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Abstract

Armadillos of the species Dasypus novemcinctus have been used as an experimental model of leprosy. Besides non-
human primates, they are the only species naturally infected with Mycobacterium leprae and when experimentally
inoculated, reproduce the lepromatous form of the disease producing large quantities of bacilli. This species has been
maintained in captivity by numerous researchers and specific housing and feeding requirements have been developed
to guarantee their survival during long experimental periods. In the “Lauro de Souza Lima” Institute, armadillos
receive dog food, ground beef, boiled eggs and vitamin C. However, despite the balanced diet, anemia has been ob-
served in some captive animals, especially in armadillos inoculated with M. leprae in advanced stages of infection.
Thus, the objective of the present study was to evaluate the effect of iron sulfate supplementation in the feed provided
for armadillos, both inoculated and non-inoculated with M. leprae, by means of the evaluation of their hematologi-
cal profile. Fourteen armadillos received 10 mg/animal of iron sulfate (Hematofer®) diluted in sterile water mixed
with their daily feed for 50 days. Hemograms and serum iron dosages for each armadillo were performed before and
after supplementation. The hematocrit values increased significantly after iron supplementation, both in armadillos
inoculated and non-inoculated with M. leprae. It is possible that the amount of iron in the feed is insufficient for the
formation of hemoglobin, leading to microcytic anemia. Dietary supplementation with iron sulfate reversed this state,
showing the importance of understanding the metabolism of exotic species for their maintenance in captivity, and thus
ensuring their well-being.
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O efeito da suplementacio com ferro na dieta de tatus
Dasypus novemcinctus (Linnaeus, 1758) em cativeiro

Resumo

O tatu da espécie Dasypus novemcinctus tem sido utilizado como modelo experimental para a hanseniase. Eles sdo
a Unica espécie, além de primatas ndo humanos, que se apresentam naturalmente infectados pelo Mycobacterium
leprae. Estes tatus, quando experimentalmente inoculados, reproduzem a forma virchoviana da hanseniase produzin-
do grandes quantidades de bacilos. Esta espécie tem sido mantida em cativeiro por varios pesquisadores, no entanto,
alguns cuidados s@o necessdrios para garantir a sobrevivéncia destes por longos periodos experimentais, tais como
alojamento e alimentac@o. No Instituto Lauro de Souza Lima, os animais em cativeiro recebem ra¢@o canina, carne
bovina, ovos cozidos e vitamina C, mesmo assim, tem-se observado o desenvolvimento de quadros de anemia nestes
animais, principalmente nos inoculados com o M. leprae, em estados avancados da infeccdo. Sendo assim, o objetivo
deste estudo foi avaliar o efeito da suplementagdo com sulfato ferroso na alimentagio fornecida aos tatus, inoculados
e ndo inoculados com M. leprae, por meio de avaliacdo de seu perfil hematoldgico. Foram utilizados 14 animais que
receberam 10 mg/animal de sulfato ferroso (Hematofer®) diluidos em dgua estéril e misturados diariamente a ra¢do
por 50 dias. Foram feitos hemograma e dosagem de ferro sérico de cada animal antes e apds a suplementac@o. Os
valores de hematdcrito aumentaram significativamente apds a suplementacio, tanto nos animais inoculados como nos
ndo inoculados com M. leprae. E possivel que a quantidade de ferro na alimentacfo seja insuficiente para a formagdo
da hemoglobina, levando a um quadro de anemia microcitica. A suplementacdo da dieta com sulfato ferroso reverteu
este quadro, mostrando a importancia de se conhecer o metabolismo de espécies exéticas para manutengdo destas em
cativeiro, assegurando seu bem estar.

Palavras-chave: Dasypus novemcinctus, perfil hematoldgico, tatus, suplementagao com ferro, Mycobacterium leprae.
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1. Introduction

The nine-banded armadillo Dasypus novemcinctus
belongs to the family Dasypodidae, Order Cingulata
which, together with anteaters and sloths, comprises the
Superorder Xenarthra (Gardner, 2005). Climate and sea-
sonality interfere in the activity of the armadillo, which
is most active at dusk and during the night, in order to
avoid predators and extremes of temperature (Storrs
and Bucherfield, 1985; Wetzel, 1985). Some armadillos
are basically insectivores, preferring ants and termites,
however, many species like the genus Dasypus also
feed on fruits, roots and small vertebrates (McDonough
and Loughry, in press). Armadillos swallow their prey
without chewing it together with soil particles. Through
analysis of the stomach contents of this species, Laguna
(1984) and Superina (2000) observed that the natural diet
of D. novemcinctus consisted of about 70.8% insects, 7%
other invertebrates, 13.2% vertebrates (amphibians and
reptiles) and 9% plant material.

Armadillos are known to harbor several pathogens,
such as Trypanossoma cruzi, Toxoplasma gondii, spe-
cies of Sarcocystis and Eimeria, Piroplasma (Diniz
et al., 1997), Leptospira sp., Sporothrix schenckii,
Paracoccidioides brasiliensis (Naiff et al., 1986; Silva-
Vergara, 1997; Bagagli et al., 1998; Macedo, 1999;
Vergara and Martinez, 1999) and Mycobacterium leprae
(Truman, in press), though the zoonotic transmission po-
tential of these microorganisms has not yet been clari-
fied.

Because armadillos present a low body temperature
(32-35 °C) and a mean lifespan of 12 to 15 years in nature,
the species D. novemcinctus has been used as an experi-
mental model for leprosy (Storrs, 1971). Besides non-hu-
man primates, they are the only species naturally infected
with M. leprae and when experimentally inoculated, repro-
duce the lepromatous form of the disease producing large
quantities of bacilli. Nowadays, armadillos have been used
for in vivo propagation of M. leprae and development of
diagnostic reagents and vaccines. (Truman, in press)

In patients with lepromatous leprosy, anemias occur
due to chronic disease that is secondary to the infectious
inflammatory process and it is associated with the reac-
tional states of the disease, mainly in erythema nodo-
sum leprosum (Saxena et al., 1990; Freitas and Fleury,
1996). This type of anemia is mediated by cytokines
and is characterized as light or moderate, hypochromic
microcytic with hematocrits around 30%. No references
exist regarding the development of anemia symptoms in
armadillos after inoculation with M. leprae (Storss et al.,
1974; McDonough, 1997; Truman, in press). However, it
can be inferred that inoculated armadillos would present
similar hematological alterations to those found in dis-
eased humans, either through the infectious process (he-
patic problems) or by organ failure resulting from the
dissemination of the disease.

Since the mid-1970s, armadillos have been main-
tained in laboratory conditions for leprosy research

purposes in the “Lauro de Souza Lima” Institute (ILSL)
(Opromolla et al., 1980, Arruda and Opromolla, 1981,
Rosa et al., 2005a; 2005b; Pedrini et al., 2006). The ar-
madillos are captured in the wild and placed in individual
pens with water ad libitum and feed provided once a day.
The majority of the armadillos adapts well to the captive
conditions and accepts the artificial diet immediately. A
small percentage of armadillos requires time for adapta-
tion and are offered an initial diet consisting of ground
beef and boiled eggs, with canine food introduced into
the diet a little at a time. However, some do not adapt to
captivity and die within a few days.

In contrast to their natural diet, armadillos do
not have access to a varied diet in captivity. Since the
Experimentation Animal Laboratory for armadillos was
established, several diets have been tested (Arruda and
Opromolla, 1981), but the diet that has best supplied the
requirements of the species in our laboratory conditions
is based on canine food supplemented with beef, eggs and
vitamin C (Superina, 2000). However, as they have no
direct access to the soil, the armadillos may suffer from
deficiencies in the absorption and/or metabolism of iron,
as indicated by our experience with animals presenting
anemia symptoms when submitted to stressful conditions
and natural or experimental diseases. Similarly, Robbins
(1992) observed that iron deficiencies are relatively com-
mon in animals maintained in zoological gardens, par-
ticularly young hand-reared individuals.

Because the nine banded armadillo is the primary
animal for research at the ILSL, this justifies studying
its hematological profile. The aim of this study was to
evaluate the effect of iron sulfate supplementation in the
feed provided for armadillos maintained in captivity,
both inoculated and non-inoculated with M. leprae, by
examining the hematological profile of these animals.

2. Materials and Methods

2.1. Animals and maintenance

D. novemcinctus armadillos were captured in the
region of Bauru, S3o Paulo state (SP), Brazil, dur-
ing the period from September, 2000 to November,
2004, and maintained in the Animal Experimentation
Laboratory of the ILSL, Bauru, SP, Brazil (Maintenance
License for Scientific Purpose, IBAMA, Registration
1/35/1999/000230-0). Each armadillo was individu-
ally housed in a brick pen (1 x 1.2 m) provided with a
polystyrene box filled with dry grass and with water ad
libitum. The spaces were acclimatized to 25 °C, with
artificial lighting (8 hours light/16 hours darkness). The
armadillos studied had been in captivity for at least four
months before the start of the study. A total of 14 adult
armadillos were used, nine inoculated (7 males and 2 fe-
males) with M. leprae and five non-inoculated (3 males
and 2 females), with live weight (LW) varying between
3.2 and 5.0 kg.
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The feed provided to the armadillos comprised
1.1 kg of Special Club HE® Royal Canin canine feed
(for pregnant and/or milking female dogs) softened in
warm water, 3 boiled chicken eggs with shells, vitamin C
(200 mg/animal/day) and around 270 g of minced beef.
Each animal was fed about 200 g of this mixture each
day.

2.2. Dietary supplementation

The quantity of iron sulfate provided daily to the ar-
madillos through their feed was estimated as: 149 mg.kg™!
in the canine feed, 1.1 mg/whole egg and 470 mg.kg™!
of minced beef, which resulted in around 294.1 mg of
iron in the total feed or 14.5 mg/animal. Since no data
exists regarding the nutritional requirements of iron for
D. novemcinctus armadillos, nor for any other species
of the same genus or family, the daily iron requirement
of numerous monogastric species were compared to best
determine the amount that should be provided for the ar-
madillos. Each animal thus received 10 mg of iron sul-
fate (Hematofer®) diluted in sterile water and mixed into
the daily feed for 50 days.

2.3. Clinical and laboratory evaluation

The armadillos were observed daily and evaluated
regarding their physical and behavioral conditions. The
armadillos were submitted to chemical restraint to ob-
tain blood samples. Pre-medication with atropine sulfate
(0.044 mg.kg™! of LW, subcutaneous via) was followed

by anesthesia with tiletamine and zolazepam (5.0 mg.kg™!
of LW, intramuscular via). Blood samples were obtained
from the subclavian vein.

Hematological values were determined before and
after 50 days of dietary supplementation with iron sul-
fate. The hematological analysis was carried out using
an Autolyzer, model AL-818 (AVL List Gmbh, Austria).
Differential counts for leukocytes were performed with
an optic microscope from blood smears.

2.4. Statistical analysis

Paired  test was used to compare different variables
for inoculated and non-inoculated groups before and
after iron sulfate supplementation at a 5% significance
level.

3. Results

Clinically the armadillos were healthy, with pink
mucosas and shiny carapaces. Their feces remained
firm throughout the evaluation period. Behavior of the
animals did not change. Before the experiment animals
were already adapted to captivity and remained vigilant
and active during feeding period (mid-morning) and at
night, throughout and after the period of supplementa-
tion.

The means of the values obtained in the complete he-
mograms of the armadillos inoculated and noninoculated
with M. leprae are presented in Table 1. Before and after

Table 1. Hematological parameters and serum iron dosage in armadillos non-inoculated (n = 5) and inoculated (n = 9) with
M. leprae, before and after oral supplementation with iron sulfate.

Parameters Non-inoculated armadillos Armadillos inoculated with M. leprae
(mean = SD) (mean £ SD)
Before FeSO, After FeSO, Before FeSO, After FeSO,

Erythrogram

Erythrocytes (10°.mL™") 6.51 £0.35 4.62 £0.37* 5371144 4.36+0.42

Hemoglobin (g.dL™) 10.84 £ 1.43 13.68 £ 1.24°* 8.71£3.21 12.82 £ 1.4*

Hematocrits (%) 36.20 £ 1.64 41.20 £ 3.70* 30.02 + 8.65 38.56 £4.25%

Globular volume (%) 55.60+0.72 89.12 £ 0.95* 55.57+£2.03 88.41 £1.23*

MCH (pg) 16.62 £ 1.85 29.6 £ 0.35* 15.83 £2.31 29.42 +£0.37*

MCHC (%) 29.92 +3.45 33.2+£0.07 28.43 +3.60 33.27 £0.05*
Leukogram

Leukocytes (/mL)

6180.00 £2092.13 4560.00 £ 1132.70*

4511.11 £2852.83  5222.22 +2038.86

Neutrophils (%) 38.20+£7.49 43.20 £ 10.61 42.67£5.81 45.44£7.95
Rods (%) 6.40 = 0.89 6.4+ 1.67 3.00+2.45 556+2.19*
Segmented cells (%) 31.80£7.82 36.80 £9.28 39.67+£6.73 39.89 +£6.85
Eosinophils (%) 15.40 £4.50 13.00 £2.55 10.44 £9.02 11.33+£2.83
Lymphocytes (%) 38.00£11.42 36.40 £ 8.47 40.11 £10.12 36.67 £9.90
Monocytes (%) 8.40 £0.89 7.40+1.34 6.78 £2.91 6.56 = 1.94
Serum iron (pg.dl™") 180.95 +£47.14 176.89 £ 81.91 233.86 +43.15 200.67 + 48.02

Statistical analysis using the Student ¢ test (p < 0.05): *indicates a significant difference before and after oral supplementa-
tion with FeSO,; # indicates a significant difference between the groups of inoculated and non-inoculated armadillos; MCH,
mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration.
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iron sulfate supplementation, significant differences were
found in erythrocytes, hemoglobin, hematocrit, globular
volume, mean corpuscular hemoglobin and leucocytes
of the non-inoculated group of armadillos. In animals
inoculated with M. leprae, all erythrogram parameters,
except for total erythrocytes count, were significantly
different before and after iron supplementation.

4. Discussion

Iron is essential for the majority of animals and it is
present in all the cells of living organisms, mainly in the
form of complexes linked to proteins. Since it is indis-
pensable for the constitution of hemoglobin, iron plays a
fundamental role in hematopoiesis. The totality of hemo-
globin in an organism is found in the blood, particularly
in the erythrocytes. Normally the concentration and the
total capacity of iron linkage vary according to species,
gender, age, nutritional status and pregnancy (Kaneko,
1980). In newborn animals a minimum iron reserve is
found at the end of the suckling period due to deple-
tion of the iron reserves and the lack of this element in
milk. Certain mammals, such as rabbits, are born with
an important reserve of this element, while others, such
as pigs, are born with poor reserves (Andriguetto et al.,
1988). The organisms of adult animals contain between
2.5 and 4.0 g of iron, with around 60-70% circulating as
a component of hemoglobin, 10% as myoglobin, 20%
stored in the form of ferritin and hemosiderin and 1%
in enzymes (Viola, 2006). The daily doses required for
some species are: swine 80 mg, adult dog 0.65 mg, mar-
ten 20 mg and rodents 25 to 140 mg.

The state of the gastrointestinal tract of a given indi-
vidual and the iron concentration in their diet influence
iron homeostasis, which, unlike other minerals, is the
only element regulated by absorption rather than by ex-
cretion. Organisms lose very little iron, with the quantity
excreted through the feces representing almost exclu-
sively the iron that is not absorbed from the diet. Even
in the process of erythrocyte destruction (half-life of 6 to
12 weeks) in vertebrates, the hemoglobin fraction con-
taining iron disintegrates into iron compounds and bi-
lirubin, which are transported to the liver and eliminated
through the bile. Iron, however, can be reused for the for-
mation of hemoglobin, almost without loss (Andriguetto
et al., 1988).

In the present study, significant differences in serum
iron levels were neither observed between the inoculated
and non-inoculated groups, nor between the periods be-
fore and after iron sulfate supplementation. This data
suggests that circulating Fe** ions occur at low concen-
trations, probably because they are sequestered for the
formation of hemoglobin molecules, which were found
in significantly greater concentrations in both groups af-
ter iron sulfate supplementation.

Wallach and Boever (1983) and Lewis and Doyle
(1964) reported mean hematocrit values for nine-banded
armadillos of 32.2% and 42.5%, respectively. In Brazil,

Souza et al. (1987a) found mean hematocrit values of
40% for males, 45% for females, 40% for recently inocu-
lated armadillos and 44% for recently captured armadillos.
Souza et al. (1987b) determined lower serum iron levels
in armadillos inoculated with M. leprae (mean of 30.9 pg)
and higher values (mean of 39.8 Lg) for wild armadillos,
while comparing wild armadillos with those inoculated
with M. leprae. The authors also determined hemoglobin
levels of 17.1 g (%) for males and 16.0 g (%) for females
(Souza et al., 1987a). Garcia-Navarro and Pachaly (1994)
reported 4.0 to 7.0 X 106 erythrocytes.uL", together with
hematocrits of 32.2%, hemoglobin of 11.2 g.dl" and 10 to
20 x 103 leukocytes.uL™" in wild armadillos. The leukocyte
counts in our samples were significantly lower than those
reported by the authors cited above, suggesting a better
health status of the captive armadillos studied here, prob-
ably due to feeding, de-worming and lower exposure to
pathogenic microorganisms and parasites.

Hematocrits prior to iron sulfate supplementation
were below 40%, which showed probable anemia due
to iron deficiency. In four of the inoculated armadil-
los, hematocrits were well below the values found in
the literature, varying between 17 and 20%, suggesting
chronic disease anemia, since in this type of anemia iron
is sequestered by the mononuclear phagocytic system
(MPS). After iron sulfate supplementation, hematocrit
values increased significantly in both groups, inoculated
and non-inoculated, except for one inoculated armadillo
that was showing signs of generalized lepromatous lep-
rosy.

It is difficult to compare hematological values of ar-
madillos because the reported studies were carried out
under different conditions. It was not possible to com-
pare the blood values with hematological data of wild
individuals due to the fact that samples from free-roam-
ing wild armadillos were not collected for the present
study. Similarly, it is not possible to determine whether
inoculation with M. leprae is the only determining factor
for the anemia found in these animals. Since these ar-
madillos did not receive vitamin k supplementation, the
possibility of having anemic animals because of minor
bleeding generated from vitamin k deficiencies can not
be discarded (Superina, 2000). It is also possible that the
feed provided for these armadillos in captivity over an
extensive period is not well-balanced and thus does not
allow maintaining sufficient bioavailable iron for its nor-
mal functions, leading to anemia.

Since D. novemcinctus develops leprosy in its gen-
eralized form, the chronic state of anemia, common in
patients (Freitas and Fleury, 1996), could also affect ex-
perimentally infected armadillos and could be related to
the dissemination of M. leprae. Anemia in chronic dis-
ease leads to the limitation of available iron for erythro-
poiesis. Under inflammatory conditions, the elevation of
erythrophagocytosis by macrophages, an increase in the
transportation of divalent metals and the reduction of fer-
roportin occurs, leading to the retention of iron by these
cells. The need for iron in the proliferation of microor-
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ganisms also causes a reduction in the available iron. The
production of bacterioferritin by M. leprae and the pres-
ence of sequences in its genome that are regulated by
iron, indicate the importance of this biometal in its me-
tabolism (Pessolani et al., 1994; Momotani et al., 1992).
The disease alters iron metabolism by diverting it to-
wards the intracellular medium, thus favoring M. leprae,
which is an intracellular pathogen. This alteration could
also be involved in the host immune response and in ba-
cilli multiplication.

In all microcytic anemia, whether resulting from
nutritional deficiency or due to disease (chronic disease
anemia), the red blood cells are smaller with lower he-
moglobin concentration than normal. This represents a
diminished relation between red blood cells and plasma,
resulting in lower than normal hematocrit values. The
available iron is insufficient for the formation of he-
moglobin. Erythrocyte production continues normally,
though with the diminished availability of hemoglobin,
these suffer a further division, consequently ending up
smaller before reaching the reticulocyte phase (75% of
the content of hemoglobin).

Iron deficiencies due to inflammatory and/or infec-
tious diseases result in lack of iron availability and im-
pair formation of hemoglobin. This can be reversed with
the ingestion of greater quantities of iron. Deficiency
diminishes, improving the general health of the animal.
Dietary supplementation with iron sulfate showed good
retention of iron and its incorporation into hemoglobin
(McDowell, 1992; Viola, 2006).

In conclusion, the dietary iron supplementation was
satisfactory, important for iron metabolism and the main-
tenance of the armadillos in captivity, since a significant
improvement in hematological levels occurred, both in
inoculated and non-inoculated animals. Additional re-
search is required for D. novemcinctus armadillos, so
that they can be more adequately maintained not only in
research institutes, but also in zoological gardens, aiming
at improved captive conditions and increasing survival of
armadillos outside their natural environment.
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