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Although effective treatments have been developed, 
leprosy remains a serious public health problem in some 
developing countries. Approximately 90% of worldwide 
cases are concentrated in only six countries: India, Brazil, 
Nepal, Myanmar, Mozambique and Madagascar. Brazil 
registered about 36,000 new cases in 2009 and was the 
only country in the Americas that did not attain the preva-
lence goal of less than one case per 10,000 inhabitants, as 
proposed by the World Health Organization and accepted 
by the government in 1991 (Martelli et al. 2002, Moreira 
et al. 2008, DATASUS 2010).

Leprosy is transmitted primarily by interpersonal 
contact over a prolonged coexistence with untreated mul-
tibacillary patients; the main sources of bacteria are likely 
mucous membranes of the upper airways. Mycobacterium 
leprae appears to be highly infectious among humans, but 
displays low pathogenicity and a long incubation period 
(Martelli et al. 2002).

The disease dynamics of leprosy depend on individual 
susceptibility to the illness, bacillary supply and nutrition-
al and sanitary conditions, which may explain why only 
a percentage of household contacts of an infected subject 
get sick and why occurrences among health care workers 
are rare (Sommerfelt et al. 1985).

The role of asymptomatic carriers in the progression 
and natural history of leprosy is not well quantified. How-
ever, in endemic countries, more than half of affected pa-
tients report no contact with leprosy patients. Similarly, 
the occurrence of isolated cases in areas considered free 
of the disease stimulates the investigation of other means 
of contagion (Richardus et al. 2005, Lane et al. 2006).

M. leprae has previously been identified in water, 
plants, in the soil of endemic areas and in wild animals 
such as one armadillo species (Dasypus novemcinctus), 
which even demonstrates specific skin lesions. A North 
American study demonstrated the transmission of leprosy 
among such animals, reporting a prevalence of up to 19% 
among armadillos from that region (Matsuoka et al. 1999, 
Chakrabarty & Dastidar 2001, Paige et al. 2002, Truman 
2005, Deps et al. 2008, Lavania et al. 2008).

Epidemiological studies in the southern United States 
and in Brazil [state of Espírito Santo (ES)] suggest a higher 
frequency of meat intake and other types of direct arma-
dillo contact among leprosy patients when compared with 
a control population. However, such findings have not 
been confirmed by other researchers (Deps et al. 2003, 
2008, Kerr-Pontes et al. 2006, Clark et al. 2008).

In the present study, reports regarding the consump-
tion of armadillo meat among leprosy patients was evalu-
ated and compared with those of patients with other skin 
conditions who attended the same reference dermatologi-
cal center in Curitiba, state of Paraná (PR), Brazil.

PATIENTS, MATERIALS AND METHODS

A matched case-control study was performed involv-
ing patients attending the Pró-Hansen Foundation (Curiti-
ba, PR) between 2005-2009. All patients were interviewed 
in person according to a standardized questionnaire.
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All patients over 15 years of age with a positive diag-
nosis of leprosy were considered eligible. Controls were 
selected among patients with other skin diseases and 
were matched by gender and age in a 2:1 ratio.

Patients with an inconclusive diagnosis of leprosy or 
patients who could not recall exactly whether they had or 
had not consumed any armadillo meat were excluded.

The primary independent variable was armadillo 
meat consumption at anytime in life before the onset 
of leprosy. Due to memory bias and the diverse of edu-
cational levels of the study participants, they were not 
asked about the armadillo species consumed; however, 
the D. novemcinctus, or tatu-galinha is popularly rec-
ognized as the most appropriate for consumption in the 
region studied.

Participants were classified according to their home-
town and its current population, family income, number 
of co-inhabitants in the household, previous contact with 

leprosy patients, consumption of meat from other wild 
animals, urbanization of the area where they live and ac-
cess to treated water.

Categorical variables were represented by their fre-
quencies and were bivariately compared with a Chi-square 
test or Fisher’s exact test. Continuous variables were rep-
resented by a mean or median and were bivariately com-
pared by Student’s t test or a Mann-Whitney test. Later, 
odds ratios were adjusted for all covariates based on a 
conditional multiple logistic regression. Two-tailed values 
of p < 0.05 were considered significant. When multiple 
comparisons were performed, significance of the p value 
was adjusted by Bonferroni’s correction. The data were 
analyzed by the SPSS17.0 software.

The sample size was initially estimated based on data 
available in the Brazilian scientific literature (Deps et al. 
2008) and by adopting a two-tailed alpha significance of 
0.01 and power of 0.9. 

TABLE I
Comparison of clinical and demographic variable between the groups

Variable Cases % Controls % Odds ratio CI 95% pb

Sexa

Female
Male

51 42 102 42 1 - -
70 58 140 58 1 - -

Agea

Average
Standard deviation

48 - 49 - - - -
15 - 15 - - - -

Hometown 
(1,000 inhabitants)

Median
IQD

26.7 - 41.7 - - - < 0.01
38.2 - 1780.8 - - - -

Residence
(1,000 inhabitants)

Median
IQD

1797.4 - 1797.4 - - - 0.66
1715.4 - 1685.4 - - -

Treated water 109 90 232 96 0.39 0.16-0.93 0.03
Residence in urban area 112 93 219 91 1.31 0.53-2.69 0.56
Family size

Median
IQD

3 - 3 - - - 0.65
2 - 2 - - - -

Family income (minimum wages)
Up to 1
1-5
More than 5

41 34 24 10 4.66 2.65-8.20 < 0.01
74 61 186 77 0.47 0.30-0.76 < 0.01
6 5 32 13 0.34 0.14-0.84 0.02

Contact with leprosy patients 42 35 16 7 7.51 4.00-14.10 < 0.01
Armadillo meat intake 81 67 152 63 1.20 0.77-1.90 0.44
Other wild animals’ meat intake 73 60 134 55 1.23 0.79-1.91 0.37
Baciloscopy

Paucibacillary
Multibacillary

38 31 - - - - -
83 69 - - - - -

a: matched variables; b: unadjusted p value; IQD: inter-quartile deviation. Values in bold are statistically significant. 
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Ethics - The project was approved by the council 
board of the Pró-Hansen Foundation (01/2006).

RESULTS

One hundred twenty-one leprosy patients and 242 
controls with other skin diseases were evaluated. Clini-
cal and demographic data are shown in Table I.

The most frequent disorders among controls were: 
psoriasis (13%), acne (7%), basal cell carcinoma (7%), 
actinic keratosis (7%), onicomycosis (6%), melasma 
(5%) and vitiligo (5%).

Discrepancies were observed between cases and 
controls regarding their hometown population size, fam-
ily income, contact with leprosy patients and access to 
treated water (Table I). The intake of armadillo meat did 
not differ significantly between the groups.

The multivariate analysis also did not identify the 
consumption of armadillo meat as a risk factor for lepro-
sy (Table II). Armadillo meat intake was not significant 
even when cases were submitted to a stratified analysis 
regarding contact with leprosy patients, their bacillary 
load, gender and age group.

DISCUSSION

Reported armadillo meat intake was not associated 
with the development of leprosy in the population we 
studied. However, the analysis confirmed observations 
by studies conducted in the North and Northeast Re-
gions of Brazil that found leprosy to be directly asso-
ciated with socioeconomic indicators and, possibly, to 
poor sanitary conditions. Mean ages and genders were 
similar to other Brazilian studies, confirming a repre-
sentative sample, despite differences in ethnic compo-
sition and the heterogeneity of the social and leprosy 
indices of Brazilian Regions (Sommerfelt et al. 1985, 
Kerr-Pontes et al. 2004, DATASUS 2010). 

PR is located in the South of Brazil and is an area with 
endemic leprosy, with a detection rate of 1.1 cases per 
10,000 inhabitants in 2009. It is populated by armadil-
los to a great extent, although the prevalence of animals 
infected with M. leprae has not been mapped in the mu-
nicipalities studied (Wilson & Reeder’s 2009, DATASUS 
2010). However, in ES the prevalence of anti-PGL-1 in 
wild armadillos is as high as 10.6% (Deps et al. 2008).

Armadillos are edentous mammals originally from 
South America that arrived in North America in the last 
few centuries. Currently, 21 species exist in nature. The 
origin of leprosy among armadillos is currently not well 
understood, but evidence suggests a recent human source 
of contamination because leprosy reached America after 
being carried by Europeans (Monot et al. 2005). Despite 
prohibition by environment protection institutions, con-
tact with armadillos and the intake of its meat is relative-
ly frequent in Brazil, according to several reports (Rodri-
gues et al. 1993, Deps et al. 2008, Hamilton et al. 2008).

Direct armadillo contact seems to be more common 
among older males in lower socioeconomic conditions 
and among residents of rural areas. Similarly, leprosy is 
associated with social inequality, poverty, malnutrition 
and poor sanitary conditions, which are all superposed 
characteristics, which must be analyzed together in risk 
estimation studies (Martelli et al. 2002, Kerr-Pontes et 
al. 2004, 2006, Silva Sobrinho & Mathias 2008).

The present investigation asked patients only about 
previous meat consumption; however, cooking should 
kill M. leprae and gastrointestinal transmission of lepro-
sy is not supported by epidemiologic studies. Neverthe-
less, a reasonable proportion of interviewed patients that 
consumed armadillos had other forms of contact with 
the animal such as hunting, handling or preparation of 
the meat as, in the studied region, armadillo meat is not 
commercially available. 

TABLE II
Prevalence of armadillo meat intake adjusted by the remaining covariatesa

Variable Odds ratio CI 95% p

Armadillo meat intake 1.07 0.56-2.04 0.84
Gender 1.09 0.64-1.85 0.75
Age 0.99 0.97-1.01 0.22
Hometown (10,000 inhabitants) 0.99 0.98-0.99 < 0.01
Current residence (10,000 inhabitants) 1.00 0.99-1.00 0.35
Treated water 0.54 0.19-1.55 0.25
Family size 1.10 0.94-1.30 0.24
Family income (minimum wages)

Up to 1 7.03 2.27-21.76 < 0.01
1-5 1.63 0.61-4.38 0.34
More than 5 1.00 - -

Contact with leprosy patients 8.33 4.05-17.14 < 0.01
Wild animal meat intake 1.49 0.82-2.70 0.19
Constant - - 0.38

a: p (complete model) < 0.01. 
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Deps et al. (2008) investigated 1,100 patients and veri-
fied that 83% of individuals with direct armadillo contact 
ate the meat. Furthermore, they disclosed no significant 
difference in the risk of leprosy associated with different 
types of contact, such as eating vs. handling (Deps et al. 
2008). Thus, meat consumption may serve as a proxy for 
some other form of direct armadillo contact.

Epidemiological studies concerning armadillo con-
tact and leprosy are very heterogeneous regarding the 
methodology and the population profiles, preventing 
the compilation of study results (Table III). Moreover, a 
multivariate approach with an adjustment for prevalence 
according to previous leprosy contact or socioeconomic 
variables is of great importance.

The finding that our cases came from towns that 
were smaller than those of the controls, but did not differ 
in the sizes of the cities in which they currently reside, 
may be the result of a migratory phenomenon to larger 
cities where poor people go in search of jobs (Kerr-Pon-
tes et al. 2004). In the last few decades, there has been an 
increasing population in urban areas with people coming 

from rural areas. The former generally have more struc-
tured health systems with a larger access to specialized 
services, which could lead to the diagnosis of a condi-
tion that may usually be neglected in small towns with 
a poorer public health system. However, the analysis of 
hometown size of indeterminate cases – of a probable 
earlier diagnosis – and of the multibacillary cases, did not 
demonstrate a significant difference. Another possibility 
that could justify this observation is that people who re-
cently egressed from small towns are more exposed to 
metropolitan areas with scarce sanitary resources, but 
this aspect was not investigated in our study.

Deps et al. (2008) performed a non-matched con-
trolled study with carriers of chronic diseases in the ES 
and observed an association between the direct contact 
(eating or handling) of armadillos and leprosy. The ex-
posure rate to armadillos was similar among patients 
who reported previous contact with leprosy patients and 
those without any contact, but there was no multivariate 
adjustment for this similarity, nor was there any adjust-
ment for socioeconomic variables (Deps et al. 2008).

TABLE III
Prevalences of armadillo meat intake and leprosy published in the literature

Reference

Leprosy

n (%)

Controls

n (%) Comments

Rodrigues et al. (1993) 127 (62) - Non-controlled descriptive study; 205 patients from state of São 
Paulo, Brazil.

Bruce et al. (2000) 
(Group 1) 

36 (52) - Non-controlled descriptive study; 69 North-American patients liv-
ing in Texas, USA.

Bruce et al. (2000) 
(Group 2) 

0 (-) - Non-controlled descriptive study; 32 patients of Oriental origin living 
in Texas, USA.

Kerr-Pontes et al. (2006) 141 (63) 504 (60) Matched study; 1,083 patients who did not report previous contact 
with leprosy patients. Carried out at state of Ceará, Brazil.

Deps et al. (2008) 346 (68) 285 (48) Non-matched study; 1,100 patients from Espírito Santo (ES), Brazil. 
Not adjusted for socioeconomic indicators nor for previous contact 
to leprosy.

Deps et al. (2003) 123 (90) 26 (15) Non-matched study; 309 patients from ES. Not adjusted for socio-
economic indicators nor for previous contact to leprosy.

Clark et al. (2008) 13 (46) 9 (15) Non-matched study; 87 patients from Texas, USA. Not adjusted for 
socioeconomic indicators.

Filice et al. (1977) 1 (5) 0 (-) Matched study; 38 patients and neighbors from Louisiana, USA, no 
reports of contacts with leprosy patients.

Thomas et al. (1987) 54 (61) 25 (31) Non-matched study; 169 native Mexicans living in Los Angeles, 
USA. Not adjusted for socioeconomic indicators.

Present study 81 (67) 152 (63) Matched study; 363 dermatological patients from state of Paraná, 
Brazil. Performed stratified and multivariate analysis.
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A smaller inquiry was also performed in ES, which 
showed that about 90% of patients, most living in a com-
munity of leprosy patients, reported the intake of arma-
dillo meat, regardless of their contact with other leprosy 
patients (Deps et al. 2003).

A study performed in Texas, USA, with tuberculo-
sis patients demonstrated that armadillo meat intake, the 
handling of rabbits and living in Mexico were indepen-
dent risk factors for leprosy (Clark et al. 2008).

Another matched study, carried out in Louisiana, 
USA, and involving patients who did not report any con-
tact with leprosy patients, showed no evidence of an as-
sociation between consumption, handling or contact with 
armadillos and leprosy (Filice et al. 1977).

In a subsequent non-matched study in Texas, 52% of 
patients were identified as reporting a direct contact with 
armadillos among USA native leprosy patients, but no pa-
tients of Asian origin living in the same area reported any 
contact with those animals. These elements strengthen 
the hypothesis that, as in the Brazilian population, contact 
with armadillos is a culturally common element among 
Texans (Bruce et al. 2000).

Thomas et al. (1987) performed a case-control study 
in Los Angeles, USA, that included 89 leprosy patients 
undergoing treatment who had come from Mexico and 
compared them with another 80 patients of Mexican ori-
gin, cared for in the same clinic, who did not have leprosy, 
matched by sex, age and area of residence. The authors 
declared that there were many differences between the 
groups. However, they only conducted a stratified analy-
sis by gender. In addition, they did not evaluate whether 
the patients reported having any previous contact with 
leprosy patients. Forty-six percent of leprosy patients had 
direct contact with armadillos vs. 19% of controls and this 
was considered a significant risk factor when adjusted by 
the study’s variables (Thomas et al. 1987).

Although wild armadillos can carry M. leprae, we do 
not know either the real proportion of infected wild animals 
or the regions of the country in which they reside. There 
are many cases of leprosy of unknown origin in various 
countries, climates and topographies on the planet, even in 
regions that are considered free of the disease. Our study 
confirms this observation because 65% of all cases did not 
present any acknowledged contacts (de Wit et al. 1993, Fine 
et al. 1997, Richardus et al. 2005, Deps et al. 2008).

It is worth pointing out that this situation can also be 
observed in the Old Continent, where there are no wild ar-
madillos. In Bangladesh, up to 75% of patients do not re-
port contact with leprosy patients and, in Malawi, south-
ern Africa, this was true for 85% of all cases. Perhaps the 
presence of bacillus in the environment or in asymptom-
atic carriers may help to explain such cases (de Wit et al. 
1993, Fine et al. 1997, Matsuoka et al. 1999, Richardus et 
al. 2005, Lavania et al. 2008).

A study conducted in an endemic area reported the 
DNA of M. leprae in the nasal swabs of 12% of the non-
contact general population. Another Brazilian study indi-
cated that swimming in rivers, streams and lakes consti-
tute independent factors for the transmission of leprosy 
among patients who did not report contact with leprosy 

patients. Moreover, a survey identified viable bacillus 
organisms in the soil of endemic regions. Such elements 
demonstrate the need to investigate the indirect modes of 
transmission of leprosy beyond considering it a zoonosis 
(de Wit et al. 1993, Matsuoka et al. 1999, Kerr-Pontes et al. 
2006, Lavania et al. 2008).

This study has limitations related to the lack of quanti-
tative measurement of the previous intake of armadillo and 
wild animal meat and the fact that no temporal relationship 
was established between those events and the diagnosis of 
leprosy. However, as a retrospective study about an infec-
tious disease with a long incubation time, precision about 
chronology as a true dose/effect may be difficult to inter-
pret. On the other hand, memory bias should have mini-
mally impacted the final result, provided that one expects 
that its effect would strengthen the association between 
armadillo meat intake and leprosy because the contagious 
feature of leprosy is known in the studied region.

The lack of an association between armadillo meat 
intake and leprosy may also reflect the non-existence of 
infected animals in the region of Curitiba instead of the 
impossibility of zoonotic contamination. An investiga-
tion of the prevalence of infected animals in this area may 
bring further evidence to discuss these hypotheses.

The data suggest that poverty and, possibly, poor 
sanitation, nutrition and health care conditions construct 
a favorable environment for acquisition of this illness, 
its clinical manifestation or a more frequent expression 
of its symptoms.

Failure to eliminate leprosy the maintenance of high 
incidence and the associated uncertainty about its natural 
history and transmission, must motivate the development 
of clinical surveys and molecular research on this topic 
(Lockwood & Suneetha 2005).

In conclusion, there is no evidence to support an as-
sociation between leprosy and the consumption of arma-
dillo meat in dermatological patients from Curitiba, but 
rather, evidence supports an association with unfavorable 
socioeconomic indicators. It is necessary to investigate 
such occurrences in other regions of Brazil based on con-
trolled studies with large samples and results adjusted to 
socioeconomic risk factors. Studies should carefully con-
sider any previous contact with leprosy patients, as well 
as investigate the prevalence of leprosy infections among 
armadillos in those areas.
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