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Background: Posterior blepharitis is an eyelid disease primarily of the meibomian
glands. Bacteria and chronic inflammation are contributing factors for meibomian gland
disease, which leads to ocular surface and tear film alterations and chronic patient
symptoms. Azithromycin 1.0% ophthalmic solution is a broad spectrum topical antibiotic
with anti-inflammatory properties. The present study evaluates the efficacy of azithromycin 1.0% ophthalmic solution in the treatment of the clinical signs and symptoms,
including vision-related function, associated with meibomian gland dysfunction.
Methods: In an open label study, 33 patients with meibomian gland dysfunction were
treated with azithromycin 1.0% ophthalmic solution twice a day for two days, then every
evening for a total of 30 days. Tear break-up time, corneal staining, conjunctival staining,
Schirmer scores with anaesthetic, meibomian gland score and patient’s symptom scores
were evaluated at baseline and after 30 days of treatment. The Ocular Surface Disease
Index (OSDI) was administered at baseline, after two weeks of treatment and after
30 days of treatment.
Results: Twenty-six of 33 patients completed the study. Tear break-up time and Schirmer
score increased by 52.7 per cent (p < 0.0001) and 24 per cent (p < 0.05), respectively.
There was a reduction in corneal and conjunctival staining by 83.2 and 67.9 per cent,
respectively (p < 0.0001). Lid margin scores were reduced by 33.9 per cent (p < 0.0001).
The patient’s symptom score improved from 2.73 at baseline to 2.21 after 30 days of
treatment (p < 0.01). The mean OSDI at baseline was 34.44. After two weeks and 30 days
of treatment, the ODSI was 14.51 and 13.15 respectively (p < 0.0001).
Conclusion: These results demonstrate clinically and statistically significant improvement in the signs and symptoms associated with posterior blepharitis. Based on these
results, azithromycin 1% ophthalmic solution offers a viable option for the treatment of
posterior blepharitis.
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Blepharitis is a commonly-encountered
ocular disease that is characterised by
inflammation of the lid margin and is multifactorial in aetiology.1–6 Posterior blepharitis, also known as meibomian gland
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dysfunction (MGD), is a specific type of
blepharitis that afflicts the meibomian
glands (MG), causing alterations to the
anatomy of the meibomian glands and to
their secretions. With meibomian gland

dysfunction, the meibomian gland orifices
can become obstructed.
There are several proposed theories
on the aetiology of this obstruction.
One theory suggests meibomian gland
© 2010 The Authors
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dysfunction is the result of hyperkeratinisation of the epithelium lining the meibomian gland ducts1,7–9 while another theory
suggests the changes are occurring to
the meibomian gland secretions or the
meibum.1,10,11 Once obstructed, the lipid
composition of the meibum becomes
altered.1 Alterations include thickening of
the secretions, increased melting point of
the secretions, ductal stagnation and
pouting of the meibomian gland orifices.1,12 Bacterial colonisation and inflammatory mediators are released once the
meibomian glands become obstructed.1
The inflammatory mediators are formed
when lipolytic enzymes are produced from
bacteria, such as Staphylococcal epidermidis,
Staphylococcal aureus, Propionibacterium
acnes and cornebacterium.13,14 The lipolytic
enzymes released by the bacteria result in
highly irritating free fatty acids that compromise the tear film integrity.10,15,16 Both
the structural changes to the meibomian
glands and the secretions contribute to
increased evaporation of the tear film,
increased tear osmolarity and increased
inflammatory cytokines that ultimately
damage the ocular surface, resulting in
patient symptoms.16–20
Although posterior blepharitis or meibomian gland dysfunction is common with
a prevalence of 39 to 50 per cent,21–23 there
is no definitive or universally approved
treatment regimen. Historically, treatments have included lid hygiene,24 warm
compresses,25 topical and systemic antibiotics,26,27 nutritional supplements28,29 and
topical cyclosporine A.30,31 One such
topical antibiotic, azithromycin 1% ophthalmic solution (Azasite Inspire Pharmaceuticals, Inc, Durham, NC, USA) is a
macrolide antibiotic indicated for the
treatment of bacterial conjunctivitis.32
Azithromycin 1% ophthalmic solution
is an effective microbial agent for CDC
coryneform group C, Haemophilus influenza, Staphylococcal aureus, Streptococcus
pneumonia, Streptococcus mitis group.32,33
Like other macrolides, oral azithromycin
has anti-inflammatory activities.34–36 The
mechanism for the potential ocular antiinflammatory activity of azithromycin is
not completely understood. Li and associates37 demonstrated that azithromycin

suppresses zymosan-induced production
of pro-inflammatory mediators by human
corneal epithelial cells by blocking NFkappaB activation in human corneal epithelial cells. Although Li’s study examined
the inhibition of pro-inflammatory mediators with fungal infections, topical azithromycin 1% was shown to be an effective
treatment alternative for posterior blepharitis,38 while another study demonstrated effectiveness for mixed anterior
and posterior blepharitis.39
The present study was designed to
further quantify and evaluate the effect of
topical azithromycin 1% ophthalmic solution when applied to the eye and lid
margin for the treatment of posterior blepharitis or meibomian gland dysfunction.
Unlike previous evaluations, this study will
evaluate vision-related function, ocular
symptoms and environmental triggers as
measured by the Ocular Surface Disease
Index. Additionally, we will evaluate
specific clinical signs commonly used to
diagnose ocular surface disease caused
by posterior blepharitis, including tear
break-up time, Schirmer scores with anaesthetic, conjunctival and corneal staining
and meibomian gland dysfunction.
METHODS
This research was conducted in strict
accordance with the guidelines of the Illinois College of Optometry Institutional
Review Board and in accordance with the
Tenets of the Declaration of Helsinki.
Written informed consent was obtained
from each subject.
Thirty-three patients from the Illinois
Eye Institute (Chicago, IL, USA) and
Midwest Eye Professionals (Palos Heights,
IL, USA) participated in this open label,
prospective clinical study. Patients diagnosed with posterior blepharitis over the
age of 18 years were included in the
study. Patients with any of the following
were excluded from study participation:
younger than 18 years of age, ocular
injury, ocular infection, non-dry eye
ocular inflammation, ocular trauma or
ocular surgery within the previous six
months. Additionally, patients were excluded if they were using any topical
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and/or systemic medication that could be
used for the treatment of meibomian
gland dysfunction or dry eye, including
topical or oral antibiotics, topical cyclosporine A, topical and/or oral steroids,
topical non-steroidal anti-inflammatories,
topical ocular allergy medications or artificial tear supplements. Patients were able
to use only Optive (Allergan, Inc, Irvine,
CA, USA) lubricating eye-drops for a
maximum of three times daily two weeks
prior to study enrolment. If patients were
using any other artificial tear supplements
or any other topical and/or systemic medication for the treatment of dry eye or meibomian gland dysfunction, the patient was
instructed to discontinue them two weeks
prior to study enrolment (wash-out).
Patients who were pregnant, had uncontrolled systemic disease or significant
illness that could hinder adherence to
the study protocol were excluded from
the study. Patients from whom written
informed consent could not be obtained
were excluded. Patients who could not
adhere to the treatment protocol or who
had a known allergy to the study medication were also excluded.
Following the appropriate two-week
wash-out period, patients were examined
for baseline measurements by one of
two examiners. During the baseline visit,
visual acuity (VA) was measured with a
standard Snellen chart for each eye. Slitlamp biomicroscopy was performed. The
meibomian glands and its secretions were
graded and recorded on a scale of 0 to 4
(Table 1).
Tear break-up time (TBUT) was measured using sterile sodium fluorescein
strips (Ful-Glo, Akorn Inc, Buffalo Grove,
IL, USA). TBUT was performed according
to the following protocol: a fluorescein
strip was moistened with non-preserved
saline solution (Unisol, Alcon, Ft Worth,
TX, USA), the fluorescein was instilled in
each eye and the patient was asked to
blink several times to ensure the fluorescein was evenly distributed across the
cornea. While looking straight ahead, the
tear film was evaluated using the cobalt
blue filter during biomicroscopy. The
time from the blink that evenly distributed
the fluorescein to the appearance of
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Meibomian
gland score

Description of secretions

Digital pressure to
express

0

Clear

Easily expressed

1

Cloudy fluid

Easily expressed

2

Cloudy fluid

Mild pressure

3

Cloudy, particulate fluid

Moderate pressure

4

Thick, toothpaste like secretions

Hard pressure

Table 1. Lid margin grading scale

Figure 1. Diagram of the five areas assessed for corneal staining. Each area was graded on a scale of 0 to 4 at baseline and
at one month.

Figure 2. Diagram of the six areas assessed for conjunctival
staining. Each area was graded on a scale of 0 to 4 at baseline
and at one month.
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the first tear break-up was recorded in
seconds. The average of the three measurements was then recorded for each eye
as the TBUT.
Following the TBUT measurements,
corneal staining was measured using a
cobalt blue filter and biomicroscope
between one and three minutes after fluorescein was instilled in each eye. Five areas
of the cornea (Figure 1)40 were evaluated
with each area graded on a scale of 0 to 4
(0 = no staining, 4 = severe/coalesced
staining). The sum of the five areas was
recorded as the corneal staining score for
each eye.
Sterile lissamine green strips (Green
Glo, HUB Pharmaceuticals, Rancho
Cucamonga, CA) were used to measure
conjunctival staining after TBUT and
corneal staining measurements. Conjunctival staining assessments were taken
between one and three minutes after
a moistened lissamine green strip was
applied to each eye. Six conjunctival areas
were evaluated and scored on a scale of 0
to 4 (0 = no staining, 4 = severe staining)
(Figure 2).40 The sum of the six areas was
recorded as the conjunctival staining score
for each eye.
Following conjunctival staining, one
drop of proparacaine 0.5% (AccuProparicaine, Bausch & Lomb, Tampa,
FL) was instilled in each eye and the
excess moisture was wiped from the eyes
with a facial tissue. A sterile Schirmer strip
(Tear Flo, Rose Stone Enterprises, Alta
Loma, CA) was placed in the temporal
one-third of the lower eyelid cul-de-sac in
each eye one minute after instillation of
proparacaine 0.5%. The eyes were closed,
as if sleeping and after five minutes, the
Schirmer score was recorded in millimetres for each eye.
The patients’ symptoms were measured
by two methods. First, patients were asked
to grade the overall comfort of their eyes
on a scale of 0 to 5 (0 = no symptoms, 5 =
severe symptoms). This was recorded as
the symptom score. Second, we administered the Ocular Surface Disease Index
(OSDI), which is a survey reflecting
disease severity that assesses vision-related
function, ocular symptoms and environmental triggers.41
© 2010 The Authors
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Clinical signs assessed

Mean at baseline

Mean at
one month

P Value

% Change
from baseline

TBUT (seconds)

4.37 ⫾ 1.67

6.58 ⫾ 2.84

<0.0001

52.7%

Corneal staining score

3.65 ⫾ 3.06

0.62 ⫾ 0.80

<0.0001

83.2%

Conjunctival staining score

5.38 ⫾ 3.82

1.73 ⫾ 2.29

<0.0001

67.9%

2.44 ⫾ 0.65

1.62 ⫾ 0.57

<0.0001

33.8%

11.54 ⫾ 7.33

14.31 ⫾ 9.53

<0.01

24.0%

Meibomian gland score
Schirmer II (mm)

Table 2. Comparison of parameters (mean ⫾ SD) between baseline visit and 30 days
after treatment (n = 26)

Symptoms
assessed
OSDI
Symptom score

Baseline

2 weeks

1 month

P Value

% Baseline
change

34.44 ⫾ 20.31

14.51 ⫾ 15.21

13.15 ⫾ 16.80

<0.0001

61.8%

<0.01

19.0%

2.73 ⫾ 0.89

2.21 ⫾ 0.78

OSDI score = [(sum of scores on OSDI) ¥ 25] / (# questions answered). The OSDI is scored on a
scale of 0 to 100, with higher scores representing greater disability.

Table 3. Comparison of symptoms baseline and visit 2 (mean ⫾ SD)

On completion of the baseline visit,
patients were instructed to instil one drop
of azithromycin 1% ophthalmic solution
in each eye on waking and prior to bed for
two days and then only before bed for
a total of 30 days. Patients were further
instructed to close the eyes gently for
30 seconds following instillation and to
rub any spill-over medication into the lid
margins and lashes. Following a demonstration of drop instillation, written
instructions were provided to the patient.
Optive lubricating drops were allowed as
needed but no more than three times
a day in each eye. Optive was not to
be instilled 30 minutes before or after
the topical azithromycin 1% ophthalmic
solution.
After two weeks of using the topical
azithromycin 1%, patients were interviewed either via telephone or in person
to ensure adherence to the study protocol,
to administer a two-week treatment OSDI
and to monitor for any adverse reactions.

Thirty days following treatment with
topical azithromycin 1%, patients were
re-evaluated by the same examiner and
according to the same protocol as at
the baseline examination. Visual acuity,
TBUT, meibomian gland dysfunction
scores, corneal staining scores, conjunctival staining scores, Schirmer II scores,
symptom score and OSDI were measured
and recorded.
Analysis was completed using a paired
Student-t test to compare the baseline
measurements and the one month measurements for the following tests: TBUT,
Schirmer scores with anaesthetic, lid
margin grading, conjunctival staining,
corneal staining and symptom score. A
general linear model was performed to
compare the OSDI scorings at the baseline
visit, the two-week interview and the final
30 day visit. The results of the right eye
were used for all analyses, as there was no
statistically significant difference between
the results of the right and left eyes.

© 2010 The Authors
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RESULTS
Thirty-three subjects were enrolled and 26
completed the study protocol. The mean
age was 52.5 years with a range of 24 to
88 years; there were 14 males and 12
females. The results of the clinical characteristics are shown in Table 2.
Visual acuity remained unchanged. The
mean tear break-up time for patients at
baseline was found to be 4.31 seconds
(range, zero to seven seconds). After
treatment, the mean TBUT increased to
6.57 seconds (range, two to 12 seconds)
demonstrating an increase in TBUT by
52.7 per cent (p < 0.0001) with no difference between TBUT in the right and left
eyes (r = 0.624, p < 0.01). The mean
corneal staining score at baseline was 3.65
(range, 0 to 12). After one month, the
mean corneal staining score was reduced
to 0.62 (range, 0 to 3) showing an 83.2 per
cent reduction in mean corneal staining
compared to baseline (p < 0.0001). The
mean baseline lissamine green conjunctival staining score was 5.38 with a range of
0 to 15. After 30 days of treatment, the
mean conjunctival score was 1.73 (range, 0
to 8), representing a reduction by 67.9 per
cent (p < 0.0001). Both corneal (r = 0.946)
and conjunctival staining showed no differences between eyes (r = 0.774).
The mean meibomian gland score
(MGS) at baseline was 2.44 with a range of
1 to 4. At the one-month visit, the meibomian gland score was 1.62 (range, 1 to 3)
showing a 33.8 per cent reduction (p <
0.0001). The mean Schirmer score with
anaesthetic was 11.54 mm at baseline
(range, one to 25 mm). At the one month
visit, the mean Schirmer score increased
by 24 per cent to 14.31 mm (range, three
to 34 mm), (p < 0.05). Both meibomian
gland score (r = 0.955) and Schirmer
score (r = 0.625) showed no significant
difference between the right and left eyes.
Subjective symptoms were analysed
based on symptom scores and on the
OSDI (Table 3). At baseline, the mean
symptom score was 2.73 (range, 1 to 5).
Symptom scores were reduced by 19 per
cent to 2.21 (p < 0.01) at the one-month
visit. The mean OSDI at baseline was 34.44
(range, 2.78 to 65.91). After two weeks of
Clinical and Experimental Optometry 94.2 March 2011
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treatment, the mean OSDI was 14.51 indicating a significant reduction in symptoms
(p < 0.0001). At the one-month visit, the
mean OSDI was 13.15 also indicating a
significant decrease from baseline (p <
0.0001). From the two-week OSDI to visit
2, there was no statistically significant
change (14.51 to 13.15, respectively).
Overall, the OSDI improved by 57.9 per
cent at two weeks and 61.8 per cent from
baseline at visit 2. Statistical analysis was
also performed to determine if the use of
Optive affected the OSDI. Comparison of
patients who used Optive more than once
a day (n = 13) with patients who used
Optive less than once a day (n = 13),
showed that the Optive did not affect the
OSDI (p = 0.291).
DISCUSSION
Our study demonstrated that azithromycin 1% ophthalmic solution is effective
in reducing the signs and symptoms
associated with meibomian gland dysfunction. Surprisingly, vision-related function,
ocular symptoms and environmental
triggers were significantly improved after
two weeks (p < 0.0001) of treatment as
evident by the reduction of OSDI. We
found this relatively quick improvement to
be especially interesting and may suggest
that 30 days of treatment may not be
necessary in all patients. This should be
further investigated. The overall improvement of symptoms in our study is likely to
be due to significant improvement in clinical signs from baseline, including conjunctival staining, corneal staining, TBUT,
basic tear production as measured by
Schirmer with anaesthetic and meibomian
glands.
In normal meibomian glands, the lipid
secretions consist of neutral sterols and
wax esters, with a lesser amount of polar
lipids (free fatty acids), diesters, triesters,
triglycerides and free sterols.16,19,42 These
secretions have a variety of functions that
allow for a smooth optical surface, inhibit
tear evaporation and decrease the surface
tension of the tear film.11,17,43 The normal
meibomian gland lipids also create a
barrier to contaminants, prevent tear overflow, cause maceration of the lid margins
Clinical and Experimental Optometry 94.2 March 2011
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and create a watertight seal during eyelid
closure.11,17,43 With meibomian gland
dysfunction, obstruction of meibomian
glands can occur.1 This obstruction is
caused by hyperkeratinisation of the epithelium lining the meibomian glands1,7–9
and from alterations to the lipids of the
meibum.1,10,16,18,19 Specifically, alteration of
the lipids in meibomian gland dysfunction
may result from lipolitic exoenzymes produced by S. epidermis and S. aureus, including triglyceride lipase, cholesterol and wax
esterases, hydrolyse wax and sterol esters
with the release of highly irritating free
fatty acids and other products affecting
the tear film integrity. Tear film instability
and thinning allow for increased evaporation of the tears. This increases the tear
osmolarity and increases the level of
inflammatory cytokines, further contributing to changes to the ocular surface.10,16,18,19,44 Furthermore, the abnormal
meibum has a higher melting point than
normal meibum, leading to thickening of
the meibum, ductal plugging, stagnation
and pouting of the meibomian gland orifices.1 All of these changes to the tissue
and meibum contribute to further ductal
obstruction, more inflammation and bacterial colonisation.1,12,45
Although the underlying mechanism
for meibomian gland dysfunction is
complex, both inflammation and bacterial
colonisation are thought to contribute to
the development of the disease.1 In addition to the excellent microbial activity of
azithromycin, it also has anti-inflammatory
properties. While the mechanism for this
anti-inflammatory activity is not completely understood, the oral formulation
of azithromycin is thought to suppress the
production of pro-inflammatory mediators such as cytokines (TNFa and IL-1b),
chemokines and matrix metalloproteinases (MMP-1, MMP-3 and MMP-9).34–36
Based on the work by Li and associates37
demonstrating the anti-inflammatory
effect of azithromycin on human corneal
epithelial cells, we feel azithromycin 1%
ophthalmic solution used in our study not
only eradicated ocular surface bacteria but
also quelled ocular surface inflammation.
This presumed reduction of inflammation
may explain the improvement in basic

Schirmer scores whereby the accessory lacrimal glands produce more aqueous. The
combination of the antimicrobial and
anti-inflammatory effects coupled with the
medication’s long duration of action32,33
make it a viable treatment option for meibomian gland dysfunction as demonstrated in our study and may explain why
all parameters in this study were clinically
and statistically significant.
The strengths of this study include that
it is prospective and that both subjective
and objective parameters were assessed.
The limitations of this study include the
open-label design, lack of a control group
and the relatively small number of
patients. Five patients failed to complete
the required one-month visit. Of note, two
of 26 patients suffered adverse reactions to
the study medication. One developed an
allergic conjunctivitis after three weeks
and one developed burning after two days.
Our adverse reaction rate (7.7 per cent)
was higher than the one to two per cent
reported by the phase 3 clinical trials on
the safety of azithromycin ophthalmic
solution 1% for the treatment of bacterial
conjunctivitis.46 It should also be noted
that in the phase 3 clinical trials, azithromycin ophthalmic solution 1% was used
twice daily for two days then once daily for
the next five days.46 Our study protocol
was longer using azithromycin ophthalmic
solution 1% twice daily for two days then
once daily for a total of 30 days.
Given the lack of a control group, we
were concerned that the use of Optive may
affect the results. At the final 30-day visit,
50 per cent of the patients in the study
used Optive more than once daily and 50
per cent used it less than once a day. Statistical analysis showed that the Optive had
no significant effect (p = 0.291) on the
outcomes that were analysed.
Our study specifically evaluated the efficacy of topical azithromycin 1% solution
for the signs and symptoms associated with
posterior blepharitis or meibomian gland
dysfunction. We did not address the treatment of comorbid conditions such as
atopy, acne rosacea and seborrhoeic dermatitis but these should be considered in
conjunction with ocular treatment of
meibomian gland dysfunction.12 Posterior
© 2010 The Authors
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blepharitis is a chronic condition and our
study did not assess the length of the
therapeutic effect of the medication for
meibomian gland dysfunction. Additional
studies should evaluate the duration of the
therapeutic effects as well as the potential
benefit of adjunctive maintenance therapies, such as cyclosporine A, omega-3 fatty
acids, warm compresses or artificial tear
supplementation.

CONCLUSION
Meibomian gland dysfunction is a common ocular disease in eye-care practices47
and treatment options have met with variable success. The results of our study indicate that azithromycin 1% ophthalmic
solution significantly improved not only
the signs and symptoms of meibomian
gland dysfunction in a relatively short time
but also vision-related function resulting
from meibomian gland disease.
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