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of infection.

Several factors suggest that armadillos present an important risk for human leprosy infection. This study
uses semi-structured interviews to better illustrate how human interaction with armadillos may increase
the risk of leprosy transmission. The participants were all residents of the state of Cear4, in northeastern
Brazil, all acknowledged contact with armadillos either through hunting, through cooking, or through
consumption of its meat. This study raises important issues about contact between human beings and
armadillos. The interviews provide evidence of numerous situations in which leprosy transmission via
the armadillo is possible. At a minimum, people who hunt armadillos need to be made aware of the risk

© 2015 Published by Elsevier B.V.

1. Introduction

Leprosy is an infectious disease caused by Mycobacterium lep-
rae that attacks the skin and peripheral nerves, causing numerous
sequelae. Although person to person infection with leprosy has long
been suspected as the most important mode of transmission (van
Beers et al., 1999), zoological reservoirs may also play a role in lep-
rosy transmission, necessitating a different approach to the control
and prevention of the disease (Truman and Fine, 2010).

In 1971, Kirchheimer and Storrs (Kirchheimer and Storrs, 1971)
infected armadillos with leprosy and in 1975 a leprosy like dis-
ease was reported among wild nine banded armadillos (Dasypus
novemcinctus) (Walsh et al., 1975). In 1983, it was confirmed that
armadillo caught in the wild were infected with the same M. leprae
infecting humans (Smith et al., 1983a). More recently it has been
shown that wild armadillos in Louisiana, naturally infected with
M. leprae, harbor the European/North African SNP type 3 strain,
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found in human leprosy (Monot et al., 2005). The presence of natu-
rally occurring leprosy in armadillos raises the possibility that they
play a role in human leprosy infection but this role is not yet clear
(Truman, 2005, 2008).

At least 20-40 new cases of the 100-200 cases diagnosed with
leprosy every year among native-born US citizens have no his-
tory of foreign or human exposure. Those patients reside mainly
in Texas, Louisiana and Mississippi, where the highest prevalence
rates of infected armadillos are described, and reported no con-
tact with individuals with leprosy (Truman, 2005, 2008). Another
study described leprosy cases among three native-born patients
from Mississippi with no history of foreign travel, contact with each
other or known leprosy patients, but all had a history of armadillo
exposure (Abide et al., 2008). More recently, a second zoonotic
strain that differed from the strain found in Texas and Louisiana
was identified in 10 patients and multiple armadillos from South
Florida where armadillos were free from the infection 20 years ago
(Sharma et al., 2013).

Because D. novemcinctus has been indicated as a carrier of M. lep-
rae, both direct and indirect contact with this animal was noted as
a possible risk factor for infection. Later, Job et al. (1985) described
the presentation and course of the disease in armadillos, confirm-
ing the bacteria’s presence in a variety of armadillo tissue. Some
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authors found direct exposure to armadillo associated with lep-
rosy, including possible transmission by human consumption of
armadillo meat (Abide et al., 2008; Deps et al., 2008a; Thomas et al.,
1987; Clark et al., 2008). Other authors did not find association with
exposure to armadillo (Kerr-Pontes et al., 2006) including armadillo
meat consumption (Schmitt et al., 2010).

Following the empirical confirmation of the presence of M.
leprae bacteria in naturally infected armadillos using different
approaches, including biological markers and histopathological
studies, M. leprae infected armadillos have been found across a
broad geographical range in the Americas, including Texas and
Louisiana in the southern United States (Truman, 2005; Smith et al.,
1983b; Stallknecht et al., 1987; Walsh et al., 1986; Truman et al.,
1991), Mexico (Amezcua et al., 1984), Colombia (Cardona-Castro
et al., 2009a,b), Brazil (Deps et al., 2008b; Deps et al., 2007, 2002),
and Argentina (Zumarraga et al., 2001). Of note, the distribution of
leprosy infected armadillos mirrors the distribution of most human
leprosy cases in the US. Recently, naturally infected armadillos were
found in Ceara not only in D. novemcinctus but also in Euphractus
sexcinctus (Frota et al., 2012).

Several factors suggest that armadillos present an important risk
for human leprosy infection: they are naturally infected in the wild;
and the geographic distribution of human leprosy and armadillo
leprosy cases is strongly correlated in areas where person-to-
person contact cannot be suspected. This correlation is particularly
notable because of the armadillo’s wide but specific range. Although
it has been suggested that armadillos are a vector for leprosy trans-
mission to humans, little work has been done to describe the
modes of human and armadillo interaction. This study uses semi-
structured interviews conducted in the northeastern Brazilian state
of Ceara to better illuminate how human interaction with armadil-
los may increase the risk of leprosy transmission.

To understand human-armadillo interactions, it is useful to be
familiar with the armadillo’s habitat and behavior. The armadillo,
whose name in Portuguese (tatu) means “tough leather” in the
indigenous language Tupi (Pereira et al., 2003), possesses several
unique characteristics that are relevant to its role as a zoological
reservoir for M. leprae. It is a nocturnal mammal that lives in bur-
rows throughout the southern United States, Mexico, and South
America. Diet consists of mostly invertebrates and plants harvested
with its claws and nose, although the animal is an omnivorous and
opportunistic feeder, including consuming road kill. Generally not
aggressive, armadillos have been known to scratch people when
cornered, although they would prefer to flee to dense brush. As
implied in their Portuguese name, armadillo have been used for
their skin for millennia, and are still hunted for food, using dogs,
guns, and traps.

Although both the incidence and prevalence of leprosy have
declined over the last century and new-case detection in WHO
regions during 2004-2010 continue to decline in all regions except
the Eastern Mediterranean (World Health Organization, 2011), lep-
rosy is still an important public health problem in Brazil (Penna
and Penna, 2007), which has the second highest prevalence of lep-
rosy in the world. Brazil has encountered difficulty in detecting and
controlling the disease. This fact, as well as the incidence of cases
in patients under fifteen years of age, point to active and current
transmission. A qualitative study such as the one undertaken in this
paper can clarify the role of zoologic transmission of the disease to
humans, and contribute to the control of this endemic.

2. Material and methods
This study has three principal goals: (1) to review the body

of evidence concerning armadillo habitat and interaction with
humans; (2) to describe the social implications of the armadillo

as well as the importance of armadillo hunting to people in Ceara,
Northeastern Brazil; (3) to describe the physical interactions that
take place between humans and armadillos that may be related to
transmission of M. leprae.

2.1. Study area

The participants are all residents of the state of Ceara which is
located in northeastern Brazil and one of twenty seven subdivi-
sions of the Brazilian federation, which is comprised of twenty six
states and the federal district of Brasilia. The population of the state
is 8,448,055 (Instituto Brasileiro de Geografia e Estatistica, 2010),
with approximately 71.5% living in urban areas. The literacy rate of
76.9% is relatively low compared to other Brazilian states, especially
those in the south of the country. The Index of Human Development
(IHD) of Ceara varies from 0.551 to 0.786, below the IDH of the
country as a whole (Instituto de Pesquisa e Estratégia Econdmica
do Ceara, 2010). These figures reflect Ceara’s recent increases in
[HD, the most rapid of all the Brazilian states. However, even these
recent increases in the IDH have not been sufficient to substantially
reduce social inequality in Ceara.

Although the detection of new cases of leprosy in Brazil is con-
tinuously decreasing, the North, Northeast and Midwest regions are
considered endemic and responsible for most new cases (Penna
et al., 2009). In Cear4, one of the states of the Northeast region,
leprosy is still a very important public health problem. From 2001
to 2012, the detection rate varied from 37.4 to 23.6 cases/100,000
inhabitants. The detection rate among children under 15 years
of age is also high, varying from 7.3 to 5.0 cases/100,000 (Ceara
Secretaria Estadual de Saude, 2013), demonstrating that active
transmission is occurring. Because of the epidemiology and an envi-
ronment conducive to armadillo Ceard was chosen for this study.

2.2. Study population

Although hunting armadillos — mostly for food - was a relatively
popular pursuit in the past, this has fallen in recent times as living
standards have improved. We met with staff from the State Zoono-
sis Authority in Fortaleza to recommend individuals that they knew
to be authorities on armadillo hunting and cooking. We identified
eleven individuals, nine men and two women, and interviewed
them for this study. Ages ranged from 33 to 75 years of age. Educa-
tion level ranged from no schooling to some university. Occupations
included farmers, small businessmen, janitors and one veterinary
assistant. All acknowledged substantial contact with armadillos
either through hunting, through cooking, or through consumption
ofits meat. While the number of participants in the study was small,
they provided a comprehensive and knowledgeable range of infor-
mation about the habits of armadillos, the tradition of cooking and
eating armadillo and current human-armadillo interaction.

2.3. Collection and analysis of data

A semi-structured interview guide was developed exploring
social conditions, income, reasons for hunting and hunting prac-
tices, including preparing the meat, preferences for armadillo meat,
role of armadillo in the diet and historic changes in armadillo hunt-
ing. All participants were consented and interviews conducted by
an anthropology graduate student from the Federal University of
Ceara and recorded with the participants’ permission.

2.4. Data analysis
The interviews were analyzed using a qualitative methodol-

ogy described in Kendall et al. (2005) (Chopra et al., 2006). The
pre-defined categories established in the interview guide were
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summarized as new interviews were added. The interviewer was
supervised daily by the first author. The interviewer and author
met twice during the interviews to review all interviews to date
and identify themes that were emerging. For example, the effect
of government family support programs on armadillo hunting was
noted and became a theme to be explored in further interviews.

The goal of this analysis is to provide greater understanding of
the relationship between humans and armadillos, and moreover to
investigate whether this contact could potentially transmit leprosy
from armadillos to humans. Further, this study may improve the
means of controlling and preventing leprosy.

2.5. Ethics

This study was approved by the Federal University of Ceards
Research Ethics Committee (COMEPE). All wild animals are pro-
tected by the Instituto Brasileiro do Meio Ambiente e dos Recursos
Naturais Renovaveis (IBAMA) in Brazil and a special license to col-
lect was provided by this institute.

3. Results
3.1. Armadillo habitat

In order to understand the potential transmission of M. leprae
from armadillos to humans, as well as the events encompassing the
armadillo hunt, itisimportant to be familiar with the characteristics
of armadillo habitat.

One of the armadillos unique characteristics is how it constructs
its den, which is a cave dug out with its claws. An interview with
J.E provided insight into the habitat of the armadillo:

They live in deep holes that they make themselves, dug out with
big, sharp claws, they make underground tunnels, and that’s
where they make their home. .. (J.E., 56 yrs old)

In another conversation, we obtained additional information

It’s a burrow. .. he makes a hole in the dirt, sometimes in the
mud, sometimes in a rocky hole. .. sometimes it’s in a “lageiro”
and most of the time its right there in the sand, in the mud. ..
the den. .. two meters, he’s got that little entrance a little hole
that just fits him and there inside he digs out like a frying pan
and he tosses the sand outside and during the day he stays there
resting. .. the pan... maybe forty centimeters in diameter. (D.,
62 yrs old)

3.2. Significance of armadillo hunting

Three distinct reasons were identified for hunting armadillo:
those who hunt to satisfy physical needs (hunger), those who hunt
out of economic need, and those who hunt for pleasure.

Some hunt armadillos for food, due to the lack of money to
purchase meat. This was common in the northeastern states dur-
ing a long period when poverty and misery in large segments of
the population was more common. According to two participants,
the national economic plans enacted in the past several decades
as well as programs intended to raise the income of the lowest
socioeconomic classes in the previous and current administration
have lessened the necessity of hunting wild animals for subsistence,
changing the purpose of hunting:

After President Lula and this family assistance, food assistance,
school assistance (for the poorest people)... ended hunger in
the interior of the country. .. today... everyone gets to eat at
least twice a day... so, today people hunt as a hobby, because
they like it (D., 62 yrs)

Others hunt so they can sell the meat, which is sought after,
and thereby generate an additional source of income for those who
live in financially precarious situations. Both these situations can
be seen in the following:

It’s not for fun, but sometimes for survival certain people will sell
portions (of armadillo). . . they get three, four and sell them and
buy flour, buy rice, beans to eat. .. everyone orders the meat. . .
its really good and everyone wants to buy it (L., 59 yrs).

Nonetheless, many have stopped hunting for financial reasons.
As aresult, those who are more financially stable have begun to see
the armadillo as a source of entertainment, pastime or novelty for
the family. The following quote demonstrates this idea:

In my case, where [ have my source of income, a way to survive, |
go only for sport, for the pleasure of seeing the clear moonlight,
the nocturnal landscape, I go with my friends to have fun (J.E.,
56 yrs)

Others compare the armadillo to lobster, reinforcing the idea
that the armadillo is a unique novelty and a distinct part of the life
of people in the interior of northeastern Brazil. D. comments:

Today, people always get together in the interior on the week-
ends, from Thursday to Friday or from Friday till Saturday, and
get three, four friends that like to hunt and at eight o’clock at
night, they go out into the brush (where the armadillos live). ..
it'slike it was really a hobby. . . it’s like fishing. . . alot of the time
you don’t even eat the fish, but you like to fish. . . armadillos are
like a novelty. .. you guys don’t like to eat a lobster every once
in a while? (D., 62 yrs)

In some rural areas of Ceara and Rio Grande do Norte states,
there are often armadillo hunting tournaments. In these gatherings,
friends meet to have fun and compete among themselves. As an
example, an interviewee employed as a cowhand told us:

Sometimes we put together these tournaments (‘armadillo
round up’) and form three groups that leave for the bush... to
see who are the best hunters. .. the prize is fifty conto (an anti-
quated Brazilian currency which is used in the vernacular to
signify money), eighty reals (the official currency of Brazil). ..
and whoever gets more is the best (A.W., 42 yrs)

3.3. The armadillo hunt

The armadillo hunt usually takes place at night during the rainy
season, which is also referred to as the winter in the northeast-
ern region of Brazil, although it falls during the months of January
through May. The preference for hunting at dawn in the rainy sea-
son is because armadillos are just returning to their dens full, slow,
and satiated after a night of feeding on roots that become abun-
dant during the season. It is possible that the water and humidity
at this time could favor infection with M. leprae, creating an excel-
lent environment for survival of the bacteria. The previously cited
factors would facilitate increased contact of infected animals with
other animals, with the environment and with human beings.

The rainy season (hunting season) is when the winter starts,
January, February, around that time, rainy season. Because he
leaves to eat plants. .. people are planting corn and things like
that (A., 54 yrs)

The rainy season creates complications for hunters because of
the water and the thick bush. Hunters bring pickaxes, shotguns,
traps, machetes, propane, gasoline and dogs. The following illus-
trates this:
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...the armadillo hunt is at night, we take the shotgun and wait
for him, go out with the dogs... the dogs have the scent and
grab him, a lot of the time, he (armadillo) wants to hide himself
in a hole and we shoot the shotgun and pull him out by the
tail. . ., he’s pretty strong, but we capture him just like that. ..
its better to just take him with the dog. . . in that season we go by
the footprints, we’ve got those little trails of theirs. .. we follow
them. .. with dogs. .. (A., 54 yrs)

Some hunters use traps and propane (cooking gas) to capture
armadillos:

Sometimes in a rocky den... we know the location and can’t
manage to pull it out because. . . we don’t have any way to break
the rock. .. so we put down traps. .. its an iron trap, with wire,
and a cage so that when it leaves, it falls inside the cage, and
the cage closes automatically. .. we also capture. .. a lot of the
time. .. putting a hose. . . with cooking gas. .. we open the can-
ister a little and put it in there and when it smells the gas it
leaves the den (D., 62 yrs)

During the hunt, armadillos and humans are frequently in con-
tact with each other. Being in close quarters with armadillos, being
exposed to the cloud of dust raised by a threatened armadillo as it
attempts to flee and the direct contact that occurs when the hunter
grabs the armadillo with his hands could present a significant risk
of infection.

As mentioned above, there are still people who use dogs to spot
the armadillos that are then captured by hand. One of the intervie-
wees said:

The dog corners it and the cabra (literally goat, used here to
refer to the hunter and emphasize his masculinity) grabs it. ..
sometimes the cabra pulls it out with his arm, right there with
his hand, and sometimes he throws it out and the dog. .. grabs
it... (AW, 42 yrs)

After the armadillo is captured, it can have several fates. Some
are killed almost immediately, others are transported alive to the
hunter’s house and are killed to prepare for eating. As previously
mentioned, the hunter can also sell the armadillo to third parties,
and the contact that these people have with the armadillos can be
seen as yet another opportunity for risk of leprosy transmission.
The following quote illustrates this:

When they are captured, sometimes the hunter breaks their
necks immediately. . . (if the armadillo is brought alive) to trans-
port the armadillo is easier because its got these big ears and
we. .. grab its ears, tie one to another covering its eyes, and
pretty quickly he calms down and we put him in a bag. .. some-
times we sell it also. .. to get some extra money... (D., 62 yrs)

The intense handling that occurs during the capture of the
armadillo is relevant to this study. Direct contact with the armadillo
can occur through scratches received during handling. Indirect
contact occurs through contact with the sacks used to transport
armadillos, which are often reused to store or transport other mate-
rials such as food, even though they are sometimes contaminated
with armadillo blood.

According to one of the interviewees, it is uncommon to keep
armadillos in captivity for long periods of time because they have
difficulty adapting to peridomestic circumstances. Furthermore, it
is not necessary to clean the armadillo’s digestive tract because
their gut contents are generally benign. The following discussion
refers to this:

The armadillo. . . when captured. . . has tobe killed right away. . .
because he doesn’t know how to adapt. .. he doesn’t eat. .. he
dies (A., 54 yrs)

However, other informants report keeping the animals for sev-
eral days, feeding and watering them to “clean” them prior to
slaughter. Cleaning, i.e., feeding and watering armadillo before
slaughtering, is required said some informants because popu-
lar knowledge holds that armadillos eat dead animals, including
cadavers, and these residues need to be cleaned from the diges-
tive system before the armadillo is fit for human consumption. This
would extend the time for casual contact.

3.4. Food preparation

Preparing armadillos to eat is another situation in which people
risk infection, because there is contact with the armadillo’s blood
(principally when the viscera of the animal are removed), its skin
and its body secretions. One of the interviewed, J.E., explains:

First, we take off its shell, the outer bony part, we throw out the
guts, head and then we cut it into pieces. . . if you want you can
grill it on a spit like a barbeque. . . and if you want you can make
it cooked or fried using the same spices as chicken, goat, sheep,
etc... (J.E., 56 yrs)

Another hunter further reinforces the contact that occurs with
the viscera:

The hunter opens it, bleeds it, well it’s already been bled in the
bush, and then he throws away the guts. . . with his hands. .. he
throws the guts out... or gives them to the dogs. .. and in the
kitchen he can fry it up, it’s a tender, tasty meat (D., 62 yrs)

As can be seen, armadillo is a relatively rare and valued meat,
attracting hunting. Furthermore, many see the hunt as entertain-
ment. Overall, this relationship with the armadillo creates a real
possibility of leprosy transmission, since the relationship is char-
acterized by frequent contact with the animal and, potentially, the
bacteria.

4. Discussion

This study raises important issues about contact between
human beings and armadillos. The interviews provide evidence
of numerous situations in which leprosy transmission via the
armadillo is possible.

Contact with the armadillo begins when hunters seek out the
animal for a variety of reasons. Three principal motivations for
armadillo hunting are reported as hunger, financial necessity, and
pleasure. Differences notwithstanding, the appreciation of the taste
of armadillo meat represents an important commonality across all
three of these motivational categories.

Armadillo are hunted at night, especially in the rainy season
when the armadillo is very active. The humid environment con-
tributes to the survival of M. leprae (Desikan and Sreevatsa, 1995),
since the bacteria does not survive for long periods in hot, dry
environments. This also suggests that the environment in which
armadillos are hunted could be contaminated with M. leprae, and
thus presents another risk of infection to the hunters (Truman,
2005; Kazda et al., 1986, 1980).

During the act of hunting itself, additional situations are
reported that are conducive to leprosy infection. Hunters, and oth-
ers in the Northeast live in the sertdo, a dry, shrubby ecosystem
characteristic of the interior of northeastern Brazil. When armadil-
los escape or are pursued, they flee to an area better suited to their
survival. When fleeing, armadillos often raise a cloud of dust that
contains M. leprae bacilli. They move through shrubs often covered
with thorns that can scratch pursuers. Apart from indirect contact,
direct contact occurs through the handling of the animal, resulting
in increased risk of infection.
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Studies (Job et al., 1985) have shown that M. leprae can be
disseminated through the tissues and organs of the armadillo,
including the spleen, liver, and skin. As such, the organs could
be natural reservoirs for the bacteria. In this light, the interviews
report that hunters handle armadillo viscera without any form of
protection, maintaining contact with the blood, body secretions
and organs which are potentially contaminated with M. leprae.

Whether killed at the site or transported home, the animals are
carried in sacks that are often reused for the storage of food items
and tools. This behavior can potentially generate increased risk,
since M. leprae can remain infectious for up to seven days in dry
secretions (Desikan and Sreevatsa, 1995; Walsh et al., 1981).

Another potential occasion for infection is the preparation of
the armadillo for consumption. Apart from the contact with viscera
mentioned earlier, the consumption of armadillo meat was found
to be an additional mode of transmission (Rodrigues et al., 1993).

Arange of more speculative associations between armadillo and
leprosy can be found. As mentioned above, the consumption of
infected human cadavers is mentioned (but not observed) by our
respondents. Corpses in Brazil are not normally embalmed or oth-
erwise treated beyond wiping with a wet cloth, and are required to
be buried within 24 h of death. The six-banded or yellow armadillo
(E. sexcinctus known in Brazil as Peba) has an opportunistic diet. Lar-
vae of necrophagous flies (Sarcophagidae) were found in stomachs
of this species. Furthermore, we recently found evidence of E. sex-
cinctus naturally infected with M. leprae (personal communication,
Frota, C.C.).

It is important to note here that additional factors such as an
individual’s environment, hygiene, nutritional status, and socio-
economic situation may influence his or her susceptibility to the
development of leprosy (Kerr-Pontes et al., 2006; van Beers et al.,
1996; Kerr-Pontes et al., 2004; Rees, 1981). M. leprae does not infect
all people who are exposed to the bacteria, and the gravity of the
disease varies among those who are infected. For example, malnu-
trition, especially protein malnutrition, results in reduced immune
capacity. Consequently, people who need to hunt armadillos for
food are probably more susceptible to leprosy infection.

This study has shown the diverse situations surrounding
armadillo hunting in which leprosy infection is possible. At a min-
imum, people who hunt armadillos need to be made aware of the
risk of infection.

Conflicts of interest

The authors declare no conflicts of interest

Acknowledgements

This work was supported by Conselho Nacional de Desenvolvi-
mento Cientifico e Tecnolégico, Brazil (CNPq; Project 308539/2006-
0); Fundacdo Cearense de Apoio ao Desenvolvimento Cientifico e
Tecnolégico (FUNCAP; Project number 303/05) and Coordenagdo
de Aperfeicoamento de Pessoal de Nivel Superior (CAPES; Project
PROCAD 0204056).

References

Abide, ].M., Webb, R.M.,, Jones, H.L,, Young, L., 2008. Three indigenous cases of
leprosy in the Mississippi delta. South Med. J. 101, 635-638.

Amezcua, M.E., Escobar-Gutierrez, A., Storrs, E.E., Dhople, A.M., Burchfield, H.P.,
1984. Wild Mexican armadillo with leprosy-like infection. Int. J. Lepr. Other
Mycobact. Dis. 52, 254-255.

Cardona-Castro, N., Beltran, J.C., Ortiz-Bernal, A., Vissa, V., 2009a. Detection of
Mycobacterium leprae DNA in nine-banded armadillos (Dasypus novemcinctus)
from the Andean region of Colombia. Lepr. Rev. 80, 424-431.

Cardona-Castro, N., Beltran-Alzate, ].C., Romero-Montoya, .M., Melendez, E.,
Torres, F., et al., 2009b. Identification and comparison of Mycobacterium leprae
genotypes in two geographical regions of Colombia. Lepr. Rev. 80, 316-321.

Hanseniase.

Chopra, M., Kendall, C., Hill, Z., Schaay, N., Nkonki, L.L., et al., 2006. Nothing new:
responses to the introduction of antiretroviral drugs in South Africa. AIDS 20,
1975-1977.

Clark, B.M., Murray, C.K., Horvath, L.L,, Deye, G.A., Rasnake, M.S., et al., 2008.
Case-control study of armadillo contact and Hansen's disease. Am. J. Trop. Med.
Hyg. 78, 962-967.

Deps, P.D., Santos, A.R., Yamashita-Tomimori, ]., 2002. Detection of Mycobacterium
leprae DNA by PCR in blood sample from nine-banded armadillo: preliminary
results. Int. J. Lepr. Other Mycobact. Dis. 70, 34-35.

Deps, P.D., Antunes, ].M., Tomimori-Yamashita, J., 2007. Detection of
Mycobacterium leprae infection in wild nine-banded armadillos (Dasypus
novemcinctus) using the rapid ML flow test. Rev. Soc. Bras. Med. Trop. 40,
86-87.

Deps, P.D., Alves, B.L., Gripp, C.G., Aragao, R.L., Guedes, B., et al., 2008a. Contact
with armadillos increases the risk of leprosy in Brazil: a case control study.
Indian J. Dermatol. Venereol. Leprol. 74, 338-342.

Deps, P.D., Antunes, .M., Faria, C., Buhrer-Sekula, S., Camargo, Z.P., et al., 2008b.
Research regarding anti-PGL-I antibodies by ELISA in wild armadillos from
Brazil. Rev. Soc. Bras. Med. Trop. 4 (Suppl. 2), 73-76.

Desikan, K.V., Sreevatsa, 1995. Extended studies on the viability of Mycobacterium
leprae outside the human body. Lepr. Rev. 66, 287-295.

Frota, C.C,, Lima, L.N., Rocha, A., da, S., Suffys, P.N., Rolim, B.N., et al., 2012.
Mycobacterium leprae in six-banded (Euphractus sexcinctus) and nine-banded
armadillos (Dasypus novemcinctus) in Northeast Brazil. Mem. Inst. Oswaldo
Cruz 107 (Suppl. 1), 209-213.

Instituto de Pesquisa e Estratégia Econdmica do Ceara, 2010. Ceard em NGmeros.
2010 ed.,.

Instituto Brasileiro de Geografia e Estatistica, 2010. Primeiros dados do Censo
2010. Instituto Brasileiro de Geografia e Estatistica, Brasil.

Job, C.K., Sanchez, R.M., Hastings, R.C., 1985. Manifestations of experimental
leprosy in the armadillo. Am. ]J. Trop. Med. Hyg. 34, 151-161.

Kazda, J., Irgens, L.M., Muller, K., 1980. Isolation of non-cultivable acid-fast bacilli
in sphagnum and moss vegetation by foot pad technique in mice. Int. J. Lepr.
Other Mycobact. Dis. 48, 1-6.

Kazda, J., Ganapati, R., Revankar, C., Buchanan, T.M,, Young, D.B., et al., 1986.
Isolation of environment-derived Mycobacterium leprae from soil in Bombay.
Lepr. Rev. 57 (Suppl. 3), 201-208.

Kendall, C., Afable-Munsuz, A., Speizer, ., Avery, A., Schmidt, N., et al., 2005.
Understanding pregnancy in a population of inner-city women in New
Orleans—results of qualitative research. Soc. Sci. Med. 60, 297-311.

Kerr-Pontes, L.R., Montenegro, A.C., Barreto, M.L., Werneck, G.L., Feldmeier, H.,
2004. Inequality and leprosy in Northeast Brazil: an ecological study. Int. ].
Epidemiol. 33, 262-269.

Kerr-Pontes, L.R., Barreto, M.L., Evangelista, C.M., Rodrigues, L.C., Heukelbach, J.,
et al., 2006. Socioeconomic, environmental, and behavioural risk factors for
leprosy in North-east Brazil: results of a case-control study. Int. ]. Epidemiol.
35, 994-1000.

Kirchheimer, W.F,, Storrs, E.E., 1971. Attempts to establish the armadillo (Dasypus
novemcinctus Linn.) as a model for the study of leprosy. I. Report of
lepromatoid leprosy in an experimentally infected armadillo. Int. J. Lepr. Other
Mycobact. Dis. 39, 693-702.

Monot, M., Honore, N., Garnier, T., Araoz, R., Coppee, ].Y., et al., 2005. On the origin
of leprosy. Science 308, 1040-1042.

Penna, M.L.F.,, Penna, G.O., 2007. Trend of case detection and leprosy elimination in
Brazil. Trop. Med. Int. Health 12, 647-650.

Penna, M.L., de Oliveira, M.L., Penna, G.0., 2009. The epidemiological behaviour of
leprosy in Brazil. Lepr. Rev. 80, 332-344.

Animais com caracteristicas particulares, os tatus sao Gteis para a ciéncia. Por que
tatu?, 2003. Ciénc. Hoje 34, 71-72.

Rees, RJ., 1981. Non-specific factors that influence susceptibility to leprosy. Lepr.
Rev. 52 (Suppl. 1), 137-146.

Rodrigues, S., Becaro, E., Koizumi, F., Alchorne, M.M.A., 1993. Tatu e hanseniase. An.
Bras. Dermatol. 68, 345.

Schmitt, J.V., Dechandt, L.T., Dopke, G., Ribas, M.L., Cerci, F.B., et al., 2010. Armadillo
meat intake was not associated with leprosy in a case control study, Curitiba
(Brazil). Mem. Inst. Oswaldo Cruz 105, 857-862.

Sharma, R, Singh, P., Scollard, D., Pena, M., Balamayooran, D., et al., 2013. Zoonotic
Leprosy in the Americas International Leprosy Conference. International
Leprosy Association, Brussels.

Smith, J.H., Folse, D.S., Long, E.G., Christie, ].D., Crouse, D.T., et al., 1983a. Leprosy in
wild armadillos (Dasypus novemcinctus) of the Texas Gulf Coast: epidemiology
and mycobacteriology. ]. Reticuloendothel. Soc. 34, 75-88.

Smith, J.H,, Folse, D.S., Long, E.G., Christie, ].D., Crouse, D.T., et al., 1983b. Leprosy in
wild armadillos (Dasypus novemcinctus) of the Texas Gulf Coast: epidemiology
and mycobacteriology. J. Reticuloendothel. Soc. 34, 75-88.

Stallknecht, D.E., Truman, R.W., Hugh-Jones, M.E., Job, C.K., 1987. Surveillance for
naturally acquired leprosy in a nine-banded armadillo population. J. Wildl. Dis.
23,308-310.

Thomas, D.A., Mines, J.S., Thomas, D.C., Mack, T.M., Rea, T.H., 1987. Armadillo
exposure among Mexican-born patients with lepromatous leprosy. ]. Infect.
Dis. 156, 990-992.

Truman, R, Fine, P.E., 2010. ‘Environmental’ sources of Mycobacterium leprae:
issues and evidence. Lepr. Rev. 81, 89-95.


http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0095
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0140
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0140
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0140
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0140
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0140
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0140
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0140
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0140
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0175

L. Kerr et al. / Acta Tropica 152 (2015) 74-79 79

Truman, R.W., Kumaresan, J.A., McDonough, C.M,, Job, C.K,, Hastings, R.C., 1991.
Seasonal and spatial trends in the detectability of leprosy in wild armadillos.
Epidemiol. Infect. 106, 549-560.

Truman, R., 2005. Leprosy in wild armadillos. Lepr. Rev. 76, 198-208.

Truman, R., 2008. Armadillos as a source of infection for leprosy. South Med. J. 101,
581-582.

Walsh, G.P., Storrs, E.E., Burchfield, H.P., Cotrell, E.H., Vidrine, M.F,, et al., 1975.
Leprosy-like disease occurring naturally in armadillos. ]. Reticuloendothel. Soc.
18, 347-351.

Walsh, G.P., Meyers, W., Binford, C.H., Gerone, P.J., Wolf, RH,, et al., 1981.
Leprosy—a zoonosis. Lepr. Rev. 52 (Suppl. 1), 77-83.

Walsh, G.P., Meyers, W.M., Binford, C.H., 1986. Naturally acquired leprosy in the
nine-banded armadillo: a decade of experience 1975-1985. ]. Leukoc. Biol. 40,
645-656.

World Health Organization, Leprosy Update, 2011, Weekly epidemiological record
36, 2 Sep 2011, 389-400.

Zumarraga, M.J., Resoagli, E.H., Cicuta, M.E., Martinez, A.R., de Rott, M.I.O,, et al.,
2001. PCR-restriction fragment length polymorphism analysis (PRA) of
Mycobacterium leprae from human lepromas and from a natural case of an
armadillo of Corrientes, Argentina. Int. Lepr. Update, 2011. J. Lepr. Other
Mycobact. Dis. 69, 21-25.

van Beers, S.M., de Wit, M.Y., Klatser, P.R., 1996. The epidemiology of
Mycobacterium leprae: recent insight. FEMS Microbiol. Lett. 136, 221-230.

van Beers, S.M., Hatta, M., Klatser, P.R., 1999. Patient contact is the major
determinant in incident leprosy: implications for future control. Int. J. Lepr.
Other Mycobact. Dis. 67, 119-128.


http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0205
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0205
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0205
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0205
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0205
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0205
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0205
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0205
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0205
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0205
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0205
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0205
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0205
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0205
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0205
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0205
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0205
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0205
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0205
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0205
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0205
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0215
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0220
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0220
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0220
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0220
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0220
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0220
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0220
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0220
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0220
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0220
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0220
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0220
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0220
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0220
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0220
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225
http://refhub.elsevier.com/S0001-706X(15)30071-1/sbref0225

	Human–armadillo interaction in Ceará, Brazil: Potential for transmission of Mycobacterium leprae
	1 Introduction
	2 Material and methods
	2.1 Study area
	2.2 Study population
	2.3 Collection and analysis of data
	2.4 Data analysis
	2.5 Ethics

	3 Results
	3.1 Armadillo habitat
	3.2 Significance of armadillo hunting
	3.3 The armadillo hunt
	3.4 Food preparation

	4 Discussion
	Conflicts of interest
	Acknowledgements
	References


