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ABSTRACT 

 

Background: To investigate the ocular microbiome in meibomian gland dysfunction 

(MGD) relative to the normal eye in Auckland, New Zealand (NZ). 

Design: Prospective, cross-sectional, observational study in a University setting.  

Participants: A total of 157 participants, resident in NZ for ≥ 2 years were 

classified as normal (n=66), mild MGD (n=41), and moderate-to-severe MGD 

(n=50). Contact lens (CL) wear and anterior blepharitis status were recorded, as 

well as symptoms and clinical features. 

Methods: Bacteria collected from lid margin swabs, before and after gland 

expression, were isolated and identified by conventional microbiological culture 

techniques. Aerobic isolates were identified in all 157 participants, and both aerobic 

and anaerobic bacteria, isolated in a subset of 87 subjects. 

Main Outcome Measures: Bacterial incidence according to MGD status 

Results: Symptoms, bulbar hyperaemia, conjunctival staining, lipid layer grade and 

tear film stability, but not corneal staining, showed moderate association with MGD 

severity. Participants with and without MGD showed a similar microbiome, 

unaffected by gland expression. Anterior blepharitis often co-existed with MGD, but 

was not an independent predictor of the microbiome. Sterile cultures were more 

common in CL wearers than non-wearers. The incidence of Staphylococcus aureus 

was higher than anticipated across all severity groups while that of coagulase-

negative Staphylococcus, Corynebacterium and streptococci, were lower. 

Conclusions: Modest differences in relative proportions of bacteria compared with 

other studies supports climatic variations in the ocular surface microbiome. Similarity 

in microbiome profile, irrespective of MGD severity, anterior blepharitis presence, or 

CL wear, suggests potential for commonality in treatment. 

 

Key words: microbiome, dry eye, meibomian gland dysfunction, blepharitis, 

bacteria   
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INTRODUCTION 

 

Meibomian gland dysfunction (MGD) is the most common form of posterior 

blepharitis and is recognised to be the main cause of evaporative dry eye.1 

Insufficient or poor quality meibum released by the glands in MGD, creates an 

inadequate tear film lipid layer that permits excessive tear evaporation.2,3 Anterior 

blepharitis, observed clinically as crusting and debris of the lashes and eyelid margin, 

creates a toxic environment which is disruptive to the tear film and promotes ocular 

surface inflammation.4 The local microbiome is believed to play a role in both forms 

of blepharitis.5,6 and topical antibiotics can be utilised to reduce the bacterial load 

and provide symptomatic relief.6,7 

An improved understanding of the ocular surface microbiome is essential for 

developing novel strategies for maintaining and promoting eyelid health, however 

characterisation of the microbiome in a number of studies8-10 has demonstrated 

geographic variability in the range of bacteria isolated. The ocular surface 

microbiome has not previously been described in MGD for any New Zealand (NZ) 

population.  

 

METHODS 

 

Study design and enrolment 

Individuals, resident in NZ for a minimum of two years, were invited to participate in 

this cross-sectional, observational study.  Participants comprised individuals 

responding to advertising around University campuses, or patients attending for 

routine eye examination, responding to adverts in optometry clinics. Those reporting 

use of topical therapy (other than lubricant use for dry eye), use of oral medications 

known to affect the tear film or ocular surface, a history of ocular trauma or surgery, 

or showing signs of active ocular disease, other than blepharitis, were excluded from 

the study, to minimise the risk of influencing the microbiome. Contact lens wearers 

were required to discontinue lens wear for at least 48 hours prior to testing. All 

participants were recruited in the New Zealand winter months, between May and 

September.  
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Symptomatic evaluation with the McMonnies dry eye questionnaire11 preceded 

clinical ocular surface examination. In alignment with the MGD severity staging 

proposed by the Meibomian Gland Dysfunction Workshop (MGDW) in 2011, clinical 

lid margin signs of MGD were classified on a three point severity scale as 0 (normal; 

MGDW L0 or L1 ), 1 (mild; MGDW L2 or L3) or 2 (moderate-to-severe; MGDW L4 or 

L5).12 Evidence of MGD signs on slitlamp biomicroscopy included diffuse 

abnormalities of the meibomian glands including terminal duct obstruction, lid 

margin thickening, hyperaemia, irregularity or telangiectasia, and/or altered 

meibomian gland secretions. Meibum expression, was graded as 0 (clear, smooth), 1 

(cloudy/slightly viscous) or 2 (opaque/toothpaste-like). Lower lid MG drop-out 

observed by infra-red transillumination was also graded as 0 (≤25% loss), 1 (26 – 

50% loss) or 2 (≥51% loss). Slit-lamp signs of anterior blepharitis including lid 

crusting, debris, collarettes, and telangiectasia were graded by visual analogue 

scale. Corneal and conjunctival staining with sodium fluorescein and lissamine green 

were graded using the Oxford Grading Scheme.13 The more severely affected eye 

was selected for analysis unless signs were indistinguishable between the two eyes, 

and then the right eye was selected.  

The study adhered to the tenets of the Declaration of Helsinki, and received local 

ethical approval (UAHPEC 6423). Written informed consent was obtained from all 

participants. 

 

Microbiology 

Bacterial swabs for aerobic analysis were collected from all participants (n=157), 

immediately prior to gland expression and within 1 minute of performing gland 

expression. To enable culture of both aerobic and anaerobic bacteria, a subset of 87 

participants provided a second set of swabs, before and after MG expression. Swabs 

were administered by wiping a saline-moistened sterile cotton bud with rotation for 

several seconds across the lower lid margin. After expressing the lower meibomian 

glands between two sterile cotton-tipped applicators, the swabbing process was 

repeated. The microbiology process employed to identify the aerobic bacteria 

isolated from the pre- and post-expression eyelid swabs is summarised in Figure 1. 

All agars, catalase and coagulase test reagents, and bacitracin and optochin disks 
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were sourced from Fort Richard Laboratories, and Microbact™ GNB12A strips were 

sourced from Thermo Fisher, Auckland, NZ. Agars and other reagents were used 

according to the manufacturer’s instructions. Swabs for anaerobic culture were 

placed into Amies transport media (Fort Richard Laboratories, Auckland, NZ) for 

isolation and identification of P. acnes and other Propionibacterium spp. by a 

commercial medical laboratory (LabPlus, Auckland, NZ ).  

 

Statistical Analysis 

Equality of the distribution of age and contact lens wear was compared between 

severity groups with one-way ANOVA, with Tukey post-hoc. Paired pre- and post-MG 

expression incidence of bacterial types was compared with McNemar chi-square test, 

by severity group. Differences between the incidence of bacterial types between 

severity groups, and trends over severity groups were assessed with polytomous 

universal modelling (PLUM), with age, anterior blepharitis and contact lens wear as 

covariates. Correlations between continuous and ordinal variables are reported as 

Spearman’s rho, with Bonferroni correction for multiple comparisons. Odds ratios 

(OR) were calculated from the PLUM independent variable (OR = e-β). Results were 

considered significant at p<0.05.  

 

RESULTS 

 

A total of 157 eyes from 157 individuals (aged 36 ±21 years, 55% female) were 

included in the study, including 61 (39%) contact lens wearers. The participants of 

mixed ethnicity (45% Caucasian, 39% Asian, 8% Maori or Pacific Islander, 7% 

Indian and 2% Middle Eastern) were assigned to one of the three defined severity 

groups: non-MGD (normal, n=66), mild MGD (n=41), or moderate-to-severe MGD 

(n=50, Table 1). A significant difference in mean age was found to exist between 

groups (ANOVA, F(2, 154)=7.369, p=0.001), with the moderate-to-severe group being 

older than the normal group (44 ±22 vs 30±18, p=0.001), but not the mild MGD 

group (38 ± 23, p=0.294), therefore age was included as a covariate in all analyses. 

The proportion of CL wearers was not significantly different between the groups 
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(p=0.696), and there was no difference in the gender ratio (p=0.134) or ethnic 

distribution (p=0.961) between groups.  

There was strong agreement between MG clinical lid margin signs and lipid layer 

grade (n=157 ρ=-.322, p< 0.001), amount of bulbar hyperaemia (ρ=.475, 

p<0.001), crusting (ρ=.466, p<0.001), conjunctival staining (ρ=.423, p<0.001), tear 

breakup time (ρ=-.435, p<0.001) and McMonnies symptom scores (ρ=.560, 

p<0.001). Fluorescein corneal staining was not significantly correlated with lid 

margin score (ρ=.207, p=.009), falling just short of the required Bonferroni 

corrected significance of p=0.0083. 

 

Microbiological findings 

Pre and post MG expression 

No significant difference in the bacterial profile was observed before and after gland 

expression, in any group (all p> 0.1), therefore only pre-MGD expression results are 

reported. Coagulase-negative staphylococcus (C-NS) was the most prevalent 

organism isolated, identified in almost two-thirds of individuals, but the frequency of 

isolation was not related to MGD severity (p=0.129). Alpha and beta-haemolytic 

streptococci were present in very low numbers (< 5%) and a small number (< 10%) 

of other gram positive bacteria was noted in each severity group. 

Contact lens wearers exhibited no significant differences in bacterial profile (p>0.1) 

between MGD severity grades, with the exception of P. acnes, which was positively 

associated with increasing MGD severity (OR:3.7, p=0.004). Enterobactericeae were 

present in only 3 non-CL wearing individuals, while Pseudomonas spp. was present 

only in two contact lens wearers and one non-wearer.  

Anterior blepharitis 

Anterior blepharitis was seen in 75.82% of subjects with MGD, and 22.7% of those 

without MGD (Table 1). The severity of anterior blepharitis signs correlated with 

increasing MG severity grade (n=157, ρ=0.631, p<0.001), however the microbiome 

was not significantly different between those with and those without signs of 

anterior blepharitis (p=0.452).  
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Contact lens wear 

Overall, contact lens (CL) wearers had a similar bacterial profile to non-CL wearers, 

with the exception that just over one in four (27.9%) contact lens wearers 

demonstrated no aerobic cultures, which was significantly more common than in 

non-contact lens wearers (13.50%, p= 0.022, Figure 2). As the absence of 

culturable bacteria could adversely skew the distribution within each cohort, contact 

lens wearers were excluded from the MGD severity group comparison.  

MGD classification 

In the non-CL wearing group, there was a negative correlation between the 

presence of S. aureus and MGD severity (Normal:49%, Mild:21%, Moderate-

severe:18%, OR: 0.455, p=0.006, Table 2). 

 

DISCUSSION 

 

Eyelid signs of MGD were noted to be highly correlated with dry eye symptoms as 

well as with a number of clinical features such as meibomian gland function, 

denoted by lipid layer grade, and tear film stability, as described by the tear break 

up time (both p<0.001). While this might have been anticipated,1 such a relation is 

not consistently noted, and often there is a reported mismatch between signs and 

symptoms.14,15 Interestingly, in the sample included in the current study, individuals 

with MGD demonstrated a predisposition to exhibiting signs of anterior blepharitis as 

evidenced by crusting of the lashes. Lid margin signs of MGD were also found to 

correlate with the degree of bulbar hyperaemia, supporting the concept that 

destabilisation of the tear film secondary to lid disease, promotes downstream 

inflammation of the ocular surface.4,16 MGD severity was associated with increased 

fluorescein conjunctival staining, but its correlation with corneal staining failed to 

reach statistical significance, supporting the recent evidence which reports that 

corneal staining performs better as a marker for aqueous deficiency than 

evaporative dry eye.17 

Beyond clinical assessment, evaluation of the microbiome is acknowledged to be 

useful for understanding pathophysiological mechanisms, as well as directing novel 

therapies for blepharitis.18 Staphylococcus aureus has a historical association with 
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dry eyes and blepharitis,4,5 and many studies also report significantly higher 

coagulase-negative staphylococci (C-NS) levels than S. aureus levels in subjects 

diagnosed with dry eyes (Table 3). Our NZ-based results reflect this trend although 

the relative difference in prevalence of C-NS and S. aureus was less marked (2:1 vs 

5:1). Within the non-lens wearing subjects, an inverse relationship between severity 

of MGD and S. aureus was identified, such that the incidence was highest in the 

normal group and lowest in those with moderate to severe MGD. The reason for this 

somewhat counterintuitive finding is not understood, although similar mixed 

S.aureus results have been observed in other overseas studies19-22 with one study 

also reporting a similar inverse relationship.23 Notably, a relatively high incidence of 

S. aureus and a relatively low incidence of C-NS was observed in both normal and 

MGD eyes (Table 4) in the current study relative to reports from other countries.19-28 

Climatic and environmental conditions are recognised to have the potential to affect 

the relationship between populations of S. aureus and C-NS. 19,28,29 Further, 

differences in pollens, dust and soil particles in different environments have also 

been postulated to influence bacterial populations.5,9,19,29 Our data, collected over 

the relatively cool and wet winter months (ma imum 14.5   C; average monthly 

precipitation = 130mm) may simply reflect this seasonal effect, although analysis of 

seasonal and geographical variation of the microbiome within our sample is 

precluded by the cross-sectional nature of our single-site study.  

Anaerobic P.acnes has previously been linked to anterior blepharitis31 and to acne 

rosacea,32 a condition strongly associated with MGD.33,34 In the current study 

P.acnes was the second most frequently isolated microorganism in participants with 

MGD, and the third most prevalent in the group without MGD , consistent with 

Australian19 and other studies (Tables 3 & 4). While one study, with limited sample 

size, has reported a lower incidence of P.acnes in blepharitis,5 the present study 

showed a rising incidence of P. acnes with increasing MGD severity, in agreement 

with the majority of the literature. This trend observed in the non-CL wearers 

(p=0.140; Table 2), reached significance within the CL-wearing group (p=0.004).  

The ocular microbiota is affected by CL wear,35-37 for a number of reasons, but 

including possible disruption of the synergistic relationship between Corynebacterium 

spp. and C-NS to favour C-NS. CL wear serves to decrease the aerobic conjunctival 
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microbiome population,38 which might e plain the higher proportion of sterile (“no 

aerobic”) counts noted in the CL wearers (Figure 2). CL wear is also reported to 

encourage Pseudomonas spp colonisation, although the low incidence of 

Pseudomonas in this study did not reflect this association.35,39 Our results do support 

the findings of Fleiszig and Efron, however, which confirm the non-transient effect of 

CL wear on the microbiome, as samples were collected a minimum of 48 hours after 

lens removal.35 

Corynebacterium and streptococci were notably low in incidence in the current 

subject population but have featured in reports of a number of studies globally.21-23 

Studies in Texas and Florida, USA21-23(Table 4) found a higher incidence of 

Corynebacterium spp. than those in Australia or Ireland.19,20 Similarly, the low 

incidence of streptococci in the present study, supports the argument that 

commensal ocular microbial populations are likely to be climate-specific, and 

collectively influence the microbiome through symbiotic interactions.6,8,18 

Interestingly anaerobic P.acnes incidence in both normal and MGD groups in the 

current study is consistent with international reports19-23 (Tables 3 & 4), perhaps 

suggesting a lesser environmental influence on these anaerobic bacteria. The 

involvement of P. acnes in the pathogenesis of acne is worth consideration here as 

although P. acnes is a dominant member of the microbiota on healthy human skin40 

genetic analysis has revealed that disease is associated with a specific 

subpopulation.41 It is possible that there will be a high incidence of P. acnes in non-

MGD and MGD samples, with MGD only associated with the presence of a 

pathogenic subpopulation. In a major NZ study on keratitis, C-NS was the most 

common bacterium isolated in corneal scrapes, followed by P.acnes.42 Although 

differences between resident microbiota and opportunistic infection are 

acknowledged, these similarly culture-based findings appear to correspond to the 

ocular surface findings in the present study, and emphasise the contributing 

relationship of the commensal microbiome to ocular infection.29,32,36 

This report on the ocular surface microbiome in MGD, in Auckland, NZ, provides 

useful information despite the limitations of having sampled from one location at a 

single time point, and having analysed the data according to traditional 

microbial/biochemical methods. Modern PCR-based evaluations have the potential to 
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provide more in depth information about the microbiome via DNA sequencing, 

although technological limitations exist with regard to distinguishing viable, 

culturable bacteria from those that have already yielded to the antimicrobial defence 

of the normal tear film, and also in establishing permanent communities rather than 

transient, non-viable bacterial populations.18 

This study represents a snapshot of the microbiome in MGD at a single site in 

Auckland, New Zealand.  Bacterial species present in subjects with MGD in the 

current study were found to closely match those of the normal population, and are 

largely consistent with those observed in previous reports from studies conducted 

within similar climates. Higher proportions of S. aureus relative to coagulase-

negative Staphylococcus sp., and a lower incidence of Corynebacterium and 

streptococci, were observed compared with other reports from across the globe. No 

differences in the cultured bacteria were noted between individuals with and without 

co-existing anterior blepharitis and only minimal differences were noted in contact 

lens wear suggesting that therapies addressing symptoms attributed to bacterial 

over-colonisation could be effective in all three groups. To further explain the 

findings of this study, investigations of other factors that might influence the 

microbiome, for example climate, are warranted. 
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Table 1: Participant demographics by severity classification. Asterisks indicate 

statistically significant difference from the normal group (p≤0.001). 

 

 

Participant Demographics 

Clinical MGD lid margin signs classification 

Normal 

(Grade = 0) 

Mild 

(Grade = 1) 

Moderate-Severe  

(Grade =2) 

Number (%) 66 (42%) 41 (26%) 50 (32%) 

Age ± SD (years) 30 ± 18 38 ± 23 44 ± 22* 

Male (%) 26 (39%) 24 (59%) 21 (42%) 

Contact lens wear (%) 27 (41%) 17 (41%) 17 (34%) 

Anterior Blepharitis (%) 15 (23%) 26 (63%)* 43 (86%)* 

Ethnicity    

Caucasian (%) 27 (41%) 14 (34%) 27 (54%) 

Asian (%) 27 (41%) 20 (49%) 16 (32%) 

Maori / PI (%) 4 (6.1%) 2 (4.9%) 3 (6%) 

Indian SC (%) 5 (7.6%) 5 (12%) 2 (4%) 

Middle Eastern (%) 1 (1.5%) 0 1 (2%) 
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Table 2: Distribution of bacteria isolated from non-CL wearers according to MGD 

severity category. Asterisks denote significant differences between groups.  

 

Bacteria isolated Normal group 

n: (%) 

Mild 

n: (%) 

Mod-Severe 

n: (%) 

p 

Coagulase-negative 

Staphylococcus 

25: (64.1%) 14: (58.3%) 21: (63.6%) 0.129 

Staphylococcus aureus 19: (48.7%) * 5: (20.8%) 6: (18.2%) 0.006 * 

Propionibacterium 
acnes (anaerobic) 

10: (25.6%) 7: (29.2%) 15: (45.5%) 0.142 

Pseudomonas sp. 1: (2.6%) 0: (0%) 0: (0%) - 

Notable Streptococcus 
sp. 

0: (0%) 1: (4.2%) 1: (3.0%) 0.401 

Enterobactericeae 1: (2.6%) 1: (4.2%) 1: (3.0%) 0.757 

Other G +ve 2: (5.1%) 2: (8.3%) 3: (9.1%) 0.508 

No aerobic bacteria 3: (7.7%) 5: (20.8%) 5: (15.2%) 0.497 
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Table 3: Global comparison of the microbiome of the MGD population. Variations in 

the diagnostic criteria exist. The NZ population shows a lower prevalence of C-NS, 

Corynebacterium sp. and gram-negative rods. † aerobic testing only; ⱡ anaerobic 

testing only. Abbreviations used are N = number of participants in the study; C-NS = 

coagulase negative staphylococci; S. aureus = Staphylococcus aureus; P. acnes = 

Propionibacterium acnes; Corynebact. sp. = Corynebacterium sp.; Gm neg. rods inc. 

= Gram-negative rods including. A hyphen (-) indicates the number is not available – 

either not measured, or not reported. 

 

Authors (year 
published)reference 

Country N C-N 
S 
 (%) 

S. 
aureus  
(%) 

P. 
acnes  
(%) 

Corynebact.  
sp.(%) 

Streptococcus 
sp.(%) 

Gm-neg. rods inc. 
Pseudomonas (%) 

Albietz & Lenton 
(2006)19 

Australia 20 95.0 20.0 30.0 35.0 0 15.0 

Graham et al 
 (2007)20 

Ireland 12 83.3 0 16.7 16.7 16.7 16.7 

Bowman et al 
(1987)21  

Texas 
USA 

21 100.0 35.0 58.0 62.0 19.0 8.0 

Dougherty & 
McCulley (1984)22 

Texas 
USA 

85 97.6 27.0 94.1 48.2 - - 

Groden et al  
(1991)23  

Florida 
USA 

332 † 
56ⱡ 

95.8 10.5 92.8 77.4 - 11.4 

Watters et al 
(2016) 

New 
Zealand 

57† 
& 
21ⱡ 

61.4 30.3 36.8 3.2 3.5 0  
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Table 4:  Global variations in the ocular surface microbiome. † denotes normal 

subjects in studies comparing dry eye and normal subjects. ⱡ denotes a consecutive 

and randomised healthy population. N = number of participants in the study; C-NS = 

coagulase negative staphylococci; S. aureus = Staphylococcus aureus; P. acnes = 

Propionibacterium acnes; Corynebact. sp. = Corynebacterium sp.; Gm neg. rods inc. 

= Gram-negative rods including. A hyphen (-) indicates the number is not available – 

either not measured, or not reported. 

 

Author(s); (year 
published)reference 

Country N C-N S 
(%) 

S. aureus 
(%) 

P. acnes 
(%) 

Corynebact. 
sp.(%) 

Streptococcuss
p.(%) 

Gm neg. rods inc. 
Pseudomonas (%) 

Albietz & Lenton 
(2006)19 

Australia† 18 84.0 6.0 22.0 6.0 0 6.0 

Graham et al 
(2007)20  

Ireland† 12 81.0 0 19.0 19.0 6.0 6.0 

Bowman et al 
(1987)21  

Texas 
USA† 

21 100.0 13.0 31.0 69.0 6.0 9.0 

Dougherty & 
McCulley (1984)22 

Texas 
USA† 

47 95.7 8.5 87.2 63.8 - - 

Groden et al 
(1991)23  

Florida 
USA† 

160 87.5 15.6 73.7 45.0 - 4.3 

Watters et al 
(2016) 

New 
Zealand† 

39 64.1 48.7 25.6 1.3 0 5.1 

Rubio (2004)28  Spain ⱡ 4366 56.8 6.4 - 30.2 7.5 6.2 

Hsu et al (2013)24 Missouri 
USA ⱡ 

183 74.8 4.9 - 7.6 0.9 9.4 

Mino de Kaspar et 
al (2005)27 

California 
USA ⱡ 

162 76.0 11.7 - - 4.9 6.8 

Capriotti et al 
(2009)25 

Sierra 
Leone 
(Rural) ⱡ 

276 28.6 19.9 - - - 16.0 

Karthika et al 
(2014)26  

India 
(Rural) ⱡ 

100 32.0 10.0 - 11.0 2.0 - 
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Figure 1: Summary microbiological speciation flowchart used to identify the aerobic 

bacteria isolated from lid margin swabs, which were taken both pre- and post-

meibomian gland expression. 
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Figure 2: Bacterial frequency in non-CL (black bars) vs CL wearers (grey bars). No 

significant differences in bacterial distribution among Staphylococcus aureus, 

coagulase-negative staphylococci, haemolytic streptococcus, Pseudomonas 

aeruginosa, Enterobacteriaceae, Proprionibacterium sp. or other, unclassified, 

bacteria were noted between non-contact lens (non-CL) and CL wearers in any 

severity group. Unclassified describes other gram-positive bacteria including 

Corynebacterium sp. However, no aerobic growth occurred more commonly in CL 

wearers. The asterisk denotes a statistically significant difference (p= 0.022). 
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