fast bacilli (bacterial index,
BI) and histological findings. Clinical classifications
took precedence over histopathology when incon-
sistencies occurred. Controls consisted of volunteers
from patient communities similar in age and sex to
the study group, without clinical signs of leprosy.
Two patients with untreated borderline tuberculoid
(BT) leprosy were also tested.

Cutaneous delayed type hypersensitivity testing

Skin testing was performed upon diagnosis prior
to starting therapy (Groupl) or after therapy had
started (Group 2) using the MULTITEST® CMI™
(Pasteur Merieux, Lyon, France) (Fig 1). The
MULTITEST® CMI™ consists of a disposable plastic
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applicator with 8 sterile test heads (9 tines per head)
pre-loaded with 7 recall antigens (standardized in
sensitized guinea pigs) and a negative control: teta-
nus toxoid, diphtheria toxoid, Streptococcus pyogenes
(Group C), old tuberculin, Candida albicans, Tri-
chophyton mentagrophytes, Proteus mirabilis, and
glycerin (the vehicle for the test antigens). The skin
test was applied to the alcohol disinfected anterior
surface of the forearm with firm pressure for 30
seconds according to the manufacturer’s instructions.
Following application, the test substances were al-
lowed to remain on the skin surface for at least 3
minutes and then gently dabbed with a gauze pad in
a manner to avoid cross contamination. The test
sites were then read and scored at 48 hours by one
experienced reader (LGV).

Reactions were graded as positive only if the
induration at the inoculation site was at least 2 x 2
mm in size (Fig 2). Erythema without induration
was ignored. Results were recorded as both the
number of antigens positive as well as the cumula-
tive mm (length + width (2) of reaction for all 7
antigens. In addition, a semi-quantitative method
was used to classify patients as “responsive” if 2 2
antigens were positive, “hyporesponsive’ if 1 anti-
gen was positive, or “anergic’ if all antigens were
negative. “Responsive” (= 2 antigens positive) pa-
tients were not routinely re-tested, whereas
hyporesponsive and anergic patients were re-tested
at least once, at not less than 3 month intervals.
Any hyporesponsive or anergic patient not avail-
able for at least 1 re-test was considered “non-
evaluable”. Controls were tested only once.

Fig 1-The MULTITEST® CMI™ gystem consists of 8 arms
containing heads (tines) pre-loaded with 7 test anti-
gens and a control substance. Before application, the
clear plastic caps are gently removed to expose the
tines.
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Fig 2-Forty-eight hours after application of the
MULTITEST® CMI™ to the anterior forearm, 4
test sites have developed induration of at least 2 x
2 mm (arrows) and are graded as positive reactions.

Statistical analysis

Patients and contacts were compared by the
non-parametric Mann-Whitney U test for indepen-
dent samples. A p value of 0.05 or less was consid-
ered significant.

RESULTS

Patients

Thirty-five patients with leprosy, aged 14-54,
were evaluated. Of these, 23 were newly diagnosed
and tested before treatment initiation (Table 1). Twelve
patients were first tested after treatment had started
(Table 2).

Cutaneous delayed type hypersensitivity respon-
siveness

Quantitative analysis: Control subjects consisted
of 5 males and 7 females with an age range of 26
to 63. The cutaneous DTH responses were similar
between males and females. The mean number of
positive responses was 3.7 and the mean mm indu-
ration per subject was 18.8 mm (Figs 3 and 4).
Within the control group, the proportion of subjects
responding to each antigen consisted of the follow-
ing: Candida albicans (83%), tuberculin (83%),
Proteus mirabilis (715%), Diptheria toxoid (67%),
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Mean nuber of cutaneus DTH responses

N Al patients (n=35)
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W Controls (n=12)

Mean nuber of DTH responses
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Fig 3—Comparison of the mean (+ SEM) number of cutane-
ous DTH responses in all patients (black bar), re-
sponsive patients only (light gray bar), and controls
(dark gray bar).

* represents a significant difference from control values (p
< 0.05, Mann-Whitney U test).

Mean total induration per subject

P Rasponsiva patients (n=31)

- Controls

Mean mm induration in subjects with positive respones

Controls

Patients

Fig 4-Comparison of the mean mm (' SEM) of induration
per subject (patients versus controls) for all cutane-
ous DTH reactions. The patient and control values
were not significantly different.

tetanus toxoid (58%), Streptococcus pyogenes (8%),
and Trichophyton mentagrophytes (8%). There were
no positive reactions to the glycerin control and no
adverse reactions to skin testing were observed. The
2 untreated BT patients responded to 2 antigens each.

BL and LL patient responses are shown in Figs
3 and 4. Fig 3 shows that the mean number of positive
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responses among patients were significantly
reduced in comparison with controls (p =
0.03) and Fig 4 shows the comparison of
the mean induration of positive reactions
between patients and controls (p = 0.09).

Semi-quantitative analysis :

Patients first tested before therapy started
(Group 1)

The results of cutaneous DTH test-
ing in Group 1 are summarized in Table 1
and Fig 5. Upon completion of all testing
in 23 patients, 18 were responsive, 1 was
hypo-responsive, and 4 remained anergic.
Average BIs among the different response
categories were not significantly different.
Most patients were treated with WHO-

Patients first tested before therapy initiated

n=23
(Bl = 4.1 +/-0.2)

Responsive (n = 9)
Mean Ags =2.9 +/-0.4

Hyporesponsive (n = 4)

(Bl=4.1+/-0.1)

Anergic (n =10)

(Bl =4.2 +/-0.3)

.l

[

Retested (n = 4)
4 responsive

Retested (n = 10)
5 responsive
1 hyporesponsive
4 anergic

Fig 5-Flow chart depicting the mean number of cutaneous DTH re-
sponses and mean bacterial indexes (BI) in 23 untreated patients
and follow-up testing with MULTITEST® CMI™. Mean Bls among
responsive, hyporesponsive, and anergic patients were not signifi-

cantly different.

Multidrug Therapy (MDT) consisting of
dapsone, rifampicin, and clofazimine,
whereas others received a regimen of
rifampicin, ofloxacin, and minocycline
(ROM) (Gelber et al, 1995; Walsh et al,
1989). Two patients that reacted to 2 anti-
gens on initial testing were randomly se-

Patients first tested after therapy started

n=12
(Bl at diagnosis = 4.2 +/- 0.2)

lected for re-testing, and each showed 5
positive reactions. Patient “PG”, anergic

Mean Ags =33 +/-06 -
(Bl at diagnosis = 4.2 +/- 0.3)

Hyporesponsive (n = 2)

(Bl at diagnosis = 4.7) (Bl at diagnosis = 4.5)

on initial testing, demonstrated 1 positive
reaction after 15 months of therapy but
then no positive reactions at 24 months
upon treatment completion. Within Group
1, the proportion of subjects responding to
each antigen consisted of the following:
tuberculin (79%), Candida albicans (58%),
Diptheria toxoid (47%), Streptococcus
pyogenes (39%), tetanus toxoid (26%),
Proteus mirabilis (26%), and Trichophyton
mentagrophytes (21%). There were no positive re-
actions to the glycerin control and no adverse ef-
fects of skin testing observed. There was no corre-
lation between disease classification (LL versus BL)
or duration of disease prior to treatment and re-
sponsiveness.

Patients first tested after therapy initiation (Group
2)

The results of cutaneous DTH testing in Group
2 are summarized in Table 2 and Fig 6. Of 12
evaluable patients, 9 were responsive on first test-
ing, and 3 became responsive upon re-testing. On
first testing, average BIs of the hyporesponsive and
anergic patients (n = 3) were slightly higher than
the responsive patients. Most patients were being
treated with WHO-MDT,; several others had been
placed on an ROM regimen. Within Group 2, the

Vol 30 No. 3 September 1999

Retested (n = 2) Retested (n = 1)
2 responsive 1 responsive

Fig 6-Flow chart depicting the mean number of cutaneous DTH re-
sponses and mean bacterial indexes (BI) in 12 patients tested
with MULTITEST® CMI™ after therapy had been initiated.

proportion of subjects responding to each antigen
consisted of the following: tuberculin (66%), Can-
dida albicans (58%), Streptococcus pyogenes (42%),
tetanus toxoid (42%), Proteus mirabilis (42%), Tri-
chophyton mentagrophytes (42%), and diptheria toxoid
(37%). There were no positive reactions to the glycerin
control and no adverse effects of skin testing ob-
served. Correlations between disease classification
(LL versus BL) or duration of disease prior to treat-
ment and responsiveness were not observed.

The semi-quantitative analysis is summarized
in Fig 7. Eleven of 12 controls (92%) were “re-
sponsive” and 1 of 12 (8%) was “hyporesponsive”.
In the leprosy patients, 30 were “responsive” (86%),
1 “hyporesponsive” (3%), and 4 remained anergic
(11%). The percentage of “responsive” controls versus
leprosy patients was not significantly different (p =
0.9).
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Overall semi-quantitative analysis

oculation (Mantoux technique) and injec-
tion sites are read 24 to 48 hours later.

’TEvaluabIe" patients (n = 35) Vs ‘

Controls (n = 12)

Although most cutaneous DTH investiga-

tions, including those in leprosy, have gen-

Responsive (n = 30)
860/0 920/0

Responsive (n = 11)

erally used intra-dermal inoculation of a
large dose of two to four antigens, this tech-

nique is subject to inconsistencies such as

Hyporesponsive (n = 1)
3%

8%

Hyporesponsive (n = 1)

variation in antigen dose and depth of in-
oculation (Ahmed and Blose, 1983; Frazer

was not significantly different.

DISCUSSION

In tuberculoid leprosy patients, CMI respon-
siveness to M. leprae as well as to non-leprosy
antigens is generally strong (Guinto, 1968). In con-
trast, LL and BL patients are characterized by ab-
normal CMI responses to M. leprae, and in some
studies, to non-leprosy antigens as well, suggesting
generalized CMI deficiencies (Rea et al, 1976).
Indeed, LL and BL patients, especially before treat-
ment, demonstrate variable responsiveness when skin
tested with recall antigens (Bullock, 1968; Convit
et al, 1971, Guinto, 1968; Rea et al, 1976; Ulrich
et al, 1972). Here, we used a commercially avail-
able plastic applicator composed of tines pre-loaded
with 7 recall antigens to improve standardization of
DTH testing in leprosy patients. The responses,
assessed in quantitative and semi-quantitative fash-
ion, confirm that LL and BL patients are variably
deficient but not necessarily incapable of generat-
ing cutaneous DTH responsiveness that, in some
cases, improved with therapy. That some patients
demonstrated a degree of responsiveness before
therapy, that others responded after therapy initia-
tion or completion, and overall, that 8% of the
patients were found to respond to 2 or more anti-
gens, supports the contention that altered cutaneous
DTH responsiveness probably neither accompanies
nor predisposes to the development of leprosy, but
represents remote sequelae (Rea et al, 1976).

Cutaneous DTH testing to recall antigens is a
well established, in vivo, functional assay to evalu-
ate CMI responsiveness (Ahmed and Blose, 1983).
Typically, antigens are applied by intradermal in-
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Anergic (n =4 .
911.,50 ) Anergic (n = 0)

Fig 7-Overall comparison of LL and BL patients with controls by a
semi-quantitative grading scale of responsive, hyporesponsive, or
anergic. The percentage of responsive controls versus patients

et al, 1985; Knicker et al, 1979). The
MULTITEST® CMI™ administers 7 anti-
gens with tines that traverse the epidermis
and upper dermis (Frazer et al, 1985;
Knicker et al, 1979). A major advantage of
the MULTITEST® CMI™ involves the si-
multaneous application of multiple antigens,
overcoming problems of individual varia-
tion affecting responsiveness to a single
antigen challenge (Frazer et al, 1985;
Knicker et al, 1979). In addition, consistent intra-
cutaneous doses of specific antigen affords a stan-
dardized degree of exposure to Langerhans and der-
mal dendritic cells, increasing the probability of an
accurate, reproducible DTH reaction. Thus, the
number of antigens, the dose of antigen, the mode
of application, and individual variability all com-
bine to influence the clinical outcome of cutaneous
DTH testing. Here, MULTITEST® CMI™ provided
a reliable, convenient, and safe method to assess
DTH in leprosy patients.

Abnormal cutaneous DTH responses may be
found in post-surgical and trauma patients, malnu-
trition, HIV, and many other chronic diseases (Ahmed
and Blose, 1983). Generally, declining health and
loss of immune system responsiveness leads to a
progressive decline of the DTH response and may
herald imminent infection. Indeed, cutaneous DTH
testing has been used in staging HIV positive pa-
tients and had been found useful in assessing dis-
ease progression (Redfield er al, 1986). In contrast
to chronic diseases, however, LL and BL patients
displayed variable patterns of responsiveness that
frequently improved with therapy. Nonetheless, that
four subjects remained anergic, but otherwise re-
mained healthy and responded well to therapy sug-
gests that leprosy may permanently alter cutaneous
DTH capability or that higher antigen concentra-
tions may be required in some patients to generate
detectable responses. Alternatively, further re-test-
ing at later times may have demonstrated improved
DTH responsiveness.

As an adjunct to the quantitative MULTITEST®
CMI™ scoring system, we also adopted a semi-
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quantitative grading system whereby patients react-
ing to 2 or more antigens were classified as “res-
ponsive”. Based on previous findings that treatment
may improve CMI function in leprosy patients (Bul-
lock, 1968), we hypothesized that untreated patients
severely deficient or anergic for DTH reactivity might
improve with treatment. Thus, we aimed to econo-
mize MULTITEST® CMI™ kits to the extent of
focusing on “hyporesponsive” (1 positive reaction)
or anergic subjects, as per this modified grading
system. Moreover, although 2 positive responses are
less than the mean of most normal control groups
(approximately 3.5 positive responses) (Frazer et
al, 1985; Knicker et al, 1979; Walsh et al, 1995),
we propose that the capability to generate detect-
able DTH responses to 2 or more distinct antigens
indicates relatively intact, functional CMI respon-
siveness that should not necessarily be considered
“deficient”.

Previous descriptions of cutaneous DTH re-
sponsiveness in patients with lepromatous disease
have shown highly variable response patterns (Bul-
lock, 1968; Convit et al, 1971; Guinto, 1968; Rea
et al, 1976; Ulrich et al, 1972). These discrepancies
may have been in part due to differences in the test
antigens, doses, methods of application or interpre-
tation, ethnicity, the duration of disease prior to di-
agnosis, the duration of therapy at testing, the pre-
sence of other concurrent infections (malaria, tu-
berculosis, etc), immunomodulatory therapy for
reactional states, or other factors such as histocom-
patibility classifications (Bullock, 1968; Convit et
al, 1971; Guinto, 1968; Rea et al, 1976; Ulrich et
al, 1972). Here, using the MULTITEST® CMI™
system in a well characterized group of Filipino
leprosy patients, we found variable degrees of reac-
tivity, especially in the untreated patients, that in
many cases improved with therapy. However, when
assessed by a semi-quantitative grading system,
deficiencies were relatively mild.

A cutaneous DTH response requires sensitiza-
tion, followed by elicitation on re-exposure to the
antigen. Elicitation is comprised of several com-
plex events, any of which could be affected by the
substantial M. leprae burden in LL and BL patients.
Sensitized T cells must recognize antigen expressed
on the surface of Langerhans cells and secrete lym-
phokines to initiate blastogenesis, further release of
other cytokines, and recruitment of more lympho-
cytes and macrophages. Paramount to this cascade
is recruitment of CD4+ memory T cells, secretion
of interleukin-2 (IL-2), and expression of IL-2 re-
ceptors (Villahermosa er al, 1997). Each of these

Vol 30 No. 3 September 1999

events may be adversely affected in lepromatous
disease and may involve: i) a direct effect of M.
leprae on T or Langerhans cells, ii) decreased num-
bers of Langerhans cells or dermal “surveillance” T
cells, or iii) an abundance of circulating leprosy
antigens, such as PGL-1, overwhelming the capa-
bility to mount a detectable CMI response (“im-
mune distraction”) in a polarized, Th2-like predomi-
nant milieu (Cho et al, 1991; Kaplan and Cohn,
1991). Thus, it would not be unexpected that killing
of M. leprae by chemotherapy might restore or
gradually improve cutaneous DTH responses as
observed here.

The practical implications of these observa-
tions may be relevant as efforts to develop a lep-
rosy vaccine continue (Nath, 1998). Because a
successful vaccine must generate strong CMI re-
sponses against M. leprae, persons who may other-
wise develop lepromatous disease after exposure to
the organism must be capable of generating protec-
tive Thl-like immune responses upon vaccination.
Our data suggest that given the proper antigen or
combination of antigens, potentially susceptible
persons should be able to generate strong CMI re-
sponses that hopefully will lead to protection against
leprosy.
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