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ABSTRACT: Aural abscess or abscess of the middle ear is common in free-living Eastern box
turtles (Terrapene carolina carolina) of Virginia (USA) and elsewhere. Although its etiology re-
mains unknown, hypovitaminosis A has been suggested on the basis of similar lesions occurring
in captive chelonians fed diets that are deficient in vitamin A. This hypothesis was supported by
significantly greater body burdens of organochlorine compounds (reported disruptors of vitamin
A metabolism) and a nonsignificant trend toward lower serum and hepatic vitamin A levels in
free-living box turtles with this lesion. The tympanic epithelium was evaluated in 27 box turtles
(10 with aural abscesses and 17 without). Lesions of the tympanic epithelium of box turtles with
aural abscesses included hyperplasia, squamous metaplasia, hyperemia, cellular sloughing, gran-
ulomatous inflammation, and bacterial infection. These changes were more severe in turtles with
aural abscesses than in those without and were more severe in tympanic cavities that had an
abscess compared to those without when the lesion was unilateral. Organs from 21 box turtles
(10 with aural abscesses and 11 without) from the study population were examined for micro-
scopic lesions, and minimal histopathologic changes were found, none of which were similar to
those found in the tympanic epithelium. Histopathologic changes in box turtles with aural ab-
scesses were consistent with a syndrome that may involve hypovitaminosis A.

Key words: Aural abscess, Eastern box turtle, pathology, hypovitaminosis A, squamous meta-
plasia, Terrapene carolina carolina.

INTRODUCTION

Aural abscess, a unilateral or bilateral
swelling of the tympanic cavity or middle
ear (Fig. 1), was recently found to be the
second highest cause of morbidity and
mortality in free-living Eastern box turtles
(Terrapene carolina carolina) from Virgin-
ia (USA; Brown and Sleeman, 2002). This
lesion was reported in free-living Eastern
box turtles in other states (Willer et al.,
2003). Mucin-secreting epithelium lining
the upper respiratory tract and middle ear
of free-living box turtles with aural ab-
scesses exhibits varying degrees of patho-
logic change, including squamous meta-
plasia, hyperkeratinization, mucosal hyper-
plasia, inflammation, and mucosal erosion
(Holladay et al., 2001). These changes,
when in the tympanic cavity of turtles, re-
sult in accumulation of caseous debris and
inflammatory cells, the development of ab-
scesses, and, occasionally, bony erosion of
the skull.

The cause of aural abscesses in free-liv-

ing box turtles is unknown. A similar le-
sion, both grossly and histologically, occurs
in captive turtles that are fed diets defi-
cient in vitamin A (Jackson and Cooper,
1981; Murray, 1996). We believe that hy-
povitaminosis A may play a role in the
pathophysiology of aural abscesses in free-
living box turtles. We previously reported
higher body burdens of organochlorine
compounds and a nonsignificant trend to-
ward decreased serum and liver vitamin A
concentrations in free-living box turtles
with aural abscesses (Holladay et al.,
2001). Lack of statistical significance of
this observation may have been due to a
low number of turtles (n510) used in the
previous study. The presence of high body
concentrations of organochlorine com-
pounds was hypothesized to disrupt nor-
mal vitamin A metabolism, causing hypo-
vitaminosis A, squamous metaplasia, and
the development of aural abscesses. This
hypothesis is supported by previous re-
ports in humans and rats, which have
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FIGURE 1. Bilateral aural abscesses in an Eastern
box turtle (Terrapene carolina carolina).

shown a similar organochlorine-induced
vitamin A deficiency (Chen et al., 1992;
Coenraads et al., 1994). The objectives of
this study were to 1) describe the gross
and histopathologic changes of the tym-
panic epithelium and other organs of free-
living box turtles with aural abscesses, 2)
compare the severity of these lesions to
changes in turtles that were not clinically
affected by aural abscesses, and 3) discuss
the relationship of the lesions to the pro-
posed hypothesis of organochlorine com-
pound-induced hypovitaminosis A.

MATERIALS AND METHODS

The tympanic epithelium and samples of gas-
trointestinal tract, heart, kidney, liver, pancreas,
reproductive tract, skeletal muscle, skin,
spleen, and trachea were collected from free-
living Eastern box turtles presented to the
Wildlife Center of Virginia (WCV, Waynesboro,
Virginia, USA). Ten turtles had aural abscesses
(six unilateral and four bilateral). Also included
in the study were 17 turtles that were eutha-
nized for other terminal conditions, such as
trauma, and were designated as ‘‘non–aural ab-
scess cases.’’ The clinical diagnoses were made
by the attending veterinarians at the WCV.

All turtles were killed by intravenous pento-
barbital sodium (Beuthanasia-D; Schering-
Plough Animal Health, Union, New Jersey,
USA) and overdose of inhaled halothane; they
were then decapitated. The plastrons were re-
moved, and tissue samples were taken. All
heads and tissues were immediately fixed in
10% neutral buffered formalin. Transverse sec-
tions of the fixed heads were made using a
band saw at the level of the tympanum and

decalcified for 1 week in TBD-2 decalcifier
(Thermo Shandon, Pittsburg, Pennsylvania,
USA). The resultant sections and tissue sam-
ples were sectioned at 7 mm, stained with he-
matoxylin and eosin (HE), and processed for
paraffin embedding. Six turtle heads (three
with aural abscesses and three without) were
selected at random for further evaluation with
special stains (Gram’s and periodic acid–Schiff
[PAS]).

Tissue sections were examined without
knowledge of their source. Pathologic changes
evaluated in the tympanic epithelia included in-
flammation, hyperemia, keratinization, necro-
sis, hyperplasia, and dysplasia. The presence
and severity of changes for each diagnostic cat-
egory were scored as minimum, moderate, or
marked, which correlated with a score of one,
two, or three, respectively. For the purposes of
analysis, and to group this constellation of le-
sions, the scores for each of the six categories
were added with a maximum value of 18 and a
minimum value of 6. The final score for each
turtle was interpreted on the basis of the fol-
lowing ranges of scores: #7, minimal aggregate
pathologic change; 8–11, moderate aggregate
pathologic change; 12–15, marked aggregate
pathologic change; and $16, severe aggregate
pathologic change.

One turtle with aural abscesses and one
without a lesion were randomly selected for
further evaluation of their tympanic epithelium
using scanning electron microscopy (SEM).
Samples were immersed in 3% glutaraldehyde
in 0.1 M sodium phosphate buffer (pH 7.4).
The samples were washed in 0.1 M phosphate
buffer (pH 7.4) and postfixed in 1% osmium
tetroxide in 0.1 M sodium phosphate buffer for
1 hr. Samples were again washed in 0.1 M so-
dium phosphate buffer, dehydrated in an eth-
anol series, and subjected to critical point dry-
ing. Tissues were then prepared for and ex-
amined by SEM (Cambridge Instruments,
Olympus America, Inc., Melville, New York,
USA.

Additional tissue samples were collected
from the gastrointestinal tract, cardiac muscle,
kidney, liver, pancreas, reproductive tract, skel-
etal muscle, skin, spleen, and trachea from 10
turtles with aural abscesses and 11 turtles with-
out. Samples were fixed, processed, and sec-
tioned as previously described, without decal-
cification. The mean, SD, and range were cal-
culated for the total number of melanomacro-
phages counted in eight 403 fields per liver in
three turtles with aural abscesses and four tur-
tles without. The eight fields were examined in
the same rectangular pattern in all liver sam-
ples examined.
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RESULTS

The tympanic membranes from unaf-
fected box turtles were normal (Fig. 2A).
The tympanic epithelium of all turtles with
aural abscesses was markedly hyperplasic
and/or deformed (Fig. 2B). Squamous
metaplasia was observed throughout the
tympanic epithelium, which consisted of
stratified squamous, stratified pseudocol-
umnar, and stratified columnar cells, with
little order to the transition. All of the tur-
tles with abscesses had variable amounts
of bilateral hyperplasia. This change varied
from focal to diffuse. The caseous plug or
abscess was composed of a necrotic core
with an outer zone that consisted of ne-
crotic cellular debris, variable amounts of
keratin, and inflammatory cells that con-
sisted primarily of heterophils, lympho-
cytes, and plasma cells.

Of the 10 turtles with aural abscesses,
two had marked keratinization (Fig. 2C) of
the tympanic epithelium, three had mod-
erate, and four had minimal keratinization.
Turtles with larger abscesses had greater
amounts of keratin incorporated into the
caseous plug, but not accumulated on the
epithelium itself. The outer layers of cells
in the hyperplasic epithelium were slough-
ing into the lumen of the middle ear and
were incorporated in the caseous plug
(Fig. 2D). The vasculature in the lamina
propria lining the tympanic cavity was
moderately to markedly hyperemic in ev-
ery tympanic cavity that contained an ab-
scess. A marked, diffuse, mixed inflam-
matory response was present in the epi-
thelium and lamina propria lining the tym-
panic cavities and extended into the lumen
of the cavity in all turtles with aural ab-
scesses. This inflammation was character-
ized by the presence of lymphocytes, het-
erophils, and plasma cells (Fig. 2E), with
occasional giant cells and macrophages
(Fig. 2F). Inflammation in tympanic cavi-
ties that contained an abscess extended
into underlying subepithelial regions. Two
of 10 turtles had abscesses that extended
to and involved the bone surrounding the

tympanic cavity. In these cases, giant cells
predominated. Affected turtles with more
severe pathologic changes in the tympanic
epithelium also had focal areas of erosion.
Erosion was highly variable in severity,
ranging from focal indentations to total
loss of epithelial cells and exposure of sub-
epithelial tissue. Ulceration of the tympan-
ic membrane was abrupt.

In the six turtles with unilateral abscess-
es, the severity of change in the contralat-
eral tympanic cavity was variable for each
of the lesion categories (ranging from min-
imal to marked) but, in general, was less
severe than in the cavity with an abscess.
In contrast, the four turtles with bilateral
aural abscesses had changes to both tym-
panic cavities that were similar in charac-
ter and severity. The 10 turtles with aural
abscesses had more severe pathologic
changes in their tympanic epithelium than
the 17 turtles without abscesses, as indi-
cated by greater mean scores in each of
the lesion categories (Fig. 3).

No fungi were observed in the tympanic
cavities of the six turtles (three with ab-
scesses and three without) examined with
PAS. The presence and activity of goblet
cells in the tympanic cavity were variable
in turtles with or without aural abscesses,
ranging from few cells with minimal mu-
cus secretion to numerous cells with enor-
mous secretory activity. No trend was not-
ed between the concentration goblet cells
and the activity and occurrence of aural
abscesses. Bacterial colonies were ob-
served in large numbers on Gram’s stain
in three turtles with aural abscesses. The
colonies were heterogeneous and were in-
corporated into the caseous plug along
with desquamated epithelial tissues and
inflammatory debris. In these turtles, bac-
terial colonies were also observed in the
oropharyngeal cavity. One of the three tur-
tles without aural abscesses had bacteria in
its tympanic cavity, but numbers were
minimal, and colonies were not observed.
Numbers of bacteria in the oropharynx of
these three turtles without aural abscesses
were minimal.
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FIGURE 2. (A) Tympanic epithelium from a turtle without aural abscess (HE stain, 2503). (B–F) Tympanic
epithelium from turtles with aural abscess (HE stain). (B) Hyperplasic and dysplasic tympanic epithelium.
2503 (C) Extensive accumulation of keratin (single arrowhead) on the surface of the epithelium, which is
sloughed into the lumen of the cavity and incorporated into the aural abscess. 2503 (D) Outer cell layers of
the hyperplasic epithelium are necrotic and incorporated into the aural abscess. 2503 (E) Mixed inflammatory
infiltrates in affected tympanic epithelium, including numerous heterophils (single arrow), lymphocytes (dou-
ble arrowhead), and plasma cells (single arrowhead). 4003 (F) Giant cells (single arrowhead) in the inflam-
matory response in a turtle with aural abscess. 4003
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FIGURE 3. Mean scores of severity for lesions in
free-living box turtles with aural abscesses (n510,
light bar) and without aural abscesses (n517, dark
bar). Necrosis, inflammation, hyperemia, keratin, dys-
plasia, and hyperplasia were scored from one (mini-
mal change) to three (marked change). Total lesion
score was the sum score from each category for an
individual turtle and ranged from 6 (minimal change)
to 18 (marked change).

FIGURE 4. Surface scanning electron micrographs. (A) Tympanic epithelium from a free-living box turtle
without aural abscess (magnification, 5,4903). (B) Tympanic epithelium from turtle with aural abscess (mag-
nification, 3,4903). Note the extensive desquamation and deformation of the smooth continuous surface of
the tympanic cavity surface in the affected turtle.

SEM evaluation of the tympanic mem-
brane from a turtle without aural abscesses
revealed a well pavemented cellular sur-
face (Fig. 4A). Minor artifacts were noted
due to preparation, but desquamation,
cracks, and other alterations were minimal.
In comparison, the tympanic membrane of
a turtle with aural abscesses had cellular
discontinuity, with multifocal erosions and
an accumulation of debris (Fig. 4B).

Lesions in organs other than the head
were minimal. When compared with livers
from turtles without aural abscesses, livers
from turtles with aural abscesses had in-
creased numbers of melanomacrophages
(mean number of melanomacrophages in
eight 403 fields per turtle 6SD [range]—
three turtles with aural abscesses, 69 6 41
[22–98]; four turtles without aural abscess-
es, 43 6 10 [32–55]). Microscopic lesions
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consistent with malnutrition—such as re-
duced glycogen stores, shrunken hepato-
cytes, and increased cords and sinuses—
were observed in turtles with and without
aural abscesses.

DISCUSSION

Deficiencies in vitamin A are character-
ized by changes in epithelial tissue, includ-
ing keratinization, squamous metaplasia,
hyperplasia, and decreased growth (Che-
ville, 1994). In this study, lesions in the
tympanic epithelium of box turtles with
aural abscesses were consistent with these
previously reported hypovitaminosis A–in-
duced epithelial changes.

Vitamin A is required for the mainte-
nance of epithelium in a normal differen-
tiated state; with a lack of this cofactor,
mucin-secreting epithelium undergoes
squamous metaplasia and a change in phe-
notype from simple or pseudostratified co-
lumnar to stratified squamous cells (Kim
et al., 2002). This change in phenotype ac-
companies a change in function as cells
that normally secrete mucus switch to pro-
ducing keratin (Rosenthal et al., 1994).
Hypovitaminosis A–induced changes, such
as squamous metaplasia, hyperplasia, and
hyperkeratinization of mucin-secreting ep-
ithelium, result in many clinical signs, in-
cluding softening of the cornea, drying of
conjunctiva and membranes, and second-
ary infection (Combs, 1992; Wiederman et
al., 1996). In captive turtles, squamous
metaplasia also occurs in the middle ear
and Eustachian tube, where it manifests as
sloughed epithelium, which accumulates,
forming a caseous plug with secondary
bacterial infection (Murray, 1996).

Retinoids (vitamin A) are powerful reg-
ulators of the differentiation and mainte-
nance of epithelial cells. As a consequence
of the distribution pattern of retinoic acid
receptor isoforms a1, a2, b2, b3, g1, and
g2 (RAR) and retinoid-X receptors a, b,
and g (RXR), epithelial tissues are differ-
entially responsive to retinoids (Darwiche
et al., 1994). In particular, epithelial cells
in structures associated with the pharynx,

conjunctival membranes, the urogenital
tract, and upper airway and lower respi-
ratory passages are highly sensitive to
squamous metaplasia induced by vitamin
A deficiency. This abnormal epithelial cell
differentiation, which may be associated
with diminished mucin production and
swelling and outgrowth of the hornlike
keratin, can be reversed by administration
of retinoic acid (RA; Frye, 1991; Denning
and Verma, 1994). Specific operating
mechanisms by which RA improves squa-
mous metaplasia have not been definitively
identified; however, an altered expression
of cytokeratins may accompany such squa-
mous differentiation, and the expression of
keratin squamous differentiation markers
(e.g., K13) can be inhibited by RA (Den-
ning and Verma, 1994). Induction of the
squamous-specific gene, cornifin a, has
been noted in tracheal epithelial tissues of
vitamin A–deficient animals and was sup-
pressed by the administration of RA (Fu-
jimoto et al., 1994). Vitamin A deficiency,
or exposure to either natural or synthetic
estrogens (e.g., diethylstilbestrol [DES]),
greatly enhanced the squamous differen-
tiation and keratinization of vaginal epithe-
lium in ovariectomized animals. The latter
effect was again associated with a dramatic
induction of the cornifin a gene (Jetten et
al., 1996).

The observation that DES exposure
may alter the differentiation of epithelial
cells has raised questions about possible
similar effects in wildlife from environ-
mental estrogenic or endocrine-disrupting
compounds or related compounds that af-
fect thyroid hormone levels (Colburn,
2002). Serum retinol concentrations have
been negatively associated with organo-
chlorine exposure in polar bears (Ursus
maritimus; Skaare et al., 2001). Wild bird
populations exposed to organochlorine
pesticides or polychlorinated biphenyls
display altered thyroid hormone levels
(Bishop et al., 1998) and have an inhibited
vitamin A metabolism (Grasman et al.,
1996). In this regard, thyroid hormone and
vitamin A metabolism are linked by a com-
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mon plasma carrier protein, transthyretin
(TTR). Polychlorinated biphenyls and re-
lated organochlorine compounds deplete
vitamin A and thyroxine by interaction
with TTR and by alteration of their me-
tabolism in the liver and other organs
(Heussen et al., 1993). However, altered
differentiation of vitamin A–sensitive epi-
thelia or thyroid or estrogen hormone-sen-
sitive epithelia has not been examined in
these animals.

Anaerobic and aerobic bacteria have
been isolated from aural abscesses of tur-
tles, with the latter being more frequent
(Stewart, 1990; Murray, 1996). The tym-
panic cavity of turtles connects to the oro-
pharynx via the Eustachian tube. Patho-
logic changes in the middle ear and Eus-
tachian tube resulting from hypovitamin-
osis A, such as squamous metaplasia and
the sloughing of epithelial cells, predispose
these animals to secondary bacterial infec-
tion by disrupting the normal continuity of
the epithelium (Murray, 1996). The de-
formed tympanic epithelium is colonized
by ascending commensal bacteria from the
oropharynx. Additionally, hypovitaminosis
A may predispose these turtles to second-
ary bacterial infection by interfering with
complement and normal cellular immune
function (Stewart, 1990). Turtles with au-
ral abscesses and histopathologic changes
consistent with vitamin A deficiency car-
ried greater bacterial loads in their tym-
panic cavities than turtles without lesions.
From this histopathologic evaluation, we
were unable to determine whether the
bacteria observed were commensal or
pathogens; however, bacterial cultures are
being conducted to further evaluate path-
ophysiology of this lesion. A previous study
did not identify a consistent bacterial path-
ogen (Willer et al., 2003).

We also investigated the possibility of
hypovitaminosis A–induced altered cell
differentiation in tissues other than tym-
panic epithelium. Associated histopatho-
logic changes (squamous metaplasia, hy-
perplasia, and keratinization) would likely
occur in epithelial tissues, such as the tra-

chea, reproductive tract, and gastrointes-
tinal tract. However, no changes compa-
rable to those in the tympanic epithelium
were observed in other organs that we ex-
amined. One explanation could be that the
tympanic epithelium of box turtles has a
greater density of RAR and RXR and is
more sensitive to hypovitaminosis A than
other epithelial structures examined in this
study; this requires further investigation.
Ocular epithelial tissues are sensitive to
hypovitaminosis A, and swelling of the
eyelids or blepharoedema is frequently
one of the first observed clinical signs in
pet chelonians with hypovitaminosis A
(Boyer, 1996). We are currently investigat-
ing the histopathologic changes to the oc-
ular system in free-living turtles with aural
abscesses.

Increased numbers of melanomacro-
phages in the livers of turtles with aural
abscesses may be important. Melanoma-
crophages are pigment cells with charac-
teristic eumelanin-containing organelles
(Gopalakrishnakon, 1986). These cells are
in the dermis, lung, and liver of turtles
(Hou, 1999). It has not been reported,
however, whether melanomacrophages in
the liver react to toxicants, such as organ-
ochlorine compounds, by an increase in
activity or proliferation. It has been pro-
posed that the spatial distribution of me-
lanomacrophages and other pigment cells
is controlled, in part, by environmental
factors (Hou, 1999). The pathophysiology
of the malnutrition-induced changes in the
livers of turtles with and without aural ab-
scesses can likely be explained by the mor-
ibund status of the animals.

The findings of this study provide evi-
dence for a hypovitaminosis A–induced
etiology of aural abscesses. This supports
the organochlorine-induced hypovitamin-
osis A hypothesis proposed by Holladay et
al. (2001). However, other causes of hy-
povitaminosis A—such as direct dietary
deficiency, interference in the gastrointes-
tinal absorption of vitamin A, the presence
of other endocrine-disrupting chemicals,
or other etiologies—cannot be ruled out.
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Further investigations are being conduct-
ed that may provide more definitive evi-
dence for the role of vitamin A deficiency
and organochlorine compounds in the de-
velopment of aural abscesses.
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