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Clinical and Antiviral Efficacy of an Ophthalmic
Formulation of Dexamethasone Povidone-Iodine in a
Rabbit Model of Adenoviral Keratoconjunctivitis

Christian Clement," Joseph A. Capriotti,>> Manish Kumar,” Jeffery A. Hobden,’
Timothy P. Foster,” Partha S. Bbattacharjee,"® Hilary W. Thompson,"”5?°
Rashed Mabmud,' Bo Liang,® and James M. Hill">°

Purrose. To determine the efficacy of a new formulation of
topical dexamethasone 0.1%/povidone-iodine 0.4% (FST-100)
in reducing clinical symptoms and infectious viral titers in a
rabbit model of adenoviral keratoconjunctivitis.

MEeTHODS. Rabbit corneas were inoculated bilaterally with 2 X
10° plaque-forming-units (PFU) of adenovirus type 5 (Ad5)
after corneal scarification. Animals were randomized 1:1:1:1
(five rabbits per group) to FST-100, 0.5% cidofovir, tobramy-
cin/dexamethasone (Tobradex; Alcon Laboratories, Fort
Worth, TX) ophthalmic suspension, and balanced salt solution
(BSS; Alcon Laboratories). Treatment began 12 hours after viral
inoculation and continued for 7 consecutive days. The eyes
were clinically scored daily for scleral inflammation (injection),
ocular neovascularization, eyelid inflammation (redness), fria-
bility of vasculature, inflammatory discharge (pus), and epi-
phora (excessive tearing). Eye swabs were collected daily be-
fore treatment for the duration of the study. Virus was eluted
from the swabs and PFU determined by titration on human
A549 cells, according to standard procedures.

Resurts. The FST-100 treatment resulted in significantly lower
clinical scores (P < 0.05) than did the other treatments. The
0.5% cidofovir exhibited the most ocular toxicity compared
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with FST-100, tobramycin/dexamethasone, and balanced salt
solution treatments. FST-100 and 0.5% cidofovir significantly
(P < 0.05) reduced viral titers compared with tobramycin/
dexamethasone or balanced salt solution.

Concrusions. FST-100 was the most efficacious in minimizing the
clinical symptoms of adenovirus infection in rabbit eyes. FST-100
and 0.5% cidofovir were both equally effective in reducing viral
titers and decreasing the duration of viral shedding. By providing
symptomatic relief in addition to reducing infectious virus titers,
FST-100 should be a valuable addition to treatment of epidemic
adenoviral keratoconjunctivitis. (Invest Ophthalmol Vis Sci. 2011;
52:339-344) DOIL:10.1167/i0vs.10-5944

A new efficacious antiviral therapy with a favorable therapeu-
tic index is needed for acute infections caused by human
adenovirus (Ad5). Ad5 is a moderately large (~90 nm in diame-
ter), very stable, double-stranded DNA virus. The Ad5 family
comprises at least 51 serotypes, subdivided into A to F species."
Although infections are typically self-limiting, adenoviruses are
extraordinarily infectious and are associated with community and
nosocomial epidemics, especially conjunctivitis, in the United
States and worldwide.? * Ad5 infections often lead to visual dam-
age. Such outbreaks can be costly because of lost productivity;
severe epidemics have necessitated the closing of facilities such as
hospitals, schools, and nurseries.” Epidemic adenoviral keratocon-
junctivitis (EKC) typically is a self-limiting disease that resolves in
approximately 2 weeks. However, given the disproportionate
morbidity and potential economic impact associated with an
outbreak of EKC, a therapeutic agent that reduces clinical symp-
toms of EKC and minimizes shedding of infectious virus would be
desirable. Currently, no specific antiadenoviral drug is available
for the treatment of ocular adenoviral infection. Although numer-
ous therapeutic agents have been assessed for adenoviral kerato-
conjunctivitis, none of the candidate drugs has been approved for
the treatment of adenoviral eye disease by the U.S. Food and Drug
Administration (FDA).®~® However, the clinical trials websites for
Alcon Research® and Foresight Biotherapeutics® note ongoing
clinical trials for ocular antiadenoviral agents.

Various antiviral agents effective against DNA viruses have
been evaluated as treatments for EKC.'®'" Many reports doc-
ument the inhibition of Ad5 replication in vitro by cidofo-
vir”'#13 and another similar drug, the anti-HIV nucleoside
reverse transcriptase inhibitor (NRTID) zalcitabine, or 2',3'-
dideoxycytidine (ddC).'*'> Cidofovir has shown some limited
efficacy in clinical trials, as indicated by a lower frequency of
severe corneal opacities in individuals with adenoviral kerato-
conjunctivitis, although dose-dependent toxicity has been ob-
served.'® Cidofovir has also shown success in the treatment of
Ad5 eye infection in the New Zealand White (NZW) rabbit
ocular model.'” Two anti-HIV NRTIs, ddC and stavudine (Zerit,
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or d4T; Bristol-Meyers Squibb, New York, NY), showed signif-
icant antiadenoviral activity in vitro.'® The FDA has approved
ddC for the treatment of HIV (Hivid; Roche Laboratories, Indi-
anapolis, IN), but Roche discontinued the production and
distribution of ddC in December 20006. A recent study evalu-
ated ddC+cidofovir as a standard against a panel of ocular
adenovirus serotypes and in a rabbit Ad5 replication ocular
model and demonstrated potent antiadenovirus activity in vitro
and in vivo."® A recent study of the adverse effects of the
potential antiadenoviral agent cidofovir and the anti-HIV agents
ddC and d4T in uninfected eyes and ocular adnexa of healthy
female Japanese albino rabbits reported some toxicity associ-
ated mainly with cidofovir.?® In a separate study, ddC was
more cytotoxic than cidofovir."® Thus, the toxicity in these
animal studies reduces the suitability of either cidofovir or ddC
for use as an ocular therapeutic agent for EKC in humans.

Case studies on the nucleoside analogue ribavirin for sys-
temic adenoviral infection have yielded inconsistent re-
sults,?"?? because among species A to F, only C serotypes are
sensitive to ribavirin in vitro.>?

Current approaches to treatment of EKC include the use of
artificial tears and cold compresses to reduce patient discom-
fort and topical regimens including antibiotics and steroids
with varied outcomes.?* A small, prospective, open-label, sin-
gle-armed clinical trial of dexamethasone 0.1%/povidone-io-
dine 0.4% (FST-100) administration in humans with symptoms
of acute conjunctivitis who tested positive for adenoviral anti-
gen was therapeutically successful.?® This proprietary mixture
containing a steroid and antiseptic is promising as a suitable
therapeutic agent for the treatment of EKC. Dexamethasone is a
potent, well-tolerated steroid®?” that has been used extensively
as a topical ophthalmic agent alone and in combination regi-
mens.>>*®73° Povidone-iodine is an antiseptic extensively used in
preparation for general surgery, ophthalmic purposes, and labo-
ratory disinfection.>'~3” Dilute povidone-odine solutions inhibit
numerous viruses, bacteria, fungi, and some other parasites.>®>°
Jiang et al.* have reported the safety and feasibility of the use of
0.5% or 1.0% concentrations of povidone-odine on the rabbit
cornea by administration through conjunctival sac instillation for
preoperative antisepsis. In this study, FST-100 was compared for
its therapeutic efficacy against 0.5% cidofovir with two controls,
tobramycin/dexamethasone (Tobradex; Alcon Laboratories, Fort
Worth, TX) and balanced salt solution (BSS; Alcon Laboratories),
in a rabbit model of adenoviral keratoconjunctivitis.

TABLE 1. Criteria for Scoring Ocular Disease
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MATERIALS AND METHODS

Rabbits, Virus, and Infection

All animal procedures adhered to the ARVO Statement for the Use of
Animals in Ophthalmic and Vision Research and the NIH Principles of
Laboratory Animal Care, using a protocol approved by the LSU Health
Sciences Center Institutional Animal Care and Use Committee. Corneas
of 20 NZW rabbits (6-8 1b) were scarified with a 3 X 3 cross-hatch
pattern scratch (topical anesthesia of proparacaine hydrochloride oph-
thalmic solution USP 0.5% was administered; Bausch & Lomb Inc.,
Tampa, FL), and then the corneas were inoculated with the Ad5 strain
(kindly donated by Eric Romanowski [Charles T. Campbell Ophthalmic
Microbiology Laboratory, University of Pittsburgh School of Medicine,
Pittsburgh, PA]) at 2 X 10° PFU/eye. The animals were then randomly
assigned to one of four treatment groups (five rabbits/group): FST-100;
0.5% cidofovir; 0.3% tobramycin/0.1% dexamethasone (Tobradex; Al-
con Laboratories); or balanced salt solution (BSS; Alcon Laboratories).

A slit lamp examination was performed daily before drug treat-
ment. Treatments consisted of 50-uL drops/eye applied according to
the following schedules: FST-100 (four times a day, every 3 hours),
0.5% cidofovir (two times a day, every 9 hours), 0.3% tobramycin/0.1%
dexamethasone (four times a day, every 3 hours), or balanced salt
solution (four times a day, every 3 hours). The drug solutions for the
topical applications were stored in brown sterile glass bottles and
separately dispensed with disposable pipettes.

Infectious Virus Titers

Tears were collected daily from the eyes under the eyelids and nictitating
membranes of each rabbit with a cotton swab, starting 3 hours after
infection; subsequently, the swabs were taken daily in the early morning
before administration of drugs over a 10-day period. Drug treatment began
12 hours after viral inoculation and continued for 24, 48, 72, 96, 120, 144,
and 168 hours. Virus was eluted from the swabs with RPMI 1640 medium
(1 mL; 1X, without 1-glutamine; Cellgro; Mediatech Inc., Manassas, VA)
and kept at —80°C overnight or until ready for use. Volumes of 200 uL of
10-fold serial dilutions of original eluate/swab were plated in triplicate to
individual wells of a 24-well plate containing subconfluent A549 cells and
allowed to incubate for 1 hour. Subsequently, excess media were de-
canted and an overlay of RPMI 1640 containing 0.5% methylcellulose was
added to each well. Plates were incubated at 37°C and 5% CO, for 3 days,
after which monolayers were fixed with 10% formaldehyde, washed, and
stained with crystal violet (Hucker’s modified solution diluted 1:10 with
20% ethanol and 80% H,0), and the plaques were counted.

Clinical Score
Ocular Parameters (Measure) 0 +1 +2 +3

Eyelid inflammation Absent Mild Moderate Severe

Scleral inflammation Absent Mild Moderate Severe

Ocular neovascularization (% vascularized) 0 =25% 26%-74% =75%

Friability of vasculature Absent Reddish tinge on swab ~50% of swab red >50% of swab red
Inflammatory discharge Absent Slight Moderate Profuse

Epiphora Absent Mild Moderate Severe

Clinical symptoms were scored by two independent observers using the scoring system described in Supplementary Table S1, http://
www.iovs.org/lookup/suppl/doi:10.1167/iovs.10-5944/-/DCSupplemental. The six parameters listed were assessed. Each parameter was scored 0
(no disease) to +3 (maximum disease), and the sum of all six parameters represented the degree of clinical symptoms after infection and treatment.
Thus, a normal, uninfected eye would have a score of 0 and an eye with the most severe disease would have a score of 18. Inflammation of the eyelids
and sclera was assessed by jointly grading injection (mild [+ 1], reddish tinge, to severe [+3], bright red) and chemosis (mild [+1], localized swelling,
to severe [+3], grossly edematous). Corneal neovascularization was determined by the percentage of corneal surface area affected by in growth of blood
vessels. The friability of ocular vasculature was determined by physical examination under and around the inside of the nictitating membrane and lower
eyelid for bleeding and dabbing the ocular surface with a cotton swab. A reddish tinge on the swab was assigned a +1 whereas a +3 was represented
by blood staining greater than 50% of the swab’s surface. Inflammatory discharge (i.e., pus) was graded as follows: +1, discharge localized to medial
canthus; +2, discharge collecting along the lid margin; and +3, profuse discharge matting fur around the eyes (and pseudomembranes). Epiphora (i.e.,
tearing) was graded as follows: +1, tears pooling at lower lid margin; +2, tears flowing over lower lid and staining eyelid; +3, tears staining upper and
lower lids with extension below the eye socket (pseudomembranes).
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Slit Lamp Examination and Scoring of Six
Clinical Parameters

After corneal Ad5 infection, the eyes were monitored daily in the early
morning by two independent observers with a slit lamp microscope
(Eye Cap; Haag-Streit International, Mason, OH) before administration
of the drugs in a masked fashion. The severity of adenoviral kerato-
conjunctivitis was assessed by scoring six clinical parameters: scleral
inflammation (injection), ocular neovascularization, eyelid inflamma-
tion (redness), friability of vasculature, inflammatory discharge (pus),
and epiphora (excessive tearing). The clinical scoring was based on a
weighted scale (Table 1), using the scoring system described in detail
in Supplementary Table S1, http://www.iovs.org/lookup/suppl/doi:
10.1167/i0vs.10-5944/-/DCSupplemental. Clinical scores were re-
corded at 3, 24, 48, 72, 96, 120, 144, 168, 192, and 240 hours after
infection. The mean * SEM clinical score was calculated from the daily
cumulative of the six clinical parameters as independent events, to
evaluate improvement of the rabbit eyes (Fig. 1). In addition, the
cumulative score values of the six clinical parameters in each drug
treatment group were weighted vertically to provide a method of
comparison (Supplementary Table S2, http://www.iovs.org/lookup/
suppl/doi:10.1167/iovs.10-5944/-/DCSupplemental).

Statistical Analysis

The analysis of the various clinical scores was undertaken by use of the
generalized estimating equation (GEE) approach.! The experimental
design provided repeated observations over time from each rabbit
assigned to each treatment. This design is expected to provide data
correlated within subjects. In addition, the nature of the ordinal scores
used as variables is not expected to be normally distributed, because of
the truncated range of values observed.

In such cases in which the normality assumption likely does not
hold, different methodology must be used in the data analysis when the
responses are discrete and correlated. GEEs provide a practical method
with reasonable statistical efficiency to analyze such data.’ With the
GEE, each score was analyzed separately, a multinomial distribution of
the scores was assumed, and a cumulative logit link function was
applied. Pair-wise comparisons of mean treatment scores were con-
ducted by using a set of contrasts with vectors constructed to test
hypotheses on the comparisons of the control score values with the
other treatments (three comparisons in the case of each score).
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FIGURE 1. Line graph showing mean * SEM ocular clinical scores of
Ad5-infected rabbit eyes treated with FST-100, cidofovir, balanced salt
solution (BSS; Alcon Laboratories), or 0.3% tobramycin/0.1% dexa-
methasone (Tobradex; Alcon Laboratories) over time. The mean *
SEM ocular clinical score is calculated from the daily cumulative of the
six clinical parameters (scleral inflammation [injection], ocular neovas-
cularization, eyelid inflammation [redness], friability of vasculature,
inflammatory discharge [pus], and epiphora [excessive tearing]) per
rabbit eye, indicating that a normal, uninfected eye would have a score
of 0 and an eye with the most severe disease would have a score of 18.
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TABLE 2. Comparison of Drug Treatment Scores

A. Control versus Treatments

Ocular Parameters BSS vs. BSS vs. BSS vs.
(Measure) FST-100 Cidofovir Tobradex

Scleral inflammation 0.0085 0.0008 0.4809
Ocular neovascularization 0.0085 0.0003 0.6199
Friability of vasculature 0.0130 0.0299 0.2544
Inflammatory discharge 0.0307 0.1048 0.0573
Eyelid inflammation <0.0001 0.1440 0.2611
Epiphora <0.0001 <0.0001 0.1125

B. FST-100 versus Control and the Other Two Treatments

Ocular Parameters FST-100 FST-100 vs. FST-100 vs.

(Measure) vs. BSS Cidofovir Tobradex
Scleral inflammation 0.0085 <0.0001 0.0262
Ocular neovascularization 0.0085 <0.0001 0.1737
Friability of vasculature 0.0130 <0.0001 <0.0001
Inflammatory discharge 0.0307 0.0054 0.5658
Eyelid inflammation <0.0001 <0.0001 0.0236
Epiphora <0.0001 <0.0001 0.0713

BSS: Alcon Laboratories, Fort Worth, TX; Tobradex: Alcon Labo-
ratories.

Table 2A gives the P-values obtained for the comparison of bal-
anced salt solution to the other three groups. Table 2B demonstrates
the P-values obtained for the comparison of FST-100 to the other three
groups. The a level 0.05 was taken as a decision threshold for statistical
significance in all hypothesis tests (SAS; SAS Institute, Cary, NOC).

The two line graphs of mean *= SEM clinical scores (Fig. 1) and
mean *= SEM PFUs (Fig. 2) are used to indicate the daily progression of
clinical symptoms and reduction of viral activity. In Figure 1, the
mean *= SEM ocular clinical score was calculated from the daily cumu-
lative of the six clinical parameters (scleral inflammation [injection],
ocular neovascularization, eyelid inflammation [redness], friability of
vasculature, inflammatory discharge [pus], and epiphora [excessive
tearing]) per rabbit eye, indicating that a normal, uninfected eye would
have a score of 0 and an eye with the most severe disease would have
a score of 18 (Fig. 2, mean *= SEM). PFUs were calculated from the
number of plaques determined from the daily swabbing of tears over a
10-day period in each treatment group, and the significance of the data
was verified by statistical analysis.*?

3,500 — FST100
— Cidofovir
_ 3,000 — BSS
e — Tobradex
=
X 2500
5
& 2000
=
B 1500
+
S 1,000
(]
=
500
0
3 24 48 72 9% 120 144 168 192 216 240
’Drug treatment stopped
Hours Post Infection
FIGURE 2. Line graph showing mean * SEM PFU reduction by FST-100,

cidofovir, balanced salt solution (BSS; Alcon Laboratories), and 0.3% to-
bramycin/0.1% dexamethasone (Tobradex; Alcon Laboratories). When
the SEM error bars are not visible, they are too small to be seen. Swabs
from infected eyes were eluted and 200 L of 10-fold serial dilutions of the
original eluate/swab plated on near-confluent A549 cells with methylcel-
lulose overlay. Fixed cells were stained with Hucker’s modified crystal
violet solution after 3 days and the plaques counted.
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FIGure 3. (D) Image of FST-100 -treated Ad5-infected NZW rabbit eyes
at postinfection day 7 (168 hours). JA) Intact cornea; (IB) no promi-
nent blood vessels on cornea; (IC) upper eyelid with no inflammation;
D) lower eyelid with no inflammation; (IE) lower eyelid with no
inflammation horizontal to the clearly visible cross-hatch virus inocu-
lation scratch (arrow) and (IF) no active blood vessel formation on the
cornea. (II) Image of 0.5% cidofovir-treated Ad5-infected NZW rabbit
eyes at postinfection day 7 (168 hours). (IIA) Intact cornea with
inflammation and injection; (IIB) upper eyelid inflammation, injection
with friable neovascularization; (IIC) upper eyelid inflammation with
subconjunctival heme (arrow); (IID) neovascularization with active
blood vessels (appearing to protrude from the limbus) forming on the
cornea; (IIE) prominent blood vessels (not appearing to protrude from
limbus, arrows) spreading onto the cornea; (IIF) network of blood
vessels developing on the cornea. (III) Image of balanced salt solution-
treated Ad5-infected NZW rabbit eyes at postinfection day 7 (168
hours). (IIMA) Intact cornea; (IIIB) discharge and exudates on the
cornea (arrowbead); (IMIC) lower eyelid inflammation, injection with
friable neovascularization; (IIID) upper eyelid inflammation, injection
with friable neovascularization; (IIIE) active blood vessel network on
the eyelid margins and prominent blood vessel (arrow) close to the
caruncle of the eye; (IIIF) meshwork of small blood vessels on the
cornea. (IV) Image of 0.3% tobramycin/0.1% dexamethasone-treated
Ad5-infected NZW rabbit eyes at postinfection day 7 (168 hours).
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RESULTS

Clinical Improvement in FST-100-Treated
Ad5-Infected Eyes

The FST-100 treatment group had the lowest scores from the
daily cumulative of the six clinical parameters calculated as
independent events to evaluate improvement to the rabbit eyes
(Fig. 1). Moreover, FST-100 was the most efficacious therapeu-
tic agent in the treatment of the Ad5 ocular infection. FST-100
significantly reduced the debilitating effects of the adenoviral
symptomatic clinical parameters: scleral inflammation (injec-
tion), ocular neovascularization, eyelid inflammation (redness),
friability of vasculature, inflammatory discharge, and epiphora
(Fig. 1). Evaluation of cumulative clinical parameters indicated
that FST-100 had the lowest clinical indices with a relative
difference index set at 100% (Supplementary Table S2, http://
www.iovs.org/lookup/suppl/doi:10.1167/iovs.10-5944/-/
DCSupplemental). By comparison, balanced salt solution (BSS)
at +490%, 0.3% tobramycin/0.1% dexamethasone (Tobradex)
at +320%, and 0.5% cidofovir at +920% showed only incre-
mental effects of treatment (Supplementary Table S2, http://
www.iovs.org/lookup/suppl/doi:10.1167/iovs.10-5944/-/
DCSupplemental). 0.3% tobramycin/0.1% dexamethasone also
demonstrated some superiority to 0.5% cidofovir by moder-
ately reducing clinical symptoms (Fig. 1; Supplementary Table
S2, http://www.iovs.org/lookup/suppl/doi:10.1167/iovs.10-
5944/-/DCSupplemental).

Reduction of Viral Titers in FST-100— and 0.5%
Cidofovir-Treated Ad5-Infected Eyes

The 0.5% cidofovir caused the most rapid decrease in viral
titers (Fig. 2); however, there was no significant difference
compared with FST-100, indicating that both drugs were
equally effective in reducing adenoviral titers (Fig. 2). The error
bars indicate that there was no statistical significance between
the viral titers with 0.5% cidofovir and FST-100 treatments;
however, these were significantly distinct from the titers with
0.3% tobramycin/0.1% dexamethasone and balanced salt solution.
0.3% tobramycin/0.1% dexamethasone in particular showed an
initial decrease of around 10° PFU then the viral titers went back
up and remained constant through the remainder of the scoring
period, indicating maintenance of fairly constant amounts of PFU
over the treatment period and generally no suppression in Ad5
replication (Fig. 2).*> Balanced salt solution initially had high
adenoviral titers but was self-limiting as indicated by the eyes that
were cleared of Ad5 with time (Fig. 2).

Clinical Resolution in FST-100—Treated
Ad5-Infected Eyes

FST-100 was the most efficacious therapeutic agent in the
treatment of ocular inflammation, as it alone significantly re-
duced all six clinical parameters (Tables 2A, 2B; Fig. 1) and also
controlled adenoviral titers equivalent to those of 0.5% cidofo-
vir and greater than those of the 0.3% tobramycin/0.1% dexa-
methasone or balanced salt solution treatment groups (Fig. 2).
Physical examination of FST-100-treated rabbit eyes at 168
hours showed no visible disease (Figs. 3IA-3IF) compared with

(IVA) Intact cornea; (IVB) upper eyelid inflammation with subconjunc-
tival heme (arrow); (AIVC) upper eyelid inflammation, injection with
friable neovascularization; (IVD) neovascularization with active blood
vessel formation on the cornea; (IVE) upper eyelid inflammation,
injection with friable neovascularization; (IVF) upper eyelid with fria-
ble neovascularization, blood vessel formation on the eyelid margins,
and neovascularization.
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severe clinical symptoms shown by eyes treated with cidofovir
(Figs. 3IIA-31IF), balanced salt solution (Fig. 3IIIA-3IIIF), and
0.3% tobramycin/0.1% dexamethasone (Fig. 3IVA-3IVF).

Di1scUSSION

The pilot open-abel human study by Pelletier et al.>> documented
the efficacy of this new formulation of ophthalmic suspension
containing povidone-iodine 0.4%+ dexamethasone 1% in the
treatment of adenoviral keratoconjunctivitis. This small, open-
label human clinical trial®> was conducted in light of the extensive
ophthalmic use of these two drugs: povidone-iodine®'™>” and
dexamethasone.*>** -3 In our controlled in vivo study of a NZW
rabbit model of adenoviral keratoconjunctivitis, we demonstrated
the clinical and antiviral benefits of FST-100. Two experimental
animal models of infected adenoviral keratoconjunctivitis are cur-
rently available.***> The NZW rabbit model was used to demon-
strate that the Ad5 species C serotypes 1, 2, 5, 6, and 14 could
replicate and cause productive infections in the eyes, but types 8
and 19 could not.**%® Epidemic keratoconjunctivitis in the rabbit
eyes is mainly produced by Ad5 species D serotypes 8, 19, and
37.% Further, pharyngoconjunctival fever is caused by Ad5 sero-
types 3 and 7, which belong to species B.** The second model is
a cotton rat model that can be infected with 5, 8, and 37 among
the many serotypes of Ad5.%>47-48

In our study of Ad5-infected rabbits, FST-100 was given
topically four times daily in the treatment group for 7 days
parallel to an equally weighted group for 0.5% cidofovir treat-
ment that was administered twice daily for the same duration.
0.3% tobramycin/0.1% dexamethasone and balanced salt solu-
tion were given four times daily for 7 days. The 0.5% cidofovir
treatment regimen of 14 doses totaling 3.5 mg theoretically is
a low concentration tested in vivo and should have the least
adverse effects comparably; Gordon et al.* reported the direct
toxicity of cidofovir in uninfected animals and found that
clinically significant local ocular toxicity occurred almost al-
ways at a total dose exceeding 15 mg administered for a period
of 10 days. Inoue et al.?° recently evaluated the adverse effect
of 1% cidofovir administered 4X daily for 14 days (56 doses)
totaling 28 mg. There was significant eyelid redness in most of
the animals in the 1% cidofovir group, as well as in the ddC-
and d4T-treated groups on day 14.°° There was significant
hyperemia in all conjunctivae of the cidofovir-treated group on
days 7 and 14, in the d4T-treated group after day 7, and in the
ddC-treated group only on day 10 in comparison with the
control group.®® In the present study, we used 0.5% cidofovir
totaling 3.5 mg that was eightfold less than the total 28 mg
used by Inoue et al.>°; however, this low dosage showed
severe local ocular toxicity in vivo (Figs. 1, 31D). The drug total
of 3.5 mg of cidofovir was also substantially below the accept-
able limit proposed by Gordon et al.*> The Ad5 infection was
one of the primary factors for the observed eyelid redness and
hyperemia. The balanced salt solution (Fig. 31D and 0.3%
tobramycin/0.1% dexamethasone (Fig. 3IV) treatment groups
were similarly symptomatic; however, the symptoms were
milder than the severity observed in the 0.5% cidofovir-treated
group (Fig. 3II). Cidofovir given as a topical drug in uninfected
animals induced blockage of the nasolacrimal drainage system
and lacrimation.* Further, Inoue et al.2° reported a significant
narrowing of the lacrimal canaliculus without complete ob-
struction of the nasolacrimal duct in the 1% cidofovir-treated
group. Second, results of a histopathologic study suggested
that the local side effects could have been induced by allergic
inflammation rather than by cytotoxic necrotic reaction.*®

Our study evaluated FST-100 using infected rabbits in an
approach that weighted 0.5% cidofovir according to the latter’s
known favorable and toxic adverse effects, together with the
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balanced salt solution and 0.3% tobramycin/0.1% dexametha-
sone controls. The results of this weighted approach allowed
evaluation of FST-100 for its therapeutic effect in a straightfor-
ward manner. Our collective results indicate that FST-100 is the
safest drug of choice to yield excellent clinical resolution (Figs.
1, 2, 3D), safer than cidofovir (0.5% or 1%), if used for a shorter
period or the same length of time, indicating its potential as
topical therapy for patients with adenoviral keratoconjunctivi-
tis alone or with secondary bacterial infections. Of interest,
0.3% tobramycin/0.1% dexamethasone treatment, although
moderately effective in reducing clinical symptoms, had an
opposite effect on viral titers, as there was no suppression of
Ad5 replication. Our data show that treatment with 0.3% to-
bramycin/0.1% dexamethasone prolonged the time until clear-
ance and prevented Ad5 replication from being self limiting.
Often the use of steroids in the eye is contraindicated for viral
infections because they exacerbate the replication of virus and
the inhibition of immune clearance, as shown by the 0.3%
tobramycin/0.1% dexamethasone data. Although FST-100 con-
tains dexamethasone, much like 0.3% tobramycin/0.1% dexa-
methasone, the two data sets are polar opposites, indicating
that the antiviral activities of FST-100 counteract the effects of
the dexamethasone alone. Thus, the antiseptic effect of FST-
100 is capable of inhibiting replication of virus yet mitigating
the potential for toxicity in contrast to results of a study by
Romanowski et al.,>° who evaluated topical combinations of
corticosteroids and cidofovir in the Ad5 ocular NZW model
and reported the reversal of the antiviral effect of cidofovir.

Currently, the favorable human data in combination with
our in vivo results provide a strong impetus for a human phase
III clinical trial to test the efficacy of this drug in a larger group
and also to evaluate complete safety to properly establish the
therapeutic benefit versus adverse effect.*”

In conclusion, our results indicate that FST-100 showed no
toxicity or irritation to the ocular surface compared with cidofo-
vir. Thus, FST-100 has the potential to become the drug of choice
for adenoviral keratoconjunctivitis in humans. The additional ben-
efits of the antimicrobial activity of povidone-iodine make FST-100
useful as well in an acute adenoviral ocular infection in which
there is a secondary bacterial infection. The FST-100 formulation
containing dexamethasone and a powerful antiseptic (povidone-
iodine) could be most effective in the treatment of the more
serious form of infection, EKC, because dilute povidone-iodine
solutions kill numerous viruses, including all animal viruses, bac-
teria, fungi, and some other parasites*®> and is safe and tolerable.

Acknowledgments

The authors thank Michael Weiser (Actin Biomed and Foresight Bio-
therapeutics Inc., New York, NY) for his important contribution in
evaluating viral and clinical assay data.

References

1. De Jong JC, Wermenbol AG, Verweij-Uijterwaal MW, et al. Adeno-
viruses from human immunodeficiency virus-infected individuals,
including two strains that represent new candidate serotypes Ad50
and Ad51 of species Bl and D, respectively. J Clin Microbiol.
1999;37:3940-3945.

2. Schrauder A, Altmann D, Laude G, et al. Epidemic conjunctivitis in
Germany. 2004. Eur Surveill. 2006;11:185-187.

3. Asencio-Duran M, Romero-Martin R, Garcia-Martinez JR, et al. Noso-
comial outbreak of epidemic keratoconjunctivitis in a neonatal inten-
sive care unit (in Spanish). Arch Soc Esp Oftalmol. 2007;82:73-79.

4. Kumar NL, Black D, McClellan K. Daytime presentations to a
metropolitan ophthalmic emergency department. Clin Exp Opb-
thalmol. 2005;33:586-592.

5. Ford E, Nelson KE, Warren D. Epidemiology of epidemic kerato-
conjunctivitis. Epidemiol Rev. 1987;9:244-261.



344 Clement et al.

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Teuchner B, Nagl M, Schidlbauer A, et al. Tolerability and efficacy
of N-chlorotaurine in epidemic keratoconjunctivitis: a double-
blind, randomized, phase-2 clinical trial. J Ocul Pharmacol Ther.
2005;21:157-165.

. Romanowski EG, Gordon Y]J. Efficacy of topical cidofovir on mul-

tiple adenoviral serotypes in the New Zealand rabbit ocular model.
Invest Ophthalmol Vis Sci. 2000;41:460 - 463.

. Clinicaltrials.gov web site. An Evaluation of the Efficacy and Safety

of AL-46383A Opbthalmic Solution for the Treatment of Adenoviral
Conjunctivitis. Identifier: NCT00901693. Available at: http://clinical-
trials. gov/ct2/results?term=NCT00901693. Accessed May 24, 2010.

. Clinicaltrials.gov web site. An FST-201 Opbthalmic Suspension in

Acute Adenoviral Conjunctivitis. Identifier: NCT00941486. Avail-
able at: http://clinicaltrials.gov/ct2/results?term=NCT009414806.
Accessed May 24, 2010.

Epstein SP, Pashinsky YY, Gershon D, et al. Efficacy of topical
cobalt chelate CTC-96 against adenovirus in a cell culture model
and against adenovirus keratoconjunctivitis in a rabbit model. BMC
Opbthalmol. 2006;6:22.

Hartley C, Hartley M, Pardoe I, Knight A. Ionic contra-viral therapy
(ICVT); a new approach to the treatment of DNA virus infections.
Arch Virol. 2006;151:2495-2501.

De Oliveira CB, Stevenson D, LaBree L, McDonnell PJ, Trousdale
MD. Evaluation of cidofovir (HPMPC, GS-504) against adenovirus
type 5 infection in vitro and in a New Zealand rabbit ocular model.
Antiviral Res. 1996;31:165-172.

Gordon YJ, Romanowski EG, Araullo-Cruz TP, et al. Inhibitory
effect of (S)-HPMPC, (S)-HPMPA, and 2'-nor-cyclic-GMP on clinical
ocular adenoviral isolates is serotype-dependent in vitro. Antiviral
Res. 1991;16:11-16.

Mentel R, Kinder M, Wegner U, von Janta-Lipinski M, Matthes E. Inhibi-
tory activity of 3'fluoro2" deoxythymidine and related nucleoside ana-
logues against adenovirus in vitro. Antiviral Res. 1997;34:113-119.
Mentel R, Wegner U. Evaluation of the efficacy of 2’,3'-dideoxy-
cytidine against adenovirus infection in a mouse pneumonia
model. Antiviral Res. 2000;47:79 -87.

Hillenkamp J, Reinhard T, Ross RS, et al. The effects of cidofovir
1% with and without cyclosporin A 1% as a topical treatment of
acute adenoviral keratoconjunctivitis: a controlled clinical pilot
study. Opbthalmology. 2002;109:845-850.

Romanowski EG, Yates KA, Gordon Y]J. Antiviral prophylaxis with
twice daily topical cidofovir protects against challenge in the
adenovirus type 5/New Zealand rabbit ocular model. Antiviral
Res. 2001;52:275-280.

Uchio E, Fuchigami A, Kadonosono K, et al. Antiadenoviral effect
of anti-HIV agents in vitro in serotypes inducing keratoconjuncti-
vitis. Graefes Arch Clin Exp Opbthalmol. 2007;245:1319-1325.
Romanowski EG, Yates KA, Gordon YJ. The in vitro and in vivo
evaluation of ddC as a topical antiviral for ocular adenovirus
infections. Invest Ophthalmol Vis Sci. 2009;50:5295-5299.

Inoue H, Sonoda K-H, Ishikawa M, Kadonosono K, Uchio E. Clin-
ical evaluation of local ocular toxicity in candidate anti-adenoviral
agents in vivo. Opbthalmologica. 2009;223:233-238.

Bordigoni P, Carret AS, Venard V, Witz F, Le Faou A. Treatment of
adenovirus infections in patients undergoing allogeneic hematopoi-
etic stem cell transplantation. Clin Infect Dis. 2001;32:1290-1297.
Gavin PJ, Katz BZ. Intravenous ribavirin treatment for severe adenovirus
disease in immunocompromised children. Pediatrics. 2002;110:€9.
Morfin F, Dupuis-Girod S, Mundweiler S, et al. In vitro susceptibil-
ity of adenovirus to antiviral drugs is species-dependent. Antiviral
Ther. 2005;10:225-229.

O’Brien TP, Jeng BH, McDonald M, Raizman MB. Acute
conjunctivitis: truth and misconceptions. Curr Med Res Opin.
2009;25:1953-1961.

Pelletier JS, Stewart K, Trattler W, et al. A combination povidone-
iodine 0.4%/dexamethasone 0.1% ophthalmic suspension in the treat-
ment of adenoviral conjunctivitis. Adv Ther. 2009;26:776-783.
Awan MA, Agarwal PK, Watson DG, McGhee CNJ, Dutton GN.
Penetration of topical and subconjunctival corticosteroids into
human aqueous humour and its therapeutic significance. Br J
Opbthalmol. 2009;93:708 -713.

Weijtens O, Schoemaker RC, Romijn FP, Cohen AF, Lentjes EG,
van Meurs JC. Intraocular penetration and systemic absorption

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

45.

46.

47.

48.

49.

50.

IOVS, January 2011, Vol. 52, No. 1

after topical application of dexamethasone disodium phosphate.
Opbthalmology. 2002;109:1187-1191.

Holland EJ, Bartlett JD, Paterno MR, Usner DW, Comstock TL. Effects
on loteprednol/tobramycin versus dexamethasone/tobramycin on in-
traocular pressure in healthy volunteers (published correction ap-
pears in Cornea. 2008;37:389). Cornea. 2008;27:50-55.

Mohan N, Gupta V, Tandon R, Gupta SK, Vajpayee RB. Topical
ciprofloxacin-dexamethasone combination therapy after cataract
surgery: randomized controlled clinical trial. J Cataract Refract
Surg. 2001;27:1975-1978.

Romanowski EG, Roba LA, Wiley L, Araullo-Cruz T, Gordon Y]J.
The effects of corticosteroids of adenoviral replication. Arch Oph-
thalmol. 1996;114:581-585.

. Kadam SP. Application of betadine (povidone iodine) to infected

corneal ulcer. Indian ] Ophthalmol. 1987;35(5-6):135-136.
Isenberg SJ, Apt L, Valenton M, et al. A controlled trial of povidone-
iodine to treat infectious conjunctivitis in children. Am J Opbthal-
mol. 2002;134:681-688.

Safar A, Dellimore MC. The effect of povidone iodine flush versus
drops on conjunctival colonization before intravitreal injections.
Int Opbthalmol. 2007;27:307-312.

Ferguson AW, Scott JA, McGavigan J, et al. Comparison of 5%
povidone-iodine solution against 1% povidone-iodine solution in
preoperative cataract surgery antisepsis: a prospective randomised
double blind study. Br J Opbthalmol. 2003;87:163-167.
Benevento WJ, Murray P, Reed CA, Pepose JS. The sensitivity of
Neisseria gonorrhoeae, Chlamydia trachomatis, and herpes sim-
plex type II to disinfection with povidone-iodine. Am J Opbthal-
mol. 1990;109:329 -333.

Isenberg SJ, Apt L. The ocular application of povidone-iodine.
Community Eye Health. 2003;16:30-31.

Melki SA, Safar A, Yaghouti F, et al. Effect of topical povidone-
iodine versus topical ofloxacin on experimental Staphylococcus
keratitis. Graefes Arch Clin Exp Opbthalmol. 2000;238:459 - 462.
Bhagwat D, Oshlack B. Stabilized PVP-I solutions. United States
Patent 5126127. June 30, 1992. Available at: www.freepatentsonline.
com/5126127.html. Accessed May 24, 2010.

Berkelman RL, Holland BW, Anderson RL. Increased bactericidal
activity of dilute preparations of povidone-iodine solutions. J Clin
Microbiol. 1982;15:635-0639.

Jiang J, Wu M, Shen T. The toxic effects of different concentrations
of povidone iodine on the rabbit’s cornea. Cutan Ocul Toxicol.
2009;28:119-124.

Lipsitz SR, Kim K, Zhao L. Analysis of repeated categorical data using
generalized estimating equations. Stat Med. 1994;13:1149-1163.
Neter J, Wasserman W, Kutner MH. Applied Linear Statistical
Models. 3rd ed. Homewood, IL: Irwin; 1990.

Romanowski EG, Yates KA, Gordon Y]J. Topical corticosteroids of
limited potency promote adenovirus replication in the Ad5/NZW
rabbit ocular model. Cornea. 2002;21:289 -291.

Romanowski EG, Araullo-Cruz T, Gordon YJ. Multiple adenoviral
serotypes demonstrate host range extension in the New Zealand
rabbit ocular model. Invest Ophthalmol Vis Sci. 1998;39:532-5306.
Kaneko H, Mori S, Suzuki O, et al. The cotton rat model for
adenovirus ocular infection: antiviral activity of cidofovir. Antivi-
ral Res. 2004;61:63-66.

Trousdale MD, Nobrega R, Wood RL, et al. Studies of adenovirus-
induced eye disease in the rabbit model. Invest Ophthalmol Vis
Sci. 1995;36:2740 -2748.

Tsai JC, Garlinghouse G, McDonnell PJ, Trousdale MD. An exper-
imental animal model of adenovirus-induced ocular disease: the
cotton rat. Arch Opbthalmol. 1992;110:1167-1170.

Trousdale MD, Goldschmidt PL, Nobrega R. Activity of ganciclovir
against human adenovirus type-5 infection in cell culture and
cotton rat eyes. Cornea. 1994;13:435-439.

Gordon YJ, Romanowski EG, Araullo-Cruz T. Topical HPMPC in-
hibits adenovirus type 5 in the New Zealand rabbit ocular replica-
tion model. Invest Ophthalmol Vis Sci. 1994;35:4135-4143.
Romanowski EG, Araullo-Cruz T, Gordon YJ. Topical corticoste-
roids reverse the antiviral effect of topical cidofovir in the Ad5-
inoculated New Zealand rabbit ocular model. Invest Ophthalmol
Vis Sci. 1997;38:253-257.



