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POLOXAMER GEL FOR CORNEAL ULCERS IN SEA LIONS

Abstract

Objective: Corneal ulcers are commonly encountered in pinnipeds. Prolonged oral antibiotics
andtopical ophthalmic solutionsmay not be practical to administer, and novel treatment
techniques.are/desired. Thermodynamic gels are a potential solution becausé&lthey ho
antimicrobialsat'the site of injectiorslowly releasing drugrhis study investigated the clinical
efficacy ofantibioticimpregnated poloxamer gel in management of corneal ulceration.

Animal studied: Twenty-six California sea lions undergoing rehabilitation at The Marine
Mammal @nter.

ProceduresA poloxamer gel mixed with 2% enrofloxacin wasbconjunctivally injecteth the
treatment groupControl animals received oral doxycycli@/stemic antinflammatories and
analgesics were administered as needed. Corneal examinations under general anesthesia were
repeated weekly, and included sampling for bacterial culture and corneal cytologgti@olof
high qualityseerneal images, atréatment administration until the ulcers were healed.

Results: Thereswas no gross histdogic evidence of a localized tissue reaction to the gel
administration in the conjunctiva, and no ende of systemic reaction tieerapy in animalthat
died due.totnrelated causes during the study period \nkl&nimals that experienced a
superficial corneal ulcer involving only epithelium or supéafistroma (r12) all lesions

resolved completely, in both treatmemtd control groups. Of those animals with deeper or more
complex uleers,involvinggeratomalaciar desemetoceles &15), four demonstrateztbmplete
lesionresolution(all four received gel treatment

Conclusions. This study demonstrates that subconjunctival antibiotic poloxamer gel
administration is a safe and effective alternative therapeutic option to traditional tredoments

superficial.corneal ulceratian pinnipeds.

K eywor ds..California sea bn, corneal ulcemarine mammalpoloxamer gel, subconjunctival

injection, Zalophus californianus
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I ntroduction

Corneal uleersrar@ common medical presentation for both free-ranging and managed pinnipeds.
[1-4] Prolenged oral antibiotiadministration may be undeasinie to treat this localized issuas
someoral.antibiotics doot penetratéhe corneaand others require high dosage to observe
significant therapeutic efficacys] Topical ophthalmic solutions may not peacticalin ca®s of
severe blepharospasm or for managed animals not accustomed to topical medicatign deliver
and because“their application requires typically requires additional neéséyge drops may not

be practicakduring periods of high inpatient volume in réitation settings. Novel techniques

to treat carneal ulcers are desired.

Poloxamer.gels are therameversible carriers, existing in a fluid state when refrigerated, and
changing into.a solid gel state at body terapge [6] These gels are in widespread use in the
human medical field in a variety of settings, including ophthalmiccandiovasculause using
both topicaland intravenous routfs.9] Poloxamer gels have been combined with a variety of
drugs, and provide prolonged drug plasma concentrations when compared with solo drug
therapy[10-14] Trials suggest that when combined with antibiotic therapies, poloxamer gels
hold the antibiotic at the site, releasing the drug slojii-18]
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POLOXAMER GEL FOR CORNEAL ULCERS IN SEA LIONS

The purpose of this study was to evaluate the effect of an antibiotic-impregnatedrsylgeh
on the treatment of corneal ulcers in California sea lidakophus californianus). We
hypothesizedhat corneal ulcers treated with antibieitigpregnated gehjected into the
conjunctivagwould haveore rapicclinical resolutiorthan ulcers treated with systemic
antibiotics ‘alongand wouldcheal without local or systemadverse reactions.

M aterialsand"Methods

California seaslion$CSLs)with active corneal ulcersindergoing rehabilitation at The Marine
Mammal Cente(TMMC) in Sausalito, CAUSA were included in the study. From June 2014 —
September 2015, 286S_s were included in the study (18 in the treatment group 8 control
group. All animals were houseid salivater pools with a serulosed filtration system. Water
quality was. routinely monitored. Animals were randomly assigned to a treatment gribesgea C
for inclusieamgincludechn active corneal ulcer as evidenced bgrscein stain retention, and
lack of discernable abnortitees of the anterior chambée.g. hyphema, hypopyon, anterior lens
luxation).*Eight animals were excluded from the study because they had a coronaahigsdid
not retan fludrescein stainAnesthetic induction was achieved with either injectable drugs or
inhalant anesthesia according to protocols routinely used in pinngretsjbsequently
maintained on isoflurane. [19] An ophthalmic exammsperformed, including evaluation of the
cornea angnterior chamber. If globe rotation occurred secondary to the anesttetic
prevented evaluation of the cornea, a retrobulbar block was employed to improve \tisnadiza
the corneawith 4 mg/kg lidocaine HCI using a twmsint (ventrolateral and vemedial)
transpalpebral injection with a 2f&A, 1 1/2inch needle[20] A sterile swab of the cornea was
collected for.cytology and microbiologkluorescein stain wasibsequentlysed to confirm
active ulcers. High quality images of the cornea were takeach exam, and daily if the cornea
was visibleAll'photographs were evaluateetrospectivelyor corneal ulcer size, depth, type
and severityof.ocular discharge, and severityafrneal edemay individuals (CS, CC, HC)
masked to the treatment gro@md given a corneal grade betweed, With 0 being normal and

9 being severdJicers were categorized as superficial if they involved only epithelium or
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POLOXAMER GEL FOR CORNEAL ULCERS IN SEA LIONS

superficialstroma, and complicated if hévolved deep stroma, Descemet’s membrane, or
perforation of the cornea.

Controlanimals receivedral doxycycline (10ng/kgBID), the standard of care for corneal
ulcersin pinnipedsat TMMC. Doxycycline wasselected for its ability to be secretedéait film,

as well as for its ability to inhibit the matrix metalloproteinases responsible for corneal malacia
and stromal‘less, and to promote corneal re-epithelialization through up-regulatiomwtf gr
factors such"as‘in the T&-family. [21-24] Treatment animals received poloxamer 409 gel
compounded with enrofloxacin at a 2% concentration (Thermaffix Gel, Med SpecRK]

Yorba Linda €A, USA)The antibiotic gelwas administeredia subconjuntival injections of

0.2 ml at each#of two sites the dorsolateral and ventrolateral bulbar conjunctiith a 22

gauge needleg. 1). No treatment animals received doxycycline. Antibiotic choice and dosing
in the gelwas established using tveateria: 1) based on culture and sensitivity results of the
most common microbes retrievedrimanultiple anatomic sites in the TMMC rehabilitation
population;y2)*based on consultation regarding which antibiotics mix best with Tfiermed

taking into'aceount the vehicle, pH, and concentration, as well as previous clinical successes in
companion.animaldoxycycline should not be mixed with the geljtds watersoluble and

will quickly-diffuse out of the gel upon injection (personal communication, Mark Gengal

Systemic ati-inflammatories and analgesics were administered as néztheth groups.
Carprofen{@44ymg/kg PO SID) and tramadoin@/kg PO TID) were administered if
blepharospasm was noted, and sustained release buprenorphine (0.12 mg/kg SQ q72h) was
administered If discomfort was not alleviatdehesthetic exams were repeated weekly, with
culture, cytology, and gel treatment adratered untilthe ulcer was considered healadich
ranged between one and four dogekealed ulcer was defined as an absendkiofescein

stainuptake, although corneal edema and fibrosy havepersised

In cases of'patient mortalitg gross necropsy was performed, and tissues were collected in 10%
neutral buffered formalin for histopathologic evaluatibiicrobiology was performed at TMMC
in fifteen of eighteen treatment animals and four of eight control aniBedserial cultures were

performed by using a swab to inoculate a blood agar platesglentive media), a Machkey
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agar plée (selective for Gramegative bacterjaand a Columbia CNA agar pa(selective for
Gramypositive bacterip Plates wes incubated for 24 hours anbeckedor bacterial growth. If

no growth occurred at 24 hours, plates were incubated for 24 more PRlades. with bacterial
growth were warked up depending thre organism(s). Gramegative bacteria (enteric and non-
enteric) were.isolated and idengidi with hie use of biochemical and sugar reactions using the
TMMC laberatery flow chart for gramegative bacteria. Grapositive bacteria (primarily
Staphylacoceeus, Streptococcus, andEnterococcus) were isolate@nd identified with the use of
Gram stain,and other reactions sfiedor gram positives using the TMMC laboratory flow
chart for Grarrpositive bacteria. Bacteria were identified at least to the genus, and to the species
if possiblesKirbyBauer testing was pursued on the most dominant bacterial colonies, or on a
bacterial colony of particular pathogenic concern to the CSL cornea, to detamtibietic
sensitivity to enrofloxacin (n=5 in treatment group) or doxycyclineZg incontrol group).

Sensitivity testing was not pursued if the aniatiald prior to completion of the culture.

Statistical Analysis

Confidenee.intervals for mean weight and length of treatment were estiosibg

nonparametric bootstrap, specifically #ajusted bootstrap percentile (BQaterval, with

10,000 replicatins Dependence between treatment and length of treatment, as well as between
treatment'and final corneal status, was assessed using permutation tests. While animals were
visually evaluated daily, confirmed ulcer healing was only assessed during doesthets that
occurred onee‘a week. This limited the ability to statistically assess true healingtirads.the

small sample size, power is low and true differences between treatment and control would need
to be large to be detected in a statistical tsanalyses were performed in the statidtica

software R[25]

RESULTS

Tablel summarizes the characteristics of the animals included in the studpgsesiass,

weight, corneal ulcer characterization) and course of th€tafal treatment days, number of gel
treatments, final corneal status, and final dispositibhg treatmengroup consisted of Bales

This article is protected by copyright. All rights reserved
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184 (27.8%) and 13 females (72.2%), while the control group consisted of 3 males (37.5%) and 5
185 females (62.5%). This gendeistribution issimilar to the sex ratio of totadmitted CSEk per

186  year(1557 total animals45.7% males, 5498 females)Animal ageclassranged from pups (less
187  than one year old) to adults (sexually matufée mean weight for all treatmesatimals was

188  30.5 kg(95%:-confidence interval (CB0.3 — 47.8 while the mean weight for control animals
189  was 41.5 kg (95% CI 22.9 — 72.1). Seven of eighteegrs in the treatment group were

190 classified as'superficial, and five of eight ulcers in the control group elassified as

191 superficial:'Nine of eighteen ulcers in the treatment group and five of eight inl¢kescontrol
192  group were diagnosed atimssion nine of eighteen ulcers in the treatment group and three of
193  eight ulcers inrthe control group developed during rehabilitafiba.mean length of treatment
194  did not significantly differ among groups (treatmantmals:10.4 days (95% CI1 7.7 — 15,3

195 control animals13.3days(95% CI 7.6 — 28.6Approximative TweSample FishePitman

196  Permutation Test, Z29.668, p=0.5h Of the treatmenanmals, tenCSLs had complete ulce

197  resolution'(55.80), four diedwith an active ulcer (229), and fouthad treatment failurand

198 globe perforation (22%). Of the control animals, five had complete ulcer resolution (62.5%),
199 one ended'with an active ulcer (12.5%), and two experienced treatment failuretand gl

200 perforation.(25%)There was no significant difference in final corneal status between treatment
201 and contrelanimals (Approximative General Permutation Independence Test,)pAD.87

202 animals that presented wighsuperficial corneal ulcer (42) experienced compkulcer

203  resolution;.in both treatment and control growadi-inflammatories and analgesics were

204 administeredt@0 animals (n=12, n=8ontrol9. The mean length of treatment with analgesics
205 was 8 dayswFhe length of treatment corresponded to the severity of the lesion, regardless
206 treatrrent group.

207

208  Fig. 2 shows. representative photos of a superficial, uncomplicated colcezathat healed with
209 gel treatmentSeven treatment animaksd superficial ulcers, all of which healed with one gel
210 treatment andin fewer than nine days (mean 6.1, 95% CI 4.1 Fiv&)ontrols had superficial
211 ulcers, which.all resolved in fewer than twelve daysdn 8.8, 95% CI 5.2 — 10.8).

212

213  Fourteertotalanimals (55.6%) had complicated ulcd¥g). 3 shows representative photos of a
214  complicated corneal ulcer with severe malacia that progressed to globe perfohaligon
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receiving gel treatmeniine total animalq33.3%) experienced globeroration (n=4
treatment, n=2 contralA variety of organisms weriltured from the corneal swabs (Tab)e 2
Pseudomonas sp. were the most common bacteria cultured (n=6 treatment, n=2 control),
followed hy alpha-hemolyti&reptococcus sp. (n=6 treatmentpll four treatment animals and
one of two_centrol animals had positive culturesfssudomonas sp. with intermediate

susceptibility to enrofloxacirand severe corneal malacia noted on examination

Thirteenanimals (n=1Qreatmentn=3 control)either died or were euthanized feasons
unrelatedito ophthalmidisease or treatmedtiring the study perigavhile four animals were
euthanizedsordied as a direct result of globe perforation (n=2 treatment, nrft)cont
Malnutrition‘and pneumonia were the most common causes of death (n=8 treatment, n=3
control), and wo treatment animals were euthanized due to persistent seizures secondary to
domoic acid intoxicationThere was no gross or histopathologic evidence of a localized tissue
reaction to.the gel administration in the conjunctiva, and no evidence of gystaction to the
therapy inany-animals. In all cases, histopathology confirmed clinical diagndsaletl or

complicated corneal ulcers.

One juveile'male, GGL-12581 presented with fungal keratitis that progressednueal
perforation Fig. 3). Due to the fungal nature of the infection he wasincluded in the case
series but'was treated with the gel. In addition to enrofloxacin, fluconazolgjas mixed

with poloxamer,gel. Gel was administered for seven weeks (four of which included flaEnaz
Whole blood:was collected at each anesthetic deemfeneration oplateletrich plasma, which
was also applied topically to the cornea. Fluorescein stain uptake was negative atwleekve
recheck, and eight weeks following the initial exaation a small area of focal corneal edema
remained, but with no evidence of blepharospasm or discomfort. The animal was algle to tra

and catch_live fish and was cleared for release into the wild.

Discussion

Corneal ulcers occun both captive and wild pinnipeds, antlile the etiology of the condition
is being investigated in both populations, physical trawmanges in water quality, excessive
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246  sunlight, viralinfectiors, underlying uveitis, and other facttr@ve been attributed to ocular

247  surfacedamage. [3, 26-28h the rehabilitation setting at TMMC, corneal ulcers are most

248  frequently attributed to trauma. CSLs that have ingested domoic acid, a poter@ nenotoxin
249  produced by some diatom species of the g&sasdo-nitzschia, exhibit neurtogic signs such as
250 seizures, ataxia, andma [29] Intoxicated animals often present with superficial abrasions of
251 the corneathought to be secondary to rolling along the beach when neurologically inappropriate.
252  Although a'minority of the total numbef casesn the present studyhédseulcersare an

253 example of an‘ideal clinical use for the poloxamer gel: theigally involvedonly the

254  superficial epithelium with minimal associateokneal edemaHg. 2), did not exhibit growth on
255 aerobic cultureand resolved with a single gel application in all cases when rechecked seven
256  days later.

257

258 Antibiotic therapy alondas variable successnmanaging complicated ulcef80-31] In

259  addition b'topical medications such hgperosmotic solutions and polysatéd

260 glycosaminaglycanssurgical interventions includingebridment, and keratotomy or

261  keratectomy are often indicated for chronic epithelial erosions to reduce healingnhias

262 therapiesssuch as crelgking and tectonic or conjunctival graft placement may be indicated for
263  deeper stromal ulcef82-36]. It is not surprising that eleven of thikeen complicated cases did
264  not resolve with antibiotic treatment alone, particularly in the facePséadomonas aeruginosa
265 infectionwith intermediate sensitivity to enrofloxaain doxycycline (2 treatment, 1 control).
266  Furthermorgevery animal in the study was undergoing rehabilitation for a variety of issues
267 unrelated to:the corneal ulgg@otentially creating immunocompromised conditidNgh the

268  exception of the adults being treated for acute domoiciattigication(n=>5), all animalshad a
269  degree of malnutrition, ranging from mildly underweight to severely emaciated.rProtei

270  depletion,.even.in cases of mild nutritional deficiencies, impairs wound heatingj@avs the

271  recovery process when compared with normally nourished pafi@i38]

272

273  Pseudomonas aer uginosa andStreptococcus spp. were most commonly isolated from the corneal
274  ulcers, with varying sensitivity to enrofloxacin. Historically, corneal wi¢gve not frequently
275 been cultured at TMMC, and initial antibiotic selection was chosen based are caKults from
276  CSLs froma variety of sites, where. coli, Klebsiella spp.,Enterococcus spp. and
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277  Saphyloccocus spp. the most commonly isolated bacteria [B8lsed on these results and the
278 ease and availability of compounding, enrofloxacin appeared to be an appropriate broad-
279  spectrum antibiotic of choice to use for the study. Based on the common isolatésigretudy,
280 other antibiotic choices such as newer fluoroquinolones may be more appropriate in some cases.
281 Because the.poloxamer gel can be mixed with a variety of antibids, an appropriate course
282  of action would'be to tailor antibiotic therapy to individual culture and sensitastyits.

283

284  There was onanimal in whichthe poloxamer gel was utilized as part of a multidal therapy
285 to treat a complicated ulceESL-12581presentedvith complicatedmalacic ulcershat

286  progressed t@orneal perforationTopical plateletrich plasmaand subconjunctival injectiortd
287  gel mixed with7antibiotic and antifungal medicatiansre appliedver the course of seven

288  weeks. After29 days of treatmeritie ulcers were considered resolved, and corneal edema
289  continued to clear through the date of her release eight weeks after admission. This case is an
290 example of antnicrobiatimpregnated gel as part of intensive management of complicated
291 corneal ulgers:

292

293  Thirteenanimals died or were euthanized due to causes unrelated oplitealmic disease
294  primarily.due to malnutrition and pneumonia, or domoic acid intoxicafiera result, these

295  corneal ulcers could not be followed to their potential resolution, therefore redbeitajal

296 number of healed ulcers inglstudy. Complete gross necropsy and oculaolbigy on each case
297  showed that'there was no evidence of a local or sys&rndence of toxicity or conjunctival
298 inflammationsin either the gel or control group. Histopathology was also able toncdihét

299 seven of the ulcers had resolved. Blepharospasm was a common clinical finding in both
300 treatment.and control animaknd lack of gross or histologic evidence of inflammation in the
301 conjunctiva.suggestthat the blepharospasm was due to the ulcer itself, and not the gel.
302

303 Itis important'to note that fifteen of the animals (55%) had ulcers that were noted on admission,
304 meaning thatithe date of initial insult was unknown. While daily photographs werdembllec
305 when possible,ramals were also only evaluated under anesthesia once wiridthe actual
306 date of resolution was unknown, ands estimated to the closest 7 daysese two facts make it
307 difficult to compare thexacthealing times of treatment groups. Upon receiving treatniese t
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wasno statisticatlifferencebetween treatmerand control grop mean healing timebpwever,
a larger sample size and more precise measurement of healing time is needed to accurately

compareantibiotic poloxamer gel therapy oral doxycycline administration.

This study incorporated a small sample size, which is common in studiesngsing mammals,

but reduces the ability to evaluate the results in a statistically robust manner. There was also no
control everother systemic medications being used, other than antibiotics, because the animals
had other‘issues that warranted therapy during their rehabilitation. While the stsidgsigned

to eliminate any drugs with known interactions with either doxycycline or enrofloxbei, is

a possibility that medication interactions occurred. The pharmacokinetics of potck@rmand

several drugs has been investigated in a variety of species and suggest an increlifseanioalf
prolonged plasma concentrations. [10, 12, 15-16] Unfortunately, the pharmacokinetics have not
been studied in marine mammals, and therefore this study ad@monstrate the duration of

drug retentionn the tissue. However, despite these limitations, the gel demonstrated similar

healing outecomes for superficial ulcers compared to the current standard of care.

Antimicrobiatimpregnated poloxamer gels may be used in a variety of situaltitasnanaged
care setting; subconjumeal injections may be helpful for intractable pinnipeds, or in cases of
severe blepharospasm where eye drops areussfal treatment modality. Poloxamer gel
treatmentiolds particular promesin the event of an oil spilas gtroleum contains substances
such as hydrogen sulfide that are extremely irritating to thdegging tosevere conjunctivitis
corneal erosions and ulcers. [40] Traditional treatments, including prolonged doadtanti
therapy and administration of egeops multiple times per day, is often not feasible in wild
animals undergoing rehabilitation. Targeted administration afn@rbbialtherapy for focal
bacterialor.fungal infections could revolutionize the treatmaintorneal ulcerations in wildlife
by potentially reducing the number s¥dative or anesthetic procedures a single patient
experiences; by decreasing stress to the animals amadlbgimg the risk to both animal care

personnel and.the stress to the atgraasociated witllaily handling.

In total, 27 Californa sea lionsvith corneal ulcersvere treatedh this investigationAll 12
animals that had a superficial ulcer experienced complete resollikiere was no gross,
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histdogic, or systemic reaction to the poloxamer gel. Subconjunctival antibiotic pologatser
provedsafe andvere equallyeffectiveas the standard of catfegerapeutic option for treating
superficial corneal ulceration in California sea §oAs healing wa clinically equivalent
between the two therapies, antibiotic poloxamer gel can be used as a substaduia f
combination.with doxycyclinelThe poloxamer gethould not be used alone for complicated,
deep stromalpr/melting ulcersbut shavs promise as part of a multimodal treatment regimen
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TABLES

Table 1. California sea lions with active corneal ulcers treated wittoejunctival poloxamer

gel (treatment) or oral doxycycline (control).

Table 2 Aerobic wlture and sensitivity results for corneal swabs of California sea lions with
active corpeal ulcer©nly initial culture is noted, although culture was repeatettér was not
resolved at.recheck exam. KidBauer testingvas performed for most abundant bacterial
colonies on.the aerobic culture, or if a particular pathogen of concern was notedvigensiti
testing wassnot performed if the animal died prior to completion of the culture (notezhas

run’).
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FIGURES

Figure 1. Subconjunctival injection of poloxamer gel in the bulbar cotipa of a California

sea lion (a) andithe bleb that forms following injection (b

Figure 2. Representative photographa stiperficial, uncomplicated corneal ulcer at initial
exam (a) and-at recheck 7 days later (b). Note large, supeufazalwith large lip that takes up
fluoresceinsstain (a). No evidence of corneal edema, defect, or fluoresaempséke at 7 days,

when ulcerwas considered resolved (BS[-12677]

Figure 3. Representative photograpi a complicated, malacic corneal ulcer that progressed to
descemetocele and eventual globe perforation. Note sloughing, necrotic strokarioiag at
initial exam(@)Marked corneal edema and malacia present at-thee& recheck examination
(b). Nae thelarge area of white blood cell infiltrates surrounded by blood and fibrin (white
arrow) at fourweek recheck examination (c). At five weeks (d), multiple bullae are present
(arrow heads), which progressed to corneal perforation three days@&ei1 1623]

Figure 4. Case/progression for CSL-1258ith corneal trauma thatrpgressed to fungal

keratitis. Nete"duringnitial examination (ajhree ulcers of approximately 50% stromal depth

(white arrows), including an area of marked cellular infiltrates temporally. At-theek

recheck examination (b) the temporal ulcer has perforated (black arrow) and the two other ulcers
are 9095% stromal depth. At fivereek recheck (c) corneal edema has partially cleared,

allowing visualization of cataractous lefifiere is no fluorescein stain uptake on any part of the
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555 cornea at this point, and the ulcers are considered healed. Eight weeks followahg init
556 examination (d) a small area of focal edema remains, but with no evidence of Idppkar@r

557  discomfort.
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Healed
Active ulcer
Active ulcer
Perforation
Perforation
Perforation
Healed
Healed
Active ulcer
Perforation
Healed
Healed
Healed
Healed
Healed
Healed
Active ulcer

Healed

Released
Euthanized
Released
Euthanized
Died

Died
Euthanized
Died

Died
Euthanized
Euthanized
Euthanized
Released
Released
Released
Euthanized
Euthanized

Released

Yes
No
No
No
Yes
Yes
Yes
No
No
No
Yes
No
No
No
Yes
Yes
Yes

Yes



CSL-11213 Control F Yearling  Complicated 9 47 N/A  Perforation  Euthanized Yes
CSL-11220 Control F Adult Superficial 6 10 N/A Healed Euthanized Yes
CSL-11225__ Control F Adult Superficial 6 12 N/A Healed Released Yes
CSL-11230="Control F Subadult  Superficial 6 4 N/A Healed Released No
CSL-11266..__Control M  Yearling  Superficial 6 6 N/A Healed Died No
CSL-11862 Control M  Pup Complicated 8 7 N/A Active ulcer Died No
CSL-12080/ Control M  Pup Complicated 9 8 N/A Perforation Died Yes
CSL-12105"<Control F Pup Superficial 3 12 N/A Healed Released Yes

Table 1. €alifornia sea lions with active corneal ulcers treated with subconjunctival poloxamer gel (treatment) or oral doxycycline

(contral).
M = Male

F = Female

Tx = Treatment
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CSL-11213 Control

CSL-1144] Ca

CSL-1156
m

CSL-1161

se
e
CSL-1162 e
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CSL-11§ase

CSL-11685),...Case

CSL-1169 se

Q

CSL-1172 Case

4

{

CSL-1186 ntrol

U

CSL-12 Case

A

Citrobacter amalonaticus
Enterococccus sp.
Enterococcus faecalis
Corynebacterium sp.
Proteus sp.

Escherichia coli
Streptococcus sp. (alpha
hemolytic)

Diptheroids
Staphylococcus sp.
Citrobacter amalonaticus
Staphylococcus sp.

Pseudomonas aeruginosa

Streptococcus sp. (non-hemolytic)

Klebsiella sp.
Pseudomonas aeruginosa
Enterococcus sp.
Pseudomonas aeruginosa
Staphylococcus sp.
Enterococccus sp.
Pseudomonas sp.
Staphylococcus sp.
Pseudomonas aeruginosa
Diptheroids
Arcanobacterium phocae
Streptococcus sp. (alpha
hemolytic)

Pseudomonas aeruginosa

Escherichia coli
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None run

Susceptible

None run

None run

Intermediate
Resistant
Susceptible
None run
None run

Intermediate

Susceptible

None run



CSL-12080 Control Pseudomonas aeruginosa Intermediate

Staphylococcus sp. -
CSL-12099 Case Pseudomonas aeruginosa None run
CSL-12105 Control Diptheroids None run
CSL-12119 Gase Moraxella lacunata None run

Psychrobacter phenylpyruvicus -
CSL-12314 Case Non-enteric gram negative rod None run

Streptococcus sp. (alpha

hemolytic) -
CSL-12581 Case Non-enteric gram negative rod None run

Yeast -
CSL-12644 Case Non-enteric gram negative rod None run

Streptococcus virudans -

CSL-12677 Case Psychrobacter phenylpyruvicus Susceptible
Streptococcus sp. (alpha
hemolytic) Intermediate

CSL-12698 Case Psychrobacter phenylpyruvicus Susceptible

Table 2. Aerobie culture and sensitivity resultsfor corneal swabs of California sea lions

with active eorneal ulcers. Only initial culture is noted, although culture was repeated if ulcer
was not resolved at recheck exam. Kirby-Bauer testing was performed for most abundant
bacterial colonies on the aerobic culture, or if a particular pathogen of concern was noted.
Sensitivity.testing was not performed if the animal died prior to completion of the culture (noted

as ‘none run’)s
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