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RESUMO

Tatus (Dasypus novemcinctus) héd muito tempo sdo considerados reservatorios do
Mycobacterium leprae. Os seres humanos sdo os principais reservatdrios da hanseniase, e a
agua e o solo também sdo considerados como reservatorios ndo humanos da hanseniase. As
fontes de agua sdo associadas com os habitats dos tatus. O objetivo deste estudo foi investigar
a possivel correlagdo entre fontes de dgua e infec¢do do M. leprae em tatus, utilizando o teste
de ELISA, o programa ArcGIS 9.0 e analise estatisitica. A maioria dos tatus que estavam
proximos as fontes de dgua foram negativos para o teste de ELISA. Apos a andlise estatistica,
o estudo ndo encontrou correlagdo entre tatus infectados e a proximidade com as fontes de
agua.

Palavras-chave: Mycobacterium leprae, tatus, fontes de 4gua, hanseniase.

DIAGNOSIS OF Mycobacterium leprae IN ARMADILLOS (Dasypus novemcinctus)
AND THE CORRELATION WITH WATER SOURCE PROXIMITY IN RIVE
COUNTY, ESPIRITO SANTO STATE-BRAZIL

ABSTRACT

Armadillos (Dasypus novemcinctus) have been for long time recognized as reservoir of
Mycobacterium leprae. The human beings are the main reservoir for leprosy, and water and
soil also have been recognized as a non-human leprosy reservoir. The water sources are
considered to associate with the armadillos habitats. The main objective of this study was to
investigate the possible correlation between the water source and M. leprae infection of wild
armadillos, using the ELISA test, ArcGIS 9.0 program and statistical analysis. The majority
of armadillos that were close to water source were negatives for the ELISA test. After
statistical analysis, the study not found correlation with infected armadillos and proximity to
water source.
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DIAGNOSTICO DE LA Mycobacterium leprae EN ARMADILLOS (Dasypus
novemcinctus) Y SU CORRELATION CON LA PROXIMIDAD DE LAS FUENTES DE
AGUA EN EL CONDADO DE RIVE, ESTADO DE ESPIRITO SANTO-BRASIL

RESUMEN

Armadillos (Dasypus novemcinctus) por mucho tiempo se consideraron reservatorios del
Mycobacterium leprae. Los seres humanos son los principales reservatorios de la hanseniasis;
el agua y el suelo también se consideran reservatorios no humanos de la hanseniasis. Las
fuentes de dgua se consideran en asociacion con los habitats de los armadillos. El objetivo de
este estudio fue investigar la posible correlacion entre fuentes de agua e infeccion del M.
leprae en armadillos, utilizando el test de ELISA, o el programa AcrGIS 9.0 y analisis
estatistica. La mayoria de los armadillos que se encontraban cerca de las fuentes de agua
fueran negativos para el test de ELISA. Después de la analisis estatisitica, el estudio no
encontrd correlation entre los armadillos infectados y la proximidad con la fuente de dgua.

Palabras-clave: Mycobacterium leprae; armadillos; fuentes de agua; hanseniasis.

INTRODUCTION

Humans are considered the main reservoir of Mycobacterium leprae, the etiologic
agent of leprosy (1). However, natural infection among nine-banded armadillos (Dasypus
novemcinctus) was first reported in 1975 (2), and a large zoonotic reservoir is recognized
among armadillos in the South Eastern of United States was described (3, 4). Truman et al.
(5) screened leprosy among 565 armadillos from Louisiana and Texas and found
immunoglobulin class M (IgM) antibodies to the phenolic glycolipid-I antigens (PGL-1) of
M. leprae in 16% of the animals. Job et al. (6) showed by polymerase chain reaction (PCR)
technique, 16 of 30 (53,3%) wild nine-banded armadillos captured in Louisiana had evidence
of M. leprae infection. In armadillos, the PCR has the highest sensitivity to detect the
presence of M. leprae, followed by autopsy, IgM antibodies to PGL-I, inguinal lymph node
biopsy and ear biopsy (6).

Globally, Brazil is second after India in the number of leprosy cases worldwide (7).
While leprosy appears to be quite common among armadillos in the United States, the disease
has received relatively little attention elsewhere and comparatively little information is
available about leprosy among armadillos in other countries (1). Besides USA (2, 5), M.
leprae infection in wild armadillos has been reported in Mexico (8), Argentina (9), and in
Brazil (10-12). Controversy remains if armadillos are sources of M. leprae and contribute to
leprosy transmission in Brazil (10-13).

Armadillos are present only in countries of the new world and they cannot be
considered a universal reservoir of leprosy, however, other non-human reservoirs have been
suggested such as soil and water (14, 15). In Brazil, Salem and Fonseca (16) described the
presence of acid-fast organism (AFB) in water from the lake near the Amazon River.
Armadillos occupy a diverse range of ecological habitats, but are usually found in close
association with water supplies (5, 17). The degree to which leprosy infected armadillos
contribute to human leprosy infections and the role these animals play in perpetuating leprosy
in some high endemic countries is an important basic scientific question which may have
considerable impact on the health of local citizens (1, 18). The armadillos have been
diagnosed positives for leprosy near to water sources (5, 11, 18). The main objective of this
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study was to investigate the possible correlation between the water source and M. leprae
infection of wild armadillos.

MATERIALS AND METHODS

The natural infection with M. leprae, was analyzed in 20 wild nine-banded armadillos,
D. novemcinctus species, from Espirito Santo state, localized in Southern region of Brazil.
Armadillos were trapped from the wild by a biothechnician from Rive (20° 45' 29" S 41° 27'
32" W), a county of Alegre municipality (20° 45' 49" S 41° 31' 58" W), under license from
Brazilian Institute of the Environment and the Natural Renewable Resources-IBAMA
(02009.000553/00-45), and the Ethical Committee from S@o Paulo Federal University-
UNIFESP (107/01), for studies with M. leprae in Espirito Santo State, Brazil. The collections
were made from July 2004 to July 2006. During that time, 20 armadillos were captured and
transported to the Experimental Leprosy Laboratory (LHE), Espirito Santo University,
Vitoria, Brazil. At LHE, the animals were anesthetized using Tiletamine/Zolazepan at
8.5mg/Kg which was found to be effective and safe agents for 30 to 40 minute
immobilizations (19). After the anesthesia, the blood was collected from the subclavian vein
and put into a tube containing Ethylene diamine tetracetic acid (EDTA). The blood was then
centrifuged and the serum was separated and stored at -20°C.

The serum samples were tested in an Enzyme-Linked Immunosorbent Assay (ELISA)
for immunoglobulin M (IgM) class antibodies to phenolic-glycolipid-1 antigen (PGL-1) of M.
leprae using the method described previously. The PGL-1 antigen was prepared by Dr Patrick
Brennan (Colorado Sate University) and the resulting ELISA absorbance were judge for
positive and negative using the earlier definitions (20). Values from 0 to 580 (OD X 10) were
considered negative, from 580 to 720 were equivocal and 721 and above were positives.
Specificity of the reactions was confirmed by absorbing presumed positives plasmas with
whole M. leprae and other mycobacterial species. (20).

Data was entered into an Excel spreadsheet by accession number. The computer
program ArcGIS 9.0 was used to map and to perform the analysis for the epidemiology of M.
leprae infections in armadillos by ELISA test. Serological results were examined with
Geographic Information System (GIS) methods to discern geographic or environmental
trends. The study took into consideration that armadillos have a linear home range of 157
meters (17). Although, if any armadillo that has a water source within their home range, was
considered to be close to a water source. If the water source was not within the armadillo
home range, then they were considered not close to a water source.

Data analysis included calculation of some statistical rates. In this study, 20 armadillos
were followed through the GIS to determine the distance between the armadillos and the
water source. The hypothesis, that the animals could be infected due to water source was
tested. The statistical analyses were made in 2X2 small table (frequency of distance of the
animals from the water source X animals diagnosed positives for leprosy), and submitted to
the analysis with Chi-Square, Mantel-Haenszel Chi-Square, and Fisher's Exact Test (p>0.05).

RESULTS AND DISCUSSION

The number of samples (armadillos, n=20), represent only one county of one
municipality from Espirito Santo state, and admit that armadillo’s population and edaphic-
climatic and geographic conditions show the majority of the regions of Espirito Santo State.
Of those, 3 with positive ELISA test result were close to a water source. On the other hand,
there was one animal with positive result that is not close to a water source. The numbers of
negative ELISA animals close to a water source were bigger than the number of positive
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animals that were close to a water source. Of the negative animals, ten were close to a water
source and six were not close to a water source.

Until the present date, there are reports about environmental sources of leprosy (14,
15, 21) and others reports where the researchers describe the close association of armadillos
with water supplies (5, 17). However, the infection in armadillos appears to have evolved by
natural means (1). In this study, did not notice association between infected armadillos and
proximity of water source, through the statistical analysis (Chi-Square = 0.22, p=0.63,
Mantel-Haenszel Chi-Square = 0.20, p=0.64). By the Fisher's Exact Test, it was observed, that
6 animals (negative by serology) were quite distanced from de water source, with 0.85 of
probability (p=0.85), suggesting that the water supplies are not the source of infection.

The ELISA was considered positive when the values were identical to 721 and above
in the absorbance lecture for PGL-1 antigen (Figure 1). IgM antibodies to PGL-1 were
detected in four (20%) of the 20 animal. With the present cut-off values, the screening test for
IgM antibodies to PGL-1 was not sensitive enough to detect very early diseases. Nevertheless,
the test is highly specific and virtually always positive in lepromatous leprosy with high
bacterial load. This finding is according with earlier reports (22, 23).
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Figure 1. ELISA for PGL-1 specific antigen for M. leprae. Values from 0 to 580 (OD X 10)
were considered negative, from 580 to 720 were equivocal and 721 and above were positives

Figure 2 shows the correlation between the presence of water source and ELISA
results. The map was constructed using the computer program ArcGIS 9.0. Using this
program it was demonstrated the main map of Espirito Santo State which points out the areas
where the armadillos were captured (Figure 3). In the second map, was showed the image
more closely to the exact point where the armadillos were captured. In these exact points,
were constructed around them a kind of buffer (armadillo home range from water source) to
know that the armadillos were close or were not close to water source (Figure 4).
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Figure 2. Correlation between presence of water source and ELISA results
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Figure 3. Main map of Espirito Santo State, Brazil, showing the areas where the armadillos
were captured (red points). In this map the blue lines are water sources.
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Figure 4. Zoom from the area where the armadillos were captured. A kind of buffer
(armadillo home range from water source) was constructed around these points to know that
the armadillos were close or were not close to water source. The ELISA positives animals are
showed with blue points. In this map, the blue lines are water sources. If the buffer was inside
or in contact with the blue lines, the armadillo was close to water source.

CONCLUSION

After statistical analysis, the study not found correlation with infected armadillos and
proximity to water source. For this researched region, the water supplies are not a source of
infection to armadillos.
REFERENCES

1. Truman RW. Leprosy in wild armadillos. Lepr Rev. 2005; 76: 198-208.

2. Walsh GP, Storrs EE, Burchfield HP, Vidrine MF, Binford CH. Leprosy-like disease
occurring naturally in armadillos. J Reticuloendothel Soc. 1975; 18: 347-51.

3. Walsh GP, Meyers WM, Binford CH, Gerome PJ, Wolf RH, Leininger JR. Leprosy-a
zoonosis. Lepr Rev. 1981; 52: 77-83.

Antunes, J.M.A.P, et al. Diagnostico de Mycobacterium leprac em tatus (Dasypus novemcinctus) e sua
correlagdo com a proximidade das fontes de agua no distrito de Rive, Espirito Santo-Brasil. Vet. e Zootec.,
p-642-649, v.16, n.4, dez., 20009.



ISSN 0102-5716 Veterindria e Zootecnia 648

10.

11.

12.

13.

14.

15.

16.

17.

Truman RW, Job CK, Hastings RC. Antibodies to the phenolic glycolipid-1 antigen for
epidemiologic investigations of enzootic leprosy in armadillos (Dasypus novemcinctus).
Lepr Rev. 1990; 61: 19-24.

Truman RW, Kumaresan JA, McDonough MC, Job CK, Hastings RC. Seasonal and
spatial trends in the detectability of leprosy in wild armadillos. Epidemiol Infect. 1991;
106: 549-60.

Job CK, Drain V, Williams DL, Gillis TP, Truman RW, Sanchez RM, et al. Comparison
of polymerase chain reaction technique with other methods for detection of
Mycobacterium leprae in tissues of wild nine-banded armadillos. Lepr Rev. 1991; 62:
362-73.

World Health Organization. Leprosy global situation. Weekly Epidemiol Rec. 2007; 82:7.

Amezcua ME, Escobar-Gutiérrez A, Storrs EE, Dhople AM, Burchfield HP. Wild
Mexican armadillo with leprosy-like infection (letter). Int J Lepr Other Mycobact Dis.
1984; 52: 254,

Martinez AR, Resoagli EH, De Millan SG, Resoagli JP, Ramirez MM, Cicuta ME, et al.
Lepra salvaje en D. novemcinctus (Linneo 1758). Arch Argent Dermatol. 1984; 34:21-30.

Deps PD, Santos AR, Tomimori-Yamashita J. Detection of Mycobacterium leprae DNA
by PCR in blood sample from nine-banded armadillo: preliminary results (letter). Int J
Lepr Other Mycobact Dis. 2002; 70: 34-5.

Deps PD. Research of Mycobacterium leprae in wild armadillos (Dasypus novemcinctus)
in the State of Espirito Santo State [doctorate]. Sao Paulo: Sdo Paulo Federal University;
2003.

Deps PD, Antunes JMAP, Tomimori-Yamashita J. Detection of Mycobacterium leprae
infection in wild nine-banded armadillos (Dasypus novemcinctus) using a rapid ML Flow
test. Rev Soc Bras Med Trop. 20075 40: 86-7.

Deps PD, Alves BL, Gripp CG, Aragao RL, Guedes B, Filho JB, et al. Contact with
armadillos increases the risk of leprosy in Brazil: a case control study. Indian J Dermatol

Venereol Leprol. 2008; 74: 338-42.

Kazda J. Occurrence of non-cultivable acid fast bacilli in the environment and their
relationship to M. leprae. Lepr Rev. 1981; 52: 85-91.

Matsuoka M, Izumi S, Budiawan T, Nakata N, Saeki K. Mycobacterium leprae DNA in
daily using water as a possible source of leprosy infection. Indian J Lepr.1999; 71: 61-7.

Salem JI, Fonseca OJM. BAAR na 4gua do Lago Aleixo. Hansen Int. 1982; 7: 25-35.

Loughry WIJ, McDonough CM. Spatial patterns in a population of nine-banded
armadillos (Dasypus novencinctus). Am Midl Nat. 1998; 140: 161-9.

Antunes, J.M.A.P, et al. Diagnostico de Mycobacterium leprac em tatus (Dasypus novemcinctus) e sua
correlagdo com a proximidade das fontes de agua no distrito de Rive, Espirito Santo-Brasil. Vet. e Zootec.,
p-642-649, v.16, n.4, dez., 20009.



ISSN 0102-5716 Veterinaria e Zootecnia 649

18. Antunes JMAP. Research of Mycobacterium leprae in wild armadillos (Dasypus
novemcinctus) in the State of Espirito Santo State [dissertation]. Vitdria: Nucleus of
Infectious Diseases, Espirito Santo Federal University; 2007.

19. Fournier-Chambrillon C, Vogel I, Fournier P, Thoisy B, Vi¢ JC. Immobilization of free
ranging nine-banded and great long-nosed armadillos with three anesthetic combinations.
J Wildl Dis. 2000; 36: 131-40.

20. Truman RW, Morales MJ, Shannon EJ, Hastings RC. Evaluation of monitoring
antibodies to PGL-I in armadillos experimentally infected with M. leprae. Int J Lepr
Other Mycobact. 1986; 54: 556-9.

21. Kazda J, Ganapati R, Revankar C, Buchanan TM, Young DB, Irgens LM. Isolation of
environment-derived Mycobacterium leprae from soil in Bombay. Lepr Rev. 1986; 57:
201-8.

22. Vaidee AR, Shannon EJ, Gillis TP, Mshana RN, Hastings RC. Armadillo IgG and IgM
antibody responses to PGL-1 during experimental infection with M. leprae. Int J Lepr.
1988; 57: 422-7.

23. Job CK, Drain V, Truman R, Deming AT, Sanchez RM, Hastings RC. The pathogenesis
of leprosy in the nine-banded armadillo and the significance of IgM antibodies to PGL-I.
Indian J Lepr. 1992; 64: 137-51.

Recebido em: 22/08/2008
Aceito em: 05/08/2009

Antunes, J.M.A.P, et al. Diagnostico de Mycobacterium leprac em tatus (Dasypus novemcinctus) e sua
correlagdo com a proximidade das fontes de agua no distrito de Rive, Espirito Santo-Brasil. Vet. e Zootec.,
p-642-649, v.16, n.4, dez., 20009.



