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Overview
Animal models have made important contributions to the understanding and treatment of many
human diseases. For example, an understanding of the pathogenesis of tuberculosis stemmed
largely from observations of the infection in animals. Leprosy, caused by Mycobacterium leprae
and Mycobacterium lepromatosis, is the second most common mycobacterial infection in man. It
is both an infectious disease with unique immunological features and a disease of the peripheral
nerves. Historically, an improved understanding of the leprosy pathogenesis and the development of effective therapies have been slowed by the absence of an experimental animal model.
In 1873, Gerhard Armauer Hansen in Norway described the leprosy bacillus, opening the door to
investigations of leprosy. Correspondingly, efforts began to establish in vitro culture methods and
to identify animal models of the disease. Indeed, to prove to his many detractors that the rods he
described in the tissues of human leprosy patients were the cause of leprosy, Hansen himself attempted in vitro cultivation and the identification of animal models. Despite his and many others’
herculean efforts over nearly 150 years, the bacillus has never been successfully cultured in the
laboratory. That single fact has intensified the emphasis placed on finding an animal model that
can replicate the spectrum of features in this human disease, especially in lepromatous leprosy
(LL). The need to replicate the features of LL is particularly important because the control of leprosy primarily depends on the detection and treatment of LL (see Chapter 1.2).
The ideal experimental model of leprosy would be an immunologically intact animal that exhibits
the clinical spectrum of the disease, especially LL (see Chapter 2.4); has reactional episodes, i.e.,
erythema nodosum leprosum and reversal reactions (see Chapter 2.2); and develops peripheral
neuritis with disability (see Chapter 2.5). Species phylogenetically similar to humans offer the
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best hope of meeting these conditions. The animal must be readily adaptable to a laboratory setting, live long enough to allow the natural course of the infection, and cost a reasonable amount.
The long delay in developing appropriate animal models of leprosy was due in part to the lack of
an underlying rationale in early experiments to infect animals. Then, building upon an observation by Virchow in 1863 (1) that human leprosy lesion sites tended to be exposed to air, such as
the anterior eye and the ear, several investigators in the late 1950s, including Binford, hypothesized that lesions were present not only on sites exposed to air but also on cooler portions
of the body (2). In 1958, a report described an association between cool body sites and tissue
damage, especially in the superficial nerves, in leprosy patients. In 1959 and 1965, in support of
this hypothesis, several investigators described the successful transmission of leprosy to the ears
and testes of hamsters (3). This success led the way to the development of two important animal
models, both derived directly from the hypothesis of selective growth in cooler anatomic sites,
that made possible many of the advances in subsequent years: the transmission of leprosy to
the mouse footpad (Mus musculus) and the inoculation of the nine-banded armadillo (Dasypus
novemcinctus; body temperature 32–35° C) with M. leprae, both described in more detail below
(4, 5). See also Chapters 10.2 and 10.3.
Early on, some 30 species of animals, including guinea pigs, hamsters, rabbits, and rats, were inoculated with leprosy bacilli using a wide variety of methods (6). At best, several investigators obtained limited or evanescent disease. In addition, successful transmission claims were frequently
misinterpreted. For example, one investigator who claimed to induce lepromin reactions in monkeys believed them to be active lepromatous lesions (7). However, lepromin is inactivated M.
leprae, used as a skin test agent to predict susceptibility to leprosy. Another did not understand
the long persistence of dead carcasses of M. leprae in inoculated hamsters, incorrectly reporting
the successful experimental reproduction of leprosy in a laboratory animal.
In a landmark breakthrough around 1960, it was established that most types of immunologically
intact laboratory mice develop localized infection after footpad or intradermal inoculation with
M. leprae, the former of which became commonly used as an anti-leprosy drug screening model
(4). Even though the disease in the footpad remained localized, it provided a basis for the study
of the leprosy bacillus. Prior to this model, anti-leprosy drugs could only be screened and evaluated in leprosy patients. Thus, in addition to improving time, expense, and precision, this breakthrough offered a more ethical method of screening for new drugs.
There are several ways to assess a drug in the mouse footpad model, some reasonably complicated, for example, assessing whether a drug is bacteriostatic or bactericidal. In general, however,
mouse footpads were injected with M. leprae, and the mouse was then given the drug of interest.
The footpads were harvested and the acid-fast bacilli smeared on glass slides, stained using the
Fite-Faraco method, and then painstakingly counted. New staining and molecular biology techniques that can better quantify M. leprae may be useful in overcoming human counting limitations (see Chapter 5.3).
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Nonhuman reservoirs of leprosy are now well-known. In the 1970s, investigators in the Southeastern part of the United States reported that the nine-banded armadillo, though phylogenetically
distant from humans, is susceptible to M. leprae and develops cutaneous and visceral lesions of
LL after experimental administration of M. leprae or through naturally acquired leprosy. Naturally
acquired leprosy in armadillos was first reported in Louisiana in 1974 and, in some areas, up to
60% of armadillos were infected (see Chapter 10.2) (8, 9, 10). Later, more sophisticated studies in
2011 sand 2015 showed that armadillos with naturally acquired disease were infected naturally
long before the 1974 report, silencing detractors (11, 12). The 2011 report and several others
corroborate the transmission of naturally acquired leprosy in armadillos to humans (13, 14, 15).
A reliable non-human primate model of human leprosy that developed the spectrum of features
in human disease, especially neuritis and nerve-damaging reactions that lead to disability, would
be useful for improving our understanding of the leprosy pathogenesis. The first adequately documented instance of disseminated experimental disease was in the 1950s in a chimpanzee, which
was inoculated in the skin, nerve, peritoneal space, and bloodstream (16). A skin biopsy specimen
housed at the Armed Forces of Institute of Pathology (AFIP) shows active borderline disease.
In the late 1980s, scattered reports of naturally occurring leprosy in chimpanzees (Pan troglodytes) and sooty mangabey monkeys (Cercocebus atys) triggered efforts to develop non-human
primate models of leprosy. The sooty mangabey monkey, from West Africa, seemed most susceptible to leprosy, either naturally acquired or experimentally infected, but was not readily available.
Recently, indigenous leprosy of multiple genotypes has been detected in several chimpanzee and
monkey populations in Africa and South America (17, 18). Earlier studies found indigenous leprosy in monkeys in West Africa and elsewhere (19, 20, 21).
The discoveries of a naturally acquired leprosy-like disease in chimpanzees, a mangabey monkey
from West Africa, and a cynomolgus macaque (Macaca fascicularis) from the Philippines further
underscore the notion that leprosy can be zoonotic (20, 21, 22, 23). Leprosy in mangabey monkeys resembles human LL, with skin lesions, nerve palsy, immunological abnormalities, immunemediated like reactions, and histological features. The chimpanzee and rhesus monkey (Macaca
mulatta) seem susceptible to leprosy, but the rhesus monkey tends to develop tuberculoid (localized) disease only (24). Leprosy has been transmitted successfully from the mangabey monkey to
other mangabeys, rhesus monkeys, and African green monkeys (Chlorocebus aethiops). However,
leprosy transmission from naturally infected mangabey monkeys or chimpanzees to humans has
not been reported.
A report published in 1941 vaguely describes the experimental inoculation of M. leprae into one
cynomolgus monkey, and there is one report of naturally acquired borderline lepromatous leprosy
(BL) in a captive Philippine cynomolgus monkey (25). However, a long-term, large follow-up study
in the Philippines showed that captive bred cynomolgus monkeys, much like rhesus monkeys, are
not especially susceptible to experimental infection (25). Research using these various primate
models has been limited due to the high cost of and difficulty in obtaining and maintaining them.
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Establishing animal models that replicate the full spectrum of human LL has been extraordinarily
difficult. However, despite great cuts in funding, work continues in some laboratories. Whereas
some models described above such as the nine-banded armadillo and mouse footpad, including
nude mice, offer certain advantages such as studying leprosy immunology and even pathogenesis
such as nerve damage (6, 26), no single model develops all the features of human LL (27, 28). An
important feature that current models lack is the development of immune-mediated reactions,
as these cause the majority of long-term disabilities in humans.
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