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OPHTHALMOLOGIC EXAMINATION OF THE NORMAL
EYE OF THE KOALA
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ABSTRACT: The ophthalmic examination of the koala (Phascolarctos cinereus) was undertaken
to describe the normal in vivo structure. Twenty-two of 28 koalas examined were found to have
normal eyes. Slit-lamp examination revealed unusual lamellae in the cornea, and mean kerato-
metric readings were 59.3 + 3 diopters, corneal endothelial cell area of 381.4 um? + with a
standard deviation of 46.8 um? No particular features were seen which would explain the sus-
ceptibility of this animal to ocular infection by Chlamydia psittaci.

Key words: Phascolarctos cinereus, slit-lamp examination, specular microscopy, intraocular
pressure, keratometry, ophthalmic examination.

INTRODUCTION MATERIALS AND METHODS

The koala (Phascolarctos cinereus) isa  Koalas which had been in captivity for vary-
native Australian marsupial which is con- ing periods of time, and which had not shown

sidered to be under considerable threat any signs of obvious ocular disease or infection
primarily from incursion on its natural (apart from history of trauma to one eye only)

. were used in this study (World Koala Research
habitat by urban and rural development, Corporation, Bunya Park Drive, Everton Hills,

but also by trauma from dogs and vehicles, Queensland; Oasis Tourist Gardens, 141 Station
and infectious diseases. Road, Sunnybank, Queensland; and the Austra-

Since the turn of this century, there have lian Wool-Shed, 148 Samford Road, Ferny Hills,
been isolated reports of severe eye infec- Queensland). Koalas were transported in hessian

. bags and anaesthetized with intravenous al-
tions (Pratt, 1937; Serventy and Serventy, phaxalone and alphadolone acetate (Saffan, Pit-

1975; Troughton, 1973; Stead, 1934), and  man Moore Australia Limited, 71 Eping Road,
for the last 15 yr, many of these have been North Ryde, New South Wales 2113, Australia)
diagnosed as chlamydial in origin (Cock- Withaloading dose of 0.1 ml/kg of body weight
ram and Jackson, 1974; Brown and Grice and incremental doses of 0.2 ml as required, as

. . . judged by the level of anaesthesia. This study
1986). As chlamydial eye infection may was approved by The University of Queensland

be a significant component of overall chla-  Animal Ethics Experimental Committee (The
mydial disease in the koala, and as blind-  University of Queensland, St. Lucia, Brisbane
ness may ensue as a result of this infection, 4072, Australia) and conformed to the NH &
an understanding of the in vivo features MRC/CSIRO/AAC Guide-lines for Animal Ex-

f the koal - .. . perimentation (Australian Code of Practice for
of the koala eye Is a prerequisite to Inves-  he Care and Use of Animals for Scientific Pur-

tigating the chlamydial infection of the poses, National Health and Medical Research
eye in this species. As there is no literature  Council, Commonwealth Scientific and Indus-
on the detailed microscopic features, the trial Research Organisation, Australian Agri-
study was designed to investigate the in cultural Council, Published Canberra, Australia

. . . AGPS, 1990).
vivo characteristics of the koala eye using Each animal was identified with an ear tag,
standard ophthalmological techniques and  aged according to teeth-wear or, if known, ap-

equipment. proximate date of birth, sexed according to ex-
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ternal genitalia, blood taken for chlamydial se-
rology, and nasal, urogenital and ocular cultures
were taken for isolation of Chlamydia psittaci.

Each animal was supported by a mobile an-
imal stand for all of the studies requiring a hor-
izontal orientation, or was otherwise held by
staff. Using a Javal Schiotz keratometer (Haag-
streit AG, Hess-strasse 27, CH-3097, Liebeseld-
Sthweisch, Bern, Switzerland), the central cor-
neal curvature was measured on each eye. If
the curvature exceeded 60 diopters, then an ad-
ditional +1.00, +2.00 or +2.5 lens was added
to the front of the keratometer and new mea-
surements taken. The keratometer was then cal-
ibrated against standard ball-bearings (Consol-
idated Bearing Co (QId) Pty Ltd, 51 Sandgate
Road, Albion, Queensland, Australia) to develop
a graph of values above 60 diopters. A calibrated
pneumotonometer (Bio-Rad Ophthalmic Divi-
sion, 237 Putnam Avenue, Cambridge, Massa-
chusetts 02139, USA) was used to measure in-
traocular pressure in both eyes.

External photographs, using a macro lens (Ni-
kon Corporation, Fuji Building, 2-3 Marunou-
chi 3 chome, Chiyoda-ku, Tokyo 100, Japan)
and bellows, giving a final one to one magnifi-
cation, were taken of both eyes, and each animal
was then examined with a Zeiss photo slit-lamp
(Carl Zeiss Oberkochen, Postfach 1369, 7082
Oberkochen, Germany) for anterior segment
details of conjunctiva, cornea, anterior chamber,
iris, and crystalline lens. Representative photo-
graphs of the anterior segment structures were
taken. Specular microscopy of the corneal en-
dothelium was undertaken using a Keeler Ko-
nan wide-field specular microscope (Konan
Camera Research Institute Inc, Head Office, 10-
29 Miyanashi-cho, Nishinomiya, Hyogo, Japan
662). About 18 photographs of the central 4 mm
of corneal endothelium were taken on each cor-
nea, and, at the same time, central specular mi-
croscopic pachometry was performed, first fo-
cusing on the end of the specular microscopic
cone, and then focusing on the endothelial layer.
The resultant negatives were printed to 200 mm
x 250 mm prints and digitized on a Microplan
digitizing tablet (GTCO Corporation, 1055 First
Street, Rockville, Maryland 20850, USA) and
computer (Don Santo Corporation, 197 Oak
Street, Natick, Massachusetts 01760, USA). Go-
nioscopy, using a Koeppe infant lens (Ocular
Instruments, Bellvue, Washington, USA), was
performed on some animals. A Technar B-scan
(Tekner Inc of St Louis, 267 Wolfner Drive,
Fenton, Missouri 63026, USA) ultrasound ex-
amination was performed on each eye through
closed lids in order to measure axial length. Us-
ing two, and sometimes three, drops of tropic-
amide 1% (Alcon Laboratories, Frenchs Forest,
New South Wales 2086, Australia) the pupils
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were dilated and indirect fundoscopy per-
formed. Some representative fundal photo-
graphs were taken using a Zeiss fundus camera
(Carl Zeiss Oberkochen, Postfach 1369, 7082
Oberkochen, Germany). The entire examina-
tion usually took 30 to 45 min. None of the
procedures resulted in ocular problems.

RESULTS

Twenty-eight animals (totalling 53 eyes)
were examined over a 12 mo period. Age
range was 12 mo to >10 yr, and sex dis-
tribution was 68% female and 32% male.
Unexpected slit-lamp pathology was noted
in six of the animals despite external clin-
ical examination suggesting that these were
normal eyes. These koalas were not in-
cluded in the cumulative database as var-
ious pathologies found included corneal
stromal vascularization and corneal crys-
tals, epithelial corneal haziness, conjunc-
tival scarring, abnormal pupils, iris atro-
phy, posterior synechiae to the lens surface
and dystrophic changes to the retina.

Table 1 lists the keratometry (mean *
1 SD: 59.3 + 3 diopters), pneumotonome-
try (24.2 £ 6 mm Hg), pachometry (0.38
+ 0.05 mm), and B-scan axial length find-
ings (12.6 £ 1 mm).

External examination of the koala eye
reveals a narrow interpalpebral fissue ex-
posing the cornea only, often with no vis-
ible sclera between muscular hairy lids. A
prominent and thin nictitating membrane
normally lies across the inferonasal portion
of the cornea usually extending laterally 3
to 5 mm. The lids show little definition
between the skin and mucosal membrane,
and, externally, have one to two rows of
darkly pigmented lashes. A row of Mei-
bomian gland orifices (12 to 20) lie pos-
terior to this lash line in an area of heavy
pigmentation with less pigmentation
around the orifices themselves. There is a
vertically oval, tight pupil and a heavily
pigmented brown iris with multiple crypts
and occasional prominent radial vessels.

Slit-lamp examination revealed a well-
vascularized conjunctiva with minimal
surface morphology and a prominent
smooth nictitating membrane. The forni-
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TABLE 1. Ocular examination findings in 22 koalas (Phascolarctos cinereus) of south east Queensland,

Australia.
Intra-
Astig- ocular
matism pres- Axial
Koala Age Keratometry (diop- sure Pachometry length
number Sex (yr) Eye (diopters) Average* ters) (mm Hg) (mm) (mm)
26/87 F Adult L 55/57.5 x 135 (56.25) 2.5 27 0.41 11.0
30/87 F 2-3 R 62/61.5 x 115 (61.75) 0.5 12 0.33 11.0
L 64/62.5 x 180 (63.25) 0.5 7 0.33 11.0
125/88 F Adult R 54/55 x 30 (54.5) 1.0 16 — 138.5
L 55/56 x 140 (55.5) 1.0 16 — 13.0
148/88 M 3 R 57 (57.0) 0.0 25 0.35 11.0
L 58/56 x 180 (57.0) 2.0 27 0.34 11.0
152/88 M 11-12 R 52/56 x 105 (54.0) 4.0 23 0.30 15.0
L 53/56 x 90 (54.5) 3.0 23 0.30 13.5
153/88 M 5 R 57/58 x 65 (56.5) 1.0 25 0.42 11.0
L 59/55 x 70 (57.0) 4.0 25 0.41 13.0
154/88 M 4 R 59/60 x 90 (59.5) 1.0 25 0.32 12.5
L 55/57 x 90 (56.0) 2.0 27 0.31 12.5
155/88 F 1 R 64.5 (64.5) 0.0 27 0.30 11.0
L 64.5 (64.5) 0.0 24 0.30 10.5
156/88 F 1 R 59.5/60 x 90 (59.75) 0.5 24 0.30 11.0
L 60 (60.0) 0.0 26 0.30 11.0
159/88 F 9 R 62/59 x 90 (60.5) 3.0 23 — 12.0
L 59/57 x 95 (58.0) 2.0 24 — 12.0
178/88 M 4 R 62 (62.0) 0.0 25 0.39 12.0
L 62 (62.0) 0.0 25 0.39 14.0
179/88 F 1.6 R 57/59 x 60 (58.0) 2.0 23 0.40 12.0
L 58/55 x 9 (56.5) 3.0 25 0.40 13.0
190/88 F 1.5 R 58/59 x 180 (58.5) 1.0 25 0.42 13.0
L 58/60 x 180 (59.0) 2.0 25 0.40 13.0
191/88 F 1.5 R 62/60 x 90 (61.0) 2.0 25 0.42 12.0
L 62/61 x 90 (61.5) 1.0 25 0.42 13.0
285/88 M 3 R 60 (60.0) — — 0.45 13.0
289/88 M 3 R 58.5/57 x 100 (57.75) — — 0.39 14.0
L 59/58.5 x 70 (58.75) 0.5 30 0.39 14.0
290/88 M 4 R 54/53 x 90 (53.5) — — 0.49 14.0
314/88 F 3 R 59 (59.0) 0.0 25 0.41 11.5
L 58 (58.0) 0.0 25 0.43 12.0
335/88 F 2 R 61 (61.0) — — 0.42 14.0
L 58 (58.0) — — 0.41 13.0
357/88 F 2.5 R 65 (65.0) 0.0 22 0.39 11.0
L 66.5/67.5 x 100 (67.0) 1.0 20 0.37 10.0
365/88 F 1.25 R 62 (62.0) — — 0.41 13.0
L 61/62 x 90 (61.5) 1.0 24 0.41 12.5
386/88 F 1.5 R 61 (61.0) 0.0 25 0.36 11.0
L 61 (61.0) 0.0 25 0.37 11.0
Mean —_ - 59.32 — 24.2 0.38 12.63
SD - - 3.114 — 6.45 0.049 1.203

* Dioptric power in one axis/dioptric power in axis at 90 degrees (average dioptric power).

ces were short and the tarsal plates were
quite flaccid. The cornea was circular with
no peripheral vascularization and no
prominent limbal changes (Fig. 1). The
corneal epithelium was smooth and the
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stroma clear, apart from two to three planes
of opacity centrally parallel to the corneal
surface which became less marked in the
periphery of the cornea (Fig. 2). The en-
dothelial surface was unremarkable by slit
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FIGURE 1.
eye.

External photograph of a normal koala

lamp examination. The anterior chamber
was deep and the iris was heavily vascu-
larized and pigmented. There was a ver-
tically oriented pupil with variable amount
of pigment ruff extending on to the an-
terior surface of the iris. On dilated ex-
amination, there was a very thick crystal-
line lens which was clear, and the vitreous
cavity was unremarkable. Indirect oph-
thalmoscopy of the fundus revealed a
highly refractile tapetal layer above,
and a very pale optic disc with trifid vas-
culature. Specular microscopy of the en-
dothelium showed a reasonably regular,

FIGURE 2.
graph of koala cornea showing two fine intrastromal
opaque lamellae (arrows).

High magnification slit-lamp photo-

hexagonal array of cells with some pleo-
morphism in size and shape (Table 2) (av-
erage cell size 381.6 um? with a standard
deviation of 46.8 um?). The ultrasound ex-
amination demonstrated a somewhat
shortened globe (average length 12.63 mm
with a standard deviation of 1.20 mm) with
a wide equator and no other remarkable
features.

DISCUSSION

Little was known about the eye of the
normal koala so that its response to a chla-
mydial infection remained an enigma

TaBLE 2. Morphology of corneal endothelial cells by specular microscopy in sixteen koala corneas.
Age Area Hexagonality

Koala no. Sex (yr) Eye (um?) SD Form factor No. of cells (%)
26/87 F Adult L 429.7 67.18 0.8819 216 83.3
153/88 M 5 R 457.0 91.44 0.8732 635 73.0
L 468.5 106.20 0.8668 639 66.8
154/88 M 4 L 376.0 58.46 0.8727 140 76.4
156/88 F R 405.4 90.96 0.8685 1,300 67.1
L 396.5 97.84 0.8629 575 68.5
179/88 F 1.6 R 381.4 61.99 0.882 118 80.5
285/88 M 3 R 372.6 75.37 0.8751 906 69.9
289/88 M 3 R 411.1 76.25 0.8651 374 67.1
290/88 M 4 R 385.4 86.47 0.8722 446 64.8
335/88 F 2 R 319.4 51.74 0.8687 111 715
L 304.6 57.59 0.8675 335 73.1
365/88 F 1.25 R 366.3 62.84 0.8693 373 75.3
L 388.4 69.38 0.8726 527 73.6
386/89 F 1.5 R 310.1 63.49 0.869 429 71.6
L 330.7 64.25 0.8714 507 62.7
Mean 381.4 0.8712 71.9
SD 46.8 0.0051 5.6
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without the base-line data of the in vivo
characteristics of the eye. This study was
so designed as to provide such base-line
data by regular, non-invasive ophthal-
mological examination of a koala popu-
lation not infected by Chlamydia psittaci.

All 28 koalas were initially considered
normal upon gross external examination,
and yet six of these koalas showed minor
pathological changes upon more subtle
ophthalmological examination that sug-
gested previous ocular disease. Although
the clinical significance of these disease
processes remains obscure, it does indicate
that cursory external examination of the
koala eye, without using slit-lamp exami-
nation and dilated examination, is likely
to miss evidence of possible previous in-
fection, trauma or other unknown disease.

The cornea/air interface in the koala
eye is extremely curved compared to most
animals, perhaps compensated for by a
short anterior/posterior dimension. Also,
there appears to be a modest amount of
astigmatism with the increased curvature
frequently being at, or close to, the hori-
zontal meridian. The significance of this
remains obscure. There is also a consistent
finding in the koala cornea of planes of
opacity: the structure and significance of
this opacity also remains unknown at this
time. Retinal examination shows an or-
ganization of disc, tapetal and non-tapetal
retina similar to that found in other mar-
supials (Johnson, 1901).

We did not find any particular features
that would explain a predisposition of these
eyes to chlamydial infection. However, this
type of detailed examination has already
led to the description of a different corneal
disease (Hirst et al., 1992) which might
easily have been confused with chlamydial
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keratitis if the baseline data on the eye of
the normal koala had not been accumu-
lated.
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