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A treatment protocol for minimizing 
duration and complications 
of adenoviral epidemic 
keratoconjunctivitis
Chidanand Kulkarni1*, Kirthinath Ballal2

Abstract:
PURPOSE: The purpose of the study was to assess the treatment protocol of topical 
2.5% Povidone-Iodine (PovI) and 0.1% fluorometholone (FluM) for Adenoviral Epidemic 
keratoconjunctivitis (EKC) in reducing the duration and severity of the disease as compared to 
conventional treatment. This was a retrospective case–control study.
MATERIALS AND METHODS: Cases were defined as patients with EKC receiving the treatment 
protocol and conjunctival swab taken for polymerase chain reaction. Controls were defined as 
similar patients receiving conventional treatment protocol. Forty-one cases and 35 controls were 
identified for analysis. Cases were treated with a protocol using 2.5% povidone-iodine eye drops 
and 0.1% FluM eye drops. Controls received conventional treatment until resolution of signs 
and symptoms. Both the groups were followed up for 1 month. Data collected were analyzed for 
effect of the two treatment protocols on the duration of EKC, rate of recovery, and incidence of 
complications.
RESULTS: The treatment protocol was significantly better than conventional treatment protocol 
in achieving cure (P = 0.002) with large effect size. The proportion of cases achieving cure was 
significantly higher with treatment protocol (64% vs. 11% at 5 days, P < 0.001) by 5 days. There was 
a significant reduction of the  subepithelial infiltrates (SEI) incidence group (10% vs. 57%, P < 0.001). 
There were no SEI at 1 month in the treatment group (0% vs. 31%).
CONCLUSION: Treatment protocol used in our study can significantly reduce the severity and 
duration of EKC. It can prevent chronic keratitis in majority of cases. Since povidone-iodine is 
nonspecific and virucidal for adenovirus, this therapy can be used for other types of adenoviral 
conjunctivitis.
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Introduction

The most common virus causing 
conjunctivitis is human adenovirus 

(HAdV).[1‑3] Epidemic keratoconjunctivitis 
(EKC) is the most severe form of HAdV 
conjunctivitis. HAdV serotypes 4, 8, 19, 
37, 51, and 54 are known to cause EKC.[4‑7] 
HAdV is highly contagious and spreads 

rapidly within close contacts. The clinical 
features and diagnosis of EKC have been 
discussed previously.[8] HAdV is highly 
resistant to regular disinfectants and 
desiccation resulting in epidemics in various 
environments including ophthalmology 
outpatient department.[8‑10] While the 
diagnosis of adenoviral conjunctivitis by 
clinical findings can be difficult, a typical 
case of EKC can be diagnosed clinically 
alone based on history and signs.[8,11,12] The 
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treatment of EKC is primarily supportive, the agents 
used having no effect on either infective agent or the 
outcome of the disease except for topical steroids. 
Steroids have been shown to reduce the symptoms but 
prolong the infectivity of the case.[11,12] Polymerase chain 
reaction (PCR) test is 93% sensitive and 100% specific 
for HAdV.[13,14] Other methods have been developed 
for rapid diagnosis of HAdV infection in the clinics. 
AdenoPlus is one such test which uses the principle of 
lateral flow immunochemistry.[15,16]

We noticed an epidemic of EKC beginning in March  
2015, which continues till date in the region served by 
our hospital. During initial few months, cases were 
managed with conventional treatment. Literature 
review revealed that various antiviral drugs have been 
tried for the treatment of adenoviral conjunctivitis, of 
which povidone‑iodine was reported to be effective 
to some extent.[17‑23] We started treating patients with 
2.5% Povidone‑Iodine (PovI) eye drops in 0.25% 
proparacaine (PovI) to relieve the initial stinging 
sensation. Proparacaine has a similar pH as PovI 
aqueous solution which we thought can stabilize 
the PovI on dilution to 2.5%.[24] Addition of a mild 
steroid Fluorometholone (FluM) 0.1% available as 
commercial preparation, four times daily, helped control 
symptoms faster. Toward the end of 2015, we shifted to 
treatment with PovI + FluM protocol for all age groups 
and severity of adenoviral conjunctivitis including EKC 
cases.

Rationale behind the treatment protocol
Various factors including initial concentration, duration 
of exposure, diffusion into tissues, and pH of tear film 
affect the action of PovI on HAdV. Monnerat et al. 
demonstrated that exposure to PovI at concentration of 
0.8% for 10 min renders the extracellular viral particles 
inactive.[25] They also concluded that exposure to PovI 
for up to 6 h causes little cytotoxicity in healthy cells.

The lacrimal pump removes 16% of tear volume from 
conjunctival sac every minute.[26] Thus, beginning at 2.5% 
concentration, to reach 0.8%, it requires about 6–7 min at 
normal blink rate. Pels and Vrensen have demonstrated 
that 2% PovI solution is safe for stromal histiocytes, 
whereas 5% or more can damage the histiocytes at 10 min 
of immersion of intact globe.[27] Hence, a concentration 
of 2.5% which was safely used in previous studies 
was decided upon in the present treatment.[22] At 2.5% 
concentration, PovI drops have marked stinging effect. 
To reduce the stinging effect, we added the least toxic of 
topical anesthetics at minimum anesthetic concentration 
of 0.25% making the combination drops more tolerable to 
the patients.[28,29] Overuse of topical anesthetics has been 
recorded to cause various toxic effects on the corneal 
epithelium, stroma, and endothelium.[30] However, 

most of the recorded cases had psychiatric disorder 
or occurred in specific work setting. We counseled the 
patients about possibility of toxicity due to combination 
of eye drops and made it a point to follow up the patients 
strictly at 5 days or less.

Pelletier et al. in their study of PovI treatment of adenoviral 
conjunctivitis have noticed a clinical improvement by 
5 days.[31] This was set as the follow‑up time to look for 
effect of the current protocol. The comparison between 
this treatment protocol and conventional treatment is 
presented in this study.

Methods

The study was in adherence to the tenets of the 
Declaration of Helsinki. This study was approved 
by the institutional ethics committee (IEC 394/2016). 
For this retrospective case–control study, records of 
patients seen between March 2015 and June 2016 were 
reviewed. Patients diagnosed clinically as EKC in one 
or both eyes were included for the study. Informed 
consent was obtained for either of treatment protocols. 
In case of minors, one/both of the parents had given 
informed consent for the treatment. All the patients 
treated with 2.5% povidone‑iodine in 0.25% proparacaine 
eye drops (PovI drops) with 0.1% FluM eye drops were 
considered as “cases” in the “PovI group.” Patients 
treated with standard treatment protocol such as 
artificial tears, antihistamine or nonsteroidal eye drops, 
and steroid eye drops when necessary were considered 
to be on conventional treatment protocol and grouped 
together as the “control group.”

Composite factor
A “composite factor (CF)” was created for grading 
severity of disease at the time of diagnosis as follows:

All the signs and symptoms were recorded on a 3‑point 
severity scale (1 – mild, 2 – moderate, and 3 – severe). 
Sum of two signs and two symptoms with the highest 
average severity at the first visit was calculated. This 
value was divided by 4 to arrive at a “CF.” The highest 
score of CF would be 3. This CF represents both 
subjective and objective perceptions of disease severity 
together. The CF was calculated for each follow‑up data 
using the same set of signs and symptoms as of the first 
visit. This was compared to previous score to assess 
response to treatment.

CF value of < 1 was considered as indicative of clinical 
cure.

PovI group
A patient record with EKC was included in this group 
if one of these criteria was fulfilled:
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1. Any new case of clinically diagnosed EKC, who 
had undergone PCR test for adenovirus. Clinical 
diagnosis was defined as the presence of follicular 
conjunctivitis with preauricular lymphadenopathy 
or membranes at presentation

2. Any severe follicular conjunctivitis with CF >2 
and PCR positive for adenovirus. This definition 
was set to include patients without preauricular 
lymphadenopathy or membranes

3. Any family member of diagnosed case of EKC 
presenting with severe follicular conjunctivitis.

These cases additionally had to fulfill the following 
criteria:
1. A new EKC case started on 2.5% PovI + 0.1% FluM 

eye drops at diagnosis
2. Such a case should have completed the follow‑up of 

15 days.
The followings were exclusion criteria:
1. Prior treatment
2. Patients with known allergy to iodine
3. Patients unable to tolerate PovI eye drops
4. Pregnant patients
5. Patients with thyroid abnormalities.

The eye with more severe signs was used to take 
conjunctival swab for adenoviral real‑time transcription 
PCR test.

The patient was counseled and informed consent was 
obtained before starting PovI protocol. PovI eye drops 
and FluM eye drops were dispensed in separate bottles. 
The dosage was scheduled every 4–6 h in waking 
period. The follow‑up was scheduled on the 5th day 
after each visit. If a patient was improving, the typical 
consultations were on initial visit, day 5, day 10, and 
day 15. A follow‑up visit after 1 month was scheduled 
to look for any corneal involvement. Data collected on 
these days were used for analysis.

During each visit, the presence of the following factors 
was recorded for each eye: time from onset in days, 
pain, stiffness/puffiness, matting of lids, discomfort, 
photophobia, blurred vision, lid edema, conjunctival 
congestion, follicles, membranes, mucopurulent discharge, 
epithelial haze, epithelial edema, subepithelial infiltrates, 
anterior chamber reaction, visual acuity, preauricular 
lymphadenopathy, systemic symptoms, irritation to PovI 
drops, and allergy to povidone‑iodine. The severity of 
observations was recorded on a scale of 1–3.

The incidence of complications during treatment was 
calculated excluding the first visit. Any fresh recording of 
membranes, SEI, subconjunctival scarring, preauricular 
lymphadenopathy, or allergy to PovI was considered a 
new incidence.

The irritation of PovI eye drops was graded between 0 
and 3 as per patient perception.

The followings were set as endpoints in the PovI group:
1. Clinical cure defined as CF <1
2. A patient not able to tolerate PovI eye drops. In this 

case, the patient was shifted to conventional treatment, 
and the record was excluded from the study

3. Incomplete data or if a patient desired to stop 
medications before 15 days of treatment for any 
reason. This patient was excluded from the study.

The followings were set as outcome measures:
1. Clinical cure as defined above
2. Time taken for clinical cure.

Control group
The present‑day treatment of EKC is mainly supportive 
with artificial tears, nonsteroidal anti‑inflammatory 
drugs, or antihistamines used to relieve symptoms. 
Topical steroids are indicted only for membranes or 
corneal involvement.[11,12] This is a conventional treatment 
protocol. All the patients started on conventional treatment 
protocol were considered as controls. Any severe follicular 
conjunctivitis with preauricular lymphadenopathy with or 
without membrane formation was diagnosed as EKC. The 
controls were given symptomatic treatment as has been 
mentioned previously and were followed up for as long 
as required.[8] Any patient with incomplete treatment or 
treated previously was excluded from this group. At each 
visit, all the factors mentioned in PovI cases were recorded.

The patients were followed every 2–3 days till clinical 
improvement and then every 5 days. For patients 
developing SEIs, follow‑up was scheduled every week 
till resolution of all the SEIs and tapering of steroids.

Data from both the groups were collected at 0, 5, 10, 15, 
and 30 days. For both the groups, when both eyes were 
affected, worse affected eye was included in the study. 
This was considered as one case. The findings were 
tabulated and analyzed.

Topical anesthetic toxicity
Since the use of topical anesthetic multiple times up to 
2 weeks can be potentially epitheliotoxic, we observed 
for significant epitheliopathy in the PovI group. Fresh 
incidence of epithelial haze and epithelial edema 
after starting treatment was considered together as 
“epitheliopathy” and recorded for both the groups. This 
was compared between the PovI and control groups to 
look for epithelial toxicity in the PovI group.

Statistical analysis
All statistical analyses were performed using SPSS 
version 20 (IBM, Chicago, IL, USA). The normality 
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of variables was tested using the Kolmogorov–
Smirnov test and Q–Q plots. A mixed analysis of 
variance (ANOVA) test was performed to find the 
difference between the responses to the two treatment 
protocols during the course of the treatment. The setup 
was as follows: CF was considered as a dependent 
factor, its change over time was considered as an 
independent factor within the groups, and the 
treatment protocol was considered as an independent 
between‑group factor. Box’s test of equality of 
covariance matrices (P > 0.001) was performed to 
compare variation in samples. Mauchly’s test of 
sphericity (P > 0.05) was used for interpreting tests 
of within‑group effects. Homogeneity of variance 
was checked using Levene’s test while interpreting 
between‑group effect. P < 0.05 was considered as 
evidence of a significant effect and P < 0.001 as very 
significant for both within‑group and between‑group 
effects. To compare the outcome between the study 
group, the control group with steroid treatment, and 
the control group without steroid treatment, a mixed 
ANOVA analysis was carried out between these three 
groups using a similar setup as the two group analyses.

Mixed ANOVA analysis was performed similarly for the 
PovI group keeping dependent factor and within‑group 
factors same, but between‑group factor was PCR 
result (positive/negative). If mixed ANOVA outcome 
was found significant, the data were further analyzed 
using independent samples t‑test to compare the change 
in CF between the groups at different time periods.

The incidence of various complications was compared 
between the groups using independent samples t‑test. 

The fresh incidence of epitheliopathy during treatment 
was compared between the PovI and control groups 
using independent samples t‑test. Cure rates at follow‑up 
were recorded as percentages and compared using 
Chi‑square test.

Results

In this retrospective case–control study, 45 cases and 
42 controls had undergone treatment during the study 
period. After applying exclusion criteria, 41 cases 
and 35 controls were found to fulfill inclusion criteria 
and were analyzed. The study population in both 
the groups was comparable in terms of age and sex 
distribution, eyes involved, severity of the disease at 
presentation, and the duration of the clinical features 
at presentation [Table 1]. While PCR was sent for all 
the patients in the PovI group, only 71% turned out 
positive. Figure 1 presents the severity of signs and 
symptoms at presentation.

Two most severe symptoms in both the groups were 
similar: discomfort/irritation and stiffness/puffiness of 
eye. Two most severe signs also were similar in both the 
groups: conjunctival congestion and follicles. The mean 
scores of these symptoms and signs at initial diagnosis 
are presented in Table 1. Initial scores of CF of symptoms 
and signs were 1.87 + 0.5 and 1.94 + 0.5 for the PovI and 
control groups, respectively.

The criteria set for analysis in mixed ANOVA were 
fulfilled in both of the test scenarios (PovI group vs. 
control group and PCR positive vs. PCR negative).

Table 1: Baseline characters and complications during treatment of the two study groups
Value Group

PovI group (n=41) Control group (n=35)
Mean Minimum Maximum Mean Minimum Maximum

Age (years) 32.12±15.3 5.0 76.0 32.34±17.7 2.0 62.0
Sex (male: female) 26:15 18:17
PCR (positive: negative) 71:29 Not sent
Time since onset (days) 4.4±2.5 2.0 12.0 4.9±3.1 2.0 14.0
Eye involved (BE:RE:LE)* 29:4:8 23:7:5
Stiffness/puffiness 1.5±0.6 1.0 3.0 1.7±0.6 1.0 3.0
Discomfort 1.5±0.7 0.0 3.0 1.9±0.6 1.0 3.0
Congestion 2.3±0.6 1.0 3.0 2.2±0.8 0.0 3.0
Follicles 2.2±0.6 1.0 3.0 1.9±0.8 0.0 3.0
Composite factor 1.87±0.5 1.3 2.8 1.94±0.5 0.8 3.0
Epitheliopathy incidence (%)† 51 71
PovI irritation score 0.57±0.56 0 2 Not applicable
SEI incidence (%)† 9.8 57.1
Membrane incidence (%)† 34.1 37.1
SEI at one month (%) 0.0 31
Subconjunctival scarring (%) 7 43
*BE=Both eyes, RE=Right eye, LE=Left eye,†Fresh incidence after starting treatment, PovI=Povidone Iodine, PCR=Polymerase chain reaction, SEI= subepithelial 
infiltrates
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Comparison of treatment protocols in the PovI 
and control groups
In the PovI group versus control group analysis, the main 
effect of treatment protocol was significant, F (1, 74) =31, 
P < 0.001, partial Eta squared = 0.297. Thus, there was a 
difference in response to treatment between the groups, 
and the effect size was large. A significant main effect 
for change in CF was obtained, F (3, 74) =240, P < 0.001, 
partial Eta squared = 0.764. This effect size was also 
large. Thus, there was a significant reduction in mean 
CF over the treatment period in both the groups. A 
significant main effect of change in CF and Group (CF * 
Group) was also seen, F (1, 74) =10, P = 0.002, partial Eta 
squared = 0.12.  The mean CF in the PovI group reduced 
at every follow‑up and attained definition of cure (<1) 
by 5 days, whereas the control group attained this level 
later than 10 days [Figure 2].

Independent t‑test comparison between the groups at 
0, 5, 10, and 15 days showed that there was a significant 
difference in CF values between the two groups (P < 0.001) 
at 5 and 10 days, but by day 15, the difference was 
insignificant (P > 0.05). Thus, there was a reduction in 
clinical features in both the treatment groups in successive 
follow‑ups, and the PovI protocol achieved cure in half the 
time taken by conventional treatment. Figure 3 shows cure 
rates at different time intervals after starting treatment.

At day 5, 64% were cured in the PovI group, whereas 
only 11% were cured in the control group. At day 10, 
the cure rate was 95% and 54%, respectively, whereas 
at day 15, it was 98% and 97%, respectively [Figure 3].

Comparison of outcomes between PovI group, 
control group on steroid treatment, and control 
group without steroid treatment
The main effect of treatment protocol was significant, F (2, 32) 
=12.5, P < 0.001, partial Eta squared = 0.438. Thus, there was a 

difference in response to treatment between the three groups, 
and the effect size was large. A significant main effect for 
change in CF was obtained, F (3, 32) =44, P < 0.001, partial 
Eta squared = 0.579. This effect size was also large, suggesting 
that there was a significant reduction in mean CF over the 
treatment period in all the three groups. A significant main 
effect of change in CF and Group (CF * Group) was also 
seen, F (2, 32) =8.33, P = 0.001, partial Eta squared = 0.343. 
The mean CF in the PovI group reduced at every follow‑up 
and attained definition of cure (<1) by 5 days, whereas 
both the with‑and‑without steroid control groups attained 
this level later than 10 days [Figure 4]. Post hoc test using 
independent samples t‑test revealed a significant difference 
in change in CF between the PovI and control groups on 
steroids (P < 0.001) and the PovI group and the control 
group not on steroids (P < 0.001). However, the change in 
CF over the study period between the control groups with 
and without steroid treatment was not significant (P > 0.05).

Effect of topical anesthetic on the cornea
The difference in incidence of epitheliopathy between 
the PovI and control groups was not significant (51% vs. 
71%, P = 0.07) [Table 1], indicating that the toxicity of 
topical anesthetics was either masked by effects of EKC 
or other medications in PovI treatment protocol, or the 
epithelial toxicity of topical anesthetics in the protocol 
used for the PovI group was clinically insignificant.

Comparison of outcomes between polymerase 
chain reaction‑positive and polymerase chain 
reaction‑negative patients
The analysis of the PovI group to compare the response 
of PCR‑positive/PCR‑negative cases to PovI protocol 
showed no significant difference between the groups 
in any of the analyzed factors (P > 0.05), indicating 
that clinical diagnosis of EKC is sufficient to start the 
treatment [Figure 5].

Figure 2: Between‑group comparison of response to treatment over time for the PovI 
and control groups. The mean composite factor value was <1 for the PovI group by 
day 5, whereas it took >10 days for the control group

Figure 1: Average scores of various symptoms and signs at baseline. The most 
severe two symptoms and two signs at baseline were used to calculate composite 
factor at each visit



Figure 4: Between‑group comparison of response to treatment over time for the 
PovI group and control group with steroid treatment and control group without steroid 
treatment. The mean composite factor value was <1 for the PovI group by day 5, 
whereas it took >10 days for both the control groups. The change in composite factor 
between two control groups was not significant at each follow‑up
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Comparison of complications
When the complication rates were compared between 
the two groups, there was a marked reduction of SEI 
incidence over the treatment period in the PovI group as 
compared to the control group (10% vs. 57%, P < 0.001). 
However, the incidence of membranes was similar (34% 
vs. 37%, P = 0.79). By 30 days, there were no cases of SEI 
in the PovI group, whereas 31% of the control group 
patients still had SEI.

Almost  a l l  the  pat ients  could  to lera te  the 
PovI + proparacaine eye drops with mild‑to‑moderate 
irritation (mean score = 0.57) with only one patient 
discontinuing the drops due to excessive irritation. This 
patient was excluded from the final analysis. None of the 
treated patients developed allergy to PovI eye drops.

Discussion

The present‑day management of EKC mainly is 
aimed at supportive medications to relieve symptoms 
and prevention of spread. Keratitis following acute 
conjunctivitis may run a chronic course and affect the 
quality of life for a prolonged period.

Results in our study indicate that the protocol we used 
is effective in treatment of the most severe form of 
adenoviral conjunctivitis, the EKC. In addition to control 
of conjunctivitis, there is an added advantage of minimal 
fresh incidence of SEI and earlier resolution of existing 
SEI with this treatment protocol [Table 1].

As compared to conventional treatment with artificial 
tears, the PovI cases recovered faster. Similarly, PovI 
cases had a better response than controls treated with 
steroid drops demonstrating overall better efficacy of 
our treatment protocol.

In the studies involving combination formulation of 0.4% 
to 1.0% PovI and 0.1% dexamethasone for adenoviral 
conjunctivitis, the severity of conjunctivitis was varied and 
the efficacy of the above conventional therapy has varied 
from no difference to significantly better for the treatment 
period of 5–7 days.[31‑34] A better outcome in  our study 
could be due to higher initial concentration of PovI and use 
of the two therapeutic agents as separate drops. The pH 
for optimum efficacy is 3–5 for  proparacaine and PovI but 
6–8 for steroids which was maintained in this protocol.[24,35]

PovI at concentration 2% diffuses into the corneal stroma 
through the intact epithelium, and this concentration is 
not toxic to stromal fibroblasts up to 10 min.[27] About 
2.5% PovI eye drop can achieve a sufficient concentration 
in the epithelium, Bowman’s layer, and anterior stroma 
if it remains in conjunctival sac for 5–7 min. This would 
explain the low incidence (10% vs. 57%) of SEIs in the 
PovI group over the control group as the PovI penetrating 
up to the anterior stroma may neutralize virus particles 
spreading to this area. The epithelium and stroma can 
also act as reservoirs for PovI which slowly release free 
iodine. This would also explain why four times dosage in 
waking hours can effectively control the viral infection.

The PCR results of our study are comparable to those 
of another study from India (71% positive in our study 
vs. 60%).[36] There was no significant difference between 
PCR‑positive and PCR‑negative cases treated in the 
study group [Figure 4]. Thus, clinical confirmation of 
EKC seems to be adequate for starting this treatment 
protocol.

Mechanism of action of the protocol
Keeping our study results as clinical evidence, we would 
like to propose the following mechanism of action of 2.5% 

Figure 3: Cure rate (composite factor <1) during treatment. While >60% were cured 
by day 5 in the PovI group, <15% were cured in the control group. By 10 days, this 
was 95% and 54% in the PovI and control groups, respectively



Figure 5: Between‑group comparison of polymerase chain reaction positive/
polymerase chain reaction negative within the PovI group over time. The mean 
composite factor was <1 for both the groups by day 5, indicating that treatment was 
equally effective in polymerase chain reaction confirmed and clinically diagnosed cases
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PovI in 0.25% proparacaine eye drops with low‑potency 
steroid eye drops in adenoviral EKC.

1. PovI at 0.8% or more neutralizes free viral particles of 
adenovirus in the conjunctival sac and cornea when 
exposed for 10 min[25]

2. At 2.5% initial concentration, PovI can penetrate into the 
epithelium, Bowman’s membrane, and anterior corneal 
stroma to achieve therapeutic concentration with a 
single dosage.[27] It can also remain at concentrations 
above 0.8% for nearly 10 min in conjunctival sac if a 
patient keeps eyes closed for initial 3–5 min[26]

3. These two factors reduce infective load in the 
conjunctival sac as well as in the cornea

4. Cell‑mediated immunity working concurrently in 
response to viral infection destroys the infected cells, 
further reducing production and release of free viral 
particles

5. Repetition of these factors reduces stimulus for 
inflammation as well as risk of transmission of disease

6. If a mild topical steroid is used with PovI, it suppresses 
excessive inflammation. Along with reduced stimulus 
for inflammation, this leads to rapid reduction in 
severity of clinical features and reduces the risk of 
complications

7. Within a short span of 5 days (our study), the infective 
load disappears resulting in clinical cure.

8. Few subepithelial keratocytes are partially or totally 
rendered nonfunctional by the povidone‑iodine 
diffusing into the superficial stroma.[27] This may 
prevent the antigen‑presenting activity and interfere 
with excessive immune reaction to adenoviral 
particles in the corneal stroma, thus reducing the 
incidence of chronic keratitis (0% in our study)

9. As free viral particles are physically altered within 
minutes by the free iodine, there is a low chance for 

virus‑induced immune reaction in the cornea. Hence, 
corneal subepithelial infiltrates are milder and resolve 
within 1 month

10. Although not confirmed, our observation suggests 
that the presence of proparacaine along with PovI in 
the same solution can maintain or enhance the efficacy 
of PovI over the 15‑day treatment period.

Topical anesthetic toxicity and abuse potential
There are numerous reports of topical anesthetic toxicity 
due to misuse by a patient. The damage can be limited 
to epithelium in the form of punctate epitheliopathy and 
delayed healing, or it can be more serious like stromal 
infiltrates.[30] In our PovI group, though we used the 
combination drops four times a day for 10–15 days, the 
epitheliopathy in comparison to the control group was 
insignificant. This can be due to following reasons: the 
concentration of anesthetic at 0.25% was lesser, dilution  
of the preservative of the anesthetic drop reducing its 
toxicity, and some protective effect of steroid drops 
used along with the combination drops. Despite this, 
we strongly advise cautious use of this protocol if the 
patient compliance is doubtful.

Strengths of this study
In this study, patients’ data were collected every 
5 days, which is the shortest time required for cure as 
demonstrated by Pelletier et al.[31] The CF represents both 
subjective and objective perceptions of disease severity. 
This is important because, in case of conjunctivitis, 
the patient’s perception of cure is much earlier than 
clinician’s observation of cure as demonstrated in 
Isenberg et al. study of PovI treatment for infective 
conjunctivitis in children.[37]

Limitations of this study
The present study also has some limitations. We could 
not get serotyping of adenovirus in our cases. Different 
serotypes have been used in vitro to study the effect 
of PovI on adenovirus, and it has been found to be 
effective against all the strains.[25] Since the action of PovI 
is not dependent on specific antigen on viral surface, 
serotyping for treatment thus is not necessary in routine 
practice. Hence, our treatment protocol can be used in 
all the serotypes of EKC.

Controls were not confirmed with PCR test in this 
study. The diagnosis of EKC is mainly clinical. The 
treatment protocol for conventional treatment does not 
require PCR. However, for inclusion in the study, all 
the important symptoms and signs of EKC had to be 
present to minimize the possibility of other viral and 
chlamydial conjunctivitis. For the PovI group, PCR was 
done mainly to confirm the diagnosis before starting 
the unconventional treatment with PovI. We also could 
not assess the toxicity of topical anesthetic used as an 
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adjunct in the PovI group since EKC itself has various 
epithelial manifestations. Setting up the control group 
with similar dosage of the proparacaine drops would 
reveal any possible effects of the prolonged use of this 
medication.

Further study using randomized controlled trials is 
required to confirm these observations, possibly using 
different strengths of PovI with proparacaine and mild 
steroid in separate bottles. Another question to be 
considered is the frequency of instillation of PovI drops. 
Although our study demonstrates the efficacy and safety 
of four times daily dosage, possibility of the same effect 
with lesser frequency or better efficacy with increased 
frequency of dosage has to be evaluated.

The treatment regimen had to be discontinued in one 
case in the PovI group due to excessive irritation of 
PovI drops. The patient had followed PovI treatment 
protocol for 3 days. He was treated with conventional 
treatment of lubricant drops and cold compresses and 
excluded from the analysis. He recovered without 
corneal involvement.

One of the excluded cases in the PovI group is a 
16‑year‑old female developed geographic ulcer in the 
right eye on the 3rd day of treatment. This can be due 
to viral infection as it is a known complication of EKC.

Systemic effect of topical povidone‑iodine
Considering maximum dosage of four drops in each 
eye for 15 days and 15 drops per ml, maximum amount 
of elemental iodine entering the patient’s body is about 
20 mg in 2 weeks. This amount of iodine is much less 
than maximum recommended dose for this duration and 
does not affect thyroid function in normal individuals at 
any age.[38] Thus, 2.5% povidone‑iodine eye drops appear 
to be safe for 10–15 days of use in the age group of this 
study (5–76 years).

Conclusion

Although PovI has virucidal action on adenovirus, the 
concentration required for its clinical efficacy seems to 
be 2.5%. Simultaneous use of a mild steroid is helpful 
but should be a separate medication. The protocol 
presented here can be used as a first‑line treatment for 
EKC cases.
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