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Combination chemotherapy with rifampin and streptomycin (RIF-STR) for 8 weeks is currently recommended by the WHO as
the first-line treatment for Mycobacterium ulcerans infection (Buruli ulcer). To gain better insight into the mode of action of
these antibiotics against established M. ulcerans infection foci and to characterize recovery of local immune responses during
chemotherapy, we conducted a detailed histopathological study of M. ulcerans-infected and RIF-STR-treated mice. Mice were
inoculated with M. ulcerans in the footpad and 11 weeks later treated with RIF-STR. Development of lesions during the first 11
weeks after infection and subsequent differences in disease progression between RIF-STR-treated and untreated mice were stud-
ied. Changes in histopathological features, footpad swelling, and number of CFU were analyzed. After inoculation with M. ulcer-
ans, massive infiltrates dominated by polymorphonuclear leukocytes developed at the inoculation site but did not prevent bacte-
rial multiplication. Huge clusters of extracellular bacteria located in large necrotic areas and surrounded by dead leukocytes
developed in the untreated mice. Chemotherapy with RIF-STR led to a rapid drop in CFU associated with loss of solid Ziehl-
Neelsen staining of acid-fast bacilli. Development of B-lymphocyte clusters and of macrophage accumulations surrounding the
mycobacteria demonstrated the resolution of local immune suppression. Results demonstrate that the experimental M. ulcerans
mouse infection model will be a valuable tool to investigate efficacy of new treatment regimens and of candidate vaccines.

Buruli ulcer (BU) caused by Mycobacterium ulcerans is the third
most common human mycobacterial disease of immuno-

competent hosts after tuberculosis and leprosy (19, 38, 42, 43). It
is a neglected emerging disease present in tropical and subtropical
regions, with the highest prevalence in West African countries (2,
6). Occurrence of BU is associated with swampy areas, stagnant
water bodies, or slow-flowing rivers. However, the mode of trans-
mission and the natural reservoir of M. ulcerans are still not
known. Contamination of wounds from environmental reser-
voirs, such as biofilms on aquatic vegetation or soil, and transmis-
sion via insect bites have been implicated (10, 24–27, 29, 30). An
animal reservoir, possums, has been identified in a region of
southern Australia (11) where BU is endemic, but so far not in
Africa (9, 41).

Clinical presentation of BU starts with a painless subcutaneous
nodule, papule, plaque, or edema which can later develop into
ulcers with extensive necrosis and undermined edges (44). The
disease primarily affects the limbs, but other body parts can also be
involved. Spontaneous healing may occur, often leaving extensive
scarring and deformities behind (6, 38, 43). While surgery has
traditionally been the only recommended treatment for BU, the
current WHO treatment recommendation is a combination che-
motherapy with rifampin and streptomycin (RIF-STR) for 8
weeks for all forms of the active disease (3, 20, 28, 33, 45). Draw-
backs of this combination are potential long-term side effects and
the daily intramuscular (i.m.) injections required for streptomy-
cin (37). Therefore, alternative treatment regimens are being eval-
uated (4).

Clumps of extracellular acid-fast bacilli (AFB) surrounded by
large areas of necrosis of the deep dermal and adipose tissue asso-
ciated with only minimal inflammation are characteristic histo-
pathological features of BU (12–14, 35). Immune responses to
mycobacterial infections are normally characterized by an early,
acute, predominantly neutrophilic response, whereas in the

chronic stage, mononuclear and granulomatous patterns develop
(35). While M. ulcerans cells may be taken up in the early stages of
infection by phagocytes, they seem to persist only transiently in-
side these host cells (5, 34, 36). Killing of the phagocytes by the
macrolide cytotoxin mycolactone of M. ulcerans leads to the re-
lease of the bacteria. Subsequent extracellular multiplication re-
sults in the development of extracellular clusters of AFB inside
large necrotic areas (35).

Here we have studied bacterial killing and recovery of local
immune responses in a mouse model for M. ulcerans disease and
compared these findings to features observed in human BU le-
sions.

MATERIALS AND METHODS
Ethics statement. In conducting the experiments, the Laboratoire de
Bactériologie-Hygiène followed the official instructions for the appropri-
ate use of animals (issued by the Direction Départementale des Services
Vétérinaires de Paris and the Préfecture de Police de Paris).

Infection of mice with M. ulcerans. M. ulcerans strain CU001 isolated
from a BU patient from Côte d’Ivoire was maintained through regular
passage in mouse footpads. This isolate has been used in other studies
evaluating the in vivo activities of various antimicrobial agents against M.
ulcerans (15–18, 23). The MICs of RIF and STR for strain CU001 on 7H11
agar medium are 2 and 0.25 �g/ml, respectively (18). A total of 98 female
BALB/c mice, 4 weeks old, were purchased from the Janvier Breeding
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Center, Le Genest-Saint-Isle, France. Both hind footpads of mice were
inoculated subcutaneously with 0.03 ml of a freshly prepared M. ulcerans
suspension each. The inoculum size was 8.1 � 103 CFU per footpad.

Antibiotic treatment of mice. Rifampin (RIF) (Aventis, Paris, France)
was suspended in 0.05% agar-distilled water and given by oral gavage (10
mg/kg body weight). Streptomycin (STR) (Panpharma, Fougeres, France)
was diluted with normal saline and administered by subcutaneous injec-
tion (150 mg/kg body weight). Both antimicrobial agents were given once
daily during weekdays (i.e., 5 times weekly) (15–18, 23).

Study design. Until week 11 after inoculation, every second week three
mice were sacrificed (Fig. 1). The right footpad was used for histopatho-
logical analysis, whereas the left hind footpad was used to determine the
CFU per footpad. After 11 weeks, mice were randomized and allocated
among two groups: untreated control and the RIF-STR-treated group.
Treatment with RIF-STR was started immediately after randomization
and lasted for 12 weeks. The first 4 weeks after randomization, 5 mice each
of the treated and untreated groups were sacrificed each week for histo-
pathological analysis and determination of CFU. Afterwards, samples
were taken every second week. For the untreated group, two more time
points were evaluated (weeks 6 and 8 after commencement of treatment),

and for the treatment group, four more time points were evaluated (weeks
6, 8, 10, and 12 after commencement of treatment) (Fig. 1).

Scoring of lesion index. Footpads were examined for determination
of the lesion index directly before mice were sacrificed. The lesion index
was scored from 0 to 4 as follows: 0, the footpad appeared normal; 1, the
footpad showed slight swelling; 2, swelling was limited to the inoculated
footpad; 3, swelling extended to the whole hind foot; and 4, swelling ex-
tended to the whole limb (Fig. 2).

Enumeration of CFU in footpads. To enumerate CFU, the tissues of
the inoculated footpads were removed aseptically and homogenized in
Hanks’ solution in a final volume of 2 ml. For the untreated control mice,
the tissue suspensions were serially diluted in 10-fold steps, and 0.1 ml of
each of three appropriate dilutions was plated in triplicate on Löwenstein-
Jensen medium. For the RIF-STR-treated mice, the entire volume (2 ml)
of the undiluted tissue suspension from each inoculated footpad was
plated on 10 tubes of Löwenstein-Jensen medium. CFU were enumerated
after incubation at 30°C for 90 days.

Histopathological analyses. After mice were sacrificed, footpads were
removed above the ankle and immediately fixed in neutral buffered 4%
paraformaldehyde for 24 h. Afterwards, they were incubated in decalcifi-
cation solution, consisting of 0.6 M EDTA and 0.25 M citric acid, for 10
days at 37°C under shaking conditions. After decalcification of bones,
footpads were embedded in paraffin, cut into 5-�m sections using an HM
335 E rotary microtome (Microm International GmbH), and retrieved on
Superfrost Plus (Thermo Scientific) slides. Staining with hematoxylin and
eosin (HE) and Ziehl-Neelsen (ZN) was performed according to standard
WHO protocols (44).

For immunohistochemistry, sections were deparaffinized and rehy-
drated, endogenous peroxidase was blocked with 3% H2O2 for 10 min,
and unspecific binding was prevented by incubation with blocking serum
matching the secondary antibody host. Subsequently, slides were pre-
treated by the hot-borate antigen retrieval method (0.02 M, pH 7) (21)
and incubated at room temperature with (i) monoclonal antibodies
against CD45R (B cells; clone RA3-6B2) (Serotec), monocytes/macro-
phages (Mo-Ma; clone MOMA-2) (Serotec), CD3 cells (T cells; clone
CD3-12) (Serotec), neutrophils (clone NIMP-R14) (Abcam), and KI67
(proliferation marker; clone SP6) (Thermo Scientific) or (ii) polyclonal
rabbit serum against mycobacterial (M. leprae) antigens (pAbLep; Colo-

FIG 1 Study design. R/S, rifampin-streptomycin.

FIG 2 Evolution of the lesion index over time after infection. (A) Evolution among untreated (circles) and RIF-STR-treated (triangles) mice. (B) Representative
presentations of footpads associated with different scores of the lesion index.
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rado State University, CO). Afterwards, sections were incubated for 30
min with a corresponding biotinylated secondary antibody (Vector Lab-
oratories) and for an additional 30 min with streptavidin-horseradish
peroxidase conjugate (Vectastain ABC kit; Vector Laboratories). Staining

was performed using Vector NovaRed (Vector Laboratories) and Meyer’s
hematoxylin as a counterstain (Sigma). Sections were mounted with
Eukitt mounting medium (Fluka). Pictures were taken with a Leica
DM5000B microscope.

FIG 3 Overview of histopathological features of treated and untreated lesions. Shown are histological sections stained with HE (A1, A4, A7, B1, and B4) and ZN
(A2, A3, A5, A6, A8, A9, B2, B3, B5, and B6) and counterstained with methylene blue. Footpads from mice without chemotherapy (A) and with RIF-STR
treatment (B). (A1 to A3) Footpad 1 week after inoculation, showing slight infiltration and small numbers of intra- and extracellular bacteria. (A4 to A6) footpad
14 weeks after inoculation, showing a large infiltrated area mainly composed of destroyed PMNs surrounding large numbers of extracellular AFB. (A7 to A9)
Footpad 17 weeks after inoculation without treatment, showing a large edematous necrotic area, with extracellular bacterial clusters. (B1 to B3) Footpad 3 weeks
after start of treatment with RIF-STR, showing mild infiltration and AFB with beaded appearance. (B4 to B6) Footpad 6 weeks after start of treatment, showing
dense lymphocyte clusters and AFB with beaded appearance.
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Based on the analysis of numerous tissue samples from lesions of
Buruli ulcer patients, taken before, during, or after treatment, we selected
the characteristic micrographs shown in Fig. 8.

RESULTS
Multiplication of M. ulcerans and tissue destruction in inocu-
lated footpads. Eleven weeks after footpad inoculation with M.
ulcerans, lesion indices of infected mouse footpads had increased
from 0 to 1 (Fig. 2), and mice were randomized into a control
group receiving no antibiotic therapy and a treatment group re-
ceiving antibiotics 5 times weekly (Fig. 1). Thereafter, the lesion
indices of the group without antibiotic treatment proceeded
quickly to 3 or 4 (Fig. 2). At week 19, all remaining untreated mice
had to be sacrificed because the first signs of severe pathology
developed. These macroscopic observations correlated well with
the histopathological features. Results of the histopathological
analyses are shown for representative samples and for selected
time points in Fig. 3.

One week after inoculation, when the lesion index was still 0,
only minor histopathological changes could be observed (Fig. 3A1
to A3). Between the muscle fibers, small clusters of infiltrating
cells, mainly polymorphnuclear leukocytes (PMNs), colocalizing
with the AFB were observed. AFB were found both intra- and
extracellularly during this early stage of infection. Animals receiv-
ing no treatment showed a swelling of the whole footpad 14 weeks
after inoculation associated with large numbers of AFB localized
in accumulations of killed leukocytes (Fig. 3A4 to A6). Infiltration
in untreated footpads consisted mainly of neutrophils (Fig. 4B),
and monocytes/macrophages (Fig. 4C), T cells (Fig. 4D), and B
cells (Fig. 4E) were rarely found at this time point of the infection:
the majority of bacteria were found extracellularly between the
dead leukocytes. Globus-like intracellular AFB clusters (Fig. 5A1
and A2) may represent precursors of extracellular microcolonies
(5). Without antibiotic treatment, 17 weeks after infection, mac-
roscopic swelling of footpads had extended to the ankle and the
lower part of the leg (Fig. 3A7 to A9). Histopathology revealed
large necrotic areas where connective tissue, muscles, and glands

were completely destroyed. Neutrophilic infiltrates present earlier
during the infection had largely disappeared (Fig. 3A7). Huge
clusters of extracellular bacteria were primarily located in the mid-
dle of this necrotic area (Fig. 3A8 and A9). At the periphery of the
extended necrotic areas containing this enormous bacterial bur-
den, new foci were developing from spreading mycobacteria (Fig.
5A1). Here, interactions between bacterial cells and phagocytes
attracted to the site of infection could be observed (Fig. 5A2). In
contrast to the AFB forming the large extracellular conglomera-
tions in the main necrotic infection focus (Fig. 5B1 and B2), more
than 50% of the mycobacteria forming the new foci no longer
exhibited a uniform solid ZN staining but had a “beaded” appear-
ance (Fig. 5A3 and A4).

The epidermis above the infection foci remained intact for ex-
tended periods of time after infection, covering the necrotic der-
mal layer. Ulceration therefore occurred much later than footpad
swelling (data not shown). Proliferation of keratinocytes in the
epidermal layer was demonstrated by specific staining for the pro-
liferation marker Ki67 (Fig. 5C1 and C2). Compared to tissue
from uninfected mice this staining tended to be stronger, but due
to heterogeneity within the dermis, a quantitative assessment of
differences was not possible.

Response to chemotherapy. Footpad lesion indices of mice
receiving antibiotic treatment from week 11 onwards increased
transiently to 2 in 35% of the mice or to 3 in 5% of the mice, but
from week 21 onwards, all footpads returned to an index of 1 (Fig.
2). While the right hind footpads were used for histopathological
analysis, the left hind footpads were used for enumeration of CFU.
Chemotherapy caused a rapid decline in the number of CFU (Fig.
6). Already after 3 weeks of treatment, four of five footpads were
culture negative. However, single culture-positive footpads were
still found after 6 and 8 weeks of treatment, and only after 10 and
12 weeks were all (5/5) footpads culture negative (Fig. 6). CFU
counts in untreated footpads increased further (Fig. 6) until 17
weeks after inoculation when mice had to be sacrificed.

Already 3 weeks after start of chemotherapy, over 50% of the

FIG 4 Neutrophilic infiltration in untreated mouse footpads early after inoculation. Shown are histological sections of a footpad from an untreated mouse 3
weeks after inoculation stained with either hematoxylin-eosin (HE) (A) or antibodies against cell surface or cytoplasmic markers and counterstained with
hematoxylin (B to E). Haematoxylin-eosin staining revealed a large band of infiltrating leukocytes, mainly composed of neutrophils (B) and monocytes/
macrophages (C). Only a few CD3� T cells (D) and a few CD45R� B cells (E) were found.

Ruf et al.

690 aac.asm.org Antimicrobial Agents and Chemotherapy

http://aac.asm.org


AFB were either internalized or associated with macrophages and
neutrophils and no longer showed a uniform solid ZN staining
but appeared as beaded rods (Fig. 3B2 and B3). After 8 weeks of
chemotherapy, none of the intracellular (Fig. 7A1) or extracellular
(Fig. 7A2) AFB showed solid ZN staining.

Three weeks after initiation of chemotherapy, footpads no lon-
ger showed major swelling or edema, although chronic infiltrates
had developed (Fig. 3B1). Immunohistochemical staining re-
vealed the formation of leukocyte accumulations mainly com-
posed of an outer macrophage belt (Fig. 7B1 and B2) and an inner

FIG 5 Appearance of mycobacteria at different times after inoculation. Shown are histological sections of the footpad from an untreated mouse 19 weeks after
inoculation stained with ZN and counterstained with methylene blue (A and B) or stained with an antibody and counterstained with hematoxylin (C). The main
infection focus and a more peripheral accumulation of AFB are boxed. (A1) Low-magnification picture of a peripheral AFB accumulation, showing interactions
between the mycobacteria and phagocytes. (A2) Globus-like structures representing numerous intracellular AFB residing in macrophages. (A3 and A4) ZN
staining of peripheral AFB reveals the presence of beaded bacteria. The main infection focus contains no viable phagocytes, but there are large extracellular
clusters of AFB (B1) exhibiting solid ZN staining (B2). Staining with the proliferation marker Ki67 revealed a strong proliferative activity of epidermal
keratinocytes (C1 and C2).
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belt consisting of neutrophils (Fig. 7B3) surrounding residual AFB
(Fig. 7B4). Limited numbers of T cells and individual B cells were
interspersed in these clusters (data not shown). While 3 weeks
later the overall extent of the leukocyte infiltration had decreased,
very densely packed lymphocyte clusters (Fig. 3B4) appeared in
addition to the persisting beaded AFB immersed in accumulations
of macrophages/neutrophils. These lymphocyte clusters (Fig.
7C1) consisted mainly of CD45R� B cells (Fig. 7C2), no macro-
phages (Fig. 7C4) or PMNs (Fig. 7C5), and only scattered T cells.
More T cells were found in the areas surrounding the tightly
packed clusters (Fig. 7C3).

DISCUSSION

Since 2004, WHO has recommended a dual antibiotic therapy
with oral rifampin (10 mg/kg) and intramuscular (i.m.) strepto-
mycin (15 mg/kg) administered daily for at least 8 weeks (45).
While early BU lesions can usually be effectively managed by this
antimicrobial treatment alone, more advanced lesions may re-
quire surgical débridement and/or skin grafting (3, 20, 28, 33). To
contribute to a better understanding of the local responses in BU
lesions, here, we performed a longitudinal histopathological study
in mice experimentally infected with M. ulcerans. Changes in mac-
roscopic appearance, mycobacterial load, tissue destruction, and
local immune responses before and during chemotherapy were
assessed.

During the establishment of infection, intracellular bacilli were
observed and intracellular accumulation of AFB led to the devel-
opment of globus-like structures. After killing of host cells by the
macrolide toxin mycolactone, these may be efficient seeds for the
large extracellular clusters of AFB that developed at later stages of
the infection. Evidence for a transient intracellular stage of M.
ulcerans and the ability to subsequently destroy the infected
phagocytes has also been obtained in in vitro studies (5, 40). How-
ever, early immune responses may also have protective potential,
since only a small proportion of individuals exposed to M. ulcer-
ans seem to develop clinical disease (8). Immune status, as well as

the size of the initial inoculums and the site of the initial infection
may influence the outcome.

Animal studies have yielded conflicting results regarding the
nature of leukocytic infiltrates in early stages of the infection.
While it has been reported that neither wild-type nor
mycolactone-negative M. ulcerans strains were strong neutro-
philic attractants (1), in agreement with results reported by
Coutanceau et al. (5), we observed substantial neutrophilic in-
filtrates during the first weeks after infection. At later stages, no
viable neutrophils were left in the necrotic center of the estab-
lished BU lesions, but remains of the killed neutrophils could
still be detected by immunohistochemical staining. In humans,
the very early stages of M. ulcerans infection are not associated
with significant clinical signs and symptoms and have therefore
never been examined histopathologically. However, massive
neutrophilic infiltrates observed during the first weeks after
experimental infection of mice seem to have correlates in early
human disease, since remains of neutrophils are commonly
found in the necrotic areas of human BU lesions (Fig. 8A to D)
(32, 35).

In the mice, the epidermis above the infection foci stayed
intact for extended periods of time after inoculation, covering
the progressively necrotizing dermal layer. In human BU dis-
ease, epidermal hyperplasia is a characteristic feature, and ele-
vated proliferation of keratinocytes is typically observed (Fig.
8E and F). Also, in the mice, the epidermis above the infection
foci showed strong staining with the proliferation marker Ki67
(Fig. 5C). Other hallmarks of human BU lesions, such as ex-
tensive coagulative necrosis and edema formation (35) devel-
oped slowly in the mouse footpads and became only apparent
in untreated mouse footpads about 14 weeks after inoculation.
Since the mode of transmission of M. ulcerans is not clear, the
incubation time in humans cannot be reliably estimated.

While the necrotic core of advanced BU lesions is typically free
of viable leukocytes, accumulations of immune cells are found

FIG 6 Changes in CFU counts after inoculation and during RIF-STR treatment. Mouse footpads were inoculated with 8.1 � 103 M. ulcerans CFU at week 0. The
control group (�) received no treatment. In the treatment group (�), chemotherapy with RIF-STR (R/S) started at week 11.
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both in the mouse model and in human lesions (Fig. 5A and B and
Fig. 8G) at the rim between the necrotic tissue and healthy tissue.
Also in untreated lesions, these seem to be sites where adaptive
immune responses are initiated. These may be of importance for

spontaneous healing occasionally observed in both early and ad-
vanced BU disease (7, 43).

After the start of antibiotic treatment, local infiltrates switched
from a predominantly unorganized neutrophilic type to a more

FIG 7 Inflammatory responses and development of B-cell clusters in RIF-STR-treated mice. Histological sections were either stained with ZN and counter-
stained with methylene blue (A1 and A2) or stained with antibodies against cell surface or cytoplasmic markers and counterstained with hematoxylin (B1 to B4
and C2 to C5), or sections were stained with hematoxylin and eosin (C1). After 8 weeks of antibiotic therapy, all intracellular (A1) as well as extracellular (A2) AFB
appeared as beaded rods. Immunostaining of mouse footpads 3 weeks after commencement of antibiotic therapy revealed a strong clustering of monocytes and
macrophages (Mo-Ma) (B1 and B2), neutrophils (B3), and M. ulcerans bacteria (B4), as well as the formation of large lymphocyte accumulations 6 weeks after
commencement of antibiotic therapy (C), which were mainly composed of CD45� B cells (C2), only a few CD3� T cells (C3), and basically no macrophages (C4)
or neutrophils (C5).
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organized chronic infiltration type. Macrophages and neutrophils
formed tight clusters around AFB, and dense lymphocyte clusters
mainly consisting of CD45R� B cells developed nearby. Also in
human BU lesions, structured accumulations of immune cells,
including large CD20-positive B-cell clusters (Fig. 8H), develop
during the course of chemotherapy (35). However, contrary to
what is observed during antibiotic treatment of human BU le-
sions, we found no granuloma formation in the mouse footpads.

Whether this lack of granuloma formation is related to the mouse
strain used remains to be elucidated.

Already 1 week after start of the antibiotic treatment, incom-
plete ZN staining of the mycobacteria was observed, giving them a
beaded appearance. In M. tuberculosis and M. leprae, beading
seems to be an indicator of a loss of viability (22). In M. leprae, the
morphological index (MI) is therefore used to determine the ef-
fectiveness of the antibiotic treatment. Ultrastructural visualiza-

FIG 8 Features of human BU lesion with correlates in the mouse infection model. Histological sections of human tissue were stained either with hematoxylin and
eosin (E and G) or with antibodies against cell surface or cytoplasmic markers and counterstained with hematoxylin (A to D, F, and H to J). A belt of intact
macrophages surrounded the necrotic core (A), with neutrophilic debris from the initial wave of infiltration still being detectable (C). Appendices of macro-
phages reaching into the necrotic core are shown in panel B. Inside the necrotic area, no intact neutrophils could be detected (D). Epidermal hyperplasia typically
observed in human BU lesions (E) associated with an elevated proliferation of the keratinocytes, indicated by staining with the Ki67 proliferation marker (F). In
the neighborhood of the necrotic core of the lesion, accumulations of viable leukocytes can be observed in untreated patients (G). Clusters of CD20� B cells (H),
partially highly proliferating (I) and interspersed with a few CD3� T cells (J), typically develop in the lesions of BU patients during and after completion of
chemotherapy.
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tion of M. leprae showed that in untreated patient samples, the
majority of the bacilli showed a solid staining and the cell bodies
were filled homogenously with cytoplasm. In contrast, irregular
ZN-stained bacilli from treated patients showed an intact cell wall
but a cytoplasm which was detached from the cell wall and also
showed in later stages a complete degeneration of all structures
(22). Beading was also detected in samples from untreated mice at
the periphery of the lesions, where bacteria were found intracel-
lularly or in close contact with phagocytes. This and similar find-
ings in human lesions suggest that the immune system has the
capacity to kill dispersed M. ulcerans bacteria and that develop-
ment of microcolonies surrounded by a protective cloud of my-
colactone is a critical step in the establishment of a chronic M.
ulcerans infection. After completion of treatment, AFB through-
out the whole footpad revealed a beaded structure, and cultures
went negative, supporting the hypothesis of beading as a marker
for loss of viability. Osteomyelitis is a major severe complication
occurring in �10% of all BU patients (31, 39). We observed in
15% of all mouse footpads examined bacterial infiltration in the
bone marrow (data not shown), but with antibiotic treatment,
these bacteria had a beaded appearance, indicating effective treat-
ment.

Single culture-positive footpads were still found after 6 and 8
weeks of chemotherapy, and only after 10 and 12 weeks were all
footpads culture negative. Although clinical trials also indicate
that some bacilli may survive the recommended 8-week course of
antibiotic treatment (28, 33), recurrence rates after RIF-STR treat-
ment are as low as 1 to 2%. This indicates that immune responses
primed by antigens and immunostimulators released during che-
motherapy by killed bacilli are strong enough to eliminate residual
dispersed bacilli (32).
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