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Abstract

Purpose: Meibomitis-related keratoconjunctivitis (MRKC) is generally treated with a combination of antibacterial
eye drops and low-concentration steroids. Azithromycin hydrate ophthalmic solutions exhibit antibacterial and anti-
inflammatory effects. In the present study, we investigated the efficacy of azithromycin hydrate ophthalmic solution
monotherapy for MRKC.

Methods: Based on their medical records, patients with MRKC who visited Saitama Medical University Hospital
between January 2020 and August 2022 and were treated with azithromycin eye drops as a single agent were
retrospectively evaluated for improvement of hyperemia and corneal lesions.

Results: Eight patients (2 males and 6 females) with a total of 8 eyes, and a mean age of 39.5 + 26.1 years, were
included in the study. Six patients had phlyctenular-type MRKC, and two had non-phlyctenular-type MRKC. The
bulbar conjunctival hyperemia grade improved from 1.9 + 0.6 before treatment to 0.8 + 1.0 after treatment. The
conjunctival vascular area in the surrounding 2 mm annulus from the cornea improved from 51.9 + 18.5 before
treatment to 26.2 + 27.4 after treatment. Seven patients (88%) showed an improvement in at least one grade. All
patients complied with the frequency of eye drops, and there were no apparent adverse effects.

Conclusions: Azithromycin ophthalmic monotherapy may be effective in the treatment of MRKC.
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Introduction

Phlyctenular  keratoconjunctivitis is a nodular
inflammation of the cornea or conjunctiva resulting
from a hypersensitive reaction to foreign antigens.
McCulley et al. first reported that meibomian
keratoconjunctivitis is characterized by excessive or
stagnant meibomian secretions, superficial punctate
keratopathy that preferentially affects the lower
intervertebral part of the cornea, and bulbar
conjunctival injection [1]. Suzuki et al. reported
meibomian gland inflammation associated with an
ocular surface inflammatory disease called
Meibomitis-Related Keratoconjunctivitis (MRKC).
MRKCs are classified as phlyctenular or non-
phlyctenular [2]. The non-phlyctenular type of
MRKC tends to be more common in elderly patients
with no nodular inflammation of the corneal lesions
but with prominent superficial punctate keratopathy.
The first-line treatment for phlyctenular and non-
phlyctenular keratoconjunctivitis aims to decrease the
inflammatory response. Phlyctenulosis generally
responds to topical steroids [3]. In addition to treating
the inflammation, it is important to reduce the
sources of antigens that induce it. The pathogenesis
of MRKC has been linked to S. aureus [4,5] and C.
acnes [6,7]. C. acnes normally inhabits human
sebaceous follicles and plays a central role in the
development of inflammatory lesions [8]. Treating
pathogens in patients with MRKC involves systemic
and topical cephalosporins to eliminate or reduce C.
acnes infections [7, 9].

Azithromycin is a macrolide antibacterial
characterized by a broad antibacterial spectrum, a
long half-life due to its tissue and cell penetration
[10], and anti-inflammatory properties [11]. 1.5
Azithromycin eye drops (1.5 %) and lid hygiene have
been effective in treating ocular rosacea with

phlyctencular blepharokeratoconjunctivitis [12] and
meibomian gland dysfunction [13].
Azithromycinhydrate ophthalmic solution (Azimycin
ophthalmic solution 1%®, Senju Pharmaceutical)
was introduced in Japan in September 2019. Several
reports have demonstrated the efficacy of
azithromycin hydrate ophthalmic solution in treating
blepharitis [14,15] and MRKC [16]. However, to the
best of our knowledge, there has been only one report
on the treatment of MRKC. Therefore, we evaluated
the efficacy of a 1% azithromycin hydrate ophthalmic

solution for the treatment of MRKC.

Materials and Methods

Participants

Institutional  Review Board/Ethics Committee
approval was obtained from the Ethics Committee of
Saitama Medical University Hospital (2023-034).
This study adhered to the tenets of the Declaration of
Helsinki. The need for written informed consent was
waived by the Ethics Committee of Saitama Medical
University owing to the retrospective design of the
study. We retrospectively enrolled eight patients
diagnosed with MRKC who were treated with
azithromycin hydrate ophthalmic solution
monotherapy at Saitama Medical University Hospital
between January 2020 and August 2022. Patients Pho
had been previously prescribed azithromycin hydrate
ophthalmic solution or oral azithromycin, or who
were not diagnosed within 2 weeks, were excluded.
We categorized the causes of MRKC into
phlyctenular and non-phlyctenular types. We
diagnosed the phlyctenular type with one or more
nodular inflammations of the cornea, and the non-
phlyctenular type with superficial punctate corneal
lesions without nodular inflammation of the cornea.
Treatment with azithromycin hydrate ophthalmic



solution was initiated twice daily for 2 days, then
decreased to once daily for 12 days in all patients.
None of the patients received any other treatments,
including topical antibiotics or steroids. Additionally,
none of the patients met the criteria for dry eye [17].
Demographic and clinical characteristics of the
patients, including age, sex, changes in the corneal
ulcer, and hyperemia of the conjunctiva before and
after 14 days of treatment, were collected from their
medical records.

Conjunctival Hyperemia Assessment Method
Conjunctival  hyperemia was evaluated both
qualitatively and quantitatively. Hyperemia of the
bulbar conjunctiva was classified as follows: 3,
severe vasodilation of all wvessels; 2, moderate
dilation of many vessels; 1, mild dilation of several
vessels; and 0, no manifestations [18]. Conjunctival
grading was performed by two examiners (S. I. and Y.
N.). Efficacy was defined as the improvement of at

least one conjunctival hyperemia grade or achieving

grade 0. We calculated the percentage of the
conjunctival vascular area in the 2-3 mm annulus
surrounding the cornea. Photographs of the
keratoconjunctiva taken before and after treatment
were used for the analysis. After adjusting the
magnification of the photographs so that the size of
the cornea was the same, the conjunctival vessels and
conjunctiva were separated from the conjunctiva via
binarization. The binarization method was as follows:
import the photo into Image J software, set the
brightness and contrast, adjust the color of the bulbar
conjunctiva and the wvessels, and set the color
threshold. Binarization was performed using the set
color threshold wvalues to separate the bulbar
conjunctiva into white and the conjunctival vessels
into black. The area of blood vessels in the
conjunctiva was measured using Imagel’s particle
analysis command for the conjunctival vascular area
in the 2-3 mm annulus surrounding the cornea
(Figure 1).

Figure 1: Photograph of pre and post-binarization. (A) The photograph of 23 years-old female phlyctenular patient.

We calculated the percentage of conjunctival vascular area in the surrounding 2—-3 mm annulus from the cornea

(yellow circle). (B) Photographs of after binarization. The percentage of the conjunctival vascular area (black area)

in the surrounding 2-3 mm annulus from the cornea (yellow circle) was 65.37%.




Statistical analyses

All statistical analyses were performed using JMP
version 16® software (SAS Institute, Tokyo, Japan).
All data are expressed as means + standard deviation.
The conjunctival hyperemia score and the
conjunctival vascular area surrounding the 2-3 mm
annulus from the cornea were compared pre- and
post-treatment using the Wilcoxon signed rank test.

Statistical significance was set at p< 0.05.

Results
Table 1 shows the variables before and after

azithromycin hydrate ophthalmic solution

monotherapy. The score of conjunctival hyperemia
(1.9+£0.6) significantly improved after treatment
(0.8+1.0) (p=0.02). The conjunctival vascular area in
the surrounding 2-3 mm annulus from the cornea
significantly improved from 519 + 18.5 before
treatment to 26.2 + 27.4 after treatment (p=0.04). Six
patients had phlyctenular MRCK, and two had non-
phlyctenular MRCK. All patients, except one with
non-phlyctenular MRCK, showed qualitative and
quantitative improvement in conjunctival hyperemia,
and corneal infiltration disappeared. All patients with
phlyctenula showed improved corneal nodular

inflammation (Figure 2).



Table 1: Profile of patients.

Conjunctive hyperemia grade | Percentage of conjunctival vascular area (%)

age | sex Type of MRKC pre post pre post
13 | female phlyctenular 2 0 55.83 3.06
17 | female phlyctenular 1 0 53.13 18.72
22 | female phlyctenular 2 1 65.37 25.16
23 | female phlyctenular 2 0 65.37 15.15
41 | female | non-phlyctenular 1 0 9.6 1.5

45 | male phlyctenular 2 1 61.58 32.34
72 | female phlyctenular 2 1 44.3 25.1
83 | male | non-phlyctenular 3 3 60.21 88.65

MRKC; meibomitis-related keratoconjunctivitis




Figure 2: Photograph of patient’s pre and after-treatment.

(A) The pre-treatment photograph of 72 years-old female phlyctenular patient. Nodular inflammation of the cornea

was observed superior and superior temporal cornea. (B) The corneal nodular region disappeared and conjunctival

hyperemia was improved after treatment. (C) The pre-treatment photograph of 22 years-old female phlyctenular

patient. Nodular inflammation of the cornea was observed superior nasal and superior temporal of the cornea. (D)

The corneal nodular region and conjunctival hyperemia were improved after treatment.

No patient discontinued azithromycin eye drops due to severe eye irritation in this study.

Discussion

In the present study, we showed that a single
treatment with azithromycin hydrate ophthalmic
solution for 14 days significantly improved
conjunctival hyperemia and corneal infiltration. The
azithromycin hydrate ophthalmic solution used in this
study contained polycarbophils. In a previous report,
the effect of azithromycin ophthalmic drops without
polycarbophils was prolonged, from 3 to 10 months
[12]. In an experiment where 1% azithromycin
ophthalmic drops containing polycarbophils were
administered to rabbits, azithromycin was rapidly
distributed in the eyelids, reaching peak

concentrations by the end of the 7-day treatment and
was eliminated with a half-life of 125 h [10]. Due to
the prolonged action of azithromycin hydrate
ophthalmic solution, we believe that even 14-day
treatment duration was effective in this study.
Azithromycin exerts immunomodulatory effects on
chronic inflammatory disorders [19]. Azithromycin-
stimulatory effects on immune and epithelial cells,
involving interactions with phospholipids and Erk1/2,
are followed by the modulation of transcription
factors AP-1, NFkappaB, inflammatory cytokines,
and mucin release [19]. The first line of treatment for

phlyctenular and non-phlyctenular MRKC is to




decrease the inflammatory response; therefore, we
speculated that the immunomodulatory effects of
azithromycin might be effective. In this study,
azithromycin hydrate ophthalmic solution improved
the signs of inflammation. In a previous study
involving seven patients with phlyctenular and six
with  non-phlyctenular MRKC treated with
azithromycin hydrate ophthalmic solution, the
conjunctival score for the phlyctenular type (2.0£0.8)
significantly improved after treatment (1.1+0.8)
(p=0.03) [16]. Similar results were observed for
conjunctival hyperemia scores in our study. We also
conducted a qualitative evaluation of conjunctival
hyperemia using Image] software. Yoneda et al.
reported that the percentage coverage of blood
vessels calculated using hyperemia analysis software
correlated with the arithmetic average of clinical
conjunctival hyperemia grading [20]. According to
the package insert, azithromycin hydrate ophthalmic

solution causes eye irritation in less than 5% of cases
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