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A B S T R A C T

Purpose: To report safety and tolerability of a one-time administration of ophthalmic 5% povidone-iodine (5%
PVP-I) in a double-masked randomized trial for the treatment of adenoviral conjunctivitis (Ad-Cs).
Methods: Of 212 participants screened, 56 eligible participants with red eye symptoms ≤4 days and a positive
adenoviral rapid immunoassay were randomized to a one-time administration of ophthalmic 5% PVP-I or pre-
servative free artificial tears (AT). Safety was assessed by corneal fluorescein staining (baseline, immediate post-
administration and Day 1) and visual acuity (VA) (baseline and Day 1). Tolerability was assessed using parti-
cipant-rated overall ocular discomfort (baseline, immediately post-administration and on Day 1.
Results: In the 5% PVP-I group, corneal staining increased immediately post-administration but returned to
baseline levels by Day 1. There was no change in VA between baseline and Day 1 in either 5% PVP-I or AT groups
(p=0.87). In the 5% PVP-I group, there was no change in participant-rated overall discomfort immediately
post-administration (p=0.78) or on day 1 (p= 0.10) compared to baseline. In the AT group, participant-rated
overall discomfort was lower immediately post-administration but returned to baseline levels by Day 1. One
adverse event was reported in the 5% PVP-I group on Day 1–2 that was classified as not related to treatment.
Conclusion: These results suggest ophthalmic 5% PVP-I used as a one-time treatment is safe and well tolerated by
patients with Ad-Cs.

1.1. Introduction

Adenoviral conjunctivitis (Ad-Cs) is a highly contagious disease that
can quickly spread through clinics, homes, schools, and work places
with significant morbidity. Both the American Academy of
Ophthalmology preferred practice guidelines and American Optometric
Association clinical practice guidelines recommend supportive care
with artificial tears (AT), topical antihistamines, and cold compresses
[1,2]. There is no FDA-approved treatment for Ad-Cs; however, the use

of several off-label treatments have been reported, including a one-time
administration of ophthalmic 5% povidone-iodine (PVP–I) [3–6]. In a
2013 survey of eye care practitioners, one-third of respondents reported
using off-label ophthalmic 5% PVP-I in the treatment of Ad-Cs [7].
There has been no systematic evaluation of the safety and tolerability of
a one-time administration of ophthalmic 5% PVP-I for the treatment of
Ad-Cs to date.

The ophthalmic formulation of 5% PVP-I (Betadine® 5%, Alcon, Fort
Worth, TX) is approved for “prepping of the periocular region (lids,
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brow and cheek) and irrigation of the ocular surface (cornea, con-
junctiva and palpebral fornices)” [8] and is routinely used as a surgical
ophthalmic scrub to prevent endophthalmitis [9,10]. PVP-I is a highly
effective antiseptic against bacteria including chlamydia (both intra-
and extra-cellular), fungi, protozoa, as well as viruses (including adeno,
herpes simplex, and enteroviruses) without significant corneal or other
ocular toxicity [11]. The efficacy and safety of PVP-I at various doses
[12–14] and in combination medications with steroids are being eval-
uated in randomized trials for the treatment of Ad-Cs [15–18]. The
safety and tolerability of 5% ophthalmic PVP-I has not been system-
atically evaluated in eyes with AdCs. Therefore, it is important to
evaluate the safety and tolerability of PVP-I in a double-masked ran-
domized clinical trial with placebo control.

1.2. Methods

1.2.1. Study design

The Reducing Adenoviral Patient Infected Days (RAPID) study is a
double-masked, randomized, planning trial to estimate parameters for
designing a definitive clinical trial of the safety and efficacy of 5% PVP-
I in the treatment of Ad-Cs. Participants were randomized 1:1 to a single
in-office administration of either ophthalmic 5% PVP-I or preservative-
free AT the first visit. Institutional Review Board approval was obtained
by each study site and the Coordinating Center at Washington
University in St. Louis, MO. Informed consent was obtained from all
participants after explanation of the nature and possible consequences
of study participation. The study procedures were in compliance with
the ethical standards of the Declaration of Helsinki and the study is
registered at www.clinicaltrials.gov as #NCT02472223.

1.2.2. Study participants

Patients were recruited at nine clinical sites in the United States
between March 2015 and July 2018. Eligibility included ≥18 years of
age with red eye symptoms ≤4 days were invited to be screened and, if
fully eligible, to be randomized. Exclusion criteria included a history of
thyroid disease, allergy to iodine or study medications, ocular surgery
within the past 3 months, skin vesicles, corneal dendrites, conjunctival
membrane or pseudomembrane, sub-epithelial corneal infiltrates, cor-
neal ulceration, corneal abrasion, corneal foreign body, anterior
chamber inflammation, or pregnancy/nursing. One eye was selected as
the study eye. If both eyes were involved, the first affected eye was
selected as the study eye. If both eyes became symptomatic at the same
time, the study eye was randomly selected.

1.2.3. Study protocol

Patients were informed of potential side effects of 5% PVP-I prior to
consent including minor irritation, mild to moderate stinging, and
temporary discoloration of the conjunctiva and eyelids. Patients
screened for eligibility completed baseline tests and measures. Eligible
patients were randomized and completed baseline/randomization visit
and five follow-up visits with a masked clinician on days 1–2, 4 (days
3–5), 7 (days 6–10), 14 (days 11–17) and 21 (days 18–21). The baseline
and follow-up visits included 10-item symptom survey including a pa-
tient-rated overall ocular discomfort question administered by a

clinician or technician in compliance with the infection control pro-
tocol. The clinician or technician read the question and presented the
response options in large print on a full size 8-1/2″ x 11″ sheet of paper.
Overall ocular discomfort was rated from “0 – not at all bothersome” to
“10 – very bothersome”. Baseline and follow-up clinical examination
included Snellen visual acuity (VA) (corrected, uncorrected or pinhole
if less than 20/20), and corneal fluorescein staining (CFS). CFS was
graded from 0 (none), 1 (micropunctate), 2 (macropunctate), 3 (coa-
lescent macropunctate), or 4 (patch) in five corneal sectors using the
Brien Holden Vision Institute visual grading system [19].

The study eye was anesthetized with one drop of 0.5% proparacaine
(Valeant Pharmaceuticals North America LLC, Bridgewater, NJ). After
5minutes, the AdenoPlus rapid point-of-care, immunoassay for Ad-Cs
(now named QuickVue Adenoviral conjunctivitis test, Quidel Corp., San
Diego, CA) was performed according to the manufacturer's instructions
[20]. A clinically eligible eye was randomized if the eye tested positive
for AdCs by AdenoPlus. After 5 minutes, conjunctival swab samples for
qPCR for adenovirus were taken. These were stored in a −80 °C freezer
within 4 hours of collection. Samples were shipped on dry ice to the
Coordinating Center in St. Louis, MO for further molecular analysis.

1.2.4. Randomization

Eligible participants were randomized in a 1:1 ratio to receive either
ophthalmic 5% PVP-I (Alcon, Fort Worth, TX) or AT. Randomization
assignments were stored in sealed, numbered envelopes in sealed,
coded boxes containing either 5% PVP-I or AT that had been sent to
clinics by the Coordinating Center. Randomization was stratified by
clinic using a permuted block design with small block sizes. The un-
masked clinician instilled 1 drop of proparacaine followed by 4–5 drops
of either 5% PVP-I or AT. Participants were instructed to close their
eyes for 2 minutes during which time they moved their eyes in all di-
rections while the clinician used a gloved finger to apply gentle pres-
sure to the closed lids. Then, a 2×2 gauze pad moistened with the
assigned solution was used to dab along the eyelid margins of the closed
eye. After the 2 minutes, a non-preserved buffered sterile saline solution
was used to generously lavage the eye and a 2× 2 gauze pad moistened
with sterile saline was used to wipe the eyelid margins to remove all
traces of the study medication.

Immediately after administration of 5% PVP-I or AT, participants
were asked to rate overall ocular discomfort from “0 – not at all
bothersome” to “10 – very bothersome”.

Participants were provided written instructions on infection control
and dispensed single use, non-preserved AT to be used four times a day
in the study eye. Follow-up visits were conducted by clinicians masked
to randomization. Conjunctival swab samples were collected at each
follow-up visit for molecular analysis and AdenoPlus testing was per-
formed until two consecutive negative results were obtained.

1.2.5. Safety and tolerability

Safety of 5% PVP-I was assessed using CFS, VA, and adverse events.
CFS was recorded at baseline, immediately post-administration of 5%
PVP-I or AT and at Day 1. VA was measured at baseline and Day 1.
Baseline measurements were used to assess changes immediately post-
administration and at Day 1.

Tolerability was assessed with participant-rated overall ocular

Table 1
Timeline of study visit assessments.

Day 0 Baseline Day 0 Immediate Post- Administration Follow up Visits

Participant-rated overall ocular discomfort X X X
Corneal Fluorescein Staining X X X
Snellen visual acuity X X
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discomfort (Table 1). We compare participant-rated overall discomfort
immediately post-treatment and on the Day 1 visit versus baseline.

1.2.6. Statistical methods

CFS scores in the five sectors were summed for a total CFS score
[19]. All data are reported as sample mean ± standard deviation (SD).
Visual acuity was measured using a standardized Snellen chart and
converted to logarithm of the minimum angle of resolution (logMAR)
for analysis. Repeated measures analysis of variance models were used
to compare randomization groups over measurement periods. Separate
repeated measures ANOVA models were used for each outcome: CFS,
VA and participant-rated overall ocular discomfort (SAS software V9.4).
Overall, 82% of study participants completed the Day 1 or Day 2 visit.
Subgroup analysis was performed in the sample of participants who
returned on Day 1 (n=29) to allow detection of any residual effect of
5% PVP-I, although return on Day 2 (n=17) was permitted based on
participant availability.

1.3. Results

Of 212 patients screened at nine US clinical centers, 56 eligible
participants were randomized to a one-time administration of 5% PVP-I
(n=30) or AT (n= 26). The mean participant age was 34.1 years ±
14.4 (Table 2).

1.3.1. Corneal fluorescein staining

In the 5% PVP-I group, CFS baseline total was 1.3 ± 2.0 and the
staining significantly increased (p=0.004) to 3.3 ± 3.3 immediate
post-administration. In the AT group, baseline total CFS was 1.8 ± 2.4
and 1.6 ± 2.4 immediate post-administration (p=0.79). The differ-
ence between baseline and immediate post-administration total CFS
score in the AT and 5% PVP-I groups was statistically significant
(p=0.03; Fig. 1).

In the 5% PVP-I group, the mean Day 1 total CFS score was
1.6 ± 2.2 and did not differ from the baseline (p= 0.63). In the AT
group, the mean Day 1 total CFS score was 2.6 ± 2.3 and also did not
differ from baseline (p=0.25). There was no difference between ran-
domization groups (p=0.16) at Day 1, no difference between baseline
and Day 1 levels (p= 0.25) in either the 5% PVP-I group or AT, and no
difference in the direction of change between Day 1 and baseline be-
tween randomization group (p=0.63; Fig. 1).

1.3.2. Visual acuity

In the 5% PVP-I group, baseline logMAR VA was 0.08 ± 0.12 and
0.07 ± 0.15 at the Day 1 visit (p= 0.88). In the AT group, baseline
logMAR visual acuity was 0.11 ± 0.28 and 0.08 ± 0.11 at the Day 1
visit (p= 0.71). There were no differences between the randomization
groups (p=0.68), between time points (p= 0.71) and no differences
between time points between 5% PVP-I and AT groups at baseline
compared to Day 1 (interaction p=0.87).

1.3.3. Adverse events

Over the 21 days of follow up, no adverse events were reported in
the AT group. One adverse event of “light sensitivity with mild anterior
chamber reaction at the Day 1 visit” was reported in the 5% PVP-I
group. The masked clinician classified it as “not related to treatment”.

1.3.4. Participant-rated overall ocular discomfort

At the baseline visit prior to treatment, participants-rated overall
ocular discomfort in the study eye (n=56) on a scale from “0 – not at
all bothersome” to “10 – very bothersome”. There was no difference in
mean baseline overall ocular discomfort between the 5% PVP-I group
(6.0 ± 3.0 SD) and the AT group (6.7 ± 2.6; p= 0.34; Fig. 2).

In the 5% PVP-I group, the immediate post-administration overall
discomfort (6.2 ± 2.8) did not differ from baseline (6.0 ± 3.0,
p=0.78). In the AT group, immediate post-administration overall
discomfort (3.3 ± 2.8, mean ± SD) was significantly lower than
baseline overall discomfort (6.7 ± 2.6, p < 0.0001; Fig. 2). The dif-
ference between baseline and immediate post-administration overall
ocular discomfort reported in AT and 5% PVP-I groups was statistically
significant (p=0.0013) (Fig. 2).

In both the AT and 5% PVP-I groups, participant-rated overall
ocular discomfort on Day 1 did not differ from baseline (p= 0.10).
There was no difference between randomization groups (p= 0.21) at
Day 1, and no difference in the direction of change from baseline be-
tween randomization groups (p= 0.83) (Fig. 2).

1.4. Discussion

For decades, PVP-I has been used as an ophthalmic surgical anti-
septic and has been universally accepted as safe, however there are
limited in vivo studies assessing patient tolerability to exposure. Peden
et al. reported sensitivity to standard ophthalmic 5% PVP-I in 16% of
patients in a retrospective study of 1854 patients receiving intravitreal
injections [21]. Saedon et al. reported increased dry eye symptoms and
corneal epithelial staining in eyes that received multiple intravitreal
injections following 5% PVP-I antisepsis; however, the eyes were
compared to fellow eyes receiving neither intravitreal injections nor
PVP-I [22]. In a small study (n=10) of normal participants, Ridder
et al. compared dry eye symptoms, corneal staining and visual acuity
following a 2-minute exposure to a small aliquot of 5% PVP-I versus AT.
One drop of proparacaine was used to wash out the PVP-I or AT. Signs
and symptoms were minimal with AT, but exposure to 5% PVP-I re-
sulted in a transient increase in corneal staining, a reduction in VA and
an increase in dry eye symptoms. After 24-hours, there was no differ-
ence between the eyes receiving AT or 5% PVP-I in terms of dry eye
symptoms and VA. However, corneal staining remained mildly in-
creased in eyes exposed to 5% PVP-I [23].

These studies evaluated the safety and tolerability of PVP-I at var-
ious concentrations and exposure duration in eyes with no significant
anterior segment disease. The purpose of the study reported here was to
evaluate the safety and tolerability of a one-time, 2-minute exposure of
ophthalmic 5% PVP-I in eyes with presumed AdCs. We hypothesized
that individuals with active AdCs may have poorer tolerability to PVP-I
due to the diseased state of the eye. Safety and tolerability were eval-
uated by assessing CFS, VA, adverse events and subjective discomfort at
baseline, immediately after administration and again on Day 1. The
signs and symptoms of toxicity to any ophthalmic solution are usually
transient resolving within 24 h. Therefore, although the study protocol
allowed for the first follow-up visit to be 24–48 hours following base-
line, only a subset of the patients (those who returned on the first day)
were reported in this analysis.

This study found an increase in CFS immediately after instillation of
5% PVP-I but the amount of staining returned to baseline levels by Day
1 (Fig. 1). We hypothesize that rapid recovery by Day 1 of corneal

Table 2
Demographics of randomized participants.

5% PVP-I AT ALL

Gender
Male 16 13 29
Female 14 13 27
Age at screening 34.6 ± 14.4 33.7 ± 13.6 34.1 ± 14.4
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staining may be due to thorough lavage with saline after a 2-minute
exposure to PVP-I. In addition, we instructed participants to use non-
preserved AT four times a day. In the AT group, there was a statistically
significant reduction in overall participant-rated discomfort im-
mediately after administration with AT. This may provide additional
support in recommending ocular lubricant use in the management of
Ad-Cs with or without other therapeutic interventions. Also of note,
corneal staining by Day 1 was minimal and was comparable to levels

previously reported in successful daily wear and extended wear contact
lens patients [24]. Our study participants also had stable VA and were
minimally symptomatic, providing evidence that supports the treat-
ment with 5% PVP-I was safe in individuals with presumed AdCs. In the
AT group, there was a trend for a slight increase from 1.8 mean CFS at
baseline to 2.6 at Day 1. This could be indicative of Ad-Cs disease
progression; however, vision was not reduced.

A phase 2, randomized trial of 0.6% PVP-I and 0.1% dexamethasone

Fig. 1. Total corneal fluorescein staining. Mean corneal staining was significantly increased immediately post-administration in the 5% PVP-I group. There was no
difference in mean staining in the AT group.

Fig. 2. Participant-rated overall ocular discomfort. There was no difference in baseline and immediate post-administration overall discomfort in the 5% PVP-I group.
In the AT group, overall discomfort immediately post-administration was lower than baseline rating. On Day 1, there was no difference in participant-rated overall
discomfort compared to baseline levels.
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combination, 0.6% PVP-I alone or vehicle alone by Pepose et al. re-
ported safety in patients with AdCs. Participants rated comfort on a
scale of 0–10 (0= very comfortable and 10= very uncomfortable) at
the time of drop instillation as well as 1 minute and 2 minutes after
instillation. Comfort ratings were similar among the three randomiza-
tion groups upon instillation, with mean scores between 2 and 3,
however, comfort at subsequent follow-up visits were not reported. The
authors concluded that no difference in comfort between vehicle and
study medication is noteworthy because comfort is an important part of
ocular tolerability that can influence patient treatment adherence.
Based on VA and slit-lamp biomicroscopy findings, there were no safety
concerns. There were 281 treatment-emergent adverse events reports
by 61.7% of the participants. All events were rated as mild to moderate
and none was thought to be due to treatment. This investigational
combination drug is now in Phase 3 clinical trials [16]. Another study
of patients with AdCs using combination 0.1% dexamethasone/0.4%
PVP-I versus AT four times a day for 7 days reported higher rates of
stinging (22%) in patients using the combo medication compared to AT
(2%) [17].

The only contraindication listed in the package insert for oph-
thalmic 5% PVP-I is known iodine sensitivity. Caution is also advised in
using 5% PVP-I in patients with thyroid disease [8] due to the possi-
bility of iodine absorption [25], and the safety is uncertain in in-
dividuals with thyroid dysfunction. For these reasons, we excluded all
participants with a history of iodine allergy or history of thyroid disease
from this study.

There are several study limitations. Because RAPID was designed as
a pilot study, the sample size is small, and thus statistical power is low.
In addition, our study population was limited to adult participants in
the United States. As different populations across the globe have been
shown to have vastly different proportions of subtypes of adenovirus
infection [26], our results may not be applicable across all ages in all
countries. In this study, non-preserved artificial tears were used as the
control group as the study was originally designed to compare PVP-I
treatment group to the current standard of care for adenoviral con-
junctivitis. It is possible that there may have been differences in our
results if the same vehicle of the 5% PVP-I was used instead. Finally,
our protocol did not standardize an exact number of minutes after
participants received treatment at which to record post-administration
corneal staining and discomfort assessment, instead giving the general
instruction to ask the participant to rate overall discomfort in the
treated eye. In the 5% PVP-I group, the immediate post-administration
overall discomfort (6.2 ± 2.8) did not differ from baseline (6.0 ± 3.0,
p=0.78). In the AT group, immediate post-administration overall
discomfort (3.3 ± 2.8, mean ± SD) was significantly lower than
baseline overall discomfort (6.7 ± 2.6, p < 0.0001; Fig. 2). Despite
the use of topical anesthetic, overall discomfort immediately post-ad-
ministration was rated higher in the PVP-I group than the AT sup-
porting the use of topical anesthetic with treatment. In future toler-
ability studies, timing should be recorded and standardized and
measurements repeated to better assess discomfort/comfort after use of
topical anesthetic.

In conclusion, our study provides support that ophthalmic 5% PVP-I
was well tolerated in patients with presumed Ad-Cs. Although in-
dividuals may experience a temporary increase in corneal staining, the
use of AT can help mitigate discomfort that may be associated with the
temporary increase in epitheliopathy. By providing information re-
garding the transient and temporary effects of 5% PVP-I to patients who
present with “red eye”, clinicians should not be deterred from a safety
or tolerability perspective.
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