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e PURPOSE: To evaluate the safety and efficacy of a single,
in-office administration of 5% povidone-iodine (PVP-I)
compared to artificial tears (AT) for adenoviral conjunc-
tivitis (Ad-Cs).

e DESIGN: Double-masked pilot randomized trial.

* METHODS: Patients presenting with presumed adenovi-
ral conjunctivitis were screened at 9 U.S. clinics. Inclu-
sion criteria: >18 years of age, symptoms <4 days, and a
positive AdenoPlus test. Exclusion criteria: thyroid dis-
ease, iodine allergy, recent ocular surgery, and ocular find-
ings inconsistent with early-stage Ad-Cs. Randomization
was to a single administration of 5% PVP-1 or AT in 1 eye
and examinations on days 1-2, 4, 7, 14, and 21 with con-
junctival swabs taken at each visit for quantitative poly-
merase chain reaction. Primary outcome was percent re-
duction from peak viral load. Secondary outcomes were
improvement in clinical signs and symptoms.

e RESULTS: Of 56 patients randomized, 28 had detectable
viral titers at baseline. Day 4 posttreatment, viral titers
in the 5% PVP-I and AT groups were 2.5% =+ 2.7% and
14.4% =+ 10.5% of peak, respectively (P = .020). Sever-
ity of participant-reported tearing, lid swelling, and red-
ness as well as clinician-graded mucoid discharge, bulbar
redness, and bulbar edema were lower in the 5% PVDP-
I group than AT group on day 4 (P < .05). After day
4, viral titers and severity of signs and symptoms de-
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creased markedly in both groups and no differences be-
tween groups were detected.

e CONCLUSIONS: Pilot data suggest a single, in-office ad-
ministration of 5% PVP-I could reduce viral load and
hasten improvement of clinical signs and symptoms in pa-
tients with Ad-Cs.  (Am ] Ophthalmol 2021;231: 28-
38. © 2021 Elsevier Inc. All rights reserved.)

UMAN ADENOVIRUSES ARE ESTIMATED TO ACCOUNT

for approximately 65%-90% of the viral conjunc-

tivitis cases.! Adenoviral conjunctivitis (Ad-Cs)
is typically associated with significant discomfort, tearing,
discharge, lid swelling, and photophobia. More rarely, there
can be permanent corneal scarring owing to inflammation.
Ad-Cs is highly contagious, as the virus is resistant to stan-
dard disinfectants, including 70% isopropyl alcohol and 3%
hydrogen peroxide, and can persist on fomites at room tem-
perature for 5-7 weeks.” Secondary transmission of Ad-Cs
to members of the same household is estimated to occur
at a rate of 20%.”* Outbreaks frequently occur in schools,
military units, nursing homes, workplaces,’*® community,’*®
and health care facilities.>”"'* Because of its epidemic po-
tential, the reporting of Ad-Cs is mandatory in Germany
and Japan, though voluntary in the United States.">'® An
estimated $670 million is spent annually on the manage-
ment of Ad-Cs.'” A typical furlough from work for Ad-
Cs is 1-2 weeks, which can cause a loss of 25%-50% in
monthly earnings.'® An intervention capable of reducing
Ad-Cs transmission or duration of infection could have sub-
stantial clinical and economic impact.’!”

There is no U.S. Food and Drug Administration—
approved treatment for Ad-Cs. In vitro testing has
demonstrated virucidal activity of povidone-iodine (PVP-
1) against adenovirus.””>*! More than 2 decades ago, an ar-
ticle in Ophthalmology Management recommended that 5%
PVP-I was a “good treatment for such external ocular in-
fections as Ad-Cs.””” This “off-label” use of 5% PVP-I as a
treatment option for Ad-Cs has continued to gain credence,
with its promotion in influential editorials and reviews that
have wide distribution within the optometric and ophthal-
mologic communities.”””> The annual publication “Clini-
cal Guide to Ophthalmic Drugs” states that “...a one-time
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application of povidone-iodine should be sufficient for alle-
viating the condition.””* A 2013 survey of more than 600
eye care providers found that one-third used off-label 5%
PVP-I as part of their management of Ad-Cs.”°

Only a few clinical trials have investigated the efficacy
of PVP-I alone for Ad-Cs; a greater number of trials have
assessed PVP-l in combination with dexamethasone. A
single-arm trial of 61 patients prescribed 2% PVP-I 4 times
daily reported that all clinical signs showed statistically sig-
nificant improvement by 1 week and 77% of the patients
reported ocular comfort had returned to “normal.”’” In a
double-masked 3-arm trial of 0.6% PVP-I alone, 0.6% PVP-
[ / 0.1% dexamethasone, and placebo, nearly 4 times as
many participants treated with 0.6% PVP-I alone achieved
viral eradication by day 3 than in the placebo group (32.0%
vs 8.7%).”" In a single-arm study of 0.4% PVP-I / 0.1%
dexamethasone used 4 times daily for 5 days, 6 of 6 eyes
with Ad-Cs confirmed by polymerase chain reaction (PCR)
had marked reduction in viral titers by days 3, 4, or 5.7
These studies suggest that PVP-I alone can be effective in
reducing viral titers, symptom severity, and/or duration of
symptoms.

Larger, double-masked, placebo-controlled randomized
trials of fixed-combination PVP-I and dexamethasone have
shown efficacy in reducing the severity and duration of
Ad-Cs. Combination 0.4% PVP-1/ 0.1% dexamethasone
4 times daily for 7 days reduced symptom duration from
12.2 days to 9.8 days (P = .018) compared to placebo
among 72 patients with PCR-confirmed Ad-Cs.”” Com-
bination 1% PVP-1 / 0.1% dexamethasone 4 times a day
for 7 days reduced severity of clinical signs and symptoms
as well as viral load in patients with quantitative PCR
(gPCR)—confirmed Ad-Cs.’® In a multicenter trial con-
ducted in India, treatment with 0.6% PVP-1/0.1% dexam-
ethasone eradicated virus in 35.4% vs 8.7% in the placebo
group by day 3, achieved a higher rate of clinical reso-
lution (31.3% vs 10.9%), and reduced conjunctival dis-
charge (54.2% vs 26.1%) and redness (33.3% vs 13.0%),
respectively.’! Taken together, these results suggest that
PVP-I can be effective in reducing viral titers and symp-
tom severity/duration. While promising, these trials also
identified some recurring issues. Discomfort upon instilla-
tion of PVP-I/dexamethasone, which could reduce treat-
ment adherence, was reported by 22% of the participants
in 1 study”” and 31.8% in another study.’” The 4-times-a-
day dosing for 5-7 days could also reduce treatment adher-
ence. Thus, a 1-time, in-office administration of 5% PVP-I
for Ad-Cs administered after topical anesthesia merits eval-
uation.

METHODS

e STUDY DESIGN: The Reducing Adenoviral Patient In-
fected Days (RAPID) study is a double-masked, pilot, ran-
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domized trial of the safety and efficacy of a single, in-office
administration of 5% PVP-I compared to artificial tears
(AT) funded by a National Eye Institute R-34 planning
grant. Institutional review board approval was obtained by
each study site and the Coordinating Center at Washington
University in St. Louis, Missouri, USA. Data were collected
in compliance with HIPAA guidelines. All study proce-
dures were in compliance with the ethical standards of the
Declaration of Helsinki and Good Clinical practices and
the study is registered at https://clinicaltrials.gov/ct2/show/
NCTO03756753.

Participants were enrolled at 9 U.S. clinics. Written in-
formed consent was obtained from all screened participants.
One eye of each participant was randomized to 5% oph-
thalmic PVP-I or preservative-free AT. Posttreatment ex-
aminations were on days 1-2, 4 (days 3-5), 7 (days 6-10),
14 (days 11-17), and 21 (days 18-21). The primary outcome
was percent reduction from peak viral load. Secondary out-
comes included improvement in clinician-graded clinical
signs and participant-reported symptoms.

e STUDY PARTICIPANTS: Inclusion criteria included age
>18 years, symptom onset of <4 days, and a positive
AdenoPlus point-of-care immunoassay in the study eye.’” If
both eyes were affected, the first affected eye was selected.
If both eyes became symptomatic at the same time, 1 eye
was selected randomly as the study eye. 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, subepithelial corneal infiltrates, corneal
ulceration, corneal abrasion, corneal foreign body, anterior
chamber inflammation, or pregnancy/nursing.

At baseline and follow-up, severity of symptoms was
assessed by participant rating of the “bothersomeness” of
10 symptoms: tearing, eyelash matting, burning, itching,
gritty/sandy, eyelid swelling, redness, blurred vision, sensi-
tivity to light, and overall discomfort on a scale of O (not at
all bothersome) to 10 (very bothersome). Clinical examina-
tion included Snellen visual acuity (corrected, uncorrected,
or pinhole if less than 20/20), slit-lamp examination grad-
ing findings on a scale from O (absent) to 4 (severe), lymph
node palpation, and grading of corneal fluorescein staining
as 0 (none), 1 (micropunctate), 2 (macropunctate), 3 (co-
alescent macropunctate), or 4 (patch) in 5 corneal sectors
using the Brien Holden Vision Institute visual grading sys-
tem.”’ Grades for the 5 sectors were summed for analysis.

¢ CONFIRMATION OF ADENOVIRAL CONJUNCTIVITIS:
AdenoPlus point-of-care immunoassay (now named Quick-
Vue Adenoviral Conjunctivitis Test; Quidel Corporation,
San Diego, California, USA) was used to test for adenovirus
at baseline and at follow-up until 2 consecutive tests were
negative.

Conjunctival swab samples of screened participants were
collected from the inferior palpebral conjunctiva at least 5
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minutes after instillation of topical anesthetic and Adeno-
Plus testing. The samples were stored in a -80 C freezer
within 4 hours of collection. Samples were shipped on
dry ice to Washington University (St. Louis, Missouri,
USA) for DNA extraction and gPCR analysis for aden-
ovirus. After completion of all study visits, gPCR analy-
sis was performed with all samples for a given participant
in a single batch. Viral genomic DNA was extracted using
NucliSENS easyMAG (BioMereius, Lyon, France). gPCR
was performed on the LIAISON MDX instrument (Dia-
Sorin Molecular LLC, Cypress, California, USA), using the
Universal Disc (96 wells) and adenovirus analyte-specific
reagents that included a fluorescein (FAM)-labeled inte-
grated probe and 3’ and 5’ adenovirus hexon primers (Di-
aSorin Molecular LLC). Standard curves were constructed
using the Adenovirus Molecular Control (DiaSorin Molec-
ular LLC). Each standard was extracted in a singlicate with
each extract amplified in quadruplicate in a single run, and
standard curves were used for all subsequent viral load de-
terminations. Based on probit analysis using SPSS Statistics
software (IBM, Armonk NY), the lower limit of detection,
with a 95% confidence interval (CI), was determined to be
182 copies/mL. Specificity of the assay was assessed using
samples from clinical patients known to be positive for com-
mon viruses, including cytomegalovirus, Epstein-Barr virus,
human herpesvirus 6, human herpesvirus 8, parvovirus B19,
varicella-zoster virus, human immunodeficiency virus 1,
hepatitis C virus, herpes simplex virus 1, herpes simplex
virus 2, and human polyomavirus 2. No cross-reactivity was
observed for any of the viruses tested.

e RANDOMIZATION AND TREATMENT: The Coordinating
Center distributed randomization assignments in sealed,
numbered envelopes contained within sealed, coded boxes
with either ophthalmic 5% PVP-1 (Alcon, Fort Worth,
Texas, USA) or preservative-free AT. At baseline, 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 and rotate their
eyes in all positions of gaze. A 2” x 2” gauze pad moist-
ened with the randomized study treatment, either 5% PVP-
I or artificial tears, was wiped along the eyelid margins
of the study eye of participants. Nonpreserved buffered
sterile saline solution was used to lavage the eye and a
gauze pad moistened with sterile saline was used to wipe
the eyelid margins of all participants. Participants received
written instructions on preventing infection transmission.
Participants were also instructed to administer single-use,
preservative-free lubricant eye drops to be used 4 times
daily for the study duration. Masked clinicians performed
all follow-up examinations.

e TOLERABILITY AND SAFETY OF 5% POVIDONE-IODINE:
Safety was assessed by comparing visual acuity at pretreat-
ment baseline and day 1 visit and corneal fluorescein stain-
ing at pretreatment baseline, immediate posttreatment, and
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day 1. Tolerability was assessed by participant-rated over-
all ocular discomfort at pretreatment baseline, immediately
posttreatment, and on day 1.

o ASSESSMENT OF ADEQUACY OF MASKING: Masking of
participants was assessed immediately after treatment in-
stillation and 4 days posttreatment, by asking participants,
“Which treatment do you think you received?” Masking
of clinicians was assessed at each follow-up visit, by ask-
ing clinicians to guess which treatment the participant had
received. Response options for participants and clinicians
were: “betadine” (the trade name for PVP-I), “artificial
tears,” or “unsure.”

o INFECTION CONTROL: Infection control measures in-
cluded (1) participant handwashing upon entering exam-
ination room, (2) signing 2 original consent forms to avoid
photocopying the original for the participant and storing
the clinic’s signed consent form in a red folder marked “bio-
hazard,” (3) giving the pen used to sign the consent form to
the participant, (4) reading of symptom surveys by clini-
cians/technicians with participants responding verbally by
selecting responses printed in large font on a single-use
8 1/2” x 11” sheet of paper, (5) clinicians donning fresh
gloves prior to performing procedures with participant con-
tact, (6) disposing of all materials potentially contaminated
by participant contact in a biohazard container, and (7) dis-
infecting the examination room and waiting area with ger-
micidal disposable wipes that meet U.S. Centers for Disease
Control and Occupational Safety and Health Administra-
tion guidelines.

o STATISTICAL ANALYSIS: As this was a pilot study with
no data available for estimating treatment effect sizes or
variances, no formal statistical power analyses were per-
formed and a target sample size of 40 (20 per group) was
selected. To decrease the probability of failing to reject a
null hypothesis, corrections for multiple comparisons were
not performed.

The primary efficacy outcome was percent reduction of
DNA copies per mL from the participant’s peak viral load.
The Data and Safety Monitoring Committee approved a
modified intention-to-treat analysis (mITT) to test the pri-
mary hypothesis in participants with detectable viral load
by qPCR at baseline. The mITT analysis does not intro-
duce bias because samples for qPCR were taken from all
screened patients prior to randomization and qPCR results
were never disclosed to participants or study personnel.
Safety was assessed per intention-to-treat using all random-
ized participants receiving 5% PVP-I or AT.

Percent reduction from peak viral load, clinical signs, and
symptoms were compared at each visit by randomization
group using nonparametric Wilcoxon rank order tests. The
exact P value was calculated by a computational network
algorithm, since asymptotic results assuming a normal dis-
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tribution could not be assumed given the small sample size.
Nominal variables were analyzed using Fisher exact test.

RESULTS

The Data Safety and Monitoring Board monitored study
outcomes from September 2015 through September 2018
and data analyses were completed in July 2020. Between
March 2015 and July 2018, 212 patients who presented with
presumed conjunctivitis were screened; 56 (21.2%) were el-
igible and randomized to a single, in-office administration
of 5% PVP-I (n = 30) or AT (n = 26). Reasons for ex-
clusion included a negative AdenoPlus test (n = 148), his-
tory of thyroid disease (n = 2), conjunctival pseudomem-
brane/membrane (n = 1), corneal infiltrates (n = 3), and
corneal ulcer (n = 2).

Of the 212 screened participants, 186 participants had
both AdenoPlus and qPCR results. Of these 186 partici-
pants, 70.0% (130 of 186) participants tested AdenoPlus
negative and were excluded and 30.1% (56 of 186) tested
AdenoPlus positive and were clinically eligible. Of the 130
participants who tested AdenoPlus negative, results were
confirmed by negative qPCR tests in 98.5% (128 of 130)
of these participants. Of the 56 participants who tested
AdenoPlus positive, 50% (28 of 56), results were not con-
firmed by negative qPCR tests at baseline and at all follow-
up visits as well as by negative AdenoPlus tests at days 2 and
7.

Baseline demographic and clinical characteristics are re-
ported for all randomized participants by whether they
tested negative (n = 28) or positive (n = 28) for aden-
ovirus by qPCR (Table 1). Only participants who tested
gPCR positive for adenovirus at baseline were included in
the mITT subgroup analysis. Mean duration of symptoms
at presentation by self-report in the qPCR-positive sub-
group was 2.4 days (range 1-4 days). Baseline characteris-
tics for this subgroup are reported by randomization group
(Table 2). A consort diagram (Figure 1) illustrates random-
ization and visit completion rates by participant gPCR sta-
tus.

¢ POVIDONE-IODINE INSTILLATION PAIN, CORNEAL
STAINING, AND VISUAL ACUITY: Thirty of the 56 partici-
pants were randomized to receive 1 in-office administration
of 5% PVP-1. On the 10-point scale, the mean pretreat-
ment and immediate posttreatment discomfort did not
differ, 6.0 4= 3.0 standard deviation (SD) and 6.2 & 2.8 SD
(P = .78), respectively. On a point scale of 0-5, corneal
staining increased from a pretreatment mean of 1.3 £ 2.0
SD to a posttreatment mean of 3.3 & 3.3 SD (P = .004),
but day 1 corneal staining mean (1.6 + 2.2 SD, P = .63)
did not differ from pretreatment. Pretreatment logMAR
visual acuity was 0.08 & 0.12 and 0.07 & 0.15 at the day 1

visit. 4
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e ADEQUACY OF MASKING: Masking is optimal when 50%
of the respondents guess “incorrectly” or are “unsure” of
their randomization assignment. Immediately after treat-
ment instillation, 34% (10 of 29) of the participants who
received 5% PVP-1 and 69% (18 of 26) of the participants
who received AT guessed incorrectly or were unsure of their
treatment. One participant treated with 5% PVP-I was not
queried regarding treatment guess. On day 4, 38% (8 of 21)
of the 5% PVP-I participants and 52% (11 of 21) of the
AT participants guessed incorrectly or were unsure of their
treatment. On follow-up days 1-2, 4, 7, 14, and 21, masked
clinicians guessed assignment of 5% PVP-I participants in-
correctly or were unsure in 53%, 50%, 40%, 39%, 42%, re-
spectively, and 44%, 35%, 38%, 35%, and 39% of the AT

participants, respectively. »

e VIRAL LOAD, SYMPTOMS, AND CLINICAL SIGNS: In ac-
cordance with the modified intention-to-treat analysis ap-
proved by the Data and Safety Monitoring Committee,
viral load, symptoms, and clinical signs are reported for
the subset of 28 participants with detectable adenovirus by
gPCR at baseline (12 randomized to AT, 16 randomized to
5% PVP-I). Viral load, participant-reported symptoms, and
examiner-graded clinical signs were lower in the 5% PVP-1
group compared to the AT group on day 4 but did not differ
at any other follow-up visit. On day 1-2, mean percent of
peak viral load was 67.1% =+ 37.4% SD in the 5% PVP-I
group and 54.8% =+ 43.6% SD in the AT group (P = .63);
on day 4, mean percent of peak viral load was 2.5% =+ 2.7%
(95% CI0.63 t0 4.37) in the 5% PVP-I group and 14.4% =+
10.5% (95% CI 7.12 to 21.7) in the AT group (P = .020)
(Figure 2 and Supplemental Table 1; Supplemental Mate-
rial available at AJO.com). These differences may not be
clinically significant. After day 4, viral titers continued to
decrease sharply in both groups. No differences between
groups were detected on days 7, 14, or 21. By day 7 viral
titers were undetectable by qPCR in 54% of participants
in the 5% PVP-I group and 44% of the participants in the
AT group. By day 21, no participant in either group had de-
tectable viral titers. No difference was found between ran-
domization groups in length of time before viral titers be-
came undetectable (P = .942).

Mean participant-reported severity of symptoms was
lower on day 4 in the 5% PVP-I group compared to the
AT group on a 0 (not at all bothersome) to 10 (very
bothersome) scale for tearing (3.8 £ 2.3 [95% CI 2.21 to
5.39] vs 6.6 £ 2.4 [95% CI 4.94 to 8.26], P = .035), lid
swelling (2.0 £+ 2.3 [95% CI 0.41 to 3.59] vs 6.3 £+ 3.2
[95% CI 4.08 to 8.52], P = .012), and redness (4.8 & 3.1
[95% CI 2.65 to 6.95] vs 8.0 = 2.1 [95% CI 6.25 to 9.75],
P = .039) (Figure 3). After day 4, severity of symptoms
in both groups continued to decline and no differences
were detected between groups. No statistically significant
differences between groups were found for eyelash matting,
burning, itching, gritty/sandy, blurred vision, sensitivity
to light, or overall discomfort at any visit. Mean symptom
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TABLE 1. Baseline Demographics, Viral Titers, Participant-Reported Symptoms, and Clinician-Graded Signs for 56 Randomized
Participants by qPCR Status (Negative or Positive) for Adenovirus

Characteristic

Baseline qPCR Status

qPCR Negative gPCR Positive
N % N %
Sex (P = .42)
Male 16 55.2 13 44.8
Female 12 44.4 15 55.6
Racial category (P = .01)
Other 3 25.0 9 75.0
African American 6 35.3 1 64.7
White 19 70.4 8 29.6
N Median N Median
gPCR viral titer 28 0 28 2.65 x 108
N Mean (SD) N Mean (SD)
Age at screening (P = .007) 28 29.0 (12.5) 28 39.3 (14.5)
Symptoms (0 = not at all bothersome; 10 = very bothersome)
Tearing (P = .002) 28 4.6 (2.6) 28 6.9 (2.6)
Matting (P = .007) 28 4.9 (2.7) 28 6.7 (2.7)
Burning (P = .006) 28 3.1(2.5) 28 5.4 (3.2)
Itching (P = .004) 28 2.8 (2.7) 28 5.3(3.1)
Gritty (P = .0001) 28 2.8 (2.9) 28 6.4 (3.1)
Swelling (P = .002) 28 3.6 (3.3) 28 6.5 (3.4)
Redness (P = .0006) 28 6.5 (2.8) 28 8.9 (1.4)
Blurred vision (P = .039) 28 3.2 (3.1) 28 5.1 (3.5)
Sensitive to light (P = .0075) 28 2.4 (3.2) 28 5.3 (3.7)
Overall discomfort (P < .0001) 28 4.8 (2.7) 28 79 (2.0)
Slit-lamp signs (0 = absent; 4 = severe)
Lid edema (P = .66) 28 1.7 (1.2) 28 1.8 (1.1)
Lid matting (P = .23) 28 1.0 (1.0) 28 1.3 (1.0)
Mucoid discharge (P = .81) 28 1.0 (1.2) 28 0.8 (0.8)
Serous Discharge (P = .07) 28 19 (1.1) 28 2.4 (1.0)
Bulbar edema (P = .91) 28 1.7 (1.1) 28 1.8 (1.4)
Bulbar redness (P = .09) 28 2.7 (0.9) 28 3.1(0.7)
Follicular response (P = .59) 28 2.2 (1.1) 28 2.3(1.2)
Papillary response (P = .58) 28 2.1 (1.1) 28 1.9 (1.1)

severity and P values are reported by randomization group
for each visit in Supplemental Table 2 (Supplemental
Material available at AJO.com).

The severity of clinical signs graded by masked clinicians
was lower on day 4 in the 5% PVP-I group compared to the
AT group. On a scale from O (absent) to 4 (severe), mean
severity in the 5% PVP-I group compared to AT was lower
(Figure 4) for mucoid discharge (0.0 £ 0.0 [95% CI 0.0 to
0.0] vs 1.3 £ 1.2 [95% CI 0.47 to 2.13], P = .03), bulbar
redness (1.7 £ 0.8 [95% CI 1.15 to0 2.25] vs 3.3 £ 0.7 [95%
CI 2.81 to 3.78], P = .003), and bulbar edema (1.0 £ 1.2
[95% CI 0.17 to 1.83] vs 2.5 £ 0.9 [95% CI 1.88 to 3.12],
P = .009). After day 4, clinical signs in both groups con-
tinued to resolve and no differences between groups were
detected thereafter. Severity of clinical signs is reported by
randomization group at each visit in Supplemental Table 3
(Supplemental Material available at AJO.com).
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Fourteen of 25 participants (56.0%, 95% CI 34.9%-
75.6%) who were qPCR positive for adenovirus developed
either a subepithelial infiltrate (5% PVP-I, n = 7; AT,
n =4) or a pseudomembrane (5% PVP-I,n=3; AT,n=1).
One participant had both complications. There was no
difference between randomization groups in the incidence
of subepithelial infiltrates (P = .69) or pseudomembrane
(P =.60).

Participants who tested negative for adenovirus by gPCR
at baseline had less severe clinical signs and symptoms at
baseline and follow-up compared to participants who tested
positive for adenovirus. Furthermore, among participants
who tested negative for adenovirus, no differences between
randomization groups were detected for any participant-
reported symptoms (Supplemental Table 4; Supplemental
Material available at AJO.com) or any clinical signs (Sup-
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TABLE 2. Baseline Demographic, Viral Titers, Participant-Reported Symptoms, and Clinician-Graded Signs for 28 Participants who
Are qPCR Positive for Adenovirus by Randomization Group

Characteristic

Randomization Group

5% PVP-| Artificial Tears
N % N %
Sex (P =.72)
Male 8 615 5 38.5
Female 8 53.3 7 46.7
Racial category (P = .45)
White 3 375 5 62.5
African American 7 63.6 4 36.4
Other 6 66.7 3 33.3
N Median N Median
gPCR viral titers (P = .91) 16 2.8 x 108 12 2.6 x 10°
N Mean (STD) N Mean (STD)
Age at screening (P = .67) 16 38.5 (15.3) 12 40.3 (14.0)
symptoms (0 = not at all bothersome; 10 = very bothersome)
Tearing (P = .67) 16 6.9 (2.3) 12 7.0 (3.0)
Matting (P = .43) 16 6.4 (2.6) 12 7.0 (2.9)
Burning (P = .57) 16 5.7 (3.0) 12 4.9 (3.4)
Itching (P = .72) 16 5.4 (3.3) 12 5.0 (2.9)
Gritty (P = .51) 16 5.9 (3.6) 12 7.0 (2.3)
Swelling (P = .95) 16 6.5 (3.5) 12 6.6 (3.5)
Redness (P = .89) 16 8.9 (1.5) 12 8.9 (1.4)
Blurred vision (P = .29) 16 4.6 (3.7) 12 5.9 (3.4)
Sensitive to light (P=0.12) 16 4.3 (3.8) 12 6.6 (3.1)
Overall discomfort (P = .38) 16 74 (2.4) 12 8.4 (1.3)
Slit-lamp signs (0 = absent; 4 = severe)
Lid edema (P = .69) 16 1.9 (1.1) 12 1.8 (1.3)
Lid matting (P = .68) 16 1.3 (0.9) 12 1.2 (1.1)
Mucoid discharge (P = .87) 16 0.8 (0.7) 12 0.9 (1.0)
Serous discharge (P = .72) 16 2.4(1.1) 12 2.4 (0.8)
Bulbar edema (P = .29) 16 1.5 (1.3) 12 2.1 (15)
Bulbar redness (P = .72) 16 3.0 (0.6) 12 3.2(0.9)
Follicular response (P = .84) 16 2.4 (1.0) 12 2.2 (1.5)
Papillary response (P = .70) 16 1.7 (1.0) 12 2.0(1.3)

plemental Table 5; Supplemental Material available at
AJO.com) at any visit.

DISCUSSION

Adenoviral conjunctivitis continues to be a major public
health problem in developed and developing countries. The
ideal treatment for Ad-Cs would be safe, effective, well tol-
erated, inexpensive, and readily available. The safety pro-
file of PVP-I has been demonstrated with decades of use
as a topical antiseptic in neonates, children, and adults.
Surveys have suggested that a growing number of eye care
practitioners use 5% PVP-I administered as an off label, 1-
time, in-office administration for the treatment Ad-Cs.?¢
The RAPID pilot study was designed specifically to explore
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the feasibility of a definitive trial to test the safety and effi-
cacy of this practice. The RAPID study demonstrated that
an in-office administration of 5% PVP-I following propara-
caine instillation was well tolerated by participants.’* There
was no evidence of increased ocular discomfort immediately
after instillation of 5% PVP-I compared to pretreatment
discomfort. Within 24 hours postinstillation, corneal stain-
ing returned to pretreatment levels and visual acuity was
virtually unchanged from the pretreatment baseline.

This pilot study provided evidence that 5% PVP-I de-
creased viral load and severity of signs and participant-
reported symptoms compared to AT in participants who
were Ad-Cs positive at baseline by qPCR. However, the
difference was statistically significant only on day 4 of a 21-
day follow-up period. On day 4, percent of peak viral load
was 2.5% in the PVP-I group and 14.4% in the AT group
(P = .020). These differences may not be clinically signif-
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FIGURE 1. Consort diagram of participant flow.

icant. By day 7, both groups showed marked reduction in
viral load and improvements in signs and symptoms, which
is consistent with the natural history of Ad-Cs.’"*® By day
21, no participant had detectable adenovirus by qPCR. The
clinical significance of these findings is not entirely clear,
but these results suggest that patients with Ad-Cs could ex-
perience relief 3-4 days earlier with 5% PVP-I treatment
than without treatment. Among randomized participants
who tested negative at baseline for Ad-Cs by qPCR, there
was no evidence that 5% PVP-I reduced signs or symptoms
at any follow-up visit.

It was hypothesized that 5% PVP-I would reduce the inci-
dence of ocular sequelae of Ad-Cs. However, the incidence
of corneal infiltrates and pseudomembranes was higher in
the 5% PVP-I group compared to AT, although not statisti-
cally significant. These findings were not expected and the
small sample size makes interpretation challenging.

The incidence of pseudomembranes in our study was
16% which is comparable to the 24% reported by Butt and
associates.’’ The incidence of infiltrates was 56% in this
study and is consistent with Lee and associates’ prospective
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study of 500 patients in 4 countries, which reported an in-
cidence of 59% over 18 days of follow-up.’® A retrospective
study of 110 patients in the United States reported an in-
cidence of infiltrates of 49%.°" A higher incidence of infil-
trates has been reported for adenovirus type D.*%*% Serotyp-
ing, which may have provided additional understanding as
to which patients develop these ocular sequelae, was not
done in this study.

The efficacy of topical PVP-I/dexamethasone combina-
tions in the management of Ad-Cs has been demonstrated
in open-label, single-arm as well as double-masked random-
ized trials.”®?" However, poor adherence might explain
why treatment benefit has not consistently been demon-
strated for several measures of efficacy. Poor adherence
could be related to the 4-times-daily regimen of PVP-
I/dexamethasone for 5-7 days. A study of medication
adherence found that adherence to 3-times-a-day dosing
was only 38%.”” In addition, stinging upon instillation,
reported by as many as 22% to 32% of patients receiving
PVP-I/dexamethasone combinations, could further reduce
treatment adherence.”’**? Issues of treatment adherence are
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FIGURE 2. Percent of peak viral load for 5% povidone-iodine (PVP-I) and artificial tears groups at days* 1-2, 4, 7, 14, and 21
among participants QPCR+ for adenovirus. *Wilcoxon rank sum test, exact P value to compare 5% PVP-I vs artificial tears groups

was calculated at each visit.

avoided by a single, well-tolerated in-office administration
of 5% PVP-I following topical anesthesia.

An important goal of this pilot study was to explore
whether double-masking could be achieved given the dis-
tinctive color and odor of 5% PVP-1. A threshold for opti-
mal masking is 50% incorrect/unsure guesses. Participants
were incorrect or unsure of their treatment 34%-69% of
the time. Masked clinicians were incorrect or unsure of the
participants’ treatment 35%-53% of the time throughout
follow-up. Though unmasking cannot be ruled out entirely,
our results increase confidence that participant-reported
symptoms and clinician-graded signs were not substantially
biased by knowledge of randomization assignment.

The lack of an accurate, real-time Ad-Cs diagnosis poses
a serious challenge both to the clinical management of pa-
tients presenting with acute conjunctivitis and to treatment
trials of these patients.”” Diagnosis of Ad-Cs based on clin-
ical signs and symptoms is known to be highly variable,
ranging from 40% to 72% compared to laboratory confir-
mation.*"*> Enrollment of patients in an Ad-Cs therapeu-
tic trial who are negative for Ad-Cs can dramatically re-
duce observed efficacy and statistical power (Mae O. Gor-
don, Julia A Beiser, Leonard Haertter. Diagnostic misclas-
sification: Possible explanation for unsuccessful therapeu-
tic trials of “pink eye”. Presented at: Society for Clini-
cal Trials. May 16, 2015. Arlington, VA)..#* One trial re-
ported that “not enough patients with confirmed adenoviral
conjunctivitis (n=32/132) were enrolled to assess the pri-
mary endpoint...””’ Lee and associates reported that 50%
of the participants who tested positive for Ad-Cs using a
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point-of-care immunoassay did not have detectable aden-
ovirus by qPCR (Cecilia S. Lee, Aaron Y. Lee, Lakshmi Ak-
ileswaran, et al. The evaluation of worldwide distribution of
adenoviral genotypes in acute/epidemic keratoconjunctivi-
tis and adenoviral-negative keratoconjunctivitis with next
generation sequencing. Poster presented at the Associa-
tion for Research in Vision and Ophthalmology; May 1-5,
2016; Seattle, WA)..* Similarly, 50% of the participants in
RAPID who tested positive by a point-of-care immunoassay
tested negative by gPCR.*’ Because the false-positive rate
of the available point-of-care immunoassay can be high, it
is important that future trials consider an a priori modified
intention-to-treat analyses of case-positive patients. The
true-negative rate of the available point-of-care immunoas-
say was high in RAPID (98.5%) as well as in other studies
using PCR as the comparator.*! Thus, a negative test result
on the available point-of-care immunoassay is likely to be
correct and therefore helpful for ruling out Ad-Cs.

An objective in the RAPID pilot study was to quanti-
tate the natural history of viral load in the artificial tears
group. After 7 days of follow-up, a marked reduction in vi-
ral titers and a concomitant reduction in the severity of
signs/symptoms was observed in the AT group, a finding
that has also been reported in the placebo control groups
of other studies.’®’! By day 7, most patients are nearly fully
recovered without treatment, though inflammatory seque-
lae can persist after clearance of viral titers. Since most
studies require that patients present within 4 days of symp-
tom onset, the day 7 follow-up visit equates to 11 days, at
most, after symptom onset.’”*+3¢ The rapid reduction in
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FIGURE 3. Severity of participant-reported symptoms in the
5% povidone-iodine (PVP-1) and artificial tears groups at days
1-2,4, 7, 14, and 21 among participants gPCR+ for adenovirus.
Scale from 0 = “not at all bothersome” to 10 = “very bother-
some.”

viral load and signs and symptoms by study day 7 implies
that the therapeutic window to shorten the course of Ad-
Cs in clinical trials may be relatively brief. Unfortunately,
many patients wait more than 3-4 days after symptom on-
set to seek care, and this may reduce the effectiveness of any
treatment for Ad-Cs. The reduction of viral load and signs
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FIGURE 4. Severity of masked clinician—graded signs in the
5% povidone-iodine (PVP-I) and artificial tears groups at 1-
2,4, 7, 14, and 21 days among participants gPCR+ for aden-
ovirus. Scale from 0 = “absent” to 4 = “severe.”

and symptoms by day 7 of follow-up suggests that therapeu-
tic “successes” observed in single-arm studies'”?® and case
series,*® which lack a concomitant, parallel control group,
may be due partly to the self-limiting nature of Ad-Cs.
Strengths of this pilot study include centralized masked
randomization, diverse participant sample, masking of clin-
icians and participants, and monitoring of viral load

MoONTH 2021



through 21 days by qPCR. The concentration of 5% PVP-I
was selected to evaluate the off-label use of 5% PVP-I that
has been adopted by some eye care practitioners to treat
Ad-Cs. This particular formulation was used because oph-
thalmic PVP-I is currently commercially available only in
a 5% concentration. Our results should be considered in
light of limitations of this study. The study was designed as
a pilot study and was not powered for a definitive test of
the efficacy of 5% PVP-1. Additional limitations include a
sample of adults only, loss to follow-up, lack of serotyping,
and a high false-positive rate of point-of-care immunoas-
say, which necessitated a modified intention-to-treat anal-
ysis among participants positive for Ad-Cs by qPCR. These

limitations directly affect the application of results to clin-
ical practice. First, this protocol applies only to patients
who present within 4 days of symptom onset. Second, the
high false-positive rate of point-of-care immunoassay im-
plies many patients who test positive for Ad-Cs using this
immunoassay may not benefit from treatment because they
do not actually have Ad-Cs.

Larger studies are needed to replicate our results. How-
ever, this pilot study suggests that a single, in-office admin-
istration of 5% PVP-I may accelerate reduction in viral load
and hasten improvement of clinical signs and symptoms in
individuals with Ad-Cs who present within 4 days of symp-
tom onset.
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