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Summary The declining prevalence of leprosy has not been matched by a declining
incidence. Widespread adoption of mutliple drug therapy (MDT) in closely mon-
itored control programmes has not prevented transmission of Mycobacterium leprae.
Despite the rarity of lepromatous patients, most of those living in endemic areas have
immunological evidence of exposure to M. leprae. This paradox could be explained
if, for many such individuals, infection was transient, did not result in disease
development, but did allow the transmission of infection to other individuals. There is
increasing evidence from nasal PCR studies that such sub-clinical transmission may
exist and that mucosal immune responses to M. leprae may develop during resolution
of initial infection. Sub-clinical infection appears to occur in clusters and may require
close contact over a prolonged period for optimal transmission. Control of transmis-
sion may be feasible through identification and treatment of individuals within
infection clusters, allowing progress towards the eradication of leprosy.

Introduction

Over the last decade, the use of multidrug therapy (MDT) has reduced the estimated world
prevalence of leprosy from around 12 million in 1983 to approximately 1-3 million active
cases now.' This reduction prompted the World Health Organization to aim for ‘elimination
of leprosy as a public health problem’, defined as reduction in prevalence below 1 per 10,000
population.’ While this may be achievable, leprosy is far from beaten. In some series, up to
one-third of patients eventually develop disability due to nerve damage and over 7 million
‘cured’ cases may still require ongoing care." More seriously, in general, the declining
prevalence has not been matched by a declining incidence, except in countries with
significant economic development. Widespread use of MDT has not yet prevented continued
transmission.”
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Source of infection

The transmission of leprosy is poorly understood, but infection from subclinical sources
could be more important than infection from active clinically apparent cases.’> > Nearly all
individuals in highly leprosy-endemic areas have immunological evidence of exposure to
Mycobacterium leprae,®™® despite the relative rarity in most populations of the lepromatous
patients thought to be the main source of infection.>® Furthermore, the incidence of leprosy
has not fallen dramatically in many endemic countries, despite effective treatment of most
lepromatous patients at an early stage of their disease.” While early cases of multibacillary or
paucibacillary disease may provide the bulk of excreted bacilli in some populations, in others
self-healing infections which do not result in disease, but do have a transient period of nasal
excretion, could be of great importance.*>° A case of borderline-tuberculoid leprosy with a
‘lepromatous’ nodule in the nose'® might be an example of persistence of an initial
bacilliferous lesion. The association of household contact with increased risk of disease''"'*
and an antibody response>®!*!* suggests that direct spread of M. leprae from one infected
individual to another may be important, although this could also occur by an indirect route as
M. leprae can survive in nasal secretions.'> In one study, M. leprae has been found in the soil
around the houses of leprosy patients by mouse footpad culture. 16 There is also evidence that
M. leprae may remain viable for some time,'>!” so it is possible that secreted bacilli in house
dust could be a source of infection.

Most new patients have not had contact with leprosy patients who are shedding bacilli
from skin lesions, but a reappraisal of Pedley’s work on skin—skin transmission'®!® using
PCR detection methods®® seems appropriate to confirm this work which used tinctorial
staining methods to assess shedding of bacilli.

Primary infection and immunity

The route of entry of M. leprae to the body is still controversial, but the primary lesion of
leprosy is still thought to be in the nose.?"** There is little evidence for implantation of
M. leprae into cuts or abrasions,”>* or of transmission by blood-sucking insects. 21?42
While occasional animals, notably armadillos and primates, can be infected by M. leprae,
there is no evidence that they are a major source of infection within the population. However,
subcutaneous infection of nine-banded armadillos does result in disseminated inff:ction,24
albeit using high doses of viable M. leprae. While such mechanisms seem unlikely to account
for large numbers of patients, they cannot be totally excluded and their validity should be
further tested.?? For instance, the idea of transmission by blood-sucking insects is unproven,
but testable by both experimental and PCR survey methods.

Large numbers of leprosy bacilli are excreted from the nose in untreated lepromatous
leprosy.?=?® The nasal lesions in indeterminate cases can be bacilliferous?® and nasal
excretion of leprosy bacilli is much more common than from any other part of the body in
leprosy patients.?!? It is therefore possible to postulate a hypothesis for early leprosy in
which contact with M. leprae leads to primary nasal infection (Figure 1). This may be
facilitated by nasal abrasions: infection may require the coincidence of infectious bacilli with
an abrasion or other pathology of the nasal mucosa.’ In this model, haematogenous spread to
skin and nerves would lead to the eventual development of clinical leprosy (Figure 1). A
similar pattern of haematogenous spread has been observed in the nine-banded armadillo,
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Figure 1. A model for the pathogenesis of leprosy.

although this was following primary subcutaneous inoculation,?* and in thymectomized mice
following nasal instillation of M. leprae.>' Healing of the primary infection would accom-
pany development of protective immunity and seroconversion.™

If this is correct, frequency of contact with a source of infection would be important in
transmission. A large number of studies have shown the risk associated with household
contact using both epidemiological and laboratory methods.>!!~!3 However, it is possible
that the primary nasal lesion goes through a bacilliferous phase in many infected individuals,
accounting for the presence of M. leprae DNA in the nasal secretions of those living in
endemic areas who have no known contact with leprosy.>*° It is worth noting that PCR
methods for the detection of M. leprae require the presence of DNA from at least five bacilli
to give a positive result,? and it is therefore likely that PCR positivity reflects the presence of
substantial numbers of M. leprae in the nose. However, PCR positive individuals have not yet
been subjected to detailed ENT examination to determine whether they have bacilliferous
lesions or not. It is therefore theoretically possible that nasal excretion of M. leprae by
subclinically infected individuals could be responsible for transmission, but this is by no
means proven.

How does the primary lesion heal? The course of the infection (Figure 1) may depend
upon the timing of the development of local mucosal immunity. There is evidence that the
timing of development of cell-mediated immunity affects the development of indeterminate
leprosy.*? The timing of development of effective immune responses does influence the
progression of other infections by intracellular organisms: similar situations occur in the lung
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in primary tuberculosis”>*3*, in Buruli ulcer® and in leishmaniasis.>® It is generally accepted

that protection against leprosy and other intracellular infections requires cell-mediated
immune responses. Successful immune defence against an initial M. leprae infection requires
both prevention of dissemination and healing of the primary lesion, and there can be
little doubt that an effective cell-mediated immune response could accomplish this.!*3”
The development of cell-mediated responses in the nose is difficult to study, but unlike the
systemic immune system, mucosal cell-mediated and humoral immunity may develop
concommitantly.38’39 Since measurement of IgA responses is considerably easier, and all
mucosal sites are linked by lymphocyte recirculation,® it is possible to measure salivary
antibody responses to M. leprae as a marker of anti-M. leprae immunity. Furthermore,
mucosal IgA itself is of interest, since it mediates reduction of adherence of bacilli and
opsonization responses which might be protective.'*

The mucosal immunology of leprosy

Early and seminal studies by Abe er al**~*? using the FLA-ABS test showed that most
lepromatous patients do not have a salivary anti-M. leprae IgA (ML-IgA) response and that
treated patients are more likely to have an ML-IgA response than untreated patients. The
same group showed that a high proportion of contacts of leprosy patients have detectable ML-
IgA responses which they hoped might have diagnostic value. In this they were disappointed,
but at the same time, we and others were becoming disillusioned with the overconcentration
of studies on patients, who have demonstrably failed immunologically by getting leprosy.
Initial studies in Bangladesh (253 subjects) and Fiji (163 subjects) showed that the ML-IgA
response was least likely to be found in those with untreated leprosy or increased risk (i.e.
household contacts), suggesting that, ‘the mucosal immune system might be of importance
in a putative protective response to infection...”.'* We were able to confirm that treated
patients were much more likely to have a response than untreated patients, and found the
highest numbers of ML-IgA positive individuals amongst hospital workers,'* who rarely get
leprosy. Subsequent studies showed evidence of an IgA anti-LAM response in many
individuals.*?

The development of PCR detection of putative early nasal infection?” gave us
the possibility of testing our ideas further. In the MILEP1 study (304 subjects) in Miraj,
Maharashtra, we concentrated our efforts on understanding the mucosal immune response to
M. leprae in defined groups of patients, contacts and control subjects.”>’ The results of
testing for salivary IgA directed against whole M. leprae can be interpreted in conjunction
with the PCR results (putative infection/excretion of M. leprae) to provide a framework for
understanding the pathogenesis of primary infection® (Table 1). Non-exposed individuals are
negative for salivary anti-M. leprae IgA (ML-IgA™)'**” and do not show an amnestic
response to challenge with nasal leprosin A.3” Nasal swabs are of course PCR negative
(PCR™). On contact with M. leprae, non-exposed individuals are likely to acquire a primary
infection. This will be transient in most individuals, but as a result their nasal excretions may
contain M. leprae, making them PCR positive (PCR™). At an undetermined and probably
variable time after infection, immunity develops leading to IgA positivity (ML-IgA™).
Development of a mucosal immune response is more rapid than healing of this initial
lesion resulting in PCR*/ML-IgA™" individuals being as common (6/204) as PCR-+/
MIL IgA~ individuals (7/204).” PCR" individuals become PCR™ within a year,*® but
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Table 1. PCR and mucosal immunity during the
pathogenesis of early leprosy infection

1. Non-exposed IgA— PCR—
2. Ist exposure IgA— PCR+
3. Resolving infection IgA+ PCR+
4. Immune (?protected) IgA+ PCR—

the IgA response is much longer lasting.”’ Although salivary IgA anti-M. leprae antibody
may be absent after a year or so, the capability to produce such a response can be detected by
mucosal challenge testing up to 10 years following exposure to M. leprae.>” Other markers of
infection such as serum PGL1 IgM antibody levels show a similar pattern within the
population,>®!3 but correlate poorly with PCR.® It is possible that serum antibody levels
rise as PCR positivity declines and that the correlation between these two markers is therefore
displaced in time.

The most worrying result of the MILEP1 study was the low level of ML-IgA positivity
(33%) amongst a group of 58 ‘control’ subjects with no known leprosy contact in
comparison with previous studies using the same ELISA protocol in Fiji and Bangladesh
(79% and 69%, respectively'®), despite the continuing presence of nasal PCR positivity
suggestive of infection in the community.® The numbers are small, but suggest that there may
have been a decrease in immunity in the general population in this area while transmission
continues, particularly amongst household contacts of leprosy patients.9 The reasons for this
decline, if it is a real phenomenon, are not clear. However, this area has had an effective MDT
control programme for 12 years, whereas the previous study was carried out in the pre-MDT
era.

The data from the MILEP1 study®?” support our hypothesis that mucosal immunity
develops during resolution of presumed infection and that it may be related to the
development of protective immunity. Since long-term immunity is probably determined by
the outcome of initial infection long before clinical leprosy develops, there is a need to
investigate the pathogenesis of the primary lesion more thoroughly. We have now embarked
on a much larger study (MILEP2) in which PCR and IgA studies are being performed in
whole villages near Miraj and in Ethiopia: some 1200 subjects have been examined to date
with similar results to those obtained previously (unpublished data). These whole population
surveys will define transmission and mucosal immunity within a well-defined epidemiolo-
gical framework, allowing a strategy foreradication to be developed. Similar studies are taking
place in Indonesia (Klatser, personal communication).

Breaking the cycle of transmission

The control of infectious disease requires control of transmission. Since leprosy has such a
long incubation period during which the infection can be passed on, development of clinical
disease is a poor marker of infection. This makes study of the process of transmission and
development of protective immunity difficult, but knowledge of these processes is essential
for the design of effective intervention in endemic countries.

We suggest that the key to effective control is the recognition that leprosy infection
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occurs in clusters, as do many other infectious diseases. Treatment of all potentially infected
individuals in such clusters could be a powerful adjunct to MDT control and might well lead
to eradication of the disease. However, PCR requires sophisticated facilities and is unlikely to
form part of a practical detection system for field use. Since few of the infected individuals
are likely to develop disease and there is already an MDT programme in place, alternative
(albeit less specific methods) to identify clusters are appropriate, since all individuals in a
cluster could receive single dose therapy with mycobactericidal drugs such as rifampicin or
ofloxacin (probably in combination to avoid the theoretical risk of resistance despite the
increased risk of toxicity this would entail). Alternatives which may be good enough
indicators of recent infection to achieve community-oriented control may include PGL1
serology,'® which needs to be re-evaluated in the light of studies of the temporal pathogenesis
of the primary infection.

Where does first exposure occur? One can only speculate at present. For contacts, the
home is probably most important, while for others exposure in childhood may well occur
when they start to attend school.''*** Public places such as tea houses, buses, factories and
hospitals are possibly less likely to be important sources of infection, since in most leprosy
endemic populations, individuals will have met M. leprae before they encounter these sites
and contact may be transient.***> There is of course likely to be variation between
communities, and PCR or antigen detection studies to determine where M. leprae can be
found in the environment would be valuable. However, in many communities, we believe that
intervention (drug or vaccine) in school and home might interrupt transmission sufficiently to
eradicate infection. The MILEP2 and related studies should provide answers to some of these
questions. The finding of reduced levels of immunity in adults with no history of leprosy
exposure within a leprosy control area’ supports the idea that childhood exposure is important
and it has long been known that childhood disease becomes rare in societies from which
leprosy is disappearing.*® Understanding of the source of infection and pattern of transmis-
sion should allow the design of epidemiological methods to delineate clusters using minimal
PCR or serological testing in highly endemic areas.

In populations where numbers of immune individuals decline to about 10% of
the population, a screen for immunity may be more appropriate. This would have similarities
with the use of Mantoux testing for contact tracing of tuberculosis suspects in areas of low
endemicity. Salivary ML-IgA response’ and skin testing’ seem the most obvious alternatives.
The former has many advantages since it is objective, non-invasive, and can be automated or
simplified (development of a dipstick test may well be feasible). There is every chance that it
will be possible to identify clusters of at risk individuals. This has considerable implications
for the choice of immunoprophylaxis or chemoprophylaxis.

Immunoprophylaxis or chemoprophylaxis?

Rational vaccine design requires knowledge of the protective immune mechanism, which
must be shown to confer protection as long as immunity persists. This allows potential
vaccines to be tested to ensure that they produce the correct response in unexposed
individuals before large vaccine trials are attempted. A vaccine meant for whole population
protection may not be required in leprosy if a strategy of targeting recent infection is
followed: secondary immunoprophylaxis (i.e. immunotherapy of infection before disease
occurs) would be sufficient.*” Despite the large amount of resources devoted to finding a
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leprosy vaccine, there is at present no vaccine which fulfils these requirements and is
available for widespread use, with the possible exception of BCG in some areas.*”*®

The other option is chemoprophylaxis. The recognition that contacts of leprosy patients
were at increased risk of contracting the disease led to a number of trials of chemoprophy-
laxis of leprosy using long-term dapsone treatment. No distinction was possible between
primary chemoprophylaxis (protection of uninfected individuals) and secondary chemopro-
phylaxis (treatment of presumed infection to prevent the development of clinical disease).
The results of these studies varied, initially with some encouraging results,*~>! but
controlled trials at Chingleput of this approach were judged less satisfactory>>>* despite
50% protection levels. There are clearly problems in giving long-term treatment to children
with potentially toxic drugs, although at the time the even more extreme measure of
separating children of leprosy patients from their parents was commonplace.*® The results
of childhood chemoprophylaxis encouraged Sloan and co-workers>*~>’ to attempt whole
population chemoprophylaxis in Micronesia (Pingelap atoll), where the incidence was
estimated at 7/1000 per annum and the prevalence 6:6%. Lepromin positivity increased
with age from 29% at <4 years, 61 % in the 5-9 age group, 86% in the 10—14 age group, to
100% in the 15-19 age group. This suggests widespread early childhood exposure to M.
leprae. A depot preparation of dapsone (Acedapsone or DADDS) was offered to the whole
population and actually given to 51% for 3 years (1967-69) at 3-monthly intervals. However,
every eligible individual in the population received at least one injection. Six new cases
occured during the phase of DADDS administration, but repeated examination in 1969 and
1970 revealed no new cases. The authors> concluded, ...the next logical step would be a
series of experiments to test how far one must extend DADDS chemoprophylaxis into the
web of household and neighbourhood contacts before one runs into serious problems of non-
cooperation and/or inefficient benefit.” Despite the success of their approach, this point was
largely ignored.’*>* However, such isolated communities are rare and the problems of giving
such long-term treatment as well as the cost lead to a preference for immunoprophylaxis over
the next 20 years.

In recent years, chemoprophylaxis has been tried in another isolated community in the
Southern Marquesas using a single dose of 25mg/kg rifampicin given to 987% of
the population.® The rapid occurence of a skin lesion in a boy 3 months after chemopro-
phylaxis seems to have worried the authors, although this patient may well have been
incubating the disease for some time before prophylaxis. A further case was detected at 21
months post-prophylaxis.>® The authors concluded that their chemoprophylaxis was respon-
sible for 50% protection, but that the costs involved in whole population treatment made
chemoprophylaxis unsuitable for leprosy control.>® The current WHO study of single dose
treatment using a combination of ofloxacin, minocycline and rifampicin for single lesion
leprosy is based on the premise that there are few bacilli to kill in single lesions and is proving
clinically acceptable (V. J. Edward, personal communication). Such multi-agent single dose
therapy might be more suitable for chemoprophylaxis. Nasal lesions may be bacilliferous, but
they can be quite small*®?” and single dose therapy with a cidal drug regimen might well
result in more rapid healing with development of immunity.

We believe that drug-based intervention studies designed to interrupt transmission of
infection rather than to prevent development of the disease might add to the efficacy of MDT
programmes. The impact of MDT control programmes on leprosy transmission is largely
unknown. However, the likely effect of stopping/reducing such programmes where the
prevalence of leprosy has fallen to low levels can be predicted from the evidence of
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continuing transmission even in good MDT control programmes’® and the results of the
acedapsone trial in Pingelap54‘57—leprosy would slowly return. Maintenance of current
MDT programmes is financially difficult, but currently available evidence suggests that
improving their efficacy might allow eradication.

Conclusion

Since there is no large animal or environmental reservoir of infection, eradication of leprosy
is feasible. Adoption of a strategy for control based on the detection of clusters of infection
needs more information, but the prospect is an exciting one. Few ENT surgeons have taken an
interest in leprosy since the studies by Rex Barton in the 1970s defined the nasal
lesions'®?®?7 and there is a general lack of information about the pathogenesis of primary
infection which derives in part from the concentration of effort on established disease. Studies
of transmission have been unjustifiably neglected for far too long.>*° Maintenance of control
programmes is expensive and becomes increasingly more difficult to sustain as numbers of
cases on treatment fall. Eradication may prove a more attainable long term objective than
elimination, but the time to develop the tools is now, while the MDT programmes are still in
place.
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