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Hollingsworth

Leopard geckos (Eublepharis macularius) are
reptiles belonging to the family Eublepharidae.
Leopard geckos are distinguished from other geckos
by the presence of moveable eyelids and the absence
of a spectacle. This nocturnal insectivorous species
is native to the desert regions of Pakistan, Afghani-
stan, and India.! Leopard geckos are popular indoor
companion animals and have been used to investigate

OBJECTIVE

To describe diagnosis, treatment, and outcome of and risk factors for
ophthalmic disease in leopard geckos (Eublepharis macularius) evaluated at
a veterinary teaching hospital.

DESIGN
Retrospective case series.

ANIMALS

112 of 144 (78%) leopard geckos that were evaluated at a veterinary teach-
ing hospital in January 1985 through October 2013 and for which sufficient
medical record information was available.

PROCEDURES

Information from medical records was used to identify leopard geckos with
ophthalmic disease, characterize cases, and determine risk factors for the
presence of ophthalmic disease.

RESULTS

Of the 112 leopard geckos, 52 (46%) had ophthalmic disease (mainly
corneal or conjunctival disease). Female geckos were less likely to have
ophthalmic disease, and there was a positive association between in-
creasing age and ophthalmic disease. Use of a paper towel substrate,
absence of any heat source, and lack of vitamin A supplementation were
positively associated with a diagnosis of ophthalmic disease. Head dysec-
dysis was the only concurrent disorder significantly associated with oph-
thalmic disease. At necropsy, 5 affected leopard geckos had squamous
metaplasia of the conjunctivae.

CONCLUSIONS AND CLINICAL RELEVANCE

Results indicated that ophthalmic disease is a common finding in leopard
geckos. The cause of ocular surface disease in leopard geckos may be multi-
factorial, and hypovitaminosis A may be an important risk factor. Although
animals receiving supplemental vitamin A were less likely to have ophthal-
mic disease, further understanding is required regarding the metabolism of
and nutritional requirements for vitamin A in leopard geckos. (] Am Vet Med
Assoc 2018;252:316-323)

intestinal,'>!7 and reproductive disease.!’® To the au-
thors’ knowledge, there are no peer-reviewed reports
of the types and frequency of diagnosis of ophthal-
mic disease in leopard geckos. The purpose of the
study reported here was to describe the diagnosis,
treatment, and outcome of and risk factors for oph-
thalmic disease in leopard geckos evaluated at a vet-
erinary teaching hospital.

reptile wound healing and tissue regeneration®© as

well as reproduction.’-!!

Excluding case reports, there are few large-scale
studies'?>" of ophthalmic disease in captive reptiles.
Studies and case reports of disease in leopard geckos
in the peer-reviewed veterinary medical literature
have so far been limited to dermatologic,’> gastro-

ABBREVIATIONS
Cl  Confidence interval

Materials and Methods

Case selection

The electronic medical records system of the William
R. Pritchard Veterinary Medical Teaching Hospital of
the University of California-Davis was searched for re-
cords of all leopard geckos evaluated by the Companion
Exotic Animal Medicine and Surgery Service in January
1985 through October 2013. Medical records that had
insufficient information regarding history, physical ex-
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amination findings, clinical diagnoses, and treatment
recommendations were excluded from the study.

Medical records review

All leopard geckos had received a complete physi-
cal examination by a clinician (faculty or resident-in-
training) as part of the evaluation. For each leopard
gecko, age, sex (male or female), husbandry (including
enclosure size, enclosure substrate, heating source,
temperature monitoring, humidity source, humid-
ity monitoring, and UV light source), diet (including
prey type [mealworm, waxworm, unspecified type of
worm, mice, and cricket] and nutritional supplementa-
tion in the form of prey dusting, gut loading, or both),
physical examination findings (including signs of oph-
thalmic disease; weight and body condition score; de-
hydration; signs of dysecdysis on the head, body, and
limbs; missing digits or nails; stomatitis; plugged hemi-
penes; and musculoskeletal abnormalities), results of
diagnostic testing (including a CBC, plasma biochemi-
cal panel, histologic examination of biopsy specimens,
and, when available, necropsy results), medical treat-
ment, and husbandry modifications were recorded.
Enclosure size categories (in gallons) included not
indicated or insufficient information, < 10, > 10 to
<20,>20to < 30,>30to <40, and > 40. Enclosure sub-
strate categories included unknown or not specified,
sand, wood chips, peat moss, paper or cloth towel,
newspaper, and reptile carpet or felt. Heating source
types included no heating source, a heating lamp, a
heating pad, a combination of a heating lamp and pad,
heating log or rock, and a combination of a heating
log or rock with a heating lamp or pad. The UV light
source categories included none, a UV light that was
not changed every 6 months (or the changing interval
was unknown), and a UV light that was changed every
6 months. When available, results of an ophthalmic ex-
amination performed by a board-certified veterinary
ophthalmologist or resident-in-training were recorded.
Leopard geckos were classified as having or not having
ophthalmic disease on the basis of their initial exami-
nation findings. For leopard geckos with ophthalmic
disease, follow-up intervals and outcome based on a
repeated physical and ophthalmic examination were
recorded; outcomes included no improvement, partial
improvement, or complete resolution of ophthalmic
clinical signs.

Diets were classified on the basis of their vita-
min A content. Supplements and prey containing any
amount of vitamin A included carnivore diet protein
supplement,® chicken starter,” kitten pelleted food
(unspecified brands), reptile multivitamin and min-
eral supplements including vitamin A,*¢ silkworms,'®
and trout chow (unspecified brands). Silkworms pos-
sess vitamin A intrinsically, whereas the other food
products (carnivore diet protein supplement, chicken
starter, kitten pelleted food, reptile multivitamin and
mineral supplements, and trout chow) were manu-
factured with products containing vitamin A. Supple-
ments containing no vitamin A included carrots,f in-
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sect diet with no vitamin A, and reptile multivitamin
and mineral supplements with no vitamin A."* When
data about vitamin supplementation were missing in
the records, owners were contacted via telephone or
email to obtain complete information. On the basis of
the diet, individual animals were then classified as re-
ceiving or not receiving any vitamin A supplementation.

Data and statistical analysis

Leopard geckos were considered affected with
ophthalmic disease when an abnormality was noted
on general physical examination or on consultation
with the ophthalmology service, or when a clinical
diagnosis of ophthalmic disease was recorded in the
medical record. Diagnoses for all leopard geckos re-
garding nonophthalmic disease were categorized
into dermatologic, gastrointestinal, musculoskeletal,
reproductive, or traumatic disease; those without a
specific diagnosis in the medical record were consid-
ered to have an open diagnosis. Among animals for
which follow-up information was available, resolu-
tion of clinical signs was determined to be absent,
partial, or complete on the basis of physical exami-
nation findings at a recheck examination. Univariate
logistic regression analysis! was performed on data
regarding age, sex, husbandry variables, diet, vita-
min A supplementation, physical examination find-
ings, and concurrent nonophthalmic diseases or
disorders between leopard geckos with and without
ophthalmic disease. Age in years was analyzed as a
continuous variable, and ORs pertained to a 1-year
increase. Body weight (kg) was also analyzed as a
continuous variable. When available, results of CBCs
and plasma biochemical panels for leopard geckos
with and without ophthalmic disease were also
compared via univariate logistic regression analysis.!
A value of P <0.05 was considered significant. Logis-
tic regression results are reported as ORs with 95%
Cls. Descriptive statistics are reported as medians,
means, and ranges.

Results

During the 28.8-year period of interest, 144
leopard geckos were evaluated at the teaching hos-
pital. Only 112 (78%) leopard geckos had sufficient
information in their medical records to be included
in the study. Of these 112 animals, 52 (46%) had oph-
thalmic disease. Ophthalmic disease was unilateral
in 17 (33%) leopard geckos and bilateral in 35 (67%)
leopard geckos. Twenty-five of 52 (48%) leopard
geckos were referred to the ophthalmology service
for consultation. At the evaluation, all 52 leopard
geckos had blepharospasm, and 40 (77%) had ocu-
lar discharge. Of the 40 leopard geckos with ocu-
lar discharge, 31 (78%) had solid or dried crusted
discharge, 6 (15%) had tenacious caseous discharge,
and 3 (8%) had mucoid discharge (Figure 1). Of
the 52 leopard geckos, 6 (12%) had a diagnosis of
conjunctivitis, 12 (23%) had a diagnosis of nonulcer-
ative keratitis, 12 (23%) had a diagnosis of ulcerative
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Figure I—Photographs to illustrate the appearance of a normal
leopard gecko eye (A) and a leopard gecko eye with dried crust-
ed discharge overlying the entire corneal surface (B). The animal
with ophthalmic disease also has dysecdysis along the lower lip.

keratitis, 3 (6%) had a diagnosis of anterior uveitis,
and 7 (13%) had a diagnosis of other ocular disease
(all unilateral; irregular third eyelid [n = 1], inferior
eyelid defect [1], phthisis bulbi [3], and shallow an-
terior chamber [2]). Ophthalmic findings in leopard
geckos with keratitis included corneal surface ir-
regularity (n = 17), corneal neovascularization (13),
corneal edema (8), and corneal fibrosis (5); 14 leop-
ard geckos had 2 or more concurrent findings asso-
ciated with keratitis. Ophthalmic findings in leopard
geckos with anterior uveitis included aqueous flare
(n = 2), anterior chamber fibrin (2), hyphema (1),
and hypopyon (1); 2 leopard geckos had 2 or more
concurrent findings associated with anterior uveitis.
Two leopard geckos had both ulcerative keratitis
and anterior uveitis. For the 52 leopard geckos with
ophthalmic disease, results of a CBC and plasma bio-
chemical panel were available for 9 and 10 animals,
respectively. For the 60 leopard geckos not affect-
ed with ophthalmic disease, results of a CBC and
plasma biochemical panel were available for 6 and 7
animals, respectively.

The median ages of leopard geckos with and
without ophthalmic disease were 5 years (mean age,
4 years; range, < 1 to 14 years) and 3 years (mean age,

2 years; range, < 1 to 10 years), respectively. For each
l-year increase in age, the odds of having ophthalmic
disease increased by 16% (OR, 1.16; 95% CI, 1.03 to
1.32; P = 0.015). Among the 52 leopard geckos with
ophthalmic disease, there were 26 (50%) males and
20 (38%) females; 6 (12%) leopard geckos were of un-
known sex. Among the 60 leopard geckos without
ophthalmic disease, there were 14 (23%) males and
31 (52%) females; 15 (25%) leopard geckos were of
unknown sex. Compared with males, females were
less likely to have ophthalmic disease (OR, 0.35; 95%
CI, 0.15 to 0.82; P = 0.0106).

No leopard geckos were specifically reported to
be housed with another leopard gecko. Various sub-
strate types were used in the leopard geckos’ hous-
ing (Table I). Of all husbandry variables assessed
(enclosure type, enclosure substrate, heat source,
temperature monitoring, humidity source, humidity
monitoring, and UV light source), there was a signifi-
cantly greater odds of ophthalmic disease in leopard
geckos that were housed on a paper towel substrate
(OR, 8.89; 95% CI, 2.29 to 34.43; P = 0.002) and with-
out any heat source (OR, 6.55; 95% CI, 1.17 to 36.61;
P = 0.032). Data regarding dietary vitamin A content
were obtained for 88 of the 112 (79%) leopard geck-
os. Those 88 leopard geckos included 45 (51%) with
ophthalmic disease and 43 (49%) without ophthalmic
disease. Presence of vitamin A in the diet was signifi-
cantly and negatively associated with ophthalmic dis-
ease (OR, 0.11; 95% CI, 0.023 to 0.52; P = 0.005). No
other diet component (prey type) or supplementation
(prey dusting or gut loading) was a risk factor for oph-
thalmic disease.

Leopard geckos with head dysecdysis were
more likely to have concurrent ophthalmic disease
(OR, 3.02; 95% CI, 1.28 to 7.11; P = 0.012). There
was no significant association between ophthalmic
disease and body weight, body condition score, de-
hydration, dysecdysis of the body or limbs, miss-
ing nails or digits, plugged hemipenes, stomatitis,
or musculoskeletal abnormalities. Furthermore,
there was no significant difference in the CBC and
plasma biochemical panel values between leop-
ard geckos with and without ophthalmic disease
for which data were available. Ophthalmic disease
was less likely to be found in leopard geckos with
gastrointestinal (OR, 0.31; 95% CI, 0.12 to 0.81; P =
0.017) and reproductive disease (OR, 0.08; 95% CI,
0.01 to 0.63; P = 0.016). There was no significant as-
sociation between the presence of ophthalmic dis-
ease and a concurrent diagnosis of dermatologic,
musculoskeletal, or traumatic disease as well as an
open diagnosis.

Topical treatments for the 52 affected leop-
ard geckos included ofloxacin (n = 20 [38%]),
artificial tear supplement (18 [35%]), neomycin-
polymyxin-gramicidin (6 [12%]), ciprofloxacin (4
[8%]), cefazolin (2 [4%]), N-acetylcysteine (1 [2%]),
chloramphenicol (1 [2%]), gentamicin (1 [2%]), di-
clofenac (1 [2%]), natamycin (1 [2%]), and neomy-
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Table |—Housing substrate types (as recorded in medical
records) for 52 leopard geckos with ophthalmic disease and
60 leopard geckos without ophthalmic disease that were evalu-
ated at a veterinary teaching hospital in January 1985 through
October 2013.

No. of leopard
geckos with

No. of leopard
geckos without

ophthalmic ophthalmic
Substrate disease (%) disease (%)
Sand 21 (40) 40 (67)
Paper towel 14 (27) 3 (5)
Reptile carpet 10 (19) 10 (17)
Peat moss 2 (4) 0(0)
Wood chips 2 (4) 3 (5
Unknown or not specified 2 (4) 3 (5)
Newspaper 1 (2) 1(2)

cin-polymyxin-bacitracin (1 [2%]). Systemic treat-
ments for affected animals included ceftazidime (n
= 13 [25%]), meloxicam (11 [21%]), trimethoprim-
sulfamethoxazole (5 [10%]), enrofloxacin (3 [6%]),
tramadol (3 [6%]), metronidazole (2 [4%]), sucral-
fate (2 [4%]), and itraconazole (1 [2%]). Among
the 40 leopard geckos with ocular discharge, 12
(30%) underwent irrigation of the discharge with
eyewash or balanced salt solution, 9 (23%) under-
went manual removal of the discharge, and 9 (23%)
underwent both manual removal and irrigation of
the discharge. Ten (25%) of the leopard geckos with
ocular discharge did not undergo any attempts to
manually remove or irrigate the discharge. Manual
removal of the discharge was accomplished with
custom eyelid retractors fashioned from paper
clips (Figure 2) held by an assistant while the dis-
charge was removed with straight or curved Harms
tying forceps or jeweler’s forceps. Of those that
underwent some form of discharge removal, the
outcome of the procedure was recorded in 12 cas-
es; the cornea was completely visualized in 9 cases,
was partially visualized in 2 cases, and could not be
visualized in 1 case.

For 43 of the 52 (83%) leopard geckos affected
by ophthalmic disease, specific recommendations
regarding changes to husbandry were noted in the
patient’s discharge instructions. Most owners of
affected geckos received recommendations regard-
ing increasing humidity (n = 39 [75%]), which in-
cluded soaking (29 [56%])), provision of a humidity
box (22 [42%]), and misting (8 [15%]). Additional
recommendations included changing the enclosure
substrate to paper towels, newspaper, or artificial
turf (n = 21 [40%]), provision of a UV light source
(17 [33%]), more strict regulation of light cycles
(2 [4%]), improvement in enclosure temperature
monitoring (18 [35%]), improvement in enclosure
humidity monitoring (6 [12%]), gut loading (19
[37%]) and dusting (15 [29%]) of prey with vita-
min and mineral supplements, provision of assisted
feeding (23 [44%]), and provision of increased vari-
ety of prey (9 [17%]).
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Figure 2—Photographs depicting the use of eyelid specula
fashioned from standard paper clips to facilitate visualization
and removal of ocular debris (A) and to illustrate the use of
straight Harms tying forceps to grasp and remove solid ocular
debris (B) in leopard geckos with ophthalmic disease. Each
affected animal is restrained by one assistant, and the eyelids
are retracted by a second assistant.

Follow-up information was available for 28 of the
52 (54%) leopard geckos with ophthalmic disease. Me-
dian follow-up time was 36 days (mean follow-up time,
149 days; range, 6 to 1,577 days). On physical examina-
tion, 14 animals had partial resolution of clinical signs
with a median time of 25 days (mean, 40 days; range,
8 to 239 days); 4 animals had complete resolution of
clinical signs with a median time of 54 days (mean,
130 days; range, 20 to 390 days). Ten animals had no
improvement in clinical signs during the follow-up pe-
riod, including 1 leopard gecko with anterior uveitis.

Necropsy was performed in 9 leopard geckos
with ophthalmic disease (2 animals with ulcerative
keratitis, 6 animals with nonulcerative keratitis, and
1 animal with nonulcerative keratitis and uveitis) and
3 geckos without ophthalmic disease. In 1 patient,
antemortem biopsy of crusted ocular discharge was
also performed.

For 5 of the affected leopard geckos, necropsy
revealed histologic changes consistent with hypovita-
minosis A, including squamous metaplasia, hyperpla-
sia, and hyperkeratosis of epithelial-lined structures,
including conjunctiva (n = 5), cloaca (1), ureter (1), re-
spiratory epithelium (1), lacrimal gland (1), and nasal
cavity (1; Figure 3). The leopard gecko with nonul-
cerative Kkeratitis and uveitis was among the patients
with squamous metaplasia of the conjunctiva, but no
systemic abnormalities were noted to suggest nonoph-
thalmic causes for the uveitis. Eyes of the remaining 4
geckos with ophthalmic disease were not examined
histologically. Of the 9 affected geckos that were nec-
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Figure 3—Photomicrographs of sections of the conjunctival fornix of a leopard
gecko that had no clinical evidence of ophthalmic disease (A) and that of a leopard
gecko with squamous metaplasia (B). In panel A, notice the presence of stratified
cuboidal to columnar epithelium lining the fornix (arrows) and an example of a
goblet cell (arrowhead). H&E stain; bar = 100 um. In panel B, the conjunctival
epithelium is thickened and keratinized as evidenced by increased eosinophilic
staining of the superficial layers (arrows), as well as the presence of keratin debris

within the fornix (asterisk). H&E stain; bar = 100 um.

ropsied, 8 were not reported to receive any type of
vitamin A supplementation. For the 3 leopard geckos
without ophthalmic disease, 2 had no evidence of
squamous metaplasia of epithelial-lined structures; the
eyes of the third animal were not available for exami-
nation. All 3 of these geckos received vitamin A supple-
mentation. Histologic examination of crusted ocular
discharge collected as an antemortem sample from
the 1 aforementioned affected leopard gecko revealed
parakeratotic and orthokeratotic squamous epithelial

cells admixed with keratin, necrotic
debris, and aggregates of bacteria in
an amorphous, fibrillar, myxomatous
matrix.

Discussion

One hundred twelve of 144 leop-
ard geckos evaluated at a single teach-
ing facility in a 28.8-year period had
sufficient medical record documenta-
tion to allow their inclusion in the pres-
ent study. Of those animals, a diagnosis
of ophthalmic disease was made for
almost half (52 leopard geckos). Most
of the leopard geckos with ophthalmic
disease had blepharospasm, ocular dis-
charge, and ocular surface disease. Diet
(lack of vitamin A supplementation),
environment (paper towel substrate
and lack of a heat source), and concur-
rent disorders (head dysecdysis) were
all identified as risk factors associated
with ophthalmic disease in this popu-
lation of leopard geckos. Furthermore,
increasing age and being male were
found to be associated with increased
odds of ophthalmic disease.

To our knowledge, the present
study was the first to identify a pos-
sible association between vitamin A
supplementation and the presence of
ophthalmic disease in leopard geckos.
There was a nearly 10-fold reduction
in risk of ophthalmic disease in leop-
ard geckos that were receiving some
type of vitamin A supplementation.
The histopathologic findings of squa-
mous metaplasia in most of the af-
fected animals that were necropsied
also strongly suggested that hypovita-
minosis A can cause ophthalmic dis-
ease in leopard geckos, although the
low number of patients necropsied did
not allow for statistical analysis. There
are reports of hypovitaminosis A in
numerous species of reptiles, includ-
ing aquatic'>?° and box turtles,???
crocodilians,® and chameleons,24-26
although specific vitamin A require-
ments have not been determined for
any reptile species to date.?! Epithelial squamous
metaplasia is typically detected histologically in cases
of hypovitaminosis A,?%?2 but the clinical signs vary
depending on the reptile species. Reported clinical
signs of hypovitaminosis A include blepharedema in
aquatic turtles?>?!; metabolic bone disease,?® stoma-
titis, and conjunctivitis in chameleons?; cheilitis in
green anoles (Anolis carolinensis)*’; nodules on the
dorsal surface of the tongue in crocodiles (Crocody-
lus porosus and Crocodylus jobnstoni)®; and aural
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abscesses in box turtles.?® Lesions of internal organs,
such as the pancreas and urinary system,?° likely go
undetected without histologic evaluation of affected
tissues. Although the pathophysiology is not well stud-
ied in reptiles, experimental induction of hypovita-
minosis A requires > 6 months of vitamin A-deficient
diet administration.??%

At this time, however, a recommendation of vi-
tamin A supplementation for leopard geckos with
ocular surface disease cannot be made. It is difficult
to determine what type of vitamin A supplementa-
tion is appropriate for this species given the wide
variety of commercially available products and prey
gut-loading methods. Many arthropods fed to captive
insectivorous lizards have naturally low levels of vita-
min A,?*39 with the exception of silkworms (Bombyx
mori), termites, and honey bees (Apis mellifera).
Gut-loading of the prey offered to insectivorous liz-
ards is a common practice,? but the final vitamin A
content within a gut-loaded insect body is dependent
upon the species.!?31:32 Vitamin A supplementation is
controversial and not universally performed by rep-
tile owners because of the risk of inducing hypervi-
taminosis A, which has been reported for tortoises®
and chameleons®® among other reptiles.?! Further-
more, metabolism of vitamin A among reptile species
is likely not similar. An in vitro study in green iguanas
(Iguana iguana) revealed that this species is able to
absorb oxygenated carotenoids only, but supplemen-
tation with B-carotene failed to result in increased
plasma concentration of B-carotene3* Similarly, the
ability of the panther chameleon (Furcifer pardalis)
to use dietary carotenoids has been questioned.?4?>
Whether leopard geckos are able to absorb and con-
vert carotenoids is unknown, and future studies are
required to determine normal tissue and circulating
concentrations of vitamin A within this species. Ide-
ally, experimental induction of hypovitaminosis A in
leopard geckos in a controlled environment would be
needed to confirm causality. Although the results of
the present study have suggested a possible associa-
tion between ophthalmic disease and vitamin A de-
ficiency in leopard geckos, vitamin A requirements
remain unknown in this species and vitamin A sup-
plements should be administered cautiously owing to
the potential risk of hypervitaminosis A.

In the present study, other husbandry variables
were found to be significantly associated with oph-
thalmic disease, including increased risk with a paper
towel substrate and also lack of a heat source. Leop-
ard geckos are inhabitants of semi-arid, rocky desert
regions in southwestern Asia.! Paper towels, as well
as newspaper, reptile carpet, and plastic green mats,
are a recommended substrate for leopard geckos be-
cause fine granular substrates such as sand, corncob,
bark, and wood shavings may lead to gastrointestinal
impaction.! Furthermore, it is possible that fine granu-
lar substrates may act as ocular surface irritants. Thus,
this statistical association of increased risk of ophthal-
mic disease with a paper towel substrate appears to be
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counterintuitive. It may have been the leopard geckos
were switched to a different substrate by referring vet-
erinarians because of their ophthalmic disease prior to
evaluation at the teaching hospital, thereby leading to
an artificially skewed representation of patients with
ophthalmic disease housed on a paper towel substrate.
Furthermore, paper towels alone without adjunctive
humidification may facilitate an excessively dry cap-
tive microenvironment, whereas leopard geckos pre-
fer to shelter in cool and damp burrows beneath rocks
within their desert environment.! Other substrates
such as reptile carpet, corncobs, or large wood chips
may retain more moisture within the habitat. Howev-
er, because leopard geckos originate from a rocky geo-
graphic area, a preponderance of a granular substrate
does not accurately mimic their natural environment.
Further investigation is warranted into the influence
of substrate on leopard gecko habitat humidity levels.
The desert origin of leopard geckos suggests that these
animals have adapted to extremes of temperature. In-
adequate temperature regulation or even possibly a
lack of temperature variation may have a role in ocular
surface health in this species. Again, further study is
warranted to determine how temperature regulation
affects the development of ophthalmic disease in leop-
ard geckos when all other husbandry factors are con-
trolled. Further studies with larger numbers of animals
may reveal additional dietary factors that are associat-
ed with ophthalmic disease in leopard geckos.

Dysecdysis on the head was significantly associat-
ed with ocular disease in leopard geckos in the present
study. In snakes, a retained spectacle is a result of dys-
ecdysis over their specialized transparent and fused
eyelids and was found to be the most common oph-
thalmic disease in snakes evaluated at a single teach-
ing hospital.'¥ Members of the family Eublepharidae
are unique from other geckos (as well as snakes) in
that they possess true eyelids. Two possible explana-
tions exist for the association between ophthalmic dis-
ease and head dysecdysis in leopard geckos. The first is
that ocular discharge may be components of retained
shed that have become trapped within the conjuncti-
val fornix. The second is that dysecdysis is potentially
associated with dietary vitamin A deficiency. The latter
explanation is less likely because other forms of dys-
ecdysis (on the body or limbs) were not significantly
associated with ophthalmic disease in leopard geckos
in the present study. However, the data obtained in the
present study suggested that examination of a great-
er number of cases in future studies may allow for a
stronger argument that vitamin A deficiency is associ-
ated with dysecdysis. Overall, ophthalmic disease in
leopard geckos appears to be multifactorial in nature.
The authors suggest that future studies could perhaps
more accurately characterize the composition of the
ocular discharge and determine an association of the
clinical appearance of the discharge with concurrent
or underlying disease.

Anterior uveitis was an uncommon diagnosis
among the leopard geckos of the present study. Of
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3 leopard geckos with anterior uveitis, 2 had ulcer-
ative keratitis indicating the possibility of a reflex
anterior uveitis. Results of a study® in dogs indicate
that topical anesthesia with proparacaine disrupts pi-
locarpine-induced breakdown of the blood-aqueous
barrier, suggesting a neurally mediated link between
corneal irritation and uveitis. Because a systemic
diagnostic workup was not performed in the third
leopard gecko with anterior uveitis, other underlying
causes of anterior uveitis were not determined. Given
the low number of leopard geckos with uveitis, insuf-
ficient follow-up information was available to make
conclusions regarding treatment efficacy.

The present study had several limitations. First,
the retrospective nature of the study allowed neither
standardization nor quantification of the patients’
dietary vitamin A supplementation nor collection of
tissue samples for measurement of vitamin A con-
centration. A greater understanding of the vitamin
A metabolism of leopard geckos and the normal vi-
tamin A concentrations within tissues (eg, the liver)
and plasma is required before future clinical stud-
ies of the effect of hypovitaminosis A on epithelial-
lined tissues can be performed. Second, because of
the small number of patients from which samples
were obtained for histologic examination, the cause
of ocular discharge and conjunctivitis in all affected
leopard geckos could not be confirmed to be hypovi-
taminosis A. Third, because medical treatments and
recommendations for husbandry changes for affected
geckos were not controlled, their efficacy could not
be determined. At a minimum, for those individuals
with debris covering the ocular surface, it is still rec-
ommended to remove the debris by use of custom
eyelid retractors with vigorous irrigation of the eye or
manual clearance and to provide appropriate topical
ophthalmic antimicrobial treatment if corneal ulcer-
ation is present. Fourth, the study animals’ histories
provided by owners did not include detailed informa-
tion on some of the husbandry variables, such as hu-
midity or temperature. Although attempts were made
to document the means by which humidity and tem-
perature were controlled, actual values could not be
obtained. The maintenance of exotic species is quite
variable, which makes assessment of husbandry de-
tails difficult in a retrospective study. Thus, humidity
and temperature remain possible factors in the devel-
opment of ophthalmic disease in geckos.

The results of the present study indicated that
ophthalmic disease was a common diagnosis for
leopard geckos evaluated at a veterinary teaching
hospital over a nearly 29-year period. Most affected
leopard geckos had ocular surface disease, and intra-
ocular disease was rare. The causes of ophthalmic
disease in leopard geckos appeared to be multifacto-
rial; some husbandry variables were significantly as-
sociated with the presence of ophthalmic disease. Of
these, vitamin A supplementation was of particular
interest on the basis of the statistical association with
ophthalmic disease and the histopathologic findings.

However, at this time, recommendations cannot be
made regarding specific amounts or types of vitamin
A supplementation for leopard geckos until further
studies have been performed to understand the nor-
mal metabolism and reference ranges of plasma and
tissue vitamin A concentrations in this species. Treat-
ment of leopard geckos with severe, tenacious ocu-
lar discharge is recommended to improve vision and
allow for proper penetration of topical medications
when corneal or conjunctival disease is present.
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Footnotes

Carnivore Care, Oxbow Animal Health, Murdock, Neb.
Chick Starter, MannaPro Products LCC, Chesterfield, Mo.
Bug Burger, Repashy Ventures Inc, San Marcos, Calif.
Calcium Plus, Repashy Ventures Inc, San Marcos, Calif.
Reptivite, Zoo Med Laboratory Inc, San Luis Obispo, Calif.
USDA Food Composition Databases [database online] (search term:
raw carrots). Beltsville, Md: USDA Agricultural Research Service,
2017. Available at: ndb.nal.usda.gov/ndb/. Accessed Jun 16, 2017.
Fluker’s Orange Cubes Complete Cricket Diet, Fluker’s Farms,
Port Allen, La.

Fluker’s Calcium without vitamin D, Fluker’s Farms, Port Allen, La.
Herptivite, Rep-Cal Research Labs, Los Gatos, Calif.

Leopard Gecko Dust, T-Rex, San Diego, Calif.

Miner-All, Sticky Tongue Farms, Sun City, Calif.

Stata/IC 13.1, StatCorp LP, College Station, Tex.
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