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ABSTRACT

Introduction: The objective of this pilot study
was to determine the preliminary efficacy of
a novel ophthalmic suspension containing
povidone-iodine 0.4% and dexamethasone
0.1% in the treatment of adenoviral conjuncti-
vitis. Methods: A prospective, open-label, single-
armed, phase II clinical trial in humans. Eligible
patients with the clinical signs and symptoms
of acute conjunctivitis who tested positive for
adenoviral antigen by Rapid Pathogen Screening
(RPS) Adeno Detector™ were enrolled in a single
treatment arm consisting of a combination
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povidone-iodine 0.4%/dexamethasone 0.1%
sterile ophthalmic suspension given four times
daily for a minimum of 5 days. RPS Adeno
Detector testing was performed at baseline and
at each follow-up visit along with ocular fluid
sampling by conjunctival swabs. Subsequent
analysis performed on all swabs included both
adenoviral titer by quantitative polymerase
chain reaction (qPCR) and cell culture with
confirmatory immunofluorescence (CC-IFA).
The primary endpoint was clinical resolu-
tion of conjunctival injection and discharge.
Secondary measures included reduction of
qPCR titers and eradication of infectious virus
as determined by CC-IFA. Results: A total of
nine eyes of six patients with clinical signs
and symptoms of acute viral conjunctivitis
and a positive RPS Adeno Detector test result
were enrolled in the study. In eight/nine eyes
enrolled in the study, clinical resolution was
observed by day 3 or day 4. In six/six eyes
with detectable adenovirus by qPCR, signifi-
cant reduction in viral titer was seen by day 3,
day 4, or day 5. In five/six eyes with infectious
virus confirmed by CC-IFA at enrollment, elimi-
nation of infectivity was achieved by day 4
or day 5. One patient was lost to follow-
up. Conclusions: An ophthalmic suspension
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containing povidone-iodine 0.4% and dexa-
methasone 0.1% may be a useful agent in
the treatment of acute RPS Adeno Detector-
positive conjunctivitis. A further placebo-
controlled study with a larger number of
patients is warranted.
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ocular infection; pink eye; povidone-iodine;
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INTRODUCTION

External ocular infections caused by adeno-
viruses are among the most common eye
infections seen worldwide. While typically
self-limited, they can lead to highly infec-
tious community epidemics, seasonal out-
breaks, lost labor productivity, significant
patient discomfort, and in some cases per-
manent visual compromise from long-term
immune-mediated sequelae.! Although sev-
eral therapeutic agents have been evaluated
for acute viral conjunctivitis in both ani-
mal models and human trials, none to date
have been approved by the Food and Drug
Administration for human conjunctivitis.?3
Despite recent interest in the development of
anti-viral agents by both industry and academic
investigators, there are currently very few clin-
ical trials evaluating anti-adenoviral ocular
therapies in humans.’

With no effective agents available to treat
these common, highly symptomatic, conta-
gious infections, many clinicians adopt idio-
syncratic therapeutic regimens that include a
mix of comfort measures (ie, artificial tears,
cold compresses), topical antibiotics, and
in many cases topical steroids. It is widely
accepted that a short course of topical corti-
costeroids (and in some severe cases oral ster-
oids) can limit patient discomfort and prevent

some immune-related inflammatory compli-
cations of acute viral conjunctivitis. While
this strategy may have some efficacy in the
short-term amelioration of symptoms, studies
in the New Zealand white rabbit model
have suggested that even a short course of
relatively low-potency corticosteroids without
the addition of a suitable anti-viral agent can
increase the duration of viral shedding and
prolong the infectivity of affected patients.®
This in turn can potentiate the occurrence
of community outbreaks and epidemic trans-
mission in schools, places of business, and
medical facilities.

Povidone-iodine (PVP-]) is a commercially
available antiseptic with a long history of
use in laboratory disinfection, general sur-
gery, and ophthalmology. Dilute PVP-I solu-
tions are toxic to viruses (including human
immunodeficiency virus), fungi, parasites,
and bacteria.”® Previous studies have demon-
strated efficacy in active infections,’!?endo-
phthalmitis prophylaxis before!*!*and after!®
ocular surgery, and in the prevention of
neonatal conjunctivitis.!®¢ Additionally, PVP-I
has been described as an effective treatment
for acute viral conjunctivitis in a variety of
anecdotal reports.®%!” Dexamethasone is a
well-tolerated,!® potent steroid!” with a long
history of use as a topical ophthalmic anti-
inflammatory alone and in combination with
other agents.202!

It is our intention to investigate a safe,
tolerable, efficacious combination agent that
includes a powerful anti-viral and a potent
topical steroid. In this way, we expect to be
able to effectively treat both the inflammatory
and infectious components of acute adeno-
viral conjunctivitis by decreasing the sympto-
matic period following infection, shortening
the duration of viral shedding, and reducing
the potential for infectious transmission.
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MATERIALS AND METHODS

Study Medication

The combination PVP-I 0.4% (w/w)/dexa-
methasone 0.1% (w/w) ophthalmic suspension
was comprised of PVP-I, dexamethasone, inact-
ive ophthalmic excipients, and sterile water. It
was prepared by a licensed compounding phar-
macy (Leiter’s Pharmacy, San Jose, CA, USA)
with extensive experience in ophthalmic drug
formulation, produced in a Class 100 ISO-04
sterile facility, clearly labeled, and packaged in
appropriate ophthalmic bottles. As reported,
the combination of PVP-I and dexamethasone
is safe, stable, and comfortable. Additionally, no
reaction is seen between dexamethasone and
PVP-I1 when both are stored in the same bottle
for up to 18 months.?

Study Design

The study was designed as a prospective,
open-label, single-armed, descriptive phase II
clinical study to evaluate the efficacy of a com-
bination PVP-I 0.4%/dexamethasone 0.1%
ophthalmic suspension in the treatment of pre-
sumed viral conjunctivitis. The primary goal
was to observe the clinical course of antigen-
positive Rapid Pathogen Screening (RPS) Adeno
Detector™ (Rapid Pathogen Screening; South
Williamsport, PA, USA) conjunctivitis treated
with PVP-I/dexamethasone while monitoring
serial virology markers. It was expected that
rapid clinical resolution, or conjunctival injec-
tion and discharge scale scores equal to zero,
would be accompanied by a decrease in viral
titer as treatment progressed. The study was
approved by the appropriate institutional review
boards and conducted in accordance with the
Declaration of Helsinki. All patients gave written
informed consent.

Inclusion criteria were the clinical suspicion
of acute viral conjunctivitis (conjunctival injec-
tion, conjunctival discharge, and symptoms of
itching eyes and/or eyelids) with the etiologic
agent confirmed by a positive test result for
adenoviral antigen with the RPS Adeno Detector
test. Exclusion criteria included noninfectious
conjunctivitis, a negative RPS Adeno Detector
test, pregnancy, age under 3 years, known
allergy to any component of the study medica-
tion, known steroid-induced glaucoma response,
active or history of herpes simplex keratitis, and
duration of signs or symptoms for more than
7 days. If both eyes met all inclusion criteria and
none of the exclusion criteria, both eyes were
enrolled and evaluated separately.

The initial visit included slit-lamp exami-
nation and assessment of patient symptoms.
Conjunctival injection and discharge were graded
by the same investigator, one time per visit on
a scale of 0-3 (O=absent, 1=mild, 2=moderate,
3=severe). Conjunctival swabs were obtained
using ocular specimen culture kits and were sent
immediately for processing to a central virology
laboratory (Viracor, Lee’s Summit, MO, USA).
All swabs sent were analyzed for viral titer by
quantitative polymerase chain reaction (qPCR)
and viral infectivity by confirmatory immuno-
fluorescence (CC-IFA). Patients were supplied
with the study medication and instructed to
administer one drop to the affected eye(s)
four times per day for a minimum of 5 days.
All clinical examinations previous to enroll-
ment and during the study were conducted by
an ophthalmologist.

Evaluation and Analysis

Patients were encouraged to return daily for
repeat examination and culture. It was not a
requirement for patients to complete all S days
consecutively. In cases where early clinical and
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microbiological cure were achieved, patients
were still encouraged to continue follow-up until
day 5. The scaled scores for conjunctival injec-
tion and conjunctival discharge were determined
for each subject at each visit. Viral titers and
viral infectivity were determined by analysis of
conjunctival swab samples by qPCR and CC-IFA
for each study subject at each visit. Patient

Table 1. Results.

symptoms were elicited at each visit along with
any reported discomfort from the administration
of the study medication. Moreover, any adverse
events noted by the patient or elicited by the
treating physician were to be documented and
graded. Only descriptive statistics were applied
due to the open-label, pilot study design of the
current investigation.

Patient A-OD Day 1 Day2 Day 3 Day 4 Day 5 Day 6 Day7
RPS test + + + - -

qPCR titer 2,100,000 1,700,000 1,200,000 15,700 8400

(DNA copies/mL)

CC-TFA + + + + -

Conjunctival injection 3/3 2/3 1/3 0/3 0/3

Conjunctival discharge 3/3 2/3 0/3 0/3 0/3

Patient A-OS Day 1 Day2 Day 3 Day 4 Day 5 Day 6 Day7
RPS test + + + + -

qPCR titer 2,800,000 1,900,000 1,200,000 44,400 100

(DNA copies/mL)

CC-IFA + + + + -

Conjunctival injection 3/3 2/3 0/3 0/3 0/3

Conjunctival discharge 2/3 2/3 0/3 0/3 0/3

Patient B-OD Day 1 Day2 Day 3 Day 4 Day 5 Day 6 Day7
RPS test + + - -

qPCR titer 1,400,000 2,500,000 12,700 0

(DNA copies/mL)

CC-IFA + + + _

Conjunctival injection 3/3 1/3 0/3 0/3

Conjunctival discharge 3/3 0/3 0/3 0/3

Patient B-OS Day 1 Day 2 Day 3 Day 4 Day5 Day 6 Day7
RPS test + + - -

qPCR titer 3,000,000 1,700,000 21,200 0

(DNA copies/mL)

CC-IFA + + + -

Conjunctival injection 3/3 1/3 0/3 0/3

Conjunctival discharge 3/3 0/3 0/3 0/3

(continued on next page)
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Table 1. Results. (Continued)

Patient C-OD Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day7
RPS test + -

qPCR titer 13,000,000 2,600,000

(DNA copies/mL)

CC-TFA + +

Conjunctival injection 3/3 3/3

Conjunctival discharge 2/3 2/3

Patient D-OS Day 1 Day 2 Day 3 Day 4 Day 5-7 Day 8
RPS test + + + +
qPCR titer (DNA 65,000,000 59,000,000 51,000,000 1,100,000
copies/mL)

CC-IFA + + + +
Conjunctival injection 3/3 2/3 0/3 0/3
Conjunctival discharge 3/3 2/3 0/3 0/3
Patient E-OS Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day7
RPS test + -

qPCR titer 0 0

(DNA copies/mL)

CC-TFA - -

Conjunctival injection 1/3 0/3

Conjunctival discharge 1/3 0/3

Patient F-OD Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
RPS test + - - -

qPCR titer 0 0 0 0

(DNA copies/mL)

CC-IFA - - - -

Conjunctival injection 2/3 1/3 1/3 0/3

Conjunctival discharge 2/3 0/3 0/3 0/3

Patient F-OS Day 1 Day2 Day 3 Day 4 Day 5 Day 6 Day 7
RPS test + - - -

qPCR titer 0 0 0 0

(DNA copies/mL)

CC-IFA - - - -

Conjunctival injection 2/3 2/3 1/3 0/3

Conjunctival discharge 2/3 1/3 0/3 0/3

Patient C-OD lost to follow-up after day 2.
CC-IFA=confirmatory immunofluorescence; RPS=Rapid Pathogen Screening; gPCR=quantitative polymerase chain reaction.
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RESULTS

The results of the study are shown in Table 1.
A total of nine eyes of six patients with clinical
signs and symptoms of acute viral conjuncti-
vitis and a positive RPS Adeno Detector test
result were enrolled in the study. In eight/nine
eyes enrolled in the study, clinical resolution
was observed by day 3 or day 4. In six/six eyes
with detectable adenovirus by qPCR, marked
clinical reduction in viral titer was seen by
day 3, 4, or 5. In five/six eyes with infectious
virus confirmed by CC-IFA at enrollment, elimi-
nation of infectivity was achieved by day 4 or
day S.

Patient C demonstrated conjunctival injec-
tion and discharge at day 2, but was lost to
follow-up thereafter. Eradication of pretreat-
ment infectious virus was achieved no later than
day 4 or day 5 except in one case where infect-
ivity persisted at day 8 despite complete clinical
resolution. Viral titers determined by qPCR all
demonstrated a significant reduction within
5 days. Several patients (E and F) in the current
investigation with signs and symptoms of acute
conjunctivitis and a positive test result with the
RPS Adeno Detector on day 1 (and subsequent
days) failed to demonstrate the pretreatment
presence of adenovirus by qPCR or by CC-IFA.
Patient D maintained qPCR titers and CC-IFA
positivity at day 8 despite clinical cure at day 4.

None of the patients enrolled in this study
reported any adverse events associated with
the medicine.

DISCUSSION

The use of PVP-I as a presurgical disinfectant
has been standard in ophthalmology and gen-
eral surgery for years. Recent interest in PVP-I as
a repeated-dose treatment in a variety of infec-
tions has contributed to the understanding

of more dilute (ie, less than the commercially
available 5% or 10%) PVP-I formulations. After
encouraging results with this combination in
a New Zealand white rabbit model of acute
adenovirus infection and acute herpes simplex
keratitis (our unpublished, preliminary data),
we were led to investigate the use of this dilute
PVP-I/dexamethasone formulation in human
viral conjunctivitis. We report in the current
investigation systematic human investigation
of a combination PVP-I/steroid combination
for the treatment of both the inflammatory
and infectious components of acute adeno-
viral conjunctivitis. While corticosteroids
alone have been shown in the adenovirus 5
New Zealand white rabbit model to increase
the duration of viral shedding and the abso-
lute viral titer,° this trend was not noted in our
previous New Zealand white rabbit study or
in this human pilot study. We observed rapid
resolution of conjunctival injection and dis-
charge in all eyes with coincident decrease
in viral titers (where present in the pretreat-
ment analysis). Classically, the duration and
intensity of ocular inflammatory findings in
acute adenoviral conjunctivitis are variable.
In some untreated infections, early conjunc-
tival inflammation may be severe and persist for
weeks with gradual improvement.?*?* Keratitis
often complicates more severe cases, and may
appear early or late in the infectious period. In
contrast, milder forms of the disease are also
known and can range from shorter courses with
milder symptoms of injection and discharge. It
is likely that a number of subclinical infections
can also be encountered, though these would
naturally be expected to self-resolve. Adenoviral
conjunctivitis may also be an underappreciated
cause of recurrent, chronic conjunctivitis and
keratitis lasting months to years.?*?
Limitations of the study where pretreatment
presence of adenovirus by qPCR or by CC-IFA
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was not confirmed may include false-positive
RPS Adeno Detector test result, poor culturing
technique, or false-negative CC-IFA and qPCR
testing. In these cases, the infectious etiology
may have been viral other than adenovirus or
bacterial. We cannot, within the current limited
study, rule out possible allergic or noninfectious
causes. It is of note, however, that these patients
also achieved rapid clinical resolution.

This investigation was neither substantially
powered nor designed to allow statistically
significant comparison to a placebo, conven-
tional symptomatic therapy (tears, compresses,
etc.) or non-intervention. Also, patient compli-
ance to the study medication regimen could
not be ensured. Currently, there is no literature
documenting trends of qPCR titers in cases of
untreated adenoviral conjunctivitis. It is pos-
sible that the values obtained in this study
are similar to those that would be obtained in
placebo-treated eyes. Conversely, it is plausible
that untreated or placebo-treated patients’ adeno-
viral qPCR titers are significantly more robust
than what was documented in this pilot study.
This may explain Patient D-OS positive qPCR
titer at day 8. Despite the limitations of the
design, though, it appears that the combina-
tion of 0.4% PVP-1/0.1% dexamethasone may
have utility in the treatment of acute adenoviral
conjunctivitis as determined by analysis of both
clinical and microbiological endpoints.

The potential of a steroid/antiseptic combi-
nation that is comfortable for the eye and effica-
cious against acute viral conjunctivitis cannot be
overstated. While the hazards of ocular cortico-
steroid are well documented, we believe the inhi-
bition of immune-related phenomena during the
course of acute adenoviral conjunctivitis to be of
great importance. The possibility of rapid clini-
cal and/or microbiological cure makes it unlikely
that steroid-related side effects will manifest. In
addition, the broad spectrum and absence of any

known microbial resistance to PVP-I may have
utility in steroid-containing preparations for a
variety of viral, bacterial, and fungal infections
of the ocular surface.

CONCLUSION

This pilot study demonstrates successful
human use of a combination PVP-I/dexametha-
sone preparation in the setting of acute conjunc-
tivitis, confirmed by an RPS Adeno Detector test.
It will be the subject of future placebo-controlled
phase II/III trials to further quantify the treat-
ment effect in acute adenoviral conjunctivitis
and evaluate the therapeutic benefit of a PVP-1/
dexamethasone combination in other infections
of the ocular surface.
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