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Abstract

Background: Dry eye disease (DED) is among the most prevalent ophthalmic conditions but
is often underdiagnosed and mistreated. Antibiotics are regularly used to treat DED caused
by meibomian gland dysfunction (MGD) or blepharitis, but their use has been questioned.
Objective: To critically evaluate the use of oral and topical antibiotics in DED management.
Methods: A literature search was conducted on November 15t 2021, in the PubMed
database. The search terms were: (antibiotics OR azithromycin OR doxycycline OR minocycline)
AND (dry eye disease OR meibomian gland OR blepharitis anterior OR blepharitis posterior OR
chronic blepharitis). All relevant original articles with English full-text were included. Case
reports and review articles were excluded.

Results: The search provided 619 articles, of which 22 met the inclusion criteria. Oral and
topical antibiotics appeared to have short-term positive effects on signs and symptoms of
blepharitis- or MGD-related DED. However, these improvements often reverted upon
cessation of treatment. The need for repeated treatments and mild adverse events were
common.

Conclusions: Current evidence suggests that patients with blepharitis- or MGD-related DED
experience short-term benefits of antibiotics. However, evidence for lasting improvement
after completed treatment was lacking. Given the unclear long-term benefits, common side
effects, and increasing antibiotic resistance seen globally, the existing literature is not
sufficient to conclude that antibiotics are useful in long-term MGD management. A survival-
analysis of a single round of antibiotics, in addition to the effects of repeated rounds of

treatment, on DED parameters could provide useful insights.
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1 Introduction
Patients with dry eye disease (DED) typically experience fluctuating-to-constant ocular
irritation, pain, photophobia, and blurred vision. Although DED is highly prevalent, it is
considered the most underdiagnosed and mistreated condition in ophthalmology (1). DED
affects between 5% to 50% of the population, depending on the definition used and
population studied (2). Age (2, 3), female sex (2-4), and screen use (2, 3, 5) are among the
most important risk factors for DED. The prevalence of DED is expected to grow, with the
rising average age of the population (6), and increased reliance on screen use (2), which was
accelerated by the Covid-19 pandemic (7). DED symptoms vary from mild to debilitating
and have a significant impact on quality of life (2, 8). The economic costs of DED from
decreased productivity and increased absence from work in the US alone are estimated to be
roughly 55 billion U.S dollars annually (9).

Once established, DED can become a self-sustaining vicious cycle, as shown in
Figure 1. The prescription of antibiotics is common for moderate-to-severe DED (10),
especially when associated with meibomian gland dysfunction (MGD) and blepharitis (11).
Antibiotics are one of the biggest breakthroughs of modern medicine. However, the World
Health Organization advises limiting the prescription of antibiotics to slow the development
of antibiotic resistance (12). Recent reviews have found that oral and topical antibiotics are
effective in treating MGD and MGD-related DED, especially in the short-term (13-17).
However, despite their widespread use, level I clinical evidence (randomized, placebo-
controlled trials) supporting the use of oral antibiotics in the treatment of MGD and MGD-

related DED is limited (13, 14, 16). Therefore, it remains necessary to evaluate whether the
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potential gains available from this treatment modality outweigh the potential risk from an

individual and public health perspective.
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Figure 1. The vicious cycle of dry eye disease. Once initiated, the vicious cycle of dry eye disease can be perpetuated by several

interconnected steps that collectively promote dry eye development and may be hard to break. Figure credit: Sara Neland.

MGD is a common cause of loss of tear film homeostasis, resulting in evaporative
dry eye (18). Reduced meibum quality and quantity destabilizes the tear film and leads to
increased evaporation and tear osmolarity (18, 19). Meibum thickening and terminal duct
obstruction is often found, causing meibum stasis, cystic dilation, acinar atrophy, and gland
dropout (Figure 3) (20-22). Intraductal meibomian gland probing has in recent years been
used for patients with refractory obstructive MGD, sometimes in combination with local
antibiotics (23). MGD is sometimes accompanied by local inflammation and bacterial

proliferation in the meibomian gland and eyelash area, a condition known as blepharitis
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(24). Blepharitis is a common disease of the eyelids, characterized by redness, itching, and
greasy and crusty eyelashes (25). It is divided into anterior blepharitis, affecting the anterior
lamella of the eyelids, and posterior blepharitis, caused by MGD and affecting the posterior
lamella (25). Blepharitis is generally chronic in nature and is frequently associated with other

conditions like chalazion, acne rosacea, and DED (26).

(a) (b) (©)

Figure 2. Illustrations of meibography, showing (a) healthy meibomian glands, (b) meibomian gland dysfunction with
moderate glandular atrophy, and (c) severe meibomian gland dysfunction with atrophic glands and gland dropout. Figure
credit: Emily Moschowits.

The density of microbiota of the ocular surface in a healthy eye is extremely low and
the types of microbes are restricted, especially compared to that of other areas of the body
(27). This is partly due to mechanical wiping during blinking, sloughing of epithelial cells,
and antimicrobial proteins in tears. Secretory IgA, which prevents adhesion of microbes to
the epithelia and enhances phagocytosis by neutrophils; lysozyme, which is directly toxic to
bacteria; and lactoferrin, which reduces available nutrients for microbial growth, are
naturally found in tears (27). Together, these factors inhibit microbial infection of the ocular
surface. Despite this, a healthy commensal ocular microbiome appears to be important and
contributes to local immune activation and defense against infections (28-30). Destabilization
of the tear film and disruption of ocular surface homeostasis diminishes defense against

microbial invasion (27).
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Furthermore, the lid margins of those with blepharitis contain more commensal
bacterial species than unaffected individuals (19). It is, however, unclear if this bacterial
colonization, experienced by patients with MGD and blepharitis, reflects infection as a
driver of disease development, or merely an increased susceptibility to bacterial colonization
(1). Bacterial colonization promotes the production of toxic compounds and pro-

inflammatory molecules, such as lipases and matrix metalloproteinases (MMPs) (14).

Local or systemic antibiotics, including doxycycline, minocycline, or azithromycin,
are regularly used to manage MGD (11, 13) and blepharitis (31) due to both their
antimicrobial and their anti-inflammatory properties (Figure 4) (11, 13). Antibiotic use aims
to break the vicious cycle of impaired meibum consistency, bacterial infection and toxin

production, inflammation, and tear film instability seen in MGD (Figure 4) (32) and

blepharitis (26).
Antibiotics
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Figure 3. The vicious cycle of meibomian gland dysfunction-related dry eye disease and target points of antibiotics.
Antibiotics could potentially break the vicious cycle through two mechanisms: eradication of bacteria and reducing
inflammation, as illustrated in the figure. Figure credit: Sara Noland.
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Tetracyclines are a class of antibiotics that were first used in the treatment of
blepharitis in 1951 as topical drops and ointments (33). Their anti-inflammatory and anti-
metalloprotease properties were discovered later, and their use in inflammatory diseases
started in the 1980s (34). Treatment with tetracycline agents, and other anti-inflammatory
antibiotics, is recommended by international guidelines for treating moderate-to-severe
cases of MGD-associated DED (10, 11).

Doxycycline is a long-acting tetracycline antibiotic that is often prescribed for both
blepharitis (31) and MGD management, due to fewer side effects, a higher tissue
concentration and a longer half-life than classic tetracycline (11, 35, 36). However, the
effectiveness of tetracycline antibiotics has been challenged by increased microbial resistance
(37).

More recently, azithromycin, a broad-spectrum macrolide antibiotic with robust
antimicrobial and anti-inflammatory properties (38), has been found to outperform
doxycycline in DED treatment (39, 40). Azithromycin can reduce eyelid and ocular surface
inflammation and aid in MGD management (10, 41).

Despite the widespread use, antibiotic treatment of DED related to MGD or blepharitis
has come under scrutiny due to lack of clinical evidence for this indication (13, 42). In
addition, side-effects are common. Oral tetracyclines often cause gastrointestinal (GI)
distress, including abdominal discomfort, nausea, vomiting, and anorexia (43). Common
side-effects of systemic macrolides are GI symptoms, such as diarrhea, abdominal pain,
nausea, and vomiting (44). Severe and even life-threatening side-effects have been reported
from both classes of antibiotics (43, 44). An overview of reported side-effects of oral

tetracyclines and macrolides can be seen in Figure 5.
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Figure 4. Reported side-effects of oral tetracyclines (doxycycline and minocycline) and macrolides (azithromycin). GI-
symptoms are the most frequently reported side-effect of both medications/treatments. Figure credit: Sara Noland.

Repeated oral antibiotic use, which is often practiced in patients with DED (39), negatively
affects the microbiome in all parts of the body, including the ocular surface, gut, and skin,
potentially leading to further complications. Typical antibiotic treatment with systemic
tetracyclines lasts for one to three months and repeat treatment is often recommended (10,
11, 45). These several courses of treatment represents a considerable exposure to antibiotics,
that could, in addition to the effect on each individual, also contribute to the global
evolution of antibiotic resistant bacteria (12).

The purpose of this review is to critically investigate the use of topical and systemic
antibiotic therapy in the management of DED related to MGD or blepharitis. This review
also aims to pinpoint areas of future research necessary to ensure the correct use of

antibiotics in DED management.
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2  Methods

A literature review was conducted on PubMed on the 15% of November 2021 using the
following search term: (antibiotics OR azithromycin OR doxycycline OR minocycline) AND (dry
eye disease OR meibomian gland OR blepharitis anterior OR blepharitis posterior OR chronic
blepharitis). Articles were limited to original research with available English full-text that
investigated the effect of oral and/or topical antibiotic treatment on symptoms and/or signs
of ocular surface disease in patients with DED, MGD, blepharitis, or DED related to MGD or
blepharitis. Case reports, review articles, non-peer-review literature, articles with abstract
only, articles only available in a non-English language, and articles on unrelated topics were

excluded. A flowchart of the process can be seen in Figure 6.

(antibiotics OR azithromycin OR doxycycline OR
~ minocycline) AND (dry eye disease OR meibomian
‘ gland OR blepharitis anterior OR blepharitis posterior
OR chronic blepharitis)

PubMed search 1

Search results

Filter out reviews, case
reports, letters to editor &

comments/replies

Original peer-reviewed studies

Exclude based on language
and relevance of title and

abstract

Original peer reviewed studies with available English
‘ full text on effect of antibiotic treatment on
~ symptoms/signs of DED related to MGD/blepharitis

Figure 5. Flowchart of PubMed search methodology for determining studies of relevance for the present review.

To summarize the results of each article, tables were created, focusing on reported

efficacy and safety outcomes. Important factors including the type of study, sample size,
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patient outcomes, and key takeaways were examined in these tables. The tables were
divided into subjective and objective measures and compared across articles, with special

focus on controlled trials.

3 Results

3.1 Review of Existing Literature

The search term (antibiotics OR azithromycin OR doxycycline OR minocycline) AND (dry eye
disease OR meibomian gland OR blepharitis anterior OR blepharitis posterior OR chronic
blepharitis) yielded 619 articles. After excluding review articles and case reports, 311 studies
were assessed for relevancy by title and abstract. At this step, 275 articles were excluded,
leaving 36 articles of relevance, which were evaluated by full-text. Of these, 22 articles met
the inclusion criteria and were used in the final analysis of this review based on the full-text
contents. The final 22 studies included twelve randomized controlled trials (RCTs) (25, 36,
39, 40, 46-53), nine non-randomized prospective studies (41, 54-61), and one retrospective
study (62). The studies were published between April 2003 (61), and January 2021 (51), and
were conducted in twelve different countries: Brazil (41), USA (48, 50, 54, 55, 58-61), France
(56), Spain (39), Italy (57), Turkey (49, 52, 62), Iran (40, 53), Lebanon (25), Korea (36, 46),
Japan (51), and Thailand (47). A summary of the studies and their main results is shown in
Table 1 and Table 2. Table 1 shows an overview of key characteristics of the included
studies, while Table 2 highlights changes in signs and symptoms from baseline to final

follow-up across prospective studies.
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Table 1. Summary of important characteristics of the included studies

. Adjuvant
Study Design Follow-up Sample Dose and Length of Treatment J Adverse Events Outcome
Treatment
AZ:500mg, d 1, . . .
De Benedetti etal. Double-masked 3 mo/9 mot Recalcitrant MGD 250 mg/d, d 2-5 Yes Mild GI symptoms? iig?s;zgtotztla?’n;lztaﬁst,e lrrsnfr;rs?:f?hzl; b];)tch fg{i(:;zst;liit
2019, ES (39) RCT, crossover ~ ~ /7 Mo (n=103) /DC: 100 mg 2x/d w 1, (6% AZ, 24% DC*) P warp :
and switching between groups were prevalent.
100 mg 1x/d, w 2-4
Kashkouli et al. Double-masked Recalcitrant MGD AZ:500mg, d 1, Mild GI symptoms? Signs and syr.nptoms improved in bo.th grotips. AZ
2015, IR (40) RCT 2 mo (n=100) 250 mg/d, d 2-5 Yes (4% AZ, 26% DC*) showed greater improvement than DC in some signs and
! / DC: 200 mg/d, 1 mo e S0 had fewer adverse events.
Fadlallah et al. Double-masked Moderate-to- AZd1:1.5% 2x/d, 3 d L. A one-month AZd treatment yielded better results than a
3 mo severe BL ant / AZd2:1.5% 2x/d, 3 d, Yes Hypersensitivity®
2012, LB (25) RCT three-day treatment and was well tolerated.
and/or post (n=67) 1x/d, d 4-28
Yoo et al. Double-masked Recalcitrant MGD DC: 200 mg 2x/d, 1 mo Mild GI syn'lPt(.)msa, Symptoms and signs (TBUT, Sch.l) 1mpr.0ve(.1. L.o.w-dose
1 mo /DC: 20 mg 2x/d, 1 mo No hypersensitivity<, DC was as effective as high-dose DC with significantly
2005, KR (46) RCT (n=150) . )
/ Placebo, 1 mo stomatitis fewer adverse events (17% vs. 39% respectively).
. Ocular symptomsd L .
Satitpitakul etal.  Single-masked Moderate-to- AZd:1.5% 2x/d, 2 d, (55% AZd), mild GI . S}./r.nptom.s and signs improved in both groups, no
4w severe MGD 1x/d, d 3-28 Yes significant difference between groups but more adverse
2019, TH (47) RCT symptoms? and other .
(n=169) /DC: 100 mg 2x/d, 4 w events with AZd.
symptomse (20% DC)
Hagen et al. Single-masked Moderate-to- DC: 100 mg 2x/d, w 1-2, Continued Mild GI symptoms? Symptoms and some clinical signs were improved in DC
2018, US (48) RCT 3mo severe MGD 100 mg 1x/d, w 3-13 existin, (DC) roup. The VTP group improved significantly more
’ (n=28) / VTP: One LipiFlow treatment & group- group tmp & y '
AZd: 1.5% 2x/d, 3 d,
Yildiz et al 1x/d, d 4-28 Both treatment methods improve symptoms and signs, but
. Open-label RCT 9w BL (n=30) /AZ: (500 mg, d 1, Yes topical AZd showed some superiority in improving eyelid
2018, TR (49) .
250 mg 1x/d, d 2-5, drug-free, d 6-10) margin changes.
repeated thrice
. AZd:1.0% 2x/d, 1w, None (AZd), nausea Both treatment methods improve symptoms, but
Zandian et al. (31.5% DC), vomiting . . . .
Open-label RCT 3w BL (n=44) 1x/d, 2 w Yes . doxycycline had better improvement in some signs. No
2015, IR (53) and diarrhea (10.5% .
/DC: 100 mg 1x/d, 3 w DO) adverse events were reported with AZd treatment.
Moderate-to- MC: 50 mg 2x/d, 2 mo . . Symptoms and signs improved in both groups, no
’ Olize;;a(lé 6) Open-label RCT 2 mo severe MGD + AT: 0.1% SH 4x/d, 2 mo No Mild GEI\SZI g; ptoms significant difference in Sch.I, CSS and symptoms between
’ (n=60) / AT: 0.1% SH 4x/d, 2 mo groups.
. ‘ AZd: 1.0% 2x/d, 2 d, Ocular symptoms AZd showed super.1or1ty over artificial tears in 1m.prov1ng
Arita et al. o label RCT ) MGD-associated 1x/d, d 3-14 y (AZd) tipati symptoms and signs. Adverse events of AZd did not
2021, JP (51) pen-iabe W BL post (n=36) I s , constipation result in discontinuation of treatment, and ocular adverse

/ AT:0.1% PC, 0.4% SC 4x/d, 14 d

(12.5% AZd)

events subsided by the third day of treatment.
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Ciloglu et al.
2019, TR (52)

Luchs et al.
2008, US (50)

Opitz et al.
2011, US (54)

Haque et al.
2010, US (55)

Souchier et al.
2008, FR (56)

Igami et al.
2011, BR (41)

Iovieno et al.
2009, IT (57)

Aronowicz et al.

2006, US (58)
Shine et al.
2003, US (61)

Foulks et al.
2010, US (59)

Foulks et al.

2013, US (60)

Balci et al.
2018, TR (62)

Open-label RCT

Open-label RCT

Single-group
prospective

Single-group
prospective

Controlled
prospective

Single-group
prospective

Single-group
prospective

Single-group
prospective

Single-group
prospective
Single-group

prospective

Follow-up on
Foulks 2010

Retrospective
chart review

3 mo

2w

4w

53d

1 mo

6 mo

3 mo

Severe MGD
(n=85)

Moderate-to-
severe BL (n=21)

BL (n=26)

Moderate-to-
severe BL (n=23)

Recalcitrant MGD
(n=20)

Recalcitrant BL
(n=13)

Chronic BL (n=8)

MGD-related DED
(n=14)

Chronic BL (n=10)

Recalcitrant MGD
(n=17)

Recalcitrant MGD
(n=31)

MGD (n=35)

AZ: (500 mg 1x/d, 3 d, drug free, 7 d)

repeated thrice

/ AZ: (same regimen) + AZd: 1.5%

AZd 2x/d, 3 d, 1x/d, d 4-30
AZd:1.0% 2x/d, 2d
1x/d, d 3-14
[ WCx2/d, 2w

AZd:1.0% 2x/d, 2d,
1x/d, d 3-28

AZd:1.0% 2x/d, 2d,
1x/d, d 3-28

MC: 50 mg 2x/d, 8 w + WC
/WC

AZ: (500 mg 1x/d, 3 d,
drug-free, 7 d) repeated thrice

DC: 100 mg 2x/d, 2 w,
100 mg 1x/d, w 3-4

MC: 50 mg 1x/d, 2 w,
100 mg 1x/d, 10 w

MC: 50 mg 1x/d, 2 w,
100 mg x1/d, until 3 mo

AZd:1.0% 2x/d, 2d,
1x/d, d 3-28

AZd: See Foulks 2010
/ DC: 100 mg 2x/d, 2 mo

AZd:1.5% 2x/d, 2d,
1x/d, d 3-28

* = Statistically significant difference; “blank space” = not described

Abbreviations: RCT, randomized controlled trial; MG, meibomian gland; MGD, meibomian gland dysfunction; BL, blepharitis; ant, anterior; post, posterior; DED, dry eye disease; AZ,
oral azithromycin; DC, oral doxycycline; VTP, vectored thermal pulsation; MC, oral minocycline; AT, artificial tears; AZd, azithromycin eyedrops; SH, sodium hyaluronate; PC, potassium
chloride; SC, sodium chloride; d, day(s); w, week(s); mo, month(s); WC, warm compresses; GI, gastrointestinal; MMP-9, matrix metalloproteinase-9; TBUT, tear break-up time; Sch.I, Schirmer I
test; MFA, meibomian fatty acid; CSS, conjunctival stain score

Yes

Yes

Yes

No

Yes

Continued
existing

Yes

No

Yes

Ocular symptomsf
(5% AZd)

Allergic conjunctivitis
(4%), ocular burning

(4%)
Ocular symptomss

(839%), unspecified
(8%)

Mild GI symptoms?
(38%), rash (13%)

None

None

Ocular stinging (9%)

Ocular stinging (9%
AZd), mild GI
symptoms? (22% DC)

Ocular stinging (14%),
ocular redness (11%)

The addition of AZd to systemic AZ in conjunction with
adjuvant treatment gave greater improvement in signs and
symptoms than AZ alone with adjuvant treatment.

Symptoms and signs improved in both groups. Some signs
improved significantly more in the AZd group.

Signs and symptoms improved with AZd treatment

Symptoms and some clinical signs were improved, but
there was worsening in TBUT.

MC was more effective than lid hygiene alone in
increasing tear film stability and biological effect on MFA
composition.

Improvement in some symptoms and signs.

Symptoms and signs improved.
MMP-9 activity reduced.

Improvement in most signs persisted until 3 months after
discontinuation, though not all.

MC decreases MG lipid degradation products.

AZd treatment improved both symptoms and signs.

Both AZd and oral DC improved several aspects of
meibum composition and quality. Most signs and
symptoms also improved.

Symptoms and signs improved after 1 mo of treatment,

but the improvements in signs did not persist during the
3-mo follow-up.
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1 =46/103 subjects were moved between groups at the 3-month follow-up, and 37/103 were retreated at the 6-month follow-up, substantially changing group composition during the 9-
month follow-up period.

2 =nausea, diarrhea, abdominal cramp, decreased appetite; = adverse events not described but one patient in AZd1 group and two patients from AZd2 group discontinued due to
allergic reaction and continuous irritation, respectively; ¢ = itchy skin, urticaria, erythematous papules; ¢ = eye irritation, blurred vision, eyelid margin redness, eyelid edema; ¢ = dizziness, rash,
fever, mood change; f=blurred vision, eye irritation; 8 = eye pain, blurred vision, eye irritation, eye pruritus, eye discharge, vitreous detachment

13



Table 2. Changes in signs and symptoms between baseline and last follow-up across prospective studies

Subjective Standard Diagnostics Glands, lids, and surrounding area
. Hyperemia/ Meibum
Study Design Treatment Symp VA Sch. 1 0SS TBUT yP LMAA MGP .
Redness Properties
Kashkouli et al. Double-masked AZ: 1 1% 1 1% 1 1
2015 (40) RCT DC: 1 1 1 1 1 1
Fadlallah et al. Double-masked Azd1: 1 1 «a
2012 (25) RCT AZd2: 1 1% pak
DC2 :
Yoo et al. Double-masked D((:j 200011:% $ $ $
2005 (46) RCT &
Placebo — — —
Satitpitakul et al. Single-masked AZd: 1 i 1 1
2019 (47) RCT DC: 1 1 1 1
Hagen et al. Single-masked DC: 11 /1P —
2018 (48) RCT VTP: T * 1 1
Yildiz et al. Open-label AZd: 12 1 i —* 1 1
2018 (49) RCT AZ: T 2 «> (_>/Tb — T T
Zandian et al. Open-label AZd: 1 > 1 1* 1
2015 (53) RCT DC: 1 N 1 1 1
Lee et al. Open-label MC+AT: 12 1 /1% 1% 1% 1%
2012 (36) RCT AT: 12 — 1 1 1 1
Arita et al. Open-label AZd: T1¥ — — 1 T*d 1* 1%
2021 (51) RCT AT: (I — > — «—d ) —
Ciloglu et al. Open-label AZ: 12 - 1 1
2019 (52) RCT AZ+AZd: 12 T 1% 0
Luchs et al. Open-label AZd+WC: 1 1 1% 1 1% 1%
2008 (50) RCT WC: 0 1 1 0 1 1
Opitz et al. Open-label ) )
2011 (54) clinical trial AZd: T - T T T T
Haque et al. Open-label AZd: - PN
2010 (55) clinical trial - i 1 1 N

14



Souchier et al. Controlled MC+WC:

« 7 —
2008 (56) prospective WC: PN PR o
Igami et al. Single-group )
2011 (41) prospective AZ: T o o 1 1 1
Iovieno et al. Single-group .
2009 (57) prospective DC: T 1 ) 1
Aronowicz et al. Single-group )
2006 (58) prospective MC: o o 1 1 1 -
Foulks et al. Single-group .
2010 (59) prospective AZd: T ) T 1 )
Foulks et al. Follow-up on AZd: 1 1 1 1 1
2013 (60) Foulks 2010 DC: 1/ 1 0 ? o

1 = significant improvement at p<0.05; <= = no significant difference reported; “blank space” = not described
* = significantly greater improvement than other study arm (p<0.05)

Abbreviations: Symp, symptoms; VA, visual acuity; Sch. I, Schirmer I test; OSS, ocular surface staining; TBUT, tear break-up time; LMA, lid margin abnormality; MGP, meibomian gland plugging;
RCT, randomized controlled trial; AZ, azithromycin; DC, doxycycline; MC, minocycline; VIP, vectored thermal pulsation; MC+WC, minocycline and eyelid hygiene and warm compresses; WC;
warm compresses; MC+AT, minocycline and artificial tears; AT, artificial tears; AZd, azithromycin eyedrops; AZd1, azithromycin eyedrops for three days; AZd2, azithromycin eyedrops for one
month; AZd+WC, azithromycin eye drops and warm compresses

1= SPEED score (Standard Patient Evaluation for Eye Dryness); 2 = OSDI (Ocular Surface Disease Index)
A =LMA was reported in studies as LMA, eyelid debris, eyelid swelling, eyelid hyperemia/redness, lid telangiectasia/vascularity or lid collarettes

a = total MGD score (sum of meibomian gland plugging and meibomian gland secretions score); P = Lissamine green staining improved, but fluorescein staining did not; ¢ = improvement in corneal
staining score but not conjunctival, Oxford, or DEWS staining score; 4 = lid vascularity
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3.2 Treatment Duration and Follow-Up
The most common duration of treatment for oral antibiotics was five days for azithromycin
(39-41, 49), one month for doxycycline (39, 40, 46-48, 57, 60), and three months for
minocycline (36, 56, 58, 61). Topical azithromycin was most often used for four weeks (25,
47, 49, 50, 52, 54, 55, 59, 62).

Eleven studies had the final follow-up at the end of treatment (36, 46-48, 50, 51, 53, 54,
56, 57, 60). Ten other studies had a follow-up time between one week to three months after
ending of treatment (25, 40, 41, 49, 52, 55, 58, 59, 61, 62). One study included follow-up of
patients who responded to treatment up to eight months after the end of doxycycline
treatment and up to eight months and three weeks after the end of azithromycin treatment

(39).

3.3  Changes in Subjective Measures
A majority of the prospective studies that evaluated patients' symptoms used varying non-
standardized symptom scores (25, 39-41, 46, 47, 50, 53, 55, 57, 59, 60). Four studies used the
Ocular Surface Disease Index (OSDI) questionnaire (36, 49, 52, 54), and two studies used the
SPEED score (Standard Patient Evaluation for Eye Dryness) (48, 51). Three studies did not
evaluate subjective scores (56, 58, 61). Changes in subjective symptoms from baseline until
last follow-up can be seen in Table 2.

All formulations of antibiotics were effective in alleviating subjective symptoms and
no study found a greater improvement in symptoms with one formulation over another (40,
46, 47, 49, 53, 60). However, one study, on patients with severe MGD, found that symptoms

improved significantly more when topical azithromycin was used in conjunction with
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systemic azithromycin than systemic azithromycin alone (52). Another study, on patients
with moderate-to-severe MGD, reported greater improvement in symptoms after vectored
thermal pulsation (VTP) treatment than after oral doxycycline (48). No studies reported an
overall worsening of subjective scores in the groups receiving antibiotic treatment, although
in treatment with topical azithromycin, some of the ocular symptoms defined as adverse

events could be classified as worsening of subjective symptoms (25, 47, 50-55, 59).

3.4 Changes in Objective Measures

The most frequently reported objective measures taken before and after treatment in the
reviewed articles were tear film break-up time (TBUT), ocular surface staining (OSS),
conjunctival hyperemia/redness, and lid margin abnormality (see Table 2).

Generally, there were significant short-term improvements in many of the objective
measures of dry eye with oral antibiotic treatment. After treatment with oral doxycycline,
TBUT improved in four (40, 46, 47, 60) out of five studies (40, 46-48, 60), Schirmer scores in
one (46) out of two studies (46, 53), OSS in five (40, 47, 48, 53, 57) out of five studies (40, 47,
48, 53, 57), and conjunctival hyperemia/redness in four (40, 53, 57, 60) out of four studies (40,
53, 57, 60). In addition, improvements in lid margin abnormality were reported in three (40,
57, 60) out of three studies (40, 57, 60), meibomian gland plugging in two (40, 53) out of three
studies (40, 53, 60), and meibum properties in one out of one study (47).

Oral azithromycin was also shown to be effective, with improved TBUT in three (40,
41, 52) out of four studies (40, 41, 49, 52), OSS in two (40, 49) out of four studies (40, 41, 49,
52), and conjunctival hyperemia/redness in two (40, 41) out of two studies (40, 41).

Furthermore, improvements in lid margin abnormality were reported in three (40, 41, 49)
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out of three studies (40, 41, 49), meibomian gland plugging in one (40) out of one study (40),
and meibum properties in two out of two studies (49, 52). However, Schirmer scores did not
change in either of the two studies assessing this (41, 49).

Four studies investigated the effect of oral minocycline treatment (36, 56, 58, 61), with
varying results. Whereas one study reported improvement in Schirmer score (36), another
did not (58). Similarly, one study reported improved OSS and meibum scores after
minocycline use (36), while two studies did not (56, 58). Two out of two studies reported
improvement in TBUT (36, 56), and lid margin abnormality was also found to improve in
two out of two studies (36, 58). Conjunctival hyperemia/redness and meibomian gland
plugging were found to improve after minocycline treatment in one out of one study (58).
Shine et al. (61) investigated only the effect on meibomian gland lipids, in patients with
chronic blepharitis, and found an improvement in lipid degradation products after a two-
month minocycline treatment.

Of the included studies, only two RCTs compared the effect of different oral
antibiotics on patients with recalcitrant MGD (39, 40). Direct comparison of the two
treatments showed that azithromycin treatment was significantly more effective than
doxycycline at ameliorating signs and symptoms (39). The other study reported that
azithromycin gave a statistically significant greater improvement in OSS and TBUT than
doxycycline (40).

Topical azithromycin was also found to give improvements in many objective
measures and signs of dry eye. TBUT improved in five (47, 51, 54, 55, 59) out of six studies
(47,49, 51, 54, 55, 59), Schirmer scores in two (49, 54) out of four studies (49, 51, 53, 54), OSS
in four (47, 49, 53, 54) out of six studies (47, 49, 51, 53-55), and conjunctival hyperemia in four

(50, 53, 55, 59) out of four studies (50, 53, 55, 59). Additionally, lid margin abnormality
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improved in five (25, 49-51, 59) out of five studies (25, 49-51, 59), and meibomian gland
plugging in five (50, 51, 53, 55, 59) out of five studies (50, 51, 53, 55, 59). Meibum properties
improved in five (47, 49, 50, 54) out of five studies (47, 49, 50, 54), and in one study that
compared a three day topical azithromycin treatment to a one month treatment found that
meibum properties only improved after treatment of one month (25). Ciloglu et al.
compared the efficacy of topical azithromycin supplementation to systemic azithromycin
with systemic azithromycin only, on patients with severe MGD (52). They found that the
combination of topical and systemic azithromycin resulted in significantly better TBUT and

OSS than systemic azithromycin alone. (52).

3.5 Changes in Signs and Symptoms From End of Treatment Until Last Control

Only eight of the 22 included studies had follow-ups both at the end of treatment and after a
period without active treatment (25, 39, 40, 49, 52, 55, 58, 61). Two studies found that after a
four-week treatment with topical azithromycin, on patients with blepharitis, the
improvements in symptoms and signs did not decline at four (55) or five weeks (49)
following the discontinuation of active treatment. Another study found that two months
after the end of a one-month treatment with topical azithromycin in supplementation to
systemic azithromycin, in patients with severe MGD, the improvements in signs and
symptoms remained improved (52). One study that compared a three-day treatment with
topical azithromycin to a one-month treatment, in patients with moderate-to-severe anterior
or posterior blepharitis, reported that the improvement in symptoms, and some, but not all
signs remained improved until two months and 24 days after end of an active three-day

treatment (25). On the other hand, all improvements persisted until two months after the
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end of a one-month topical azithromycin treatment (25). Following three months of oral
minocycline treatment in patients with MGD-related DED, one study reported that the
ocular parameters that were improved after treatment, remained improved for the three
following months (58). Another study reported that lipid degradation products remained
improved three months after the end of active treatment in a similar three-month
minocycline regime on patients with chronic blepharitis (61). After oral azithromycin
treatment on blepharitis patients, improvements in some, but not all signs persisted until
five weeks after the end of treatment (49). Another study on patients with recalcitrant MGD
reported that improvements in all signs and symptoms persisted until almost eight weeks
after the end of a five-day oral azithromycin treatment (40), as well as one month after

discontinuation of a one-month oral doxycycline treatment (40).

3.6 Type of Antibiotics

The two RCTs that directly compared oral azithromycin and oral doxycycline in recalcitrant
MGD treatment (39, 40) both assessed the effect of a five-day treatment course of oral
azithromycin and a one-month treatment course of oral doxycycline. These studies found
that azithromycin achieved a significantly greater improvement in some of the ocular
parameters than doxycycline, with a shorter treatment course, and lower rates of adverse
events. De Benedetti et al. followed the subjects over nine months and found that
significantly more patients in the azithromycin group were stable after only one treatment
than those in the doxycycline group, 83% and 34%, respectively (39). Additionally, fewer
participants receiving azithromycin (17%) than those receiving doxycycline (66%) needed

repeated treatments, and the azithromycin group had a higher improvement rate, with only
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6% of patients not improving, compared with 29% in the doxycycline group. Kashkouli et al.
(40) found that azithromycin resulted in significantly greater improvement in some ocular
parameters than doxycycline, but the study had a short follow-up time of under two
months.

3.7 Adverse Events

The most frequently reported adverse events of oral doxycycline treatment were GI
symptoms (39, 40, 46-48, 53, 57, 60). Rashes (47, 57), dizziness, fever, mood change (47),
hypersensitivity, and stomatitis (46) were also reported. The reported prevalence of these
adverse events is given in Table 1. GI symptoms were reported in one (36) of four studies
investigating the effect of oral minocycline (36, 56, 58, 61). With oral azithromycin treatment,
GI symptoms were also the most commonly reported adverse events (39, 40). With topical
azithromycin treatment, ocular symptoms, such as ocular stinging or irritation, blurred
vision, and ocular redness or eyelid edema were frequently reported (47, 50, 51, 54, 55, 59,
62). The two studies that compared oral doxycycline and azithromycin treatments found GI

symptoms to be more frequent with doxycycline (39, 40).

4 Discussion

4.1  Unclear Long-Term Benefits of Antibiotic Treatment

Based on the reviewed material, both topical and systemic antibiotics appear to have
substantial short-term benefits when used to manage DED related to MGD or blepharitis.
However, diminishing positive effects with time after completed treatment were also
reported (25, 39, 49). Evidence for long-term positive effect was found to be weak, as only

eight of the 21 prospective studies had a follow-up both at the end of treatment and after a
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period following discontinuation (25, 39, 40, 49, 52, 55, 58, 61). The majority of these studies
had the last follow-up of only three months or less after end of active treatment (25, 40, 49,
52, 55, 58, 61). One study reported that antibiotic treatments were frequently repeated with
some patients not showing improvement despite repeated treatments, making the long-term
benefits of antibiotic treatment in patients with recalcitrant MGD unclear (39). Assessing
long-term effects is especially important for oral antibiotics, where treatment often consists
of one to three months of tetracyclines (10, 11, 45), or three times three days of high-dose
azithromycin (11). Oral antibiotics can disrupt the gut microbiome (63), and cause resistance
development (64). It is essential that the benefits of the antibiotic use last beyond the active
treatment period itself, as uncritical use of broad-spectrum antibiotics has the potential to do
great harm. Blepharitis and MGD are very common ocular disorders, affecting hundreds of
millions of people (1, 19, 31). High-level evidence for the long-term benefits of oral
antibiotics for MGD and blepharitis is essential for guiding clinical practice.

4.2 Effects During Drug-Free Intervals

The included studies found a therapeutic effect of antibiotics on symptoms, and many of the
objective measures, during active treatment. However, around half of the prospective
studies did not have follow-ups after the end of active treatment (36, 46-48, 50, 51, 53, 54, 56,
57). In the prospective studies with prolonged follow-up after the end of active treatment,
mixed results were found (25, 39-41, 49, 52, 55, 58, 59, 61). Most of these studies only
followed their patients for between one week and three months after completed treatment
(25, 40, 41, 49, 52, 55, 58, 59, 61). In the study with the longest follow-up, the follow-up time
did not qualify as eight months for a big part of the participants, as the treatment plan for

many participants changed throughout the study period (39). Only those with "good" or
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"excellent” response to the first antibiotic treatment were not retreated and thus had eight
months between end of active treatment and last follow-up. In order to better provide
evidence of the long-term benefit of antibiotic treatment, more level I studies with prolonged

follow-up time are needed.

4.3 Lower Dosage of Tetracyclines Should be Considered

An important finding of this review is that placebo-controlled studies are mostly missing.
There was only one study on patients with recalcitrant MGD that compared antibiotic
treatment to placebo (46).

Several different treatment regimens and dosages of oral antibiotics were used in the
included studies. Guidelines recommend using oral tetracyclines for three months at a
relatively low dose, but do not specify the dosage (10). The ideal dosing schedule of
tetracyclines in the treatment of DED related to MGD and/or blepharitis remains to be
established (11), and many dosing regimens have been suggested, ranging from 50 or 100
mg doxycycline once a day to 200 mg twice daily for one month followed by 200 mg daily
(11). One of the included studies compared the effects of 20 mg and 200 mg of doxycycline
twice daily on patients with recalcitrant MGD, to placebo (46). The authors found both
dosages to perform better compared to placebo and were equally effective at reducing signs
and symptoms of dry eye. Fewer adverse events were reported in the low-dose group. This
could indicate that the commonly used dosages of oral doxycycline could be substantially
decreased, and adverse events reduced, while maintaining the clinical effect on dry eye.
Furthermore, long-term doxycycline treatment of 40 mg or less daily does not seem to exert
antibiotic selection pressure on the microbiota, thereby minimizing the chances of antibiotic

resistance development (65, 66). Many practitioners may prescribe high dosage antibiotics
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such as doxycycline in the treatment of DED related to MGD or blepharitis due to
doxycycline’s well-known role in rosacea treatment (67). Conventional use of tetracycline
agents such as doxycycline and minocycline in rosacea treatment are dosages of 100 to 200
mg daily (67). Reducing the total antibiotic usage is an important measure to limit antibiotic
resistance development (68, 69). Further research on the effect of low-dose antibiotics in the
treatment of DED related to MGD or blepharitis, and their impact on antibiotic resistance
bacteria, could be helpful for establishing guidelines with well-defined dosage

recommendations.

4.4 The Paradoxical Effects of Antibiotics on Ocular Inflammation

In addition to direct antibacterial effects, the antibiotics used in DED treatment are known to
have anti-inflammatory properties (11, 13). Inflammation is an important factor in
blepharitis- and MGD-related DED, and effective treatment should target this (70). Iovieno
et al. (57) found that four weeks of oral doxycycline in the treatment of chronic blepharitis
reduced the activity of the inflammatory marker MMP-9 in tears. Increased MMP-9 activity
is implicated in the development and maintenance of DED (71), and as tetracyclines blunt
MMP-9 expression (72) this reduction could explain doxycycline’s effect on chronic
idiopathic blepharitis. This is in line with findings on tetracyclines, which are found to
reduce the activity and production of collagenases, phospholipases, MMPs, interleukin-1
(IL-1), and tumor necrosis factor alpha (TNF-a) in many tissues, including the corneal
epithelium (11, 71, 73, 74). Additionally, tetracyclines decrease bacteria-produced lipolytic
exoenzymes and inhibit lipase production, slowing the build-up of meibomian lipid
breakdown products (61, 75, 76). These factors likely contribute to the improvement seen

when tetracyclines are prescribed to treat blepharitis- and MGD-associated DED.
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Paradoxically, antibiotic use has also been shown to initiate local inflammation and
impair innate anti-inflammatory capabilities through disruption of the native ocular
microbiome (29). Furthermore, upsetting the natural microbiome of the gut with antibiotics
has been shown to cause DED in laboratory animals (77), and the gut microbiome has been
implicated in a pathophysiological pathway that may lead to DED (78). Further research
comparing the effects of antibiotics with anti-inflammatory properties to anti-inflammatory
drugs without antibacterial properties could provide useful insights. Analysis of the
bacterial species composition of the ocular microbiome in addition to the regular clinical
assessment tests may also be an important strategy when deciding and monitoring

treatment of MGD and should be considered in future trials.

4.5  The Importance of an Improved Meibum Quality and Lipid Layer

As thickened and stagnant meibum plays an important role in the development of DED
related to MGD and posterior blepharitis (3), it is crucial to focus treatment on improving
meibomian gland status and lipid layer stability. A single VIP therapy was found to achieve
greater improvement in some clinical signs of dry eye than a three-month doxycycline
treatment, in one study (48). VTP treatment is costly but may have fewer systemic adverse
events than doxycycline and does not contribute to antibiotic resistance. One study on
patients with MGD-associated posterior blepharitis reported that treatment with topical
azithromycin yielded greater improvements in symptoms and some signs of DED compared
to artificial tears (51), although adverse events were more common in the azithromycin
group. More studies are needed to compare the effectiveness of VTP and other drug-free
treatments to the use of antibiotics. Furthermore, one study found that minocycline

combined with warm compresses and lid hygiene was superior to warm compresses and lid
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hygiene alone in improving tear film stability among patients with recalcitrant MGD (56),
and another study on patients with moderate-to-severe MGD reported that minocycline
treatment concurrent with artificial tears yielded a greater improvement than artificial tears
alone (36). This suggests that antibiotic treatment has an enhanced effect on MGD-related
DED when used together with adjuvant treatment, although more high-level evidence is

needed.

4.6 Topical vs. Systemic Antibiotic Treatment; Risks and Benefits

Topical antibiotic treatment comes without many of the negative side-effects associated with
systemic use. Topical azithromycin may reduce meibomian gland inflammation and lower
the transition temperature of the meibum (79). None of the included studies comparing
topical azithromycin treatment with systemic treatment found systemic antibiotics to
outperform topical (47, 49, 53, 60). In fact, across four articles (47, 49, 53, 60), topical
treatment showed as good or better effect than systemic antibiotic treatment. However, it is
not certain whether the improvement in signs and symptoms achieved with topical
azithromycin persist after discontinued treatment (62). Additionally, studies comparing
topical azithromycin treatment with oral doxycycline report mixed results regarding
adverse events (47, 53, 60). Minor adverse events were more common with topical
azithromycin in one study (47), while in two other studies, it occurred more often with oral
doxycycline treatment (53, 60). Adverse events leading to discontinued treatment were
either similar between the two treatment options (47), or more common for doxycycline
treatment (53). Adverse events with topical azithromycin were mainly local (25, 47, 50, 51,
53-55, 59, 62), and the drug is not detectable in blood at appropriate doses (42). However, the

eye drops in five of the studies using topical azithromycin treatment contained preservatives
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(50, 53-55, 59), which is important to keep in mind, as the preservatives alone can lead to
adverse ocular events (80). Overall, in treatment of MGD and blepharitis, topical and
systemic antibiotic use appeared to have similar effect (47, 49, 53, 60), which is in line with
previous findings comparing topical and oral azithromycin in MGD treatment (17). Thus,
topical antibiotics may be a viable alternative treatment to reduce the amount of antibiotics
used. However, further RCTs comparing the long-term effects of these two treatment

alternatives are needed.

4.7 Doxycycline vs. Azithromycin; Effects and Profiles

In patients with recalcitrant MGD, oral azithromycin outperformed oral doxycycline in the
two studies that compared these treatments; symptoms and some signs improved quicker,
and effects lasted longer than following doxycycline treatment (39, 40). Azithromycin
yielded fewer adverse events (39, 40), and fewer patients needed additional treatments (39).
Considering that oral azithromycin is administered for only a few days, compared to weeks
to months for doxycycline, it is tempting to think that this presents another opportunity to
reduce antibiotic use. However, azithromycin is particularly likely to contribute to resistance
development due to its long half-life of up to three days (42).

Unlike tetracyclines, azithromycin acts directly on human meibomian gland
epithelial cells to stimulate their function, leading to increased lipid accumulation and
promotion of terminal differentiation of the cells (81). This stimulatory effect on human
meibomian gland epithelial cell function is thought to contribute to azithromycin's greater
effectiveness compared to doxycycline in treating MGD and associated evaporative DED
(81). More studies with long-term follow-up comparing oral azithromycin to oral

tetracyclines such as doxycycline could be useful.
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4.8  Safety Analysis of Antibiotic Treatment in DED

Antibiotics were generally safe to use in patients with DED related to MGD and blepharitis.
Mild adverse events were common in the included studies, but severe adverse events
leading to discontinuation of treatment were rare (25, 36, 39, 46-48, 54, 57, 59). Mild GI
symptoms were the most frequent adverse events in oral antibiotic treatment (36, 39, 40, 46-
48, 53, 57, 60), with most studies reporting it in 13-39% of patients (39, 40, 46, 47, 53, 57, 60).
However, two studies reported mild GI symptoms in only 4-9% of patients (39, 40). Local
adverse events were common with topical treatment (47, 50, 54, 55, 59, 62), with most studies
reporting it in 4-14% of patients (50, 54, 59, 62), although one study reported local adverse

events in 55% of cases (47).

4.9  Future Directions

Uncritical use of broad-spectrum antibiotics has the potential to do great harm. Further
prospective, double-blinded, placebo-controlled RCTs with a long follow-up time, assessing
time-to-recurrence and the effects of repeated rounds of treatment on DED parameters,
would provide useful insights on the optimal use of antibiotics in the treatment of DED
related to MGD and blepharitis. In addition, future research comparing different antibiotic
options, as well as comparing antibiotic treatment to other, non-medical treatment options
are needed.

4.10 Limitations

One limitation in the literature examined for this review was the short follow-ups reported
in many of the studies. The longest follow-up time was just under nine months after active
treatment; however, this only applied to patients with "good" or "excellent" response to the

initial treatment (39). This made the assessment of the long-term effect of antibiotic
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treatment of DED related to MGD or blepharitis difficult. A further limitation was the
variation in symptom scoring used across the studies. Only six studies (36, 48, 49, 51, 52, 54)
used standardized questionnaires, with OSDI being the most frequently used (36, 49, 52, 54).
The majority of studies used various non-standardized symptom scores (25, 39-41, 46, 47, 50,
53, 55, 57, 59, 60). Further limitations are the uncontrolled use of adjuvant treatments, and
unknown compliance of taking the antibiotics. Differences in study duration, design, and
grading systems made direct comparison across studies more challenging, making a meta-

analysis therefore not possible to carry out.

5 Conclusion

Current evidence suggests that topical and oral antibiotic use in managing DED related to
MGD or blepharitis yields short-term improvement in signs and symptoms, but the long-
term effects are still unclear. Given the large number of patients suffering from these
conditions, and the rising problem of antibiotic resistant bacteria, the role of antibiotic use in
DED management and the potential harm of overuse of antibiotics in the long-term should
be carefully considered, particularly given the availability of other purely anti-inflammatory
or non-medicinal alternative treatments. A survival-analysis of a single round of antibiotics,
in addition to the effects of repeated rounds of treatment, on DED parameters could add

useful information on the long-term effects.
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