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Abstract

Objectives To analyze the effect of the employment of polyvinylpyrrolidone-iodine (PVP-I) 0.6% eye drop on the clinical
course of patients affected by Adenoviral Keratoconjunctivitis (AKC).

Methods Consecutive patients with clinical signs of AKC and positive results of AdenoPlus test were enrolled from four
Italian Centres. Patients were randomized to receive: PVP-1 0.6% eye drops four times/daily for 20 days (Group A) or
hyaluronate-based tear substitutes four times/daily for 20 days (Group B). Best-corrected visual acuity (BCVA), optical
coherence tomography (OCT) Optovue iVue pachymetry map; corneal haze; conjunctival injection and chemosis; sub-
epithelial corneal infiltrates (SEIs); corneal and conjunctival staining and corneal densitometry were recorded at diagnosis
and at every follow-up visit. The primary outcome was the resolution time of AKC.

Results Overall, 59 AKC patients (34 for Group A and 25 for Group B) completed the study. Patients of Group A showed a
significantly shorter resolution time and lower incidence of SEIs compared to patients of Group B. In particular, SEIs were
present at the last visit in 3/34 (8.82%) patients of the Group A vs 11/25 (44%) of the Group B (p = 0.005). Patients of
Group A showed a significantly lower incidence of corneal haze compared to patients of Group B (0/34 vs 3/25; p = 0.038).
No side effects were reported for both groups.

Conclusions Although further clinical evaluations are needed, according to our data the use of PVP-1 0.6% eye drop in the
setting of AKC reduces the risk of SEIs as well as the resolution time of the disease.

Introduction

Around the world, infectious conjunctivitis is a common
eye disease due to viruses, bacteria, or in some cases
chlamydia. Among these, viruses are considered the most
common cause, as the adenovirus (AdV) infections are
involved in 92% of all keratoconjunctivitis cases [1, 2].
Conjunctivitis is usually a mild eye disorder although it
can sometimes become severely disabling with most common
symptoms like redness, swelling, tearing, and irritation which
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often last for 1 to 3 weeks. The corneal involvement distin-
guishes adenoviral keratoconjunctivitis (AKC) from other
forms of viral conjunctivitis. Sometimes conjunctival pseu-
domembranes occur, while a fairly typical sign observed in
many cases is ipsilateral preauricular lymphadenopathy [3].
A diagnosis of AKC is principally based on personal
anamnesis, symptoms, and clinical manifestations. Although
AKC is a self-limiting disease, most affected patients look for
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treatment due to visual impairment from persistent sub-
epithelial  infiltrates  (SEIs), pseudomembranes, and
iridocyclitis.

Until the complete resolution of the disease, patients
usually complain of high pain even if being under standard
treatments such as cold compresses, tear substitutes and
topical vasoconstrictors.

Although topical corticosteroids represent a drug of
choice when vision-threatening complications occur a
recurrence rate of 30% has been reported after tapering the
corticosteroids off [4, 5].

Recent studies suggested the employ of povidone-iodine
in AKC [6, 7] since it acts as a broad-spectrum antiseptic
agent. Povidone-iodine is a polymeric iodophor that reacts
with oxygen containing functional groups of bacteria and
viruses, causing oxidation of their proteins [8].

Herein, we aimed to evaluate the effect of poly-
vinylpyrrolidone iodine (PVP-I) 0.6% on the clinical course
of AKC and on its late complications such as SEIs.

Methods
Patients

In this prospective multicentre randomized controlled study,
68 patients affected by AKC who presented to four Italian eye
centers between June 2019 and September 2019 were enrol-
led. Nine patients dropped out of the study because they failed
to complete the follow-up. Among the treated patients 26
were males (44%), the average age was of 42 years+ 13.5
with a range from 18 to 82. All patients were Caucasian.

Thirty-four patients were treated with Povidone-Iodine
0.6% (Iodim TM, Medivis Italy) eye drops four times a day
for 20 days (A group) instead 25 patients used standard
treatment with hyaluronate-based tear substitutes (B group).
The concentration of PVP-I 0.6% was chosen because of
the stability and pH characteristics of the molecule as well
as in consideration of the fact that in Italy a medical device
with such concentration (for which stability and sterility is
guaranteed) is marketed.

The randomization scheme was generated by using the
Web site Randomization.com (http://www.randomization.
com). The study was conducted following the Declaration
of Helsinki and the institutional review boards and the local
ethics committee approved the trial.

Rapid diagnostic kit

For the diagnosis of AKC the clinical signs and the positive
results of AdV ocular infection test were considered. Ade-
noPlus test (MT Promedt Consulting GmbH, Germany) uses
direct-sampling microfiltration technology: no pretreatment

is needed and the antigen could be directly transferred to the
immunoassay test strip obtaining an enhanced sensitivity
compared with other lateral flow technologies by con-
centrating antigen in its naive form at the time of collection.
So, this technology eliminates any requirement for pre-
treatment or subsequent dilution and extraction steps [9-11].
All human adenovirus (HAdV) types contain the hexon
protein that is detected by Adenoplus test. In the laboratory,
types 1, 3, 4, 5, 7, 8, 11, 14, 19, 31, 37 were tested and
demonstrated a positive antigen-antibody reaction [12].

Follow-up visits

Each patient was observed every 48 h for the first 10 days
and then 2 and 3 weeks after the first visit. At every
observation we measured OCT pachymetry map, the pre-
sence (score 1) or absence (score 0) of corneal haze, con-
junctival injection (using three reference images, as
illustrated in Fig. 1A, to scoring it from 0 = no conjunctival
injection, to 1 =mild conjunctival injection, or 2 = severe
conjunctival injection), conjunctival chemosis (with a score
from 0 =no chemosis, to 2 =severe chemosis), corneal
infiltrates defined by a score (0 = no infiltrates, 1 = less than
10 infiltrates Fig. 1B, 2 = 10 or more infiltrates), corneal and
conjunctival staining (scored, consistent with Oxford Scale
—ref. [13]), ocular discomfort recorded on a numerical rating
scale (NRS) using numbers to rate pain with a score from 0
(no discomfort) to 10 (pain), anterior, central, and posterior
corneal densitometry measured by a Scheimpflug Camera
(Pentacam System, Oculus, Germany). We also reported
best-corrected visual acuity (BCVA) at the time of the first
observation, the 10 days visit, and the last evaluation.

Eligibility criteria

Eligibility criteria were an age of 18 years or older with a
clinical ocular adenoviral infection as confirmed by a
positive AdenoPlus test.

Exclusion criteria

Patients who had ocular diseases like glaucoma or uveitis,
who received any topical or systemic medications, used
corticosteroid eye drops, and those who had any ocular
surgeries in the previous 3 months or who had allergy to
iodine were excluded from the study.

Outcome measures
The primary outcome of the study was to evaluate any dif-
ference in the resolution time of the infection in both groups

of patients. The resolution time was defined according to
objective variables evaluation (SEIs decrease or resolution,
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Fig. 1 Clinical signs of AKC.
A Conjunctival injection scale
from grade O to grade 2.

B Central SEIs in a patient with
AKC grade 1 (less than 10
infiltrates).

conjunctival chemosis and injection resolution, corneal
transparency recovery) and subjective improvement of the
typical distressing symptoms quantified on a NRS of pain.
Changes in BCVA, comeal densitometry, and corneal stain-
ing during the follow-up were secondary outcome measures.

To perform the statistical analysis we used STATA/IC
15.1 software. Statistical analysis for continuous variables
was performed using a two-sample ¢ test with equal var-
iances. Categorical variables were analyzed using the Chi-
Square test of variance. A probability value beneath 0.05
was considered as statistically significant.

Results

A total of 68 patients were analyzed in four different Italian
eye centers, nine patients dropped out of the study because
they did not complete the follow-up and 59 patients com-
pleted the study.

Analysis did not evidence statistically significant differ-
ences among the patients of Group A (PVP-I 0.6%

SPRINGER NATURE

treatment) and Group B (hyaluronate-based tear substitutes)
for the continuous variables (nor corneal pachymetry or
densitometry) at all assessments. OCT pachymetry did not
show significant changes over time between the two groups
or among different patients within each group with an
average value at the first observation of 562.95 +31.22 um
in the Group A and of 570.34 +25.38 um in the Group B.
At the last visit the values were respectively 556.19 +
2191 um in the Group A and 566.85 +£23.25 um in the
B group.

BCVA measured with Snellen charts at the first visit was
0.926 +0.102 in the Group A and 0.92 £0.119 in the Group
B (p =0.82). BCVA at the 10 days evaluation was 0.970 +
0.062 in the Group A and 0.956 +0.065 in the Group B
(p =0.38). At the end of the study BCVA was 1.0+0 in
patients treated with PVP-I and 0.992 +0.027 in patients
treated with hyaluronate-based tear substitutes (p = 0.09).

Principal data are resumed in Tables 1 and 2.

We observed that d-PVP-1 0.6% four times a day for
20 days statistically decreased the incidence of SEI devel-
opment (Table 3) and made the resolution of acute
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Table 1 Results of the primary outcome variables among the Group A (PVP-1 0.6% eye drops 4 times/daily for 20 days) and B (hyaluronate-based tear substitutes 4 times/daily for 20 days).

Injection (grade 0) Infiltrates (n = 0) Pain (grade 0)

Chemosis (grade 0)

Corneal Haze (percentage of

absence)

p value

Group B
(n=25)

Freq/%

p value Group A

Group B
(n=25)

Freq/%

p value Group A

Group B
(n=25)

Freq/%

p value Group A

Group B
(n=25)

Freq/%

p value Group A

Group B
(n=25)

Freq/%

Group A

(n=134)
Freq/%

Follow-up

(n=134)
Freq/%

(n=734)
Freq/%

(n=134)
Freq/%

(n=734)
Freq/%

assessments

0.118

0/25
0725
0/25
0725
0/25
0725
1/25
2/25

0/34
0/34

0.277

13/25
11/25
11725
10/25
10725
11/25
11/25
14/25

21/34
21/34
22/34

0.109
0.122
0.122

0/25
0725
0/25
1725
7/25
7125

0/34
1/34
1/34
2/34

0.061
0.061

7/25
7125
9125

18/34
18/34
21/34
24/34
24/34
32/34

0.828
0.589

14/25
15/25
17/25
18/25
18/25
21/25
22/25
23/25

20/34

TO

0.993

0.322

18/34
19/34
22/34
22/34
28/34
34/34
34/34

T2 ds

0911

0.180 0/34

0.195
0.195
0.283

0.120
0.061

0.611

T4 ds

0.599
0.599
0.802
0.011*

0/34
0/34
1/34
5/34
9/34

0.047* 21/34
0.197
0.197
0.069

19/25
19/25
15/25
19/25
22/25

0.775

T6 ds

21/34
23/34
23/34

16/34
16/34

0.061

0.775

T8 ds

0.005*

0.528

T10 ds

0.050*
0.005*

11/25
17/25

0.013* 23/34

0.038* 31/34

0.038* 33/34

0.213

T15 ds

0.010*

0.024* 31/34

34/34

T21 ds

The values marked by the asterisk * are statistically significant.

adenoviral infection faster than tear substitutes, since
reducing objective signs and subjective symptoms.

Moreover, subjective discomfort gets lower faster and in
more patients in the A vs B group (Fig. 2A). Corneal
staining is significantly reduced in the A group of patients.

At the end of the study 100% of patients of the A group
had no corneal haze (Fig. 2B). No patient developed side
effects from the use of PVP-I 0.6% eye drops.

Discussion

AdVs represent the etiological agent of 15-70% of eye
infections. In subcontinental countries, SEIs may be ascer-
tained in about half of AKC cases. These focal lesions could
represent a cellular immune reaction against viral antigens
deposited within the corneal stroma under the Bowman
membrane, resulting in uncomfortable clinical symptoms
and reduced patients’ daily activity. From a histopathologi-
cal point of view SEIs are related to disruption of collagen
fibers in the Bowman layer along with infiltration of lym-
phocytes, histiocytes, and fibroblasts; these are usually
bilateral and often asymmetric and have the potential to
cause significant ocular morbidity, vision impairment, pho-
tophobia, glare, halos, and foreign body sensation and can
persist for months or years once the initial infection [14].

A lot of treatment options have been tried for AKC
including palliative therapy, such as cool compresses,
lubricant eye drops, and topical steroids. In current opinion
steroids, by suppressing corneo-conjunctival inflammation,
provide symptomatic relief, but they do not prove capable
to shorten the course of the disease. On the other hand, the
employment of long-run topical steroids may be also related
to side effects such as cataract and glaucoma, not to mention
the fact that the topical administration of corticosteroids
may also cause prolonged viral seeding [6].

Since at the current state of the art there is no approved
and efficient treatment for AKC, we investigated the role of
a broad-spectrum antiseptic agent like PVP-I on the course
of this kind of infection. A study that used the AdV type 5/
New Zealand rabbit ocular model showed that corticoster-
oids alone can increase viral replication and therefore the
length of infectious agent shedding [5].

AdV in fact is able to persist in the host thanks to the
employment of immunoevasive strategies, such as inhibit-
ing antiviral response mediated by IFNs, preventing cyto-
lysis of AdV-infected cells by TNFa, promoting
intracellular survival by blocking apoptosis of infected cells
and evading CTL-mediated cytolysis of infected cells by
preventing the display of viral peptide complexed to major
histocompatibility complex (MHC) class I molecules on the
surface of virally infected cells [7, 15]. Few studies have
reported that AdVs retain the power, through the application

SPRINGER NATURE
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Table 2 Results of the
secondary outcome variables

BCVA (mean = SD)

Corneal and conjunctival staining (Oxford

among the Group A (PVP-I scale =0)

0.6% eye drops 4 times/daily for  Follow-up assessments Group A Group B p value Group A Group B p value

20 days) and B (hyaluronate- (n=134) (n=25) (n=34) Freq/% (n=25) Freq/%

based tear substitutes 4 times/

daily for 20 days). TO 0.92+0.10 0.92+0.11 0.82 17/34 6/25 0.233
T2 ds ND ND ND 16/34 6/25 0.174
T4 ds ND ND ND 18/34 6/25 0.138
T6 ds ND ND ND 18/34 6/25 0.138
T8 ds ND ND ND 21/34 6/25 0.06
T10 ds 0.97+£0.06 0.95+0.06 0.38 21/34 6/25 0.06
T15 ds ND ND ND 29/34 9/25 0.001*
T21 ds 1.0+£0 0.99+0.02 0.09 32/34 15/25 0.009*

The values marked by the asterisk * are statistically significant.

Table. 3 Number of patients
with SEI in the Group A (PVP-1

Patients at TO

Patients at T8ds Patients at T15ds  Patients at T21ds

0.6% eye drops four times/daily
for 20 days) and B (hyaluronate-

A group B group

A group B group A group B group A group B group

based tear substitutes four times/ No infiltrates 21/34 13/25 21/34 10/25 23/34 11725 31/34 14/25
daily for 20 days) at different Less than 10 infiltrates  10/34  6/25 1134 1125 1134 1125  3/34 10/25
time (t0 = first observation, t8ds nfil 4 ) 234 an 4 5 4 10
— after 8 days, t15ds = after 10 or more infiltrates ~ 3/3 6/25 /3 /25 0/3 3/25 0/3 125
15 days, t21ds = after 21 days).
A
a Discomfortt0 b Discomfortt15ds c Discomfortt21ds
jggg% S 50,00%
E 40,00% ‘E 3000% % 40,00%
:l :ngg: :l 0o § 30,00
$ 25,00% $ 30,00% e
s za,oo;/g é‘zo,oo% E 20,00%
K iZZggzZ 5 G S 10,00%
5,00;/: S0 0,00%
oo o p { 2 3 4 & 6 7 8 9 10 ’ 0 1 2 3 5 6 7 8 - 10 o 1 2 3 4 5 6 7 8 9 10
subjective discomfort score subjective discomfort score subjective discomfort score
~—discomfort Agroupt0 =i~ discomfort B Group t0 == discomfort A group t15  =f=discomfort B Group t15 —+—discomfort A group t21 ~—@—discomfort 8 Group t21
B No corneal Haze

120,00%
100,00%
80,00%
60,00%

40,00%

Percentage of patients

20,00%

0,00%
10

—

t8ds t15ds t21ds

w=g==n0 haze A group
—8—no haze B Group

58,82%
56,00%

76,47% 100% 100%
80,00% 88% 92%

Fig. 2 Trend of main results of the study. A Discomfort—trend among “A” and “B” group (2a: at the first visit; 2b: at 15 days visit; 2c: at
21 days visit). B Corneal haze among the two groups of patients over the time (t0 = first observation, t8ds = after 8 days, t15ds = after 15 days,

t21ds = after 21 days).

of multiple pathways, to inhibit the NK response in the
early and acute stages of the conjunctivitis: all those fea-
tures do allow the virus to stay active on the conjunctival
surface and provide rise to persistent infection [8, 16].

A decrease in viral titers, virus spread, shortening of the
clinical course, and preservation of visual function during
AKC has been obtained using Povidone-iodine 0.4% alone
or in combination with dexamethasone 0.1% [17, 18]. There

SPRINGER NATURE

is currently an ongoing phase III clinical trial examining the
use of a higher concentration povidone-iodine 0.6% alone
and in combination with dexamethasone 0.1% versus pla-
cebo (NCT02998541) [19].

Yates et al. evaluated the in vitro antiviral activity of the
several P-I concentrations previously used in clinical stu-
dies against different HAdV types frequently associated
with eye infections [20].
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Povidone (polyvinylpyrrolidone, PVP) is a synthetic poly-
mer which acts as a carrier limiting the amount of free iodine
present in solution. A peculiar aspect of PVP-I iodophors is
that the concentration of free iodine increases with dilution of
the complexed PVP-I due to a weakening of iodine linkage
with PVP [21, 22]. This feature explains why a 0.6% PVP-I
solution is more rapidly bactericidal than a 5% one [23].

No specific antiviral therapy approved by the Food and
Drug Administration is accessible to shorten the course of
the infection or stop the viral replication. Several virustatic
agents such as cidofovir and ganciclovir are suggested in
the first week, though there is a lack in definite dose and
comparative studies [24].

Cidofovir was reported to have a therapeutic effect in the
treatment of AKC in 1% dosage. It was reported to reduce the
rate of severe corneal opacities, but therapeutic dosage resulted
in high toxicity on the conjunctiva and eyelids with the
development of pseudomembranes and lacrimal duct stenosis
[25]. Since AdV are species-specific, in vivo models for dis-
seminated AdV infections require the use of a non-human
AdV. Moreover, the outcome of antiviral therapy requires
early intervention during the viral replicative phase, whereas
medical consultation for severe keratoconjunctivitis usually
takes place later, once pathology is mainly inflammatory [26].

The results of this study indicate that an ophthalmic
solution of PVP-I 0.6% is safe and well-tolerated for the
treatment of acute adenoviral conjunctivitis. Outcomes for
PVP-1 0.6% showed statistical superiority compared with
artificial tears for clinical resolution of the infection prob-
ably thanks to a better adenoviral eradication. PVP-I, in
facts, is highly effective at producing in vitro virucidal
reductions of common ocular AdV types, [17] killing the
extracellular adenoviral particles [27].

Moreover, in our study the use of PVP-I 0.6% decreased the
incidence of SEI development probably thanks to the reduction
of viral titers and consequently the immunological stimulus.

Low concentrations of PVP-I release a higher con-
centration of free Iodine, which is the only responsible for
the antiseptic action. On the basis of previous in vivo and
in vitro studies, the chosen dosage for PVP-1 0.6% was one
drop four times a day [5, 24].

Adenoviral conjunctivitis usually lasts from 2 to
3 weeks. In our study, the number of patients with complete
haze resolution and subjective mild discomfort was sig-
nificantly higher in the PVP-I group than in the hyaluronate-
based tear substitutes group as early as the day 15 visit.

These results suggest that PVP-I may be effective at
quicker resolving the viral infection and improving clinical
signs, which may improve the quality of life and minimize the
spread of infection. A quick recovery from conjunctivitis is
also expected to translate into a positive socioeconomic impact
because patients are able to return to school or work sooner.

There were no adverse effects during the study. More-
over, the drop tolerability of PVP-I 0.6% was acceptable,
with a reduction also of the total discomfort score at the 15
and 21-day visit in the A group patients. This is noteworthy
as a result since instillation’s comfort is a component of
ocular tolerability, and ocular discomfort will affect patient
preference and treatment compliance.

The diagnosis between the various forms of conjunctivitis
(bacterial, viral, allergic, and even early stage of acanthamoeba
keratitis) can be difficult since different forms of the condition
gift analog symptoms. Misdiagnosis of bacterial conjunctivitis
might occur in up half of cases, which often ends in inap-
propriate antibiotic treatment. PVP-I has broad-spectrum
antimicrobial action that includes bacteria, viruses, and fungi
[28, 29]; that’s why another advantage of its use could
moreover extend to the mitigation of the negative effects of
misdiagnosis and consequent reduction of the costs and risks
associated with unnecessary antibiotic prescriptions [30].

Although the small size of our sample did not allow us to
appreciate statistically significant differences in the visual
outcome achieved between the two groups, the trend would
seem to be a faster functional recovery in group A patients
probably due to the lower number of SEIs. This undoubt-
edly represents an interesting aspect that could be evaluated
in further studies.

In conclusion, according to our results, using PVP-I 0.6%
in the first few days of clinically significant AKC might help
to reduce the risk of SEI as a complication. Diluted povidone-
iodine ought to be started as soon as possible when we suspect
AKC: in fact, it decreases the incidence of SEI, presumably by
decreasing the virus load. We tend to believe that it might be a
useful, cheap, safe and easy to access aid in the management
of AKC in common clinical practice.

Summary
What was known before

e There are no approved treatments for AKC 2. PVP-I acts
as a broad-spectrum antiseptic agent.

What this study adds

e PVP-10.6% is safe and well-tolerated for the treatment
of acute adenoviral conjunctivitis.

e PVP-I may be effective at quicker resolving the viral
infection and improving clinical signs, which may
improve the quality of life and minimize the spread of
infection 3. Diluted povidone-iodine ought to be started
as soon as possible when we suspect AKC.
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