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ABSTRACT
Background/aims To investigate the clinical outcomes 
and antimicrobial activity of an hypochlorous acid 
hygiene solution compared with hyaluronic acid wipes 
for blepharitis treatment in patients with dry eye disease 
(DED).
Methods This study involved 48 eyes of 48 patients 
affected by blepharitis with mild to moderate DED. 24 
patients were treated with a hypochlorous acid hygiene 
solution (HOCL group) and 24 patients were treated with 
hyaluronic acid wipes (HYAL group) for a period of 4 
weeks. The following clinical outcomes were assessed 
before (V0) and after the treatment period (V1): non- 
invasive keratograph break up time (NIK- BUT), tear film 
BUT (TF- BUT) tear meniscus height (TMH), Keratograph 
meibography, Meibomian Gland Yield Secretion Score 
(MGYSS), Corneal Staining Score (CSS), Schirmer test 
I, Keratograph conjunctival redness score and Ocular 
Surface Disease Index (OSDI). Moreover, microbiological 
analysis of upper and lower eyelid margins was performed 
at V0 both before and 5 min after treatment.
Results After 1- month NIK- BUT and TF- BUT significantly 
increased in HOCL group, while they did not show 
a statistically significant difference in HYAL group 
compared with baseline. OSDI, TMH and MGYSS showed a 
significant difference in both groups, while Schirmer test, 
meibography, CSS and conjunctival redness score did not 
significantly change in both groups. Bacterial load showed 
a significant reduction in both groups, more pronounced in 
HOCL group compared with HYAL group.
Conclusions Hypochlorous acid hygiene solution can 
be securely employed in blepharitis treatment considering 
the satisfying clinical outcomes and antimicrobial activity 
compared with hyaluronic acid wipes.

INTRODUCTION
Blepharitis is a common inflammatory condi-
tion of the eyelid margin, which may be 
associated with ocular surface disease and 
impairment of quality of life.1

The inflammatory process can involve both 
the anterior and posterior margins; ante-
rior blepharitis affects the eyelid skin, base 
of the lashes and eyelash follicles, while in 
posterior blepharitis there is a dysfunction 
of the meibomian glands located on the 
posterior eyelid margin.2 Meibomian gland 

dysfunction (MGD) is a cause of tear film 
(TF) instability and an important risk factor 
in dry eye disease (DED). The aetiology of 
blepharitis is not completely determined yet, 
it is multifactorial and may be infectious or 
non- infectious: primary blepharitis has been 
used to encompass rosacea, seborrhoea and 
hypersensitivity caused by staphylococcal 
toxins; secondary blepharitis refers to infec-
tious processes, overcolonisation of eyelid 
bacteria or virus, or infestation by phthiriasis 
or Demodex.1 3 The most frequent infectious 
causative agents isolated in blepharitis are 
represented by Gram- positive bacteria such as 
Staphylococcus aureus, coagulase- negative Staph-
ylococcus (CoNS), lipophilic Corynebacterium 
spp and Propionibacterium acnes. Conversely, 
anaerobes and Gram- negative bacteria were 
isolated in smaller quantities on the lids of 
patients with blepharitis as compared with 
the control patients and include Pseudomonas, 
Proteus and Neisseria.2 Bacterial enzymes and 
toxin release (lipase, cholesterol esterase and 
different lipid acids) alter the secretion of 
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the meibomian gland, disrupt TF homoeostasis through 
the degradation of lipid layer, favouring in turn bacterial 
growth and causing eyelid inflammation and keratitis.4 
If untreated, blepharitis and MGD can lead to chronic 
inflammation of the meibomian glands that can be 
resulted in complications such as marginal ulceration of 
cornea, conjunctival or corneal phlyctenulosis. Blepha-
ritis and MGD are notoriously difficult to manage due 
to the lack of an evidence- based therapeutic approach 
that is simple and efficacious. Treatment goals in blepha-
ritis are to decrease symptoms, the number of bacteria in 
eyelid margins and inflammation as well as to improve the 
function of meibomian glands. The therapeutic options 
range from eyelid hygiene with hyaluronic acid wipes or 
hyperthermic lid compress, lid margin massage with lash 
scrubs to the use of anti- inflammatory and antibacterial 
agents such as erythromycin, tobramycin, cyclosporine, 
local dexamethasone and oral doxycycline.5 The use of 
antiseptics such as hypochlorous acid may be considered 
a new therapeutic approach for the treatment of bleph-
aritis and this field of application has recently shown 
promising results in reducing local microbial load.6 7

This is the first study that aims to compare the efficacy 
of lid hygiene performed with eyelid wipes with hyal-
uronic acid (Lidcure, Medivis, Catania, Italy) and with 
0.01% hypochlorous acid (Septavis, Medivis, Catania, 
Italy) in blepharitis patients by the clinical assessment of 
ocular surface characteristics, TF parameters, symptoms 
and by the quantification of ocular skin flora.

METHODS
This prospective randomised controlled study was 
conducted at Careggi Eye Hospital in Florence and 
included patients affected by blepharitis with mild to 
moderate DED. Patients were randomly enrolled in two 
groups depending on the treatment received: the first 
group (HOCL group) was treated with an hypochlorous 
acid hygiene solution applied onto sterile wipes and 
gently massaged onto the periocular skin of the closed 
superior and inferior eyelids for 1 min two times per day, 
while the second group (HYAL group) was treated with 
hyaluronic acid wipes used to gently clean away debris 
from the eyelid and eye lashes twice a day. The treatment 
period was 4 weeks for both groups.

Inclusion and exclusion criteria
Inclusion criteria comprised (1) age more than 18 years 
and (2) presence of clinical findings consistent with bleph-
aritis or meibomian gland disfunction (MGD) on slit 
lamp examination (eg, eyelash crusting, eyelid margin/
eyelash abnormalities or meibomian gland capping) 
and evidence of mild to moderate DED according to 
the following parameters: Ocular Surface Disease Index 
(OSDI) questionnaire score ≥13 and ≤32,8 TF- Break up 
Time (TF- BUT) ≥5 and ≤10 s and Schirmer test I>5 mm 
and <15 mm.

Exclusion criteria comprised (1) documented history of 
major systemic and dermatological conditions (diabetes 

mellitus, rheumatism, immune diseases and other serious 
systemic diseases), (2) history of ocular surgery in the 
previous 3 months, (3) presence of allergies or hypersen-
sitivity to topical medications, cleansing formulations, or 
shampoos, (4) history of use of isotretinoin within 1 year, 
cyclosporine- A 0.05% or lifitegrast 5%, (5) presence of 
active ocular inflammation or history of chronic, recur-
rent ocular inflammation within the prior 3 months (eg, 
retinitis, choroiditis, uveitis, iritis, scleritis, episcleritis, 
keratitis), (6) presence of eyelid abnormalities that affect 
lid function (entropion, ectropion, tumour oedema, 
blepharospasm, lagophthalmos, severe trichiasis, severe 
ptosis), (7) presence of ocular surface abnormalities 
that compromise corneal integrity (eg, previous chem-
ical burn, recurrent corneal erosion, corneal epithelial 
defect, corneal dystrophy) and (8) pregnant or lactating 
patients.

Patients were not allowed to use topical or systemic anti-
biotics, topical ocular nonsteroidal anti- inflammatories 
and topical ocular glaucoma medications during the 
study.

Clinical parameters
Each patient underwent two visits: at baseline (V0) and 
after the 4- week treatment period (V1). During both 
visits the following clinical outcomes were assessed: OSDI 
questionnaire, TF- BUT, Corneal Staining Score (CSS) 
using the Oxford grading scale, Schirmer test performed 
without anaesthesia, best spectacle- corrected visual acuity 
(BSCVA) and intraocular pressure (IOP) measured 
by applanation tonometry (Goldmann applanation 
tonometer, Haag Streit, Bern, Switzerland). Meibomian 
Gland Yield Secretion Score (MGYSS) was assessed on 
the following: grade 0, clear; grade 1, cloudy expressed 
with gentle pressure; grade 2, cloudy meibum expressed 
with moderate pressure; and grade 3, dense meibum 
toothpaste- like. The upper and lower eyelids of each eye 
were scored separately with the total score ranging from 
0 to 6. During the two visits, a study of the ocular surface 
was performed with Keratograph 5M (Oculus, Wetzlar, 
Germany) measuring the conjunctival redness score, 
the Tear Meniscus Height (TMH) and the Keratograph 
noninvasive tear BUT (NIKBUT), which is an objective 
non- contact measure of the time between a blink and the 
interruption of the rings reflected on the ocular surface. 
Finally, an infrared image of the upper and lower eyelid 
(meibography) was taken and graded according to the 
Keratograph grading system which takes into account the 
degree of the tortuosity and the extent of the atrophy of 
the meibomian glands.

Microbiological analysis
Moreover, to assess its antimicrobial activity of the 
product, at baseline visit 20 patients (the first 10 patients 
of HOCL group and the first 10 patients of HYAL group) 
underwent microbiological specimen collection of the 
upper and lower eyelids performed before and 5 min 
after the application of the product. Eyelid flocked swabs 
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(E- swabs, COPAN, Italy) were collected from each patient 
and afterwards sent in the provided liquid Amies solu-
tion to the laboratory of Microbiology Synlab (Florence, 
Italy). The identities and clinical details of the patients 
were masked to the microbiology personnel. Samples 
were cultured on appropriate agar- based media (choco-
late, laked horse blood, chromogenic and Sabourad agar 
media). All plates were incubated at 37°C (ambient air) 
for 48 hours, except for chocolate agar medium that was 
incubated with a 5% CO2 supplement. In addition, three 
more cultures were carried on for each sample, using a 
1:10, 1:100 and 1:1000 elution, respectively, in order to 
demonstrate the reproducibility of the test. The anal-
yses performed after incubation were both qualitative 
(presumptive identification of different bacterial/fungal 
strains) and quantitative with colony- forming units 
(CFU)/mL for all strains. Each different type of colony 
was then identified using matrix- assisted laser desorption 
ionisation- time of flight (Bruker, USA).

Power calculation, statistics and study outcomes
A sample size of 48 patients has been estimated to provide 
80% power to detect a significant difference between V0 
and V1 treatment arms by using a two- sided t- test for 
paired data (type I error set to 0.05).

A 2 s change in NIK- BUT has been considered as clin-
ically relevant and, based on previous studies,9 10 the SD 
has been assumed 2.2 s. Planning to randomise a total 
of 48 patients (24 in each group) would allow for a 5% 
drop- out rate.

Statistical analysis was performed using SPSS software 
(V.28.0 for Windows; IBM SPSS). Normality of data distri-
bution in both groups was assessed with Shapiro- Wilk test. 
Student’s t- test was used for the interval scale parameters, 
while Fisher’s exact test was used for categorical variables. 
The level of significance was characterised as p<0.05.

The primary objective of the study was to compare the 
difference in NIKBUT between V0 and V1 in the treat-
ment groups. The secondary objectives were the changes 
in OSDI score, Schirmer I test, TF- BUT, TMH, CSS, 
ocular redness score, MGYSS and meibography measure-
ments along with quantitative results of all colony types 
of bacteria.

RESULTS
A total of 48 participants (20 males and 28 females) with 
a median age of 68 years (range 46–79) were enrolled in 
this study during the period October 2021 to June 2022. 
No subject withdrew the study during the treatment 
period. The number of unused wipes was checked after 
the final visit in order to verify patients’ compliance. No 
severe adverse events were found among participants and 
the products were well tolerated during the study period.

Clinical data
Demographic data of the two study groups are shown in 
table 1.

Table 2 shows the clinical parameters assessed at V0 and 
V1 in HOCL and HYAL groups. At baseline, the groups 
were equally matched considering all the clinical param-
eters were similar between the two groups (all p>0.05).

NIKBUT average was 9.38 s±3.64 s at V0 and 
12.12 s±4.21 s at V1 in HOCL group showing a statistically 
significant difference (p=0.02) while in HYAL group it 
was 8.50 s±3.39 s at V0 and 10.43 s±3.70 s at V1 without a 
statistically significant difference (p=0.06). The TF- BUT 
increased significantly in HOCL group from 5.70 s±1.30 s 
at V0 to 6.96 s±1.63 s at V1 (p<0.01) while TF- BUT in 
HYAL group increased not significantly from 5.75 s±1.18 s 
at V0 to 6.46 s±1.31 s at V1 (p=0.06).

NIKBUT and TF- BUT comparisons between HOCL 
and HYAL groups at V1 were the following: 12.12 s±4.21 
vs 10.43 s ± 3.70 s, p=0.14 and 6.96 s±1.63 s vs 6.46 s±1.31 s, 
p=0.25, respectively.

TMH values increased significantly in both groups 
after the treatment period (0.23 mm±0.07 mm at 
V0 vs 0.31 mm±0.17 mm at V1 in HOCL group and 
0.22 mm±0.09 mm at V0 vs 0.29 mm±0.11 mm at V1 in 
HYAL group, p=0.03 and p=0.04, respectively). OSDI 
score showed a statistically significant reduction in both 
groups after treatment period (HOCL group: 27.9±3.6 
at V0 vs 23.2±4.1 at V1, p<0.01; HYAL group: 26.54±3.92 
at V0 vs 22.29±5.19 at V1, p<0.01). Keratograph meibog-
raphy did not show a significant decrease in both groups 
after treatment period for superior eyelid (1.5±0.5 at V0 
vs 1.3±0.6 at V1, p=0.24 in HOCL group and 1.33±0.62 at 
V0 vs 1.17±0.55 at V1, p=0.33 in HYAL group) and infe-
rior eyelid (1.6±0.7 at V0 vs 1.3±0.6 at V1, p=0.20 in HOCL 
group; 1.31±0.51 at V0 vs 1.25±0.49, p=0.67 in HYAL 
group). Schirmer test I in HOCL group increased from 
8 mm±2 mm at V0 to 9 mm±2 mm at V1 (p=0.15) while in 
HYAL group it was 9 mm±3 mm at V0 and 10 mm±3 mm 
at V1 (p=0.18).

CSS did not show a significant reduction in both 
groups (HOCL group: 1.7±1.3 at V0 and 1.2±1.1 at V1, 
p=0.20; HYAL group: 1.2±0.9 at V0 and 1.1±1.0 at V1, 
p=0.78). Keratograph redness score in HOCL group was 
2.0±0.6 at V0 vs 1.7±0.6 at V1, while in HYAL group it was 
1.8±0.5 at V0 vs 1.7±0.5 at V1 (p=0.10 and p=0.40, respec-
tively). MGYSS was reduced significantly in HOCL group 
(2.3±0.8 vs at V0 vs 1.5±0.7 at V1, p<0.01) and in HYAL 
group (2.2±0.5 at V0 vs 1.6±0.6 at V1, p<0.01).

Table 1 Patient demographics

HOCL group HYAL group

Age (years) 67.1±6.9 (59–81) ±6.4 (60–85)

  Male 10 (41%) 8 (33%)

  Female 14 (59%) 16 (66%)

Right eye 11 (45%) 14 (58%)

Left eye 13 (55%) 10 (4%)

HOCL, hypochlorous acid hygiene solution; HYAL, hyaluronic acid 
wipes.
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As shown in table 3, safety parameters such as IOP 
and BSCVA did not show significant differences in both 
groups after treatment period (all p>0.05).

Microbiological data
A total of 20 patients (10 patients of HOCL group and 10 
of HYAL group) underwent microbiological analysis of 
the eyelid margins at baseline visit. Gram- positive bacteria 
were found to be the most representative species on the 
eyelid surface, while only two swabs led to the growth of 
a Gram- negative (Klebsiella oxytoca and K. pneumoniae), in 
addition to the Gram- positives. No fungi were found in 
all samples.

Among Gram- positive bacteria, CoNS were the most 
representative species (found in every sample), followed 
by Staphylococcus aureus, Micrococcus luteus, Corynebacterium 
spp (C. accolens, C. tuberculostearicum), Streptococcus spp (S. 
canis and S. agalactiae) and Bacillus cereus. Of all CoNS, 
Staphylococcus epidermidis was the most frequently isolated 
microrganism, followed by Staphylococcus hominis, Staph-
ylococcus capitis, Staphylococcus simulans, Staphylococcus 
warneri, Staphylococcus haemolyticus, Staphylococcus pasteuri. 
Table 4 shows the total bacterial species isolated from the 
eyelids at baseline.

Evaluation of total bacterial load at baseline, associ-
ated with all isolated strains, covered a range between 
1×103 and 1×106 CFU/mL. Average pretreatment quanti-
tative levels of total microbial load isolated from the upper 
and lower eyelids were 1.18×106±2.4×105 CFU in HOCL 
group and 1.07×106±1.95×105 CFU in HYAL group. Of 
note, the overall monomicrobism was observed in 35% of 
patients distributed between the two groups, while poly-
microbism of two or three different bacterial species at 
baseline was observed in the 65% of patients.

Figure 1 shows the efficacy in terms of microbial reduc-
tion 5 min after the application of the products. In HYAL 
group the treatment provided a mild reduction (average 
62.1%) of the total bacterial load with a mean post treat-
ment value of 4.06×105±7.40×104 CFU while in HOCL 
group the treatment provided a further severe lowering 
of the total microbial count (average 90.3%) with a mean 
post treatment value of 1.14×105±2.31×104 CFU. In 3 out 
of 10 patients treated with hypochlorous acid hygiene 
wipes, a complete eradication (reduction of 100%) of 
isolated bacteria (S. epidermidis, S. haemolyticus, S. hominis, 
B. cereus) was registered.

DISCUSSION
Blepharitis is a frequent inflammatory condition of the 
eyelid and represents one of the most important reasons 
for ophthalmological consult, affecting up to 47% of 
patients seen in clinical practice.11 12 No standard of care 
has been approved for the treatment of blepharitis so 
far and further efforts are warranted for a better under-
standing of the etiopathogenetic mechanisms.13 14

Antiseptics are gaining interest in different fields in 
ophthalmology, from the prevention of postsurgical 
endophthalmitis to the treatment of anterior segment Ta
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infections.15 They provide a broad spectrum of efficacy 
thanks to the absence of induced microbial resistance 
which is in contrast to the growing concern about anti-
biotic resistance and the selection of multidrug resistant 
bacteria in ophthalmology.16 Hypochlorous acid is an 
oxidising agent that shows its antimicrobial activity pene-
trating the cell wall and inhibiting DNA and protein 
synthesis by oxidation of thiol- containing proteins and 
enzymes.17 Bitton et al recently performed an in vitro 
evaluation of 0.01% hypochlorous acid that showed to be 
effective in reducing Staphylococcus spp and Pseudomonas 
aeruginosa on bacterial isolates from patients with bleph-
aritis and keratitis, maintaining low concentrations of S. 
epidermidis (part of the normal skin flora) with selective 
bactericidal activity.7 A previous clinical study on the 
effect of hypochlorous acid through ultrasonic atomisa-
tion for Demodex blepharitis/MGD- DED demonstrated 
that pure hypochlorous acid can improve the eradica-
tion rate of the Demodex mite by shortening its average 
survival time.18

To the best of our knowledge, this is the first study 
to investigate the efficacy of two different products for 
the treatment of blepharitis combining the collection of 
clinical and antimicrobial parameters. We evaluated the 
efficacy in vivo of wipes containing 0.01% hypochlorous 
acid and wipes containing hyaluronic acid in improving 
clinical parameters and reducing the eyelid bacterial load 
in patients affected by blepharitis associated with mild to 
moderate DED.

Our clinical results showed in HOCL group a signifi-
cant improvement in the following parameter: NIKBUT, 
BUT, TMH and OSDI score; instead, in HYAL group a 

significant improvement was observed only in TMH and 
OSDI score parameters. According to our results, we 
postulate that the improvement in TF stability seen in 
HOCL group could be related to the reduction of bacte-
rial load and the subsequent lipolytic exoenzyme activity 
with the improvement of meibomian secretion which 
may justify a better symptomatic response.

Microbiological analysis supported our clinical find-
ings, showing a significant microbial reduction in both 
groups, more pronounced in HOCL group with a mean 
reduction of 90% compared with the 62% of HYAL 
group. Both products showed an influence, with no 
difference among different bacterial strains, suggesting 
a wide spectrum activity towards inhabitants of the eyelid 
microbiota. The most representative species were found 
among Gram+, in particular CoNS and S. aureus. The 
most common Gram bacteria were klebsiella spp and 
proteus mirabilis. Other studies investigated the bacterial 
composition of donor conjunctiva in corneal transplanta-
tion, showing similar results compared with our baseline 
microbial assessments since the most common bacteria 
isolates were CNS and S. aureus.19 20 The antimicrobial 
activity seen in HYAL group may be due to the mechan-
ical removal of residual debris and the subsequent action 
in reducing the resident microbial colonies. In HOCL 
group, the combination of the mechanical activity of 
the sterile wipe contained in the product and the chem-
ical activity of hypochlorous acid was responsible for the 
higher rates of bacterial eradication.

The limitations of our study were the involvement of a 
relatively small number of patients as well as the limited 
time of follow- up during the treatment period. Other 

Table 4 Total bacterial species of the skin below the upper and lower eyelids

Gram positives Coagulase- negative Staphylococcus (CONS) Gram negatives

CONS Epidermidis Klebsiella oxytoca

Staphylococcus aureus Staphylococcus hominis Klebsiella pneumoniae

Micrococcus luteus Haemolyticus Proteus mirabilis

Corynebacterium
Tubercolostearicum

Capitis

Corynebacterium accolens Warneri

Streptococcus canis Pasteuri

Streptococcus agalactiae Simulans

Table 3 Safety parameters at V0 and V1 in HOCL and HYAL groups

HOCL group HYAL group

V0 V1 P value V0 V1 P value

IOP (mm Hg) 12±2 (9–16) 13±2 (10–16) 0.69 13±2 (10–16) 13±1 (10–16) 0.78
BSCVA 0.03±0.06 (0–0.2) 0.03±0.05 (0–0.2) 1 0.04±0.07 (0–0.02) 0.04±0.08 (0–0.3) 1

Data are shown in mean±SD (range).
*Statistically significant difference (p<0.05).
BSCVA, best spectacle- corrected visual acuity; HOCL, hypochlorous acid hygiene solution; HYAL, hyaluronic acid wipes; IOP, intraocular 
pressure.
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limitations of our study were the lack of the follow- up 
after the discontinuation of the treatment to verify the 
long- term efficacy of hypochlorous acid in chronic bleph-
aritis, and the absence of analysis of tear inflammatory 
molecules levels that might be correlated with blepha-
ritis symptoms. Further larger multicentric studies are 
warranted to assess the best treatment options for bleph-
aritis.

According to our findings, wipes containing hypo-
chlorous acid can be safely used in blepharitis considering 
the satisfying clinical and microbiological results along 
with the absence of adverse effects seen in our study. 
Wipes containing only hyaluronic acid seem to be less 
effective despite a similar safety profile.

In conclusion, products containing antiseptic agents, 
such as hypochlorous acid, can be considered a valid 
option in the treatment of blepharitis associated with 
DED. Furthermore, the antimicrobial activity showed 
by hypochlorous acid may extend its employment in the 
field of prophylaxis of several ocular procedures.
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