Enhancing the management of blephatritis

WisdomChukwudilwumune

A thess submitted in partial fulfilment of the requireme of Liverpool

John MooredJniversity for he degree oMasterof Philosophy.

February2021.



ACKNOWLEDGEMENT

I wish to thankall who participated in this projecight from Nigeria to here at LIMU especially
Dr Ismini and DEZouganelis | also use this opportunity to express my profound gratitude to my

family for sponseringmy education till date

| dedicate this work to théoving memory of my beloveldte mother, Mrs Theresa Iwumune.

Wisdom



List of figures.
CA3IdzZNBE wmY ' OGA DS Y SA 0RXYXAX XX XDEX XRX XA XFXSKDUXAIK/XD ¢
Figure2: Link betweenmites andbacteria inblephartisXX X X XXXXXXX..X X X X X XX
Figure 3 Cruston lid margin in blephritisX XXXXXXXX XXX XXX XXX XXX XXX XXXXX..16
FiguredY . fE201SR YSAOG2YALY 3f YR MREKSEXXXIXPXOXDX X >
Figure5Y {dz0 RAGAEGAZ2Y 2F YSAO2YAlI Y XAKKYXRXRXaASI &S
Figure6: Examination of adarnfeci A 2y Ay NHzNJ f O2 YXKIRX KK XPX X X X X
Figure7Y I 2NY SEE dzf OSNI GAZ2ZYXXXXXXXXXXXXXBIXXXXX)>
Figure 8: Bacteéh | f O2 y 2dzy Ol A BAXIXAXERRRKRXRKNONHNK X X X X 86X
CA3dz2NB oY {ySttSyQa @Aadz f XXOAXRXDEX XN BRILIXX X X X X
CAIdzNBE wmnY {fA0G0 1YL 0A2YAONRAO2LISXX XM XXXXXX
Figure 11A flow chat showingprocessesaken from isolation to identificatiodXXXXXX..38
Figure 12! 3+ NP aS 3ISt St XK NK XKIK RSN XXX XX..40
Fgure B:Evd dzi A2y I NBE NBf I 0A2YyAKALI 2F 2NHI YARYaXXXX
Figure #: Scanning electron microscopy®tiaphylococcus haemolytici X X X X X X. 46X X
Figure 5. Scanning electron microscopySthphybcoccus conhii X X X X X X X X XXX4X X X
Figure B: Sanning electron microscopy &taphylococcus conKiiX X X X X X X X X X4X X X X
Figure X¥: Scanning electron microscopySthphylococcusaprophyticu¥X X X X X X X X4& X

Figure B: Scanning electron microscopy@taphylococcusaprophyticgXX X XXX X X.X8

Figue 19: Scanning electron microscopySthphylococcus epidermigfisK X X X X X XX4X X



Figure20: Scanning electron microscopyRHcillus aerophilldé X X X X X X X X X X X409 X X X
Figure21: Scanning electron microscopy®thphylococcugureteX X X X X X X X X X XX X X ®
Figure 2: Scanning electron microscopy@$eudomonas aeruginggaX X X X X X X X30X X

Figure 3Y LYKAOAGAZ2Y 2F oF OGSNAFE 3INRBGGIKKLXXXXXX
Figure 2: 5 A A0 NAOdzOA2Y 2F XXXKKKERXOXNEX XK XXX R X X D
Figure BY DSYRSNI FLILINRBLINRFGA2Y 2F LI GASYX8XXXXXX
Figure BY 5AaiGNROdziA2yYy 2F LI GASyGa o0& NBERAGISY OSXX

Figure ZY S5AA0GNROdziA2y 2F LI GASydGa I OOXNXXG0T (2 2

(@]



List d Tables.

Table 1Cytokines associated in blephasitnflammationK XXX XXX XXX XXX X.19

Table 2:SamplesDNAhomologyX X XXX XXXX XXX XXX XX XXX XXX XXX XXXXXXXX..42

Table3Y { dzAOSLIGAOGAf AGE GSAIXXXXXXXXXXXXXHXXXXXX

TabledY [ A&l 2F A&az2€tFGSR YR LI GASY(GaQ X5F2NXI



Contents

Page No.

Acknowledgmemf X X X X X X X X X X X X X X X X X X X X X X X X XK KKK KA X X X X
Listof figuresX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X XHKXZ X X X X X X
Listoftablea X X X X X X X X X X X X X X X ZKRKRKRKRK KKK X X X X X XXX X XK X
GontentsX X X X X X X X X X X X X X XXX XXX XXX XXX XXX X X XKBEX X X
Abstrack X X XX X X XX X X X X X X XXX X XX X X X X X X XX X XXX
Chapterl. 0. IntroductiolK X X X X X X X X X X X X X X X X X XXX X X X X X X X B X P

1. 1.0. DefinitioiX X X X X X X X X X X X X X X X X X X X X X X XXX D

1. 1.1. Aetiologk XX X X X X X X X X X X X X X XXX XX XXX ooovveeeeeeiiiinnnnnn 9

1. 1.2.Epidemiolog X X X X X X X X X X X X X XXX X XK XX X X X X X XpXD

1. 1.3. Classification of blepharfisK XXX X X X X X XXKX X XX X X X X X XXX

A. Acute and chronEX X X X X X X X X X X X X X XX X XXX X X X X XXX

1.1.4. Classificatin of blepharitis by locatiod X X X XXX ® Q.2 P.D.D............. 15

A. AnteriorblephaiitisX X X X X X X X X X X X X X X XX X X XXX X X X X1 X &

B. PsteriorblepharitsX X X X X X X X X X X X X X XXOOOMBOKRKRKX X X X X¥6X

1.2.0. Infectio LI G K g 8 X X X X X X X X X X X X XXX X X XXX X

1.2.1 Clinicafeatures of pseudomonal bacteMaXX X XXX X X X X X X X X X X ©

1. 2.2. Susceptibility affinitgf Pseudomonaso antibioticsX @.R.D...........ccccceeennn 23

1.3.0. Some ocular conditions associated waiigpharitisX X XXX X X X X X X.X4

5



A. BlepharekeratocajunctivitisX X X X X X X X X X XXKKRKXK X X X X X X XX X
B.ChalazionX X X X X X X X X X X X X X X X X XX BRI IKX X X XROKAX

RedeyeX X X X X X X X X X X X X X X X X X XXKILRERLRXKRK X XRXRKX.25
1. 3.1. Bacterial conjunctivit§ X X X X X X X X X X X XX X XX X X X X X X25
1. 32. Presentation of blephariiX X X XXXX X X X XXX X X X X X X XXKXXK26
A. Anteror blephariis X X X X X X X X X X X X X X X X X XXX X X X X XX © D
1.4.0. Moleular characterization of organisms and DNA in blephXri{sX XX X @Y
1.4.1. Tle 16SRNAgeneX X X X X X X X X X X X X XX XK X XXX X X X X28 X
1.5.0. Outhe of research areas and key questfol X XXX X X XXX X X X X.X9X ¢
L5L AKX XXX XXXXXXX XXX XXX X XM K K K K XXKKLD
Chapter2.1.0. Materals ard MethodX X X X X X X XXX X X X X X X X X X XXX
A. Reruitment of patients in the rural aresX X X X XXX XX X X X X XXXX3D P
B. Visual agity measurememnX X X X X X X X X X XXX X.D.R.D......... 31
C Procedure for visual acuity measurengni X X X X X X X X XX X X X X X &
D. Eternd and internal examination of patients with slit [prbiomicroscogX X32
9d 9EIYAYLFGAZ2Y 2F LI GASY G &XXNXIRX X EREN (A2Y
2.11. Il aultivation. X X XX X XK XX X X X X X X X X X XXX XXX X X BHK X X X X X X
2.12. Scanninddectron Microscopy (SEM) X X X X X XX XX XX X X X X X X X38
2.13. Susceptibility testing of patients wiimtibioticX X XXX XX X XXX X X X ¥
2.14. Molecuar characteristick X X X X X X X X X X XXX XX X X X X X.BX ¢ ®

A. Bacterial DNA epdction protocdX X X XXX X X XX X X X X X XX X X XX35

6



B. DNA Amplification and electr§®® NBE & A & X X X X X X X X X X X X X XBX X X X X X >
C Agarose electrdmoreseX X X X X X X X X X X XXXX X X XX X X X X XXX
D. DNA sequencing (Sanger sequencing with cap#li@gtrophoresis, ABX) XX X X37
Chapter3. 1.0.Resulsand discussiod X X X X X X X XX XXX X X XXXX X X X XXXX8D
3. 1. 1. Genomic sequencing of DNA andiltésX XXX XX XXXXX X X X X X X 39X X
3. 1. 2.Phylogenetic studies of the identifiegheciesK X X X X X ¥XX X X X XX @D
3.L3.CSIFGdzNBa 2F Aaz2fl GSR 2 NEXYXENXEXXMEX X XXX X

3. 14. Scanned images of isolates from the ING&ixelectronmicroscop& X X X X46 ®
3. 1.5. Susceptibility test witlantibioticsX X X XXXXX.........ceiiimmrmeeeeriirrieieneeeeees 51

3. 16. Sociedemographic characteristic of patiettsX X X X XXX X X X X X X X568
3.1.7. Social demographic ofuaty populatiorX X X X X X XXX X X X X XXXX0E@8P
Chapter 4.A.ConclusionE X X X X X X X X X X X X X X X X X X X X3 IR R R R KB XK
B. Further worlk X X X X X X X X X X X X X XXX XRXKX X X X668 X D
C.ReferencegE X X X X X X X X X X X X X X X X X X X X X XXX

5d I LIISYRAEXXXXXXXXXXXXXXXX X XX G X X X X X



ABSTRACT

Blepharitis is a chronic eye intean affecting the eyadd commonly result from exacerbation of

normal microbial flora on the skin and occasionally due to meibomiand dysfunction.

Aim: ldentifying organisms responsible fdepharitis with a view to Bhancing its management.
Method: Investgations of thesgatientswere carried out with the use of slit lamp biomicroscopy
after recording their habitual visual acuity. Patients were initially screenedabuhe GP
department bdore eye examination. Samples were collected with swapspaméd stains were
isolated. SampleSDNA were extracted and amplifigdrough polymerasehain reactiorbefore
sequerting.

Result: Various strain ofStaphylococal organismsand Pseudomonas aerugosa were the
common organisms identifiey 16S rRNA sequeing Susceptibility tets were performed with
most of the organismfound to beinsensitiveto the antibiotics tested.

ConclusionBlepharitis is known as one of the anterior ocular infectodten encountered in
clinical practice. It has been noted thainicalpresentation d@s not provide enough diagnostic
evidence in managemerthereby prompting the need for further microbial analysioper
identification of causative organisms with the pebf more sophisticated and enhanced

technique of moleculaidentification is beliegd to proffer better outcome in clinical practice.



Chapterl. INTRODUCTION

1.1.0. Definition
Blepharitis is an inflammatory condition dhe eyelid and the surrounding structures
characterized by: swollen lids, i@ation, itching around tfe lid, and presence of crust, flakes or
scars around the eyelid border (Putnam, 2016). There are also signgkérted meibomian
glands, ulceration, trichiasis, madarosied hypertrophyalong the lid margins especially in
chronicblepharitis (Freitas etl, 2010). These common signs of infection of the skin around the
eye and consequent involvement of other strumts have contributed in most casde
misdiagnoses of bldyaritis, underreporting of cases and divisions in the treaitnof blepharitis
infection (Putnam, 2016). In a bid to solve this problem, a method of culdependent analysis
relied on the 16S IRA gene sequences was developed and used to investigatenitr®bial
community in human body to enhance the managementocular infections lke blepharitis

(Costello et al., 2009 and Fierer et al., 2008).

1.1.1. Aetiology
Blepharitis was first described in4® by Phillip Thygeson, as the chronic inflammation ofiithe
border and was later characterized into twypes,namely; squamousand ulceratve blepharitis
(Phillip Thygeson, 1946). Further classification was into acute and chronic, with chronic as the
most commonly diagnose(Eberhardt and Rammohan, 2017).
Clincally, the disease condition can be differentiated into eaidr blepharitis affectng the
anterior lamella of the eyelid including the eyelashes and the posterior blepharitis primarily
causing meibomian gland dysfunction (Craig et al., 2017). It can dmtertal mostly
staphylococcal resulting from exotoxin remets in stgphylococcalnfection or in situations of
responses to staphylococcal antigen. Blaqitis can alssayto be seborheic which result from
the ciliary portion of sebaceous glands ofsZdihe inflammatory processes are often associated
with the anterior and posterior g/elid lamellae and the periocular skin (Duncan et al., 2015). The
lypolic enyme also found on the lichay trigger inflammatory responses and disrupt the tear film
homoeosatsis by degrading the lipid layer constituents in postdslepharitis{Dougherty,1991).
Although the pathophysiology of blepharitis is multifactorial and is yet to be established



(Pflugfelder et al., 2014). This was collaborated in a study by Bruceara(Bruce Jackson, 2016)
whose investigation also revealdéte complexty in tracing the pathogenesis of blepharitis from

the multiplicity of factors involved in the disease processhsagthe miapbial infection leading

to lid abnormalities Howeverocular surface inflammatioandinfection has been attributedo
overcobnisation of the periorbital region (Pflugfelder et al.,, 2014), by bacterial such as
Staphylococcus aureus, Staplogdocus epidermidis and Psentbnas aeuginosa [(ee et al.,
2012, Waters et al., 2017)Also, there are noticeable association@¥modexinfestation and
blepharitis (Y I 6 I, 201%). Notably of recent is the increasing case of keratitis and
endophthalmitis resulting from coagulasegative Saphylococcal infection (ChirinegSaldana,
2013).

Ocular infection results from thmversionof living tissue bynicroorganismsyhich live within

the body tissues for survival and multiplication thereby compromising the integrity of the host
system leading to a diseased condition ie #iffected area or orgai 0binick,2003). Pathogenic
agentsfoundin human includig but not limted to bacteria, virus, protozoa, fungi and numerous
parasitic agents that can get access into human system. Most active infection may not present
with noticeable symptoms or subclinical signs while inactive or dormant infections are dekcribe
as latent ifiection (Tulleret al., 2005). Some eye infectiware said to be acute whemicrobes
presentwithin short period oftime during which tissugare infected orchronic in an infection

that has presented for long period of time. There are feants involvd in infection process.

Each of these processes represesitsges during the development of the infection which follow

a sequential order in disease developménobinick 2003). The causative organisms required a
reservoir where they are domiled to thrive andreplicate its number while releasing toxins in

the host tissues. Causative agents must be adequate and virulence enough to be able to effect
damages ithe host system. Some part of the human eyes that serves as a reservoir includes the
eyelid margn, correa and the conjunctiva. The invasion of microorganisms into a host system
required a medium through which it can get access into the host system. Hovfervenfection

to occur, the host system must be inhabitable for the pathogenenagp causedisease Host

tissue respond to invading agents through the formation of antibodies and subsequently

inflammation resulting from the activities exacted by {hethogens especially in situation of low
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immunity. Although there are occasions wkdrtost immunesystemoverreacts, causing damages

to the host system by a process called autoimmune reacfiabifick,2003).

Bacterialinsensitvity or resistance to aribiotics is of high increase, which raises alarm on the
future of antibacterial agets as likely ® be short of ned in the near future (Wencewicz et al.,
2013). Extended use of antibiotics therapy has been identified to be an enabling factor towards
the adaptation of microorganisms and development of certain ciessstance characterigts
although nore studies isequiredunravel the trend in ocular infections (ChirinSaldana et al.,
2013). Microbiome accounts for3% of the human body mass. Bactegpkcies are the most
common organisms found on the skin. They occasionally attaekhibst espeeailly when
exacebated by poor hygiene or in immureompromised individuals. Blepharitis is one of the
eye related diseases associated with the breakdown im $lacterial flora. Although the

LI § K2LIKe&aAz2f23& NBYIl AYa coapidnly 2aiigg bylSRghBadBudr A (1 Q:
species andP. aeruginosaand their ability to form biofilms contributes to their increased
virulence (Lynch and Robertson, 2008, Leelet2812).Although topical antibiotics being used

in the management of blepharitifas recorded sccess in redung mcrobial colonization
palliative treatment such as the recommendation for eye hygiene and warm comaressill
recommendedn most cass(Geerling et al., 201 1furthermore, prolonged use of corticosteroid

is contrairdicated not jst for its nonrantibiotic ability but for the risk it poses to the eye
(Pflugfelder et al., 2014).

Inhibitory properties of natural product such as honeyanular microbiota and inflammatory
effects was said to have occurred due to its lpi# value, hig osmolarity, hgrogen peroxide
components such as methylglyoxal (Albietz and Lenton, 2006). In a recent study on New Zealand
Manuka honey particularlizeptopermum scopariungemonstrate a potential novel therapy in
managing blepharitis. lchieves thisvith the methyldyoxal which is largely found in the sample
with more affinity in resisting physiological breakdown by heat and enzymes than peroxides
componets in antimicrobials (Snow and Maniteharris, 2004).

As the possibility of developg the conditbn increases wit age prompting the growing number

of cases seen in recent times, clinicians are forecasting increased number oindigesoming

years cosidering the high number of agimmppulations Although the treatment of blepharitis
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starts when gmptoms are presentagymptomatic blepharitis may also need to be addressed
before proceduresire carried out in most patients. Lid hygiene has traditionaéen referred as
the first line of treatment however, limited success has been agdewith thismeasure alone
(Lindgrom, 2009).

1.1.2. Epidemiology

Blepharitis is among the commonest misdiagnosed ocular infection in optometry practice globally
(McCulley and She, 2000). However, anterior blepharitis is said to be more prevalence n fair
sknned young ferale aged between 360 yearswith rosacea (Putnam 2016). Other ocular
conditions associated with blepharitis infection inclu®ey Eye Diseases (DED), deiitas,
Serborrheic dermatitis and atopy (Putham, 2016). According to Nelson et al., Riglbomian
Gland Disease (MGDis the most associated ocular condition accounting to about 30% of cases
that coexist in blepharitis infection. He found that MGD is comimoaging population affecting
males above 65 years and female between the age&-@years. Haever, a study by Holas

et al., (2011) comprising 90 patients diagnosed with chronic blepharitis found that the mean age
of patient with blepharitis to be w#hin 50 years. This also collaborate the finding by Bienat et al.,
(2018) in the pevalence of @pharitis been higér in older individuals although he found no

significant difference between male and female.

1.1.3. Classificatiormf blepharitis by progressian
There are series of classification of blepharitis however, there is yet to bgla siccepteanodel
(Jackson, 2(®). However, the existing classifications are primary or secondary blepharitis,

anterior or posterior blepharitis.

Primary blepharitis redts from staphylococcal toxins. This predominantly affects those infected
with rosa®a, hypersensivity and seborrha. Secondary blepharitis refers to bacterial infection
processes or infestation by phthiriasisi@modex The primary and secondary cas®xist with
substantial overlap of signs and symptoms. According to Biernat ¢2@L8),Demodexspecies

are the most common mites living on human skin. Thare two known species obemodex

identified in human namelyDemandexfolliculorumand Demode breviswhich is often found in
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the sebaceous glands and Meibomian glands whileftmeer lives in the follicles. Hey are
commonly situated on the face, forehead, eyelashes, and eyebrows and within the nose region
(Chenget al., 2015). Mite infectionféects large human population especially those in aged above
70 years and could aldme as highas 90% with its presee increasing with age (Biernat et al.,
2018). Demodex infection is rarely found in children. This istduew secretion of sebaceous

gl yYRA Ay OKAfRNBY 6KAOK R DénogeR (Howederdemidedd KS RS
infection was first reported in kildren suffering from leukemia and in any form of
immunodeficiency (Herron et al., 200®)hildren without immunological diseases shoukbabe
considered in cases such as recurrent blepharitis and conjunctivitis wHiEngyais leing
considered in theetiological development and poor response to conventional treatment (Liang
SGi ftdX Hamnod® ¢KSNBEQa Ay OdBdexsymptans dltodgh$hsd 2 ¥ L.
pathogenesis of the infection remains unclear in tightl of numerousresearchedeen arried

out. Blepharitis is believed to be one of the infections cause@dipodexspecies which often

have a recurrent course requiring lotgrm treatment though often unsatisfactory (Biernat et

al., 2018). Furthermorgyrimary bleharitis presents wittcomplex etiology in the course of the
disease while secondary blepharitis results from coexistence with other disésemdexdoes

carry other microorganisms whose antigen ¢apable ofstimulating the immune towards
syntheszing ®me proinflammatory cipkines; andsome metabolites than can initiate allergic
reactions with the hair follicles (Nicholls et al., 201@¥modex folliculoruninfection causes
mechanical irritation of the epithelium of the hair folliclegsulting b hypemplasia and
hyperkeratzation while Demodex brevidblocks Meibomian glands. In all these, no reliable
hypothesis has been confirmed thus making the etiologgerhode infection a controversial

factor in eye diseases (Biernat et al., 2D18
A. Acute and chranic

Further classifiazon of blepharitis was done by Lindsley et al., (2012). They opined that the
classification was relied on the duration of the diseased prod&ésle they discovered that acute
blepharitis could be of bacterial, ral or paragtic itQa S 3G A 2€ 2 Idnlylieyried & O2 Y

infection, acute ulcerative blepharitis are due to infections secondary to Staphyloccocal infection.
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However, there has beenvalence of polymicrobial infection in both acute and chronic
blepharitis (Din and Peel, 2012). Most hospitalacquired infections, commonly recognized
bacterial species in blepharitisvere found to be S. epidermidisfollowed by S. aureus,
Propionibacterim etc (Din & Patel, 2012)Changes to the external eyelid due to inflammatory
condtions sich as blepharitis omeibomian gland obstruction is detected through the evertion
of the lid and view through a magnifying lens as shown in the figure 1. In thrgeiosgotured with
keratograph4 which was originally designed to produce informationcomeal topography and
contact lensfitting. (a) meibography of the right upper lid. There is no loss of meibomian glands.
(b) The meibography of the left upper libout 50% of the meibomian ghds are absent showing
gland drop out in the locationfaesoling chalazion (nasalde). (c and d) Meibography images
taken of the active chalazia in the right eye and left eye respectively. Chalazia in both eyelids
appear adumps on the palpebral compctiva of the eyelids with the chalazion on the riglgee
appearing larger than thechalazion on the left eye. There is disappearance of the meibomian
glands in the area of the chalazion for both eyelids. Image e dathbnstate the right and left
upperlids postsurgery respectivelyJp to30% of the meibonan glands are absent in tharea

of the removed chalazion in the right upper lid. There appears to be no further loss of glands in

the left upper lid following surgical neoval of the chalazion.
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Fig. 1.Everted image of the eyelid in active meibomiaragld infection: (acf) The uppe eyelids
were everted and images of the meibomian glands were captured using Keratograph 4.

Reproduced by Srinivasan et 2013.

1.1.4.Clasification ofblepharitis by location

A. Anterior blepharitis.

Anterior blepharits is kmwn to be a frequentlyencountered eye infection encountered in
Ophthalmology practice. Staphylococdaémodexand seborheic blepharitis constitudeabout
37-42% ofincidence recaded in previous studies (De Paula et al., 2019). Anterior blephariti
primarily affects the basesf the eyelashes. The common causes include staphylococcal and
seborheic blepharitis (Lindsley, 2012). The glands primarily affected in bebiepharits are

the gland of Zeiss and the meibomian glands; in mild conditi@npiosebaceous glands sited
within the lid margin are involveds shown in figure 2 However, meibomian gland dysfunction
also manifest in seborrheic blepharitis dtee the nearnes between the meibomian and the
sebaceous gland (Raskin, 1992). odding b Donnenfeld et al., @8, several conditions such as
compromised immune system, age, changes in hormone, rosacea, allergy and dermatitis could
trigger blepharitisThelink between he pathogenicityof blephaitisinvolving mitesandbacteria

is r.own inthe figure2.

Mites ¢ causingnflammatian and
clogged p of the lid in bepharitis.

Bacteria blepharitisresults from
the from exacerbation of
normal microbal flora on the

Fig 2. Showsthe link between mits and bacteria in the etiology of blepharitis

15



Fig. 3: Imageof the upper lid margin showing cruston the base of the lashesianterior

blepharitis. Reproducel from Moyes, 2018.

B. Poserior blepharitis

Posteror blepharitis is primarily caused by a dysfunctional meibomian gland arising from a
metabolic disorder, allergic or infective conjunctivitisireosystemic conditions such as Rosacea,
atopy and eczema (Neon, 2011).While previaus stuies identify margiral blepharitis as
involving both anterior and posterior blepharitis, angular blepharitis involves the canthal region

of the lid although it may ot affect the anterior or posterior part of the lias shownn figure 3.
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Fig: 4. An image of posterior blepharitis showing blocked meibomian gland and

crust eye lashesRepioduced fromMoyes, 2018.

It mostly dfects the eyéash margin and the meibomian glamdich secrets the oily component
posterior to the lidas shown in figurd. This eventuallgausethe blockageof the glands leading
to the retention of the sebum anuhcreasing the risk of otheromgications of meibanian gland
diseases such as meibomian cyshalazion, Internal hordeolum and secondary infections

(Fredrick, 2018, Putnam, 2016).

The major two catgories of meibomian gland diseases are the low deligtaies and the high
delivery states. The low delivey states compriseof the obstructive with cicatrical and nen
cicatrical subdivisionffigure 4. Hyposecretory glands are glands secreting lessdbum than

it ought to due to disorder the meibomian gid in absence of a significkobstruction. In
cicarical MGD, the duct orifices are displaced posteriorly into the mucosa of the lid while this is
not affected in non cicatrical fornkigure5 alsoillustrates different stages of meibomian gland
diseasesand causes leading to othecula suface diseasesuch as dry eyeln high delivery
hypersensitivity MGD, copious amount of lip@re released along the lid margin that is more
prominent whenpressure is exerted on the tarsal conjunctiva dgrian eye examination (Nelson

et al.,2011).
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Meibomian Gland Disease

I X T 1
[ Congenital | | Neoplastic | [ Acute ] [ Other |

| Low Delivery | High Delivery
l l

Hyposecretory Obstructive
(Meibomian Sicca)

Cicatricial | | Nen-Cicatricial

Secondary | |Primary || Secondary Primary || Secondary
(eg., «Trachoma Seborrheic
Medications) *Ocular Dermatitis
Pemphigoid -Acne Rosacea
«£r Y‘h@m& Y A‘Op}'
Multiforme <Psoriasis
~Atopy

—

Clinically Apparent Ocular Surface Disease
Inflammation Including Dry Eye

Alteration of
Tear Film

Eye Irritation

Fig.5 Image showing subdivisions of MGReproduced fronNichols et al., 201.

1.2.0.Infection pathways.

While Scheinfeld and Berk, 2010 established that tm@mic blepharitis often results to loss of
eyelashes (madarosis) poliosis, cornezdrsing andeyelid hypertrophy, staphylococcal species
are commonly associated with infectious blepharitis and resutrrhordela (Probst, 2005).
Bacteria cell growth occarthrough duplication leading to production offspring of equal size.
However, celimultiplication involves series of complex steps which includes mass doubling of
cells, initiating and terminating @f circle of chromosomal replication, disenabling aegarating
sister formed chromosomes also knows nucleoids, assembling of all theiftating mechanism

and a coordinated access into the host cell leading to synthesizing of the cell wall andatventu

development of a full septum (Chien et al 2012).

The pathophysiology of chronic blepharitis oagng in three sequential orders was steibed by

Din and Patel (2012). The first stage involve infection by bacterial, secondly is the exotoxin
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hypersensitivity and lastly, a mediated immune hypersensitiagponse. According to Kim et

al., (2011), bleparitis results to inflammation of theyeld margh and ocular surface through
increased cytokines level such asli.which is responsible fan autoimmune response and
telangiectasias within the lid marginin bacterial infection, pranflammatory cybkines are
released by the interactiof bacterial antigens and the elevated exotoxins essential to an
inflammatory response (Din and Pat@D12). Cytokines found in the tears plays major role in the
series & pathological conditions involving the anteri ocular surface. There is obvious
improvement in recent studies towards understanding the roles of cytokines on the ocular
surface. Recent stues found that cytokinesdia i =7, IL7[ 11-12, 1:13, I17,and MIPmi ¢ S NB
found to be raised in blephdis with IL-7, IL12, and IE17 significantly found in cases involving

demodexblepharitis.Table 1 showsa summary of @me of thecytokinesfound in blepharitisand

their role.

Cytokines function

IL-7 Mediates inflammatory response
IL-12 Mediates infammatory response
IL-13 Mediates inflammatory response
IL-17 Autoimmune inflammatory

response

[L-1i Pro inflammatoryesponse
MIP-1i Proinflammatoryresponse

Table 1 Showshe list of cytokimes associated in blepharitigid their function

Comparing the effect of cytokines in casesdeimodexcaused blepharitis and blepharitis of
different pathogenmc origin on the tear breakip time (BUT) on ocular surfacewias found that

the tear break up timelecreased more thademodexfree blepharits. This may be attributed to
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the level of cytokines on the ocular surfasehich destabilizes the ocular surla¢Kim et al.,
2011). The high level of-lLand IE12 is though to be as a result of inflamed pxisting
blepharitis in pluggedheibomian glads. Allergic conjunctivitis with diffuse conjunctival erosion,
inflammation and hyperemia is believed to be dmted by IE17 (Maizels et al., 2009). Other
autoimmune relatedconditions where 117 is found to b elevated include allergic ctact
dermatitis, allergg rhinitis, psoriasis, asthma and rheumatoid arthritis (Oboki et al., 2008). Potent
angiogenic chemane is said toplay crucial role in the formatiomf new vessed on the
conjunctivacausinghyperemia ad telangiectasias on the eyelid chronic bepharitis infection
(Kim et al, 2011). According to the findings by Venturina.e2003) in identifying theprevalence

of chronic blepharitis in a population of 1148tmats diagnosed with general eye diseas
presenting with symptoms ofliscomfort aml irritable eyesas can be detected in eye
examinations as shown in figuée Anterior blepharitis constitugd 12% of the symptoms. It was
observed that anterior blephais was more common amongst the young®pulation with
mean age of 4%mong male ad 80% of the female patients. The glans of Zeiss and meibomian
glands are mildly affected in seborrheic blephia involving the pilosebaceous glands within the
lid margin Meibomian gland dysfunction as a chateristic of a sebaceous blepfirtis is de to

the closeness between the meibomian gland and epidermal sebaceous glands (Raskin, 1992).
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Fig;6. Examimtion of ocular infection in rural community. Repuced fromAlbert et al 2007.

1.2.1 Clinical featuresfgpseudomona aeruginosa
According to Tewelemedin et al., 2017. aeruginos#& known to be one of the Gramegative
organisms responsible for anteri@ye infection on patients diagnosed with blepharitis and
infectious keratitis (corneal infection)P aeruginosaeasily gets amess into the ocalr system
through an injued surface (Hazeltt et al., 20p4_oss of cilia, corneal neovascularization and
ulceration are also known as some of the complications of blepisarifection. If not treated, it
coulddelay visual recovery &t surgery and canlso cause more serious ocular infection such
as endophthalmitis in deep surgical procedures sugbeagtrative keratoplasty (Holland, 2014
P. aeruginosaurvives evemilimited nutrients and different envanmental conditions includg
hospital envionments (Hazlett, 2004). Ulceration of the cornea progresses with the help of the
enzymes released by the baadg into various layers of the corneal including the epitHelia
stromal and the inflammatory celld the cornea. Also, patlgenicity responsef the cornea to
bacterial invasion occurs through proliferative response to released exoenzymes in corneal

diseases (Hazlett et al., 2004), while the ensuing tissue ddsbrués majorly caused by the
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release @ exoproducts from the raed leukocytes anesiding corneal cells (Lausch et al., 1996).
However non-ulcerative blepharitis is triggered by allergic cgans such as rosacea, seasonal or
atopic dermatitis (Eberhat and Rammohan, 2017). Ring infiltrateommonly lodges arounti¢
paracentral sids of the cornea andypopyon, whichs made of aense coagulated inflammatory
materialwithin the anterior chamber of the eye. Other consequence of cornedbpation isthe
loss of corneal outelayer otherwise known as descemetocele (Wimus, 1995)llustrated in

figure?.

In countering the progression of diseasesd?. aeruginosais eliminated through
polymorphonucleameutrophils (PMN) linked with lysos@ degranulaton, phagocytosis and
elimination of the bacteria into the phagolysmmal segment of the cell. Polymorphonuclear
neutrophil in the cdl engulfthe invaded bacteria that ardegrandated by stimulating the
phagocytic respiratory buildp and #@ack throughoxidative process. In cdinuation, toxic
oxygenated metabolites arereated, other oxidizing elements such as hydrogen peroxide,

creation of complex molecules like supeide anims (Hazlett, 2004).

Fig7: An image of corneal ulceration o P. aerugiosainfection followinga trauma. (a) 48
hours after onset showingoenea melting. (b) Image of the ulceration after 4 days the treatment
commenced. (c) Image showing textd infltration and density preceding healing of the ulcer.

(d) Appeaance after 30days of ulcerationRepoduced fromChatterjee and Agrawal, 2016.

Enzymes and free radicals derived from the toxic oxygen causes stromal extermination through

collagen break, se&rance of stromal keratocytes and digesting glycoaminoglyddasrophages
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accord to corneal edema ahstromal necrosis in bacterial keratit&me biological elements are
alsothought toinitiate the releasesimilaractiveelements such as tumor necrediactorTNFa,

IL-1, 16 with several cytokines material syngestically tovards inflammatory actities (Hazlett

et al., 2004). Accordg to Stieter et al., 2004, the common features of most inflammatory
processes starts from infiltrative leukocytesieToverall process of phagocytic processes during
infection ischampioned bythe timely response ofytokines IL1, cell attaching molecas that
support cell to cell extracellular matrix interplay and the expression of the molecules outside the
cell surfae or the extracellular matrix (Leonard, 1990). Chemotactimkoyes are reponsible for

cell mobiization along a gradient pathway agjtered by the chemoattractant (Ogita, 2008)he
gathering and intrusion of inflammatory cells into the inflamed tessis mainly controlled by
inflammatory agents within the inféed area. Thamost active inflammatoyr chemoattractant

and polymorphonucleaneutrophils found in mouse are doubteosslinkedcysteines amino acid
group of chemokines and the macrophage inftaatory protein (Driscoll, 1995). However,
macrophage inflammaty proteins ad chemokines varies tiin the ocular tissues such that
both play dfferent role and in differing magnitude (Kernack et al., 2000). Chemokines are known

to facilitate angiogenesiandenhance the multiplication of epithelial cells (Cole kt 2003.

1.2.2. Susceptibility aiffiity of Pseudomonato antibiotics.

One of the conventional approaches in the management of bacterial eye infectitdmelmfinician,
is the use ofbroad-spectrum antibiotics prior to culture and identification of theathogenic
organisms (Chalita et al2004). Sensitivity testwere performed to icentify the particular
microbe responsible for the infectiohis isa useful approach towards reducing antibasti
resistance by bacteria. However, there is increasingneeobantibiotic insensitivity Pathogenic
organisms achieve this Whorizontal gne trarsfer. These gengproduce enzymea that destroy

the antibiotics and change the cause of the applied drug taainget site (Tenover, 2006).

1.3.0. Some ocular conditions assated wth blepharitis

A. Blepharekeratoconunctivitis.

Blepharekeratoconjunctivitis (B&) is an inflammatory condition affecting the whole surface of

the eyes with a common diverse prevalence irthbadult and children (Rhee and Mah 2007).
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Some causes oBKC inlcde nfection of the ocular systemncluding blepharis, allergic
conditions am dermatological causes. Clinical manifestations of BKC include inflammations of
the eyelids, conjunctiva antbrnea. ltiscapable of causing crusting on the baseye lahes due

to the accumulation of fitous tissues, misdiction of the eyelashes @maldrosis, lid notching,
moderate follicular hypertrophy and conjunctival pappilae, marginal infiltratesterile marginal
infiltrates. It can also present with derior lid telangiectasia (Viswalingam eal., 2005).
Blepharits and BKC shares similagatment approach however, adult patients respond better to
treatment including lid hygiene and antibiotittsean in children especially in poorly characterized
and chronic @ses. Propt control of inflammatims and other symptomss vital towards
prevening complications such as reduced vision and corneal thinning. Both topical and systemic
antibiotics such asrgthromycin and tetracycline are used for several weeksionthsincluding

lid hygiene (CehajiKapetanovic and Kwart2010. Daniel et al., 20}).7

B. Chalazion
The eyelid comprises of a mullayered anatomical structure with the outermost layer of
stratified epithelial layer, the tarsal plate made up of a le@®nnetive tisue, a layer of loose
conrective tissue, thg@alpebral conjunctiva layeand the orbicularis oculi or the muscular layer.
The meibomian gland is situated within the tarsal plat@rétduces the oily layer of the tear film
that prevents evporation and dryess of the tear film. Thglands opening i®und along the lid
marginthrough which the secreted lipids in the gland escape to nourish the ocular surface and in

turn, prevents dryess or dry eyes (Srinivasan 2013).

Chalazion also known asmeilbmian cys results from granulomatos inflammatory reation

within either locatiyy 2F GKS f AR O{NAYAQlI&lY HnanmoO® LUOQA
gland dysfunction or blepharitisld&&ked glanaver time gets inflamed resulting in irritat, mid

pain ard dry eyes. Although chateon may resolve whout treatment Honda 2010Gthe fibrous

sac containing the hard nodule may calcify and enlarge on to the tarsal conjunctiva forming a

fleshy round or oval shaped ma&&rinivasan 2013).
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Red eye

Red eyds oneof the commonest ocular demses that present® eye clinic departmentsye

care practitioners may face challenges in the cause of managing the condition (Watkinson and
Seewoodhary,2017). Blepharitisincluding other eye diseases like aeutrtis, dry ee,
conjunctivitis and lose angle glaucomare the commonest cause oftis however, blepharitis
induced red eye is not seen as a sight threatening condition (Watkinson, Z0t®)ugh the
clinician should be capable to identify a benigal eye and asight threatening condibn. Red

eye patierts are classified into depelingon the severity of case presented. These include those
referred to primary eye care center needing thtéeation of optometrists and ophthalmic nurses
and those requing the attertion of tertiary eye cag practitioners mosy in hospital practice (D

Toit and Van ZyR013). A thorough case history taken should unravel the impending risk and
discomfort to he more serious ocular symptoms such as pain, sensitivitghb(photophaia),
diminish vision, charge and findigs from ophthalmoscopy. Mayj area of focus on the eyes is
the visual acuity, the pupillary reaction to light, shape and preauriculaepalpation. Some
characteristic features that differentiageasimple casef red eye to a more tleatening cause
(DuToit and Van Zyl, 2013).

1.3.1. Bacterial onjunctivitis
According to the American Academy of Ophthalmology, bacterial conjunctivitis i®forne
associated eye infections with blepharitiutnam, 206). Some pathgenic organisms
responsble for bacterial onjunctivitis includeS. aweus, Haemophilus influenza, Chlamydia and
Gonococcus bacteridlCommon symptoms of bacteria conjunctivitis lude mild pain and
photophobia while purulent discharge, redssand lid stcking in the morning o#n seen as a
differential feature of the disesesare the common signs observed on patients with bacteria
conjunctivitisin figure 8 ItQ commonly managedith topical antibiotics however, infection due
to Chlamydiaand Gonococcuare best managed througbystemic antibiotics due to its mode of
contraction (Tarabishy and Jeng, 2008).
Most acute bacterial conjunctivitis result from infemti of the genital ogan caused bileisseria

gonorrheathough cases may be asynoptatic to the patient (Tarabishy and &g, 2008).
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However,chlymadiaconjunctivitis § the major organism responsible for neonatal conjunctivitis.
Infants contract this infeabin on passing thragh the birth canalSigns include profuse discharge;
in complcated cases, g@tients may present witltorneal perforation with consequent reduction
in vision (Tarabishy and Jeng, 2008).

Other causative organisms of bacterial conjunctivitis incld@emophus influenza Studies by
Buznach et al., 2005, found that ehinfection is easily contracted in lare gathering and
commonly associated with uppeespiratory tract infection and conjativitis-otitis syndrome in

about 70% presenting cases with ipsilaesar inflammation (Bodor, 199.

a b

Fig.8. (a) Image of bactefianfective conjunctivitis and (b) Sticleyelid in acute bacteria

conjunctivitis. Reproduced fronHgvding, RO8.

1.32. Presentation of blepharitis.

A. Anterior blephaitis.

Staphyl@occal blepharitis is @racterized by crusting, scaling, and erythemhéhe eyelid margin
with collarets formation at the base of the cilia (American Academy of Ophthalmolog$).20
Eberhardt & Rammohan (2017) concluded that telangieatasly exist atthe external part of

the eyelid in addition to madarosispoliosis andtrichiasis. The American Academy of
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Ophthalmology (2013) also included mild to moderate conjunctival injecégelid ulceration in
severe cases, hordeolum, eyelid saagr corneal ctanges such as neovascufation, erosions,
scarring, pannus, phlycteites, thinning and infiltrates as part of the clinical signs.

Seborrheic blepharitis usually manifests witreasy lashes that result in matting across the
anterior lid magins d both eyes, with less inflammadn and telangiectasia than Staphylococcal
blepharitis (Putnam, 2016). Clinical presentation ranges from benign dandruff to exfoliate
erythroderma (Jacksor2008).

PosteriorblepharitisMeibomian gland dysfunction mi#estation of the eyelids includes foayn
discharge along the eyelid margin, crossaigorominent blood vessels at the mucocutenous
junction, scalloping and hardening of the eyelid margin, exgioesof the meibomian secretis.
This ranges from turbid fid to hard cheseslike material, poutng, plugging of the meibomian
orifices, chalapn and triachiasis (American Academy of Ophthalmology, R@@erall, the
management of any type of blephtisi has encountered towards eatifying the pathogenic
agentsandthe preserte of polymicrobial orgaisms that may be presence during infectiom (T
et., 2003).

Mdndnd az2f SOdz I NJ OKI NI O SNAT IdA2y 2F 2NHIYyAaY

Previous study on comparative assessingith cultured-based method lsowed the presence of
multi-microbial on patients with and without bl@haritis could vary in terms of the populatiah

the bacteria isolated (Ta et al., 2003). Many common causes of blepharitis are not well defined,
which m&es t difficult to give a definite pathophysiolamalcauseof the diseasélLee et al., 2002).
This could be attributed to the limitationsneountered in identifying the causative organisms
which isperformedconventionally in the clinic through thaulture method(Ta et al., 2003). One

of the advantages ahis conventional mdtod of identificdion is that itis inexpensive thereby
resoling the need for the expensive molecular technique (Patel, 2001). Certain limitation of
conventional technigas indcates the needo apply molecular identificabn in clinical laboratory
practice. For example, slow growing bacteria lik#ycobaderium spp known for is slowgrowing
nature of about 68 weeks with another time frame of about 4 to 6 wee&sdertify is a proof

that conventional identification isme mnsuming and requires greakgertise which may take
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more than a year to develofPatel, 2001). A major factor in the unreliability of culture samples
is the possibility of multiple bactetigrowth within the media and specific growth requirements

of the cultured sample (Graham etl.a2@7). However, previous studies yeshown that
applying the molecular identification method in the detection and characterization of the
causative organismdemongrated high level of reliability and as such, is oftgrplied in clinical
investigatian of microorganisms (Schabereit&urtner et al., 201). As theaetiologyof chronic
blepharitis is not well understood, it therefore leads to failed treatmergineen n some cases.
With the knowledge of role play by mids@l infection in the pathogenesibf chronic blepharitis
either as singular cause tife disease or as part of the disease process; therefore, identifying the
causative organisms and antibactdragerts sensitive to the particular organisms is considered
to be helpful in managing the odition (Karimian et al., 2011). Karimian suggestedstudies

on the relationship in severity of chronic blepharitis, presentation on the ocular surface and
results fom cultured sample. Some steps involved in the mdecmethod of detecting and
characterization include the PCR technique, denatured digat, gel electrophoresis and
sequencing. Although previous studies were on molecular characterization ablnac
communities in patients affected by blepharitis, th&udy will further elaborate our
underganding in specifics organisms identified stablished case of blepharitis and so enhance
in the treatment and management of the conditioMolecular idetification techniques are
advantageous in recognizing somestfdious bacteria and also for tise that cannot be well
differentiated through the onventional techniques. In a bid to solve this problem, a method of
culture-independent analysis relied on tH&S fbosomal RNA (16S rRNA) gene sequences was
developed ad used to investigate the microbi community in human body (Costello et al., 2009
and Fierer et al., 2008). Sequencing of the 16S rRNA gene is an accepted method of bacterial
identification (Pag¢l, 20Q). It is currently used by taxonomists in measurihg smilarity

between DNA and idates.

1.4.1.The 16S rRNgene.
A vital phylogengc characteristic of the 16S rRNA gene is thitgtvotal in clinical identification.
Another important conponent of this gene in clinical laboratory is thaisiftoundin all bacteria

thereby enhanmgthe characterization of &cteria universallyRatel, 200). The role of 16S rRNA
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gene has been corsent over the years; however, a change in the sequesfca gene could

result from a random change than a selectafrthanges that would alter the metular function

of the rRNA gene. THBSIRNAINBE F SNNBR | a |y WwQdz (A Ygelyidde Y2 SO
to the relevant information about the organisnt carries in amolecular confinement.
Furthermore, an increasinthe number of functionalomans with the rRNA gene reduces the

effect of selectd changes bears on phylogenetic relationships maal identification (Woese,
1987).However, 16S rRNA gesequencing techniques lack some measures in total sequgncin
differences between bacteria. DNANAreassociation essay is considered to be maieble in

measuring the diversity between bactestrains Reischl et al., 1998)

Although there must be a high level of relativity iveten the species to achieve such result

within the rRNA geneAlthough phylogenetic informatiors @rried throughout the gene, the

vital heterogenic information is seen in the first 500 bases of ihe Sy R 2 F(Tange & G NI
al., 1998 and Rogall et al., 1990)

So,it is believed that the idntification of the isolate can $tibe achieved by sequencing the first
500 bases bwever, a full gene sequencing provides more preaigermation of the isolates
especiallyfor a novel isola¢ (Patel 2001). Furthermore, the cost of acquiring laborayor

instrument and reagents neededrfa holistic sequencing of gene.

1.5.0. Outline bresearch areas and key question.

There is heightened interest towards proper identification of organisms wwauld eventually
reduce the overuse of antibiotics. Alsbe rising report of bacterial resiance particularly those
caused by the multidrugesistant strain emerging as a global health challenge and required
urgent attention; also, of consideratiors ithe recent report by the WHO about the limited

availabilityof antibiotics in the near futurg€SinYeang et al., 2016).

1.5.1. Aim:
Objective 1lilsoktion of samplefrom patientssufferingchronic blepharitisand gaining ethical

approval for collecting and atysingLJ: G A SydaQ RIFGF YR YSRAOFE AYyT
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Objective 2:ldentifying organisms esponsible dr blepharitis with a view toenhancing its
managment.

Objective3: Molecular identification of 20 clinical strains

Objective 4: Determination of thestrains antibiotic resistance (micrbroth dilution and

antibiotic susceptibility testing).
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Chapter 2

2.1.0. Material and method.

A. Recruitment of patiets in the rural areas.

Some of the initial worlcompletedinclude sensitization and outreach programs he trural
areas in Abia State with no functional eye care sernHland bills were shared to theepple

living in these areas to come out for auas$ screening on a stated date. Some places visited
for publicity include town center and churches. Particifmimcluded children, adults and old
adults.Participans infamation suchas ageand occupatiorwere recoded with their congnt
andethical apppovalsecured through the hospitahanagementVisual screening was done in
the rural clinic while suspected cases of blepharitis and other dictated ocular conditions were

advised to visit the specialist antgtaching hospital.
B. Visual acuity measurement

VisualAcuity is the most commommeans of assessing visual function and iteasuresthe

ability of the patient taresolve fine details at a given distan&@hroric bepharitis can obscure

visual acuy SA LISOA | f £ &8 g KSy [ehtdll hrdufhi SaphylGeachid) isféction NS F
(Chirinos Saldana, 2013)Thevisual acuityof the subjects were testedza A y 3 {y St t Sy Qa
developed by Herman Snellen in 1860. Blitterate chat and illiterate charasseen in figure

9, were used and measuremenbde atvarious distance of 6 meters and 3 met@wasden et

al., 2014)

C. Procedure for Visual acuity measurement

The chart was positioned in a room with bright illuntioa of about 80 dc/m? lminance. VA

of the patients were taken at 6 meters distanfrem the chart with an unbstructed view.

Three principle VA method taken were; Unaided VA often referred as vision, habitual VA or VA
with prescription and lastly, optimavisual acuity where agiient wearshis best corrective
lenses. Vision were takeronventionally with the rigt eye (OD) first and then on the left eye

(OS) and finally with both eyes (OU) at 6 meters. Same step was taken in measuring the near
acuity ofthe patients at the readig distance 625 cm.
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D. External and internal examination of the patients with slit lamp

The second stage of examination carried on the patients wasamine the external adnexia
(structures in front of the eyeand internal ocularexamination with the help of slight lamp
biomicroscopyn figure 10 Patients were instructed to position as recommended for slit lamp
examnation. Diffuse illumination sysm with a wide beam and magnificatioof 16D (16
magnification)was used in the exaination of the adnexia such as the lashes and ey&he.
tear film was spedially assessed witloptic illumination with a magnification of 25D
Assesment of the anteror chambers to check for cells andrigs was performed with a conical
section illunination at LImm beamk-luorescein dye was used in the examination of theeal
integrity and structure.Threescanswvere performed orthe fourquadrantsof the anterior ge
starting from the central to the meial, temporal, superior and the inferior ohe ocular
structures examinedVolks lens 78D was used wiplarallelepipedillumination in examining
the posterior melias of lens and the vitreolmimour. These wredone to completely evaluate

the health of the front andback of the eyesf the participarts.
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Fig. 10. Slit lamp biomicroscopy; an ophthalmic instrument used in the external and internal

examination of the eyeReproduced fronClover, 2020.
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E Examination bpatients and isolation ofample.

Thefirst gage of this study was conductedAba, Abia Staten Souttern Nigeria.Abais popularly
known by the industrial prowess dhe residents of about twanillion people out of three and
half million population d Abia State the state is also amonthe oil producing staten Nigeria
known asthe Niger Deltaregion which is the majosource ofrevenueof Nigeria Furthermore,
most rural dwellersengage in subsistence farmimgth a limited number of citizes involved in
commercial farmingSubjects wre gathered from rural and urban areas Aba The Chief
Medical Director of Abia State University teaching hosiglkria granted consent of thetudy
and allethicalapprovalwas successfully submitteBatientswereinitially screened out at the GP
department before eye examination. Demograpliata of the patients such as place of residence
(rural or urban), use of contact lenses, previous ocatandition and clinical presentation were
among the data collectednithe clinic. Clinical strains weresolated from samples taken
aseptically from theeyeld margins of patients who presented to the ophthalmic clinics with
blepharitis infection. Colléon of samples waperformedusing a sterile swap. The swaps were
rolled in the upper and lower eyelid mgin from the lateral to the medial canthus ofi¢ eyes.
The swaps were immediately inoculated on a blood agar plates and incubate®dnow&#night.
Following incubation pure strasnwere isolated by performing the stak plate technique.
Investigations bthese paients were carried out with the usef slit lamp biemicroscopy after
recording their habitual visual acuity. The isolates wimitially stored in-80° C before been
shipped LIMU microbiology laboratory hayigtten approval for the transpaation of the
UN3373 biological substances. Orrivaal to LIMU the strains werstored at -80° C in
cryopreservation vials accordingtoSh Y I y dzF I OG dzZNENXD&a Ay a i NHzOGA 2y a

2.1.1. Cultivation and wlture.
Nutrient agar(Oxoid)wasprepared acording to manufacturing instruabns prior to aubclaving
at 121°C for 15minutes 50ml of the nutrient agawere added in petri dishand allowed to cool.

Samples wer incubatedovernightat 37°C.
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2.12. Scanning electromicroscope (SEM)

Samples werergwn in shakes flasks containirgml of sterile rutrient broth and incubated in
sh&ing incubatorfor 24 hoursat 37°C.A sized amount afml ineach of the media was pipetted

into a 1.5ml eppendorf tube and centrifugeding the eppendorf centrifuge 58R & 13,000rmp

at 25°C for 1 minute. The mediaese aspirated and the subsequent supernatant discarded.
Mobilized samples of bacteria samples were stored overnight in 1ml of 2.5% gluteraldehyde
solution and kept in fridgof 2°C temperature. Samples weveashed with 1ml of disilled water

and vortexed. They were later centrifuged at 13,000 rmp at 25°C for 1 minute. The media was
aspirated and discarded. This procedure was repeated three times to thoroughly washed of the
gluteraldehyde. Samples were lefit ioom temperature for2 hours to dryTheywere laterloaded

in stubs andphotographed

2.1.3. Susceptibility testing of samples with antibiotics.

Antibiotic susceptibility by the organisms was carried out using a ramgaoad spectrum
antibiotics. Initial step involvedinoculating themicroorganismsn 250 ml flasks containg 50 ml
of nutrient broth prior to incubationat 37°C shaking incubator for 24 hours. Later, 100ul was
pipetted into a petri dish plate containirgjerile nutrient agar. Inoculatedplates were keptin a
safety cabinetfor 10 minues to dry beforantroducing antibiotics with the use of the plunger.
The antibiotics used wemgentamycin, penicillin, fusidic acid and erythromycin on Gnagative
bacteria while ciprofloxacin, gentamyej cefotaxime andampicillin on Grampositive baderia.
The antibiotics were choseas the are commonly prescribed for blepharifi$iis proces was
performed under sterile conditions to ensure that the sampk were not contaminated.
Susceptibility measements were performed according tothe European Quomittee on

antimicrobial susceptibility tegg (EUCAST).
2.14. Molecular baracteristics.

A. Bacterial DNA extraction protocol.
Extractions of genomic DNA were performesing the E. Z. N. A. Bacteriat {Omega BieTek).
Samples were cultured in 250mB media to about 20 hours. 3ml of the g@mwas centrifuged

at 4000x g fo10minutes at rom temperature using the eppendorf centrifuge 5418R. The media
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was aspirated athdiscarded; 100ul of TE buffer wadled to suspend the pellet. 10ul Lysozyme

and ncubated at 37°C for 10 minutes to enhartbe complete digestion of the béaria cell wall

for efficient lysis. 100ul TL Buffer and 20ul Proteinase K solution, vortextthanoughly and

incubated at 55€ ina shaking water bath for one hour for bactariysis. 5ul RNase A was added

and tube wa inverted to mix thoroughly anthen incubated fo 5 minutes. The mixture was
centrifuged at 10,000 x g for 2 minutes to pelkaty indigested material in the saphe. The

subsequent supernatant was later transfed to a new 1.5ml microcentrifuge tube vidnieaving

the pellet undisturbed After that, 22QL BL buffer was added and vortex to mix. It was later
Ay Odzo I G SR Adigital'[d§) Gatiz.fof 3D Ginutes foDNA recovery process. 220ul 100%

Ethanol was aded and vortex for 20 seconds at a maximuypeead to ensure thorough mixture.
Sample was latdransferred to into Hiband® DNA miwilgmn placed in a 2mll tube befoB&O0pI
HBuffer was added (HBC was ddd with isopropanol before been used). HBC buffanoves
contaminants thereby improving higguality genomic DNA. Sample wiader centrifuged at
10,000 x g for 1 minutes and the filtrate discarded. 700ul DNA Wwaffler diluted with 100%

ethanol was use to wash the sample and centrifuged for 1 minutéais process of washing with

the DNA waslbuffer was repeated to ensure tihough washing of the sample. To ensure that

there was no trace of ethanol in the sampleetHitand DNA mini column containing treanple
was centrifuged at a speed of 10,000 xog further 2 minutes. To elute the DNA sal@p50ul
Elution buffer heatedtwa p 6/ Ay ! OOdz. £t 201 % RAIAGIE RNE
minutes in room tenperature before been centrifuged at 1000 x g for 1 minute release to
release the DNA pduct. This last stage of the extraction thed wasrepeated,and product

stored at-20°C.
B. DNA amplification andlectrophoresis

Amplifications of the 16S rRNA semee vas performed with a PerkifElmer @tus GeneAmp
Thermal Cycler, 9600, using 35 cyaé&95 C for 1 minute, 52C for 1 minuteand 72C for 2

minutes. Thereadt 2y YA EGdzNE O2y Gl Ay SR np >f)) [AByensldm
H >f 2% SghomEDNAOPA yIO0I bt V2R mBpS NAKE S2 F

ol

i K
E t
S| C

C A & K S\Wdd ardd FeRerse). The bacterial primé2sNJ 0 KS t / w | YID2A DROIY(I DZy
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TGA TCM TGG CTC AG (forward) and CEBTIICCMT TGG AGT TT (reverdase pmers

were chos@ because ey ae genericand conservatie.
C. Agarcse dectrophoresis

The amplified products along with Hyperladder Il biomarkers (Bioline) wetahaed on a 2%

agarose gel priorat purification with the QIAquickRCPRpurification kit (Qiage).2 % g@arose was

heated for2minuteA Y mnYf Ay @A G NER IS ydigsdiva tNadmixaled Bhide béen 9 6 dzF
shake for every 20 seconds during the hiegtiThis was to enable proper malji of the agarose

and also to aviol bubbles. 7ul oflte sampé ard 3plof novel juice were mixedsing pipette and

then loaded in the gel. Alsag xf 2F ¢KSN¥Y2 &aOASYOGAFAOu 5b! f
interpretation ofthe gel result. Gel electrophoses was carried out on BIRAD mahine at 60

Voltage for 55 mintes.Gel picture were taken withtheBiw! 5 / KSYA520u at AYl 3,
DNA concetration measurement was done using the Thermo Fisher Scientific NanoDrop
2000/2000cspectrophotometer.

D. DNAsequencing (Sanger sequencinghwiapillary electrophoresis, AB

The PCR products were sent to SmuBioscienceNottinghan) according to theirequirements.
Sanger sequencing leads to the formation of extended lenfitheodideoynucleotides at the Q
end. This product was the sepaed through capillary electyghoress and the produced
molecules wee injected by electrical current in a capijamade with a gel polymer and sent to
Source Bioscience (Nottinghanihe gquence obtained was individugithecked for errors and
manuallyaligned. Pairwise sequence cparison and retrieval of homologous seences was

conducted using the NCBI BLASTabdase (available alittp://www.ncbi.nih.gov)). Theprocess

undertakenfrom the isolationof samples tadentification issummarizedin figurell.
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Chapter 3

3.1.0.Resultsand Discussion.

To wurther elaborate on the outlined approach in our study, tRER productBom the isolates
were sentto { 2 dzZNDS . A 2 & OA SiprCsBquehazgii lditilly, BIK they 20 samples
extracted were sentor the seqencing lowever, 8 of the samplesere poorly differentiated as
a result of what was suspected becaused by their fastidious nature althoughegious study
had recorded a success sequencing of fastidious bacteri@ate| 2001). According to the findin
by Pael, sequencing helps talentify unusual anglow-growing bacteriaThere is evidencefo
this finding in our study through the identifitan of coagulaseéegativeSaphylococcuswhich
has not been reported as mugh convention identification teaniques.The DNA bands were
visudised using garose gel electrophoresithe image was capturg(FHgure 12). Before samples
were sent for segencing, DNA concentration measurememtas performed using the Thermo
Fisher Scidific NanoDrop 2000/2000spectiophotometer sanples were sequencedwithin
48hours of delivery to the sequencing cent€his isadvantageous as ibffersa rapid and quick
identification of a variety of specieslowever,the identification of coagulase natjve bacteria
within the studypopulation is a novel developmernn the pathogenesis of blepharitis. One
benefit of this methad of identifying bacteriaA & G KI & A (ivergally la@ & ¢ali SR

applied inunravellng the causative organisms in vargoforms of anterior eye infein.
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Agarose gellectrophoresis

1400bp
1300bp

1200bp
1100bp

Figue 12: Agarose gel electrophoresi$he cleaer PCR products as was displayedha gel
picture could be due to normal DNA concentration obtained with the nanodrop
spectrgphotometer. Samples numbeas indcated in the geland weights were as follow;(B30ng),

2 (26ng), 3 (3nQg), 4 28ng/ul), 5 (48ng), 6 (60ng), 8 (45nQ), 9 (56nQ).
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3.12. Phybgenetic studis of the identified genes
The study probed further to characterizéhe organisms accomdg to their phylogenetic
relationship using the MEGA dftware application. Itvasaimed at providing more information

on how closely thapecies are related tone another.

The phylogentc tree shows how close different species of the organism rekatoone another
using theNeighbor-Joining method conductewith MEGA7 software as showum figure13. The
accurate percentage level of sianiity among the speciesf the genes in shows thebnservative
nature of the 16SrRNA gene. It could also be sam have ®ntributed in their siniar

characteristic featurs n blepharitis.

Among the aim of the study was mooleaularlyidentify isolated organisms from the patients and
explore options towarddinding the relationship betweerspecies of organisms. Initial step
followed was by analyag the sguenced 16S rRNgere to exmpund the taxonomic positions of

the isdated agents.

The aim ofphylogenetic study in disese contol is generally geared towds determining the
source of the resposible organisms within population; the factors enabling the spread of the
disease withthe population and relationship mong the identified organism@all and Barlow
2006) Although the pathogenicity ahost infectiors can be ascertained through the behanal,
chronicity and or noninfectious chareteristics of the disease within a population howeveisit
not uncommon to miss the source of the pathogenic organisms throughntlethod. There are
seveanl other factorghat negate the tracking of some inféous digases.Ths include a mixed
up those infected by the disease with turnover of infected indiwals,some clinical laboratories
lacks some necessary facility to ideptiiusative agents andperting cases aa result of various
cases that presentvith similar ggns and symptoms; and fothe fact that most affected
individuals readily report telinic ontime for treatment. Itis believed that the analogy of the
nucledide through some formsuch as the phylgenetic tree will contribute immenseip the

understanding of the relatedness aamg selected organisms.
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Staphylococcus cohnii strain Lac03C 16S ribosomal RNA gene partial sequence

Staphylococcus cohnii CP2D2-08

Staphylococcus cohnii strain Lac03C 16S ribosomal RNA gene partial sequence(2)
Staphylococcus CP2v8-04

Staphylococcus aureus. haemoliticus strain FDAARGOS

Staphylococcus haemolyticus

Staphylococcus haemolyticus strain MIMG7.10 168 ribosomal RNA gene

98% Staphylococcus epidermidis 444

100% (- 9. proteus mirahis

Bacillus aerophilus TH1

| Pseudomonas aeruginosa LCS1

98% | Pseudomonas aeruginosa GS-33

0.050

Figurel3. Evolutionary relatinships oforganism.

NO of samples| Sanples Valuesof DNA fomology
(percentage
Sl
S heamolytics 1468/1468 (100%
. S.haemolyticus 335335 (100%)
3. S conhii 1361/1361(100%)
S S conhii 799/799(100%)
. S Saprophyticus 912/914 (99%)
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® S saprophyticus 750/750(100%)
SI. S aureus 1400/1401(99%
. S aurews 900/900(100%)
D. S epidermidis 778/778 (100%)
S10. B. aerophlus 1399/1400 99%)
Sl P. mirabis 1435/1435 (100%)
S12. P. aerugirosa 908/909 (99%)
S13. P. aerugirosa 496/497 (99%)

Table2. Showing the honology of theDNA tosample identity

3.1.3. Featuresof someisolatedorganisms

Staphylococussaproplyticusis a cagulasenegativeStaphyloccocu®und mainly in the urinary
traci @ neide@di to I 2amonghe major causative pathogens of urinangadt infection in
youngerwomen contributng éout 40% of infection among this group with nmeage of abut
26 years &cording to study by Eriksso and Giske et al., 20h& orgarsm was is@ted from a
patient inthe rural area where poor hygiene is mgpeevalentwhich is assdated in causing

blepharitis

Staphylococcuieamolyticusstrain bdongs to the coaglasenegative Staphylococdrequently
isolated and possess the ability produce biofilm enhancing itsemergence as one of the
nosocomialpathogens L 0 Q& | 6 A Hiofilnd €ouldil® onefo tNévfeatures contributing in

blepharitis.

Staphylococus cohnii is a novobiociaresistant, coagulasaegative strain of Staphylocoal
strain colonizing human skinTypically known to be a methicillin resiat and often times,
as®ciated with plamids resistance to many antibiotieghich is a coftributory factor in the ause

of blepharitis Although S. cohniis not usually pathogea (Vinh ad Nichol et al., 2006)
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Staphylococcugpidermidisis among thecommonest bacterial orgasms constitutng éout
90% of the total aerobesIt@ localized below the 8k surface in hairfollicles, sweat and
sebaceous lgnds. 12 thought that changes in puberty oftdavorsthe multiplication of ths
species which isassociated with blepharitis aratnes. Itanalsobe foundin the urethra of both
sexes though in retaeve amount. Commanly assodted with urinary trat infection with high
incidence seen in hospital patientdost hogital acquired mfedion commonly reognized
bacterial species inlepharitis infection wasound to beS. epidermidisollowed byS. aures,
Propionibacteium etc (Din & Patel, 2012). O#r study of infection blepharitis found multiplicity
of organisms mvolving Sepicermidisand S. aures in isolated sample indicatingolymicrobial

and multifactorial etiology in the cause of the diseafécker et al., 191).

Proteus mirablisis one ofthe most common Gramegative pathogens commonly encountdre

in vaiiety of communiy including hospitaénvironment and in wound inféion including urinary
infection. [t@ known to be highly resistance mtibiotics withincreasingeport of resistanced
extendedspectrum cephalosporins as a result of its &pilo produce extendedspedi NHzY |
lactamases (ESBLS) that has been a concélso spread by poor hygienB, mirabiliss among
the common cause of nosocomial éctions with ESBL strain often seen to be resistant to most

antibacterial agents resultingtdifficulty in treatment ofthe diseases (Hu et al., 2012).

Staphylococcuswureusis a known human commensal and responsible for a diverse acute and
chronic infecton in human. Chronic infection db. aureusuch as blepharitis persist and in severe
casescausegnorbidity to the patents which result from the resistance to treaént agents and
recalcitrant biofilm formed on the affected area (Boles et al., 2080aureusand coagulase
negative S. aureuswere the most organisms found in isolated samplesf the lid margin,
conjunciva and cornea in a study done in Aba Udo 200 high pathogenicity of. @ureusis
attributed to affinity to multiply and spread wiin the hos tissue. It achieves this through the
production of extracellular materials sues coaglase that limits tle ingestion of phagocytic
cells through the prduction of fibrin on its surface Udo 2009. Alpha toxin produced by these
pathogens lyseshe erythrocytes and damage platelets (Schubert al., 2011). Although the

significant role obiofilms in the disease cae is been highlighted in several studies, tisrno
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significant understanding on the molecular mechanisms that initiates the formatidoiofiim
(Boles et al., 2010). According to the recent studies, the extracellulancodBiaureusis made
up of several elements including DNA, protein andygaccharide which is also known as the
polysaccharide intercellular adhesion or PIA)eBoét al 2Q@0. These factors are thought to

contribute to its resistant to antibiotics.

Psaidomonasaeruginosa Severastudies affirm that the most common Gram neiyatbacterial
identified in isolated cases of ocular infection &.eaeruginosaJchifeawet al., 2012). Although
the most commorninfection attributed toP. aeruginosare corneal infection such as keratitisd
other corneal ulcers, it dén resultsto lid scarring which is a characigic of blepharitis infection
(Teweldemedhin et al., 2017). Another study carried ouEthiopiaalso supported this finding
with Blepharitis constituting 23.8% of case foudbe causé by P.aeruginosa eming behind

keratitis with 50% of diagnosed s@s and blepharoconjuctivitis 16.7% (Tesfaye et al., 2013).

Ocular infection caused lifiese orgaisms majorly result from poor hygiene and a longstanding
infection. They canlso be contacted through unstglized hospital equipmen{Madhukumar
and Ramesh, 20)2There are searal factors contributing to tke virulence of the pathogens
which enhance theisk of infection (Mazin et al., 2016). Poor hygiene, immoompromised
patients, reducd resistane of the body to infective agents. Other factors include social
economic stats with mostblepharitis patiens in this identified as farmers living in rueakas,
nutrition, physiology and age Vandenbroue&eauls et al., 2002). The most vulable part ¢

the eyes commonly infected by pathogens is the lid, cornea and conjunBliggharitisas one

of the majorinfectionsof the lid presents with scaling ogrring on the base of the lashes and
crust; telengiectasis and hyperaemia. However, itifection an progress deeper into the tissue
and glands such as the glands of Zeis amdl Madingto meibomian glandlisease and other

conditions like chalazion arnidternal hordeolum (Mazin et al., 2016, Sethuraman., 2009).
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3.14. Scanned images obiates fromthe INCA sact electron microscope

Further investigationvasperformedusing ScanningHectron Microscopy(SEM)n order toobtain

the morphological repreentation of the sampleThis is an important diagnostic tool in
microbiology towards idetifying the responsible organisma an infecton and also allow for
more specific testigch as pnmers and antibiotis to properly identifying the isolated agentQIt

also considered a useful technique in a nosaidy of pathogers s KSNB (1 KSNBEQa
knowledge Anotherreason behind the decisiam perform the SEM was to enable confirm the
presene of some negativeoagulase staphylococcal in the sample whichr@$een recorded

in so large amount in a similar study on blephariidditionally, haing recore&td more resistance

to selected antilmtics under the biogram test, other measuresidertification like SE were
considered to confirm the morpHhogical stucture of the samplefigure 14-22). Result showd a

well mobilizedand clear bacteriaolony.

HV mag O] WD |[det| HFW spot 5 um
20.00 kV[15000 x | 9.5 mm [ETD |17.1 pm| 3.0 |81 pA Inspect S
Fig M. Scanning electron microscopy denstrating clear image ofS. haemolyticus

Magnification:X15 000.
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mag [] WD det HV dwell HFW vac mode spot 5pum ———

15000 x | 10.6 mm | ETD | 20.00kV | 60 ps | 27.6 pm | High vacuum | 3.0 Quanta 250

Fig. b. Scanning eletron microscopy demonstrating clear imageSofconhnii XL5 000.

mag [ WD ds;t | HV dwell HPRW vac mode pot —35um
20 000 x 10.7 mm ETD 20.00 kv | 60 us | 20.7 ym High vacuum . Quanta 250

Fig. B. Scanning electron microscopy demonstrating clear imadgg asnhn. X10 000.
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mag [ WD det Hx/ dwell HFW vac mode spot 5um
15000 x | 10.5mm | ETD | 20.00 kV | 60 ps | 27.6 um | High vacuum | 3.0 Quanta 250

Fig.I7. Scanning electron microscopgmonstrating clear image &. sprophyticis X15 000,

mag [ wD det HV dwell HFW vac mode spot —5pym —
15000x | 10.5mm | ETD | 20.00kV | 60 ps | 27.6 pm | High vacuum | 3.0 Quanta 250

Fig. B. Scanningelectron microscop demonstrating clear imagof S.saprophyticusXL5 000.
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HV [ mag O [ [spot| curr [
20.00 kV|10 000 x [ 9.3 mm |ETD |25.6 pm| 3.0 |81 pA

Fig. B. Scanning electron microscopy demonstratingaclenage ofS. epidermidisxL0 000.

B A - 1111 E—
3.0 |81 pA Inspect S

Fig.20. Scanmg electron ntroscopy demonstrating clear image Bf aerophillus X15 000.
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Fig.21. Scanning electron microscopy demonstratingaclimag of S. aureusXL5 000.

Fig. 2. Scanning electron microepy demongating clear image oP. aeruginosax20 759
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