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ABSTRACT

Background: Ocular disease and its complications are a significant health problem worldwide with
particular significance to developing countries that impacts greatly on quality of life. Ocular infections
due to bacteria can cause damage to structure of the eye, which can leads to reduced vision and
blindness. The emergence of antimicrobial resistance and development of bacterial biofilm in ocular
infection is currently increasing the risk of treatment failure with potentially serious consequences.
Objective: The study was aimed to assess the antimicrobial susceptibility pattern and biofilm forming
potential of bacteria isolated from suspected external ocular infected patients at Jimma University
Medical Center, Jimma, Ethiopia.

Method: A cross sectional study was conducted on 319 suspect patients with external ocular infections
from March 2017 to June 2017 at Jimma University Medical Center, department of ophthalmology.
External ocular specimens were collected using sterile swabs after patients were examined by
ophthalmologists. The specimens were shipped in Amiens transport media to Microbiology Laboratory
for isolation and identification. Samples were inoculated onto Blood agar, Chocolate agar, MacConkey
agar and Mannitol salt agar. Presumptive isolates of gram positive and gram negative bacteria were
further identified by a series of biochemical tests. The antimicrobial susceptibility pattern of the isolates
was determined by disk diffusion method according to CLSI 2015. Microtiter (96 wells) plate method
was used to screen the biofilm formation by measuring optical density at 570nm using ELISA reader.
Result: Out of 319 study participants with external ocular infection, prevalence of bacterial pathogens
was 46.1%. The predominant bacterial isolate were Coagulase negative staphylococcus (CoNS) (27.7%)
followed by Staphylococcus aureus (19.7%). Among gram negative, Pseudomonas aeroginosa (6.8%)
was the leading isolate. Increased antimicrobial resistance was observed in tetracycline (64%),
erthromycin (66.7%) and penicillin (77.1%). Amoxicillin-clavulanic acid, ciprofloxacin and gentamicin
were the most effective drugs for both gram negative and gram positive ranging from 69-100%. About
13.8% of S. aureus was methicillin resistant (MRSA). Multidrug resistance accounted for 68.7%. The
overall biofilm formation rate of isolates was 66.1% with P. aeroginosa (40%), CoNS (34.1%) and S.
aureus (31%) formed strong biofilm.

Conclusion: The prevalence of bacterial isolates among external ocular infection was high. Almost all
bacterial isolate were resistant to atleast one or more drugs. Multidrug resistance pathogens were
observed increasingly biofilm formers. Therefore, antimicrobial susceptibility testing should be

practiced to guide treatment of patients and to control the emergence of drug resistant bacteria.

Key word: External ocular infections, Bacterial isolate, Biofilm formation, Microtiter plate assay,
Drua susceptibility pattern.
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1. INTRODUCTION
1.1 Background

The human eye is a unique and necessary organ that is constantly exposed to the external
environment. It is the window of our body. Ocular infections are common and vary from self-
limiting to sight-threatening conditions. Ocular infection can cause damage to structure of the
eye, which can lead to reduced vision and even blindness with devastating consequences if not
diagnosed and treated properly. Pathogenic micro-organisms cause ocular disease and the most
frequently affected parts of the eye are the conjunctiva, eyelid and cornea [1]. Conjunctivitis is
the most common cause of “red eye”. Blepharitis is an inflammation of the eyelid margins which
can decline in visual function. Dacryocystitis is an inflammation of the lacrimal sac and duct [2].

The cause of ocular infections can be bacteria, fungi, viruses and parasites [3].

The external ocular surface acquires a microbial flora at birth and some of the commensal flora
may become resident in the conjunctiva and eyelids with a potential to become pathogenic.
Microbial aetiologies around the eye can form transient flora or invade the tissue and cause
infection. Eventhough the eye protected by number of natural defence mechanism, it suffers
from infections caused by adapted microorganisms. Pathogenic microorganisms cause ocular
disease due to virulence factor acquisition and/or host’s reduced resistance [4]. Among microbial
aetiologies, bacteria are major causative agents that frequently cause infections at ocular surface

or invasion of the blood-eye barrier and possible loss of vision [5].

The spectrum of organisms causing ocular infection varies around the world. Bacterial agents
known to cause external ocular infections include Staphylococcus aureus, Coagulase negative
staphylococcus (CoNS), Streptococcus pneumoniae, Pseudomonas aeruginosa, and even
Niesseriae. meningitidis, have been reported as greater virulence [6]. In infants and children, the
most common ocular pathogens are Staphylococcus aureus, Haemophilus influenzae,
Streptococcus pneumoniae, and also Moraxella species. The eyelid and conjunctiva have a
normal microbial flora controlled by its own mechanism and by the host. Modification of this

normal flora contributes to ocular infections [3, 7].



The most common ocular infection seen by primary care physicians worldwide is bacterial
conjunctivitis, which is usuaaly self-limiting and largely ‘presents as an acute infection
approximately in 78 to 80% of cases being bacterial in origin [8]. Majority of reviews [5, 9] are
related to acute conjunctivitis in which, S. aureus, S. pneumoniae and H. influenzae are the most
common implicated pathogens. CoNS and S. aureus are most frequently isolated in chronic
conjunctivitis, with a tendency for an increased antibiotic resistance in recent years. Gram

positive pathogens are responsible for 60 to 80% of acute infections [10].

External ocular infections are usually treated on empirical basis with topical broad spectrum
antibacterial drugs. Eventhough those broad spectrum antimicrobial drugs are available for
ocular management, the development of bacterial resistance to specific antibiotics are becoming
an important consideration for clinicians treating ocular infections. This may be due to
indiscriminate use of antibiotics, which results from patients' incompliance to recommended
treatment and demand, wrong prescription and guidelines from unskilled health practitioners,
irrational use of antibiotics in human, poor quality antibiotics, inadequate surveillance and
susceptibility testing which takes time and expensive and also when the organism once forms
biofilm [11].

Biofilm is the assemblage of microbial cells that are irreversibly associated with biotic and
abiotic surfaces and is usually enclosed in the self-secreted extracellular polymeric substances.
Biofilm formation is a well-known pathogenic mechanism, where bacteria are successful at
colonization and persistence over their free living planktonic counterparts because of active cell
division and recruitment of secondary invader pathogens. They are more tolerant to commonly
used antimicrobial agents [12]. Bacterial biofilms are increasingly being recognized as
significant enhanced virulance underlying the development of certain chronic infections when

some medical equipment implanted in human eye and play great role in bacterial resistance [13].



1.2 Statement of the problem

Ocular disease and its complications are a significant health problem worldwide that impacts
greatly on quality of life. For 2010, WHO estimates that 285 million people are visually
impaired, of whom 39 million were blind worldwide and that 90% of these individuals live in
low-resource countries. The estimated prevalence of blindness ranged from 0.08% of children to
4.4% of persons aged over 60 years. It was also estimated that the number of blind people
worldwide was increasing by 1-2 million per year [14, 15]. In the case of sub-Saharan Africa, an
estimated 26 million individuals live with visual impairment, of which 5.9 million individuals
are classified blind facing many problem [2, 16]. The cost of treating bacterial conjunctivitis

alone was estimated to be around 377 million USD to 857 million USD per year in USA [17].

In Ethiopia the prevalence of blindness was reported about 1.6% and that of low vision is 3.7%
[18]. It was estimated that 80% of the cases were as a result of avoidable causes of a variety of
factors like personal hygiene, living conditions, socio-economic status, decrease immune status,
etc. that determine the clinical outcome in microbial causes of eye infections. Visual impairment
has profound human and socioeconomic consequences in the whole societies and brings a
significant economic burden for the individual, the family and society. Bacterium is major
causative agents that frequently cause infections in eye and possible loss of vision. Hence, there
is a need for an immediate investigation and treatment for the serious bacterial eye infection that
threatens the cornea of eye [18, 19].

The management of bacterial eye infections may involve treatment with broad spectrum
antibiotics; however, microbial resistance to antimicrobial agents is emerging and increasing
worldwide [20]. Inappropriate and irrational use of antimicrobial medicines provides favorable
conditions for resistant microorganisms to emerge, spread and persist. The past two decades have

witnessed changes in antibiotic susceptibility patterns in all systemic infections [21].

The development of bacterial biofilms is presently recognized as one of the most relevant drivers
of persistent infections, and constitutes a serious challenge for clinical microbiologists and
clinicians being 100-1000 fold more resistant to antimicrobial agents than normal( planktonic)

cells [13]. Phenotypic and physiological change in biofilm, restricted penetration of antibiotic
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into biofilms and expression of resistance genes were some of the factor that provides a higher
resistance to antimicrobial treatment because antimicrobials have been developed against

planktonically grown bacteria [22].

For specific antibacterial treatment, isolation and identification of bacterial pathogens along with
antibiotic susceptibility spectrum is essential [23]. In most developing countries like Ethiopia, it
is @ common practice that antibiotics is purchased without prescription order, which led to
underuse, overuse and misuse of antibiotics [12]. This may contribute to the emergence and
spread of antimicrobial resistance in addition to biofilm formation. Moreover, poor sanitary and
infection management (control practice) in the area may play a serious role in an increased
prevalence of resistant bacteria in a community. This developing resistance increases the risk of

treatment failure with potentially serious consequences [24, 25].

Even though study conducted in 2012 in Jimma area, the bacterial aetiology and sensitivity to
different categories of antimicrobial agents varies from time to time and from place to place as
indicated in different reviews [7, 26]. Therefore, the changing spectrum of microorganisms
involved in ocular infections and the emergence of acquired microbial resistance needs
continuous surveillance to guide empirical therapy. Thus, the updated knowledge of the
aetiologic agents causing these ocular infections and their susceptibility is crucial in proper
management of the cases. Moreover, bacterial biofilm development which is one of the important

features of bacteria in external ocular infections was not addressed in previous works [5].

Hence the present study is designed to update profile of bacteria present in external ocular
infection, their antibiotics susceptibility pattern along with biofilm forming potential of the

bacterial isolates at Jimma University Medical Center, Southwest Ethiopia.



1.3 Significance of the study

To be able to diagnose and manage properly, Ophthalmologists have to be aware of the types of
micro-organisms prevalent in the local community and their susceptibility against different
antibiotics. Sensitivity of bacterial aetiology to antimicrobial agents may differ from place to

place and from time to time. So, the current study was undertaken to fill this gap.

This research provides up-to date status on the local aetiologic agents and their antimicrobial
susceptibility pattern in external eye infection and their biofilm forming capability was also
assessed. This supports clinicians by aiding in the selection of proper and effective drugs for

external ocular infection.

Targeted treatment allows for a shorter time to clinical and microbiological resolution which
may decrease the mild morbidity, decrease health care costs of visits and potential complications,
return patients back to school or the work force, and limit the potential spread of this

communicable infection among susceptible population.

In addition to generating data on the distribution of bacterial isolates from external ocular
specimen and their antimicrobial susceptibility pattern, related risk factors can give appropriate
information for policy makers. The data that can be obtained from this study can be part of the

solution for current program or components for future studies.

Moreover, it helps to revise or develop guidelines for empirical therapy based on evidence based
information that guide the clinician in the initial treatment of patients with external ocular

infection



2. LITERATURE REVIEW
2.1 Review on bacteria from ocular infections and drug susceptibility pattern

Bacteria become one of the most widespread causes of ocular infection worldwide. The
prevalence and isolation rate of bacteria in samples collected from eye and drug susceptibility
pattern have been studied in different part of the world [27-30]. Frequently reported clinical

manifestations include conjunctivitis, scleritis, keratitis, blepharitis and dacryocystitis [21].

Conjunctivitis has worldwide distribution, affecting persons of all ages, races, social strata, and
both genders. Purulent bacterial conjunctivitis is mainly caused by gram positive organisms. The
most common causative agents reported were S. epidermidis (39%), S. aureus (22%), and S.
pneumoniae (6%). On the otherhand, the most common gram negative bacteria found in acute
conjunctivitis was H. influenzae [31]. The more recent antibiotics used in Europe were
aminoglycosides (gentamicin, tobramycin, amikacin, netilmicin). Gentamicin and tobramycin are
active against most Staphylococci, Proteus and enterobacteriaceae, but resistant strains are now
reported. Penicillin, cephalosporin (second generation), fluoroquinolones and macrolides also

commonly used in ophthalmology [31].

Staphylococci have a special relationship with the eye. They may be present in the lid margins or
conjunctiva as normal flora without causing disease or they may cause severe eye infections
which may result in irreversible blindness. CONS commonly isolated mixed with more typical
ocular flora leads to major infections including keratitis, conjunctivitis and endophthalmitis.
Endophthalmitis caused by bacteria is the most severe form of vision threatening ocular
infection. CoNS are the most common cause of postoperative endophthalmitis worldwiden [32].
Study conducted in USA [33] reported 49.9% of postoperative endophthalmitis is caused by
CoNS. Another study conducted in Singapore [34] and India [35] showed high prevalence of
CoNS (57% and 62.6% respectively) in postoperative endophthalmitis.

A retrospective study was conducted in New Zealand between January 2013 and December 2014
and reported bacterial keratitis where staphylococcus was identified to be the most common
isolate (38.2%), followed by P. aeroginosa (21.3%). Aminoglycosides, cefazolin, ceftazidime,
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erythromycin, tetracycline, and doxycycline were 100% effective against tested isolates in vitro.
Amoxicillin (41.6%), cefuroxime (33.3%), and chloramphenicol (94.7%) showed reduced
efficacy against Gram-negative bacteria, whereas penicillin (51%) and ciprofloxacin (98.8%)

showed reduced efficacy against Gram-positive bacteria [36].

A study conducted in China between 1 January 2005 and 31 December 2010 reported on
bacterial keratitis for culture results and in vitro antibiotic susceptibility. Eighty consecutive
cases of paediatric bacterial Kkeratitis cases were included, among which 59 (73.75%) were
identified as having positive culture. Staphylococcus epidermidis was the most commonly
isolated organism (39%), followed by Streptococcus pneumoniae (18.6%) and Pseudomonas
aeruginosa (10.2%). Antibiotic sensitivities revealed that bacteria had low resistance rates to

fluoroquinolones and aminoglycosides (18.4% and 24.4%) respectively [30].

A retrospective study conducted in India from 2005-2012 report that corneal ulceration due to
bacterial isolates accounted for 1205 (55.5%) out of the 2170 ulcers. The most common bacterial
pathogens isolated were various species of Staphylococcus, representing (64.5%), followed by
Streptococcus- species (12.3%) and P. aeruginosa (9.7%). High percentages of Gram-positive
bacteria were susceptible to gatifloxacin (>94%), followed by ofloxacin and moxifloxacin.
Almost 90% of P. aeruginosa isolates were susceptible to ciprofloxacin and moxifloxacin [37].
In another study conducted in India the rate of culture-positivity was found to be 88% in eyelids’
infection, 70% in conjunctival and 69% in lacrimal apparatus. The most common bacterial
species isolated were S. aureus (26.69%) followed by S. pneumoniae (22.14%) [38].

A study conducted in India showed, the predominant bacterial isolate was S. aureus (27.4%)
followed by P. aeruginosa (22.15%). Overall prevalence of methicillin-resistant S. aureus was
12.82% [39]. Another study conducted in UK reported that, a total of 548 external eye infections
were caused by S. aureus, of these, 17 (3%) were MRSA positive [40]. Various studies reported
that MRSA was more sensitive to chloramphenicol but highly resistant to clindamycin,
tetracycline and gentamicin [41, 42]. Examining various commercially accessible eyelid cleaning
products, povidone—iodine was the most effective agent for decreasing the bacterial load that can
exist on the eyelid margin. The effects of riboflavin and UV light also most effective in

completely eradicating the bacteria [43, 44].



A cross-sectional study conducted in Libya from May 2012 to November 2012 showed that
bacteria from anterior blepharitis was isolated including S. aureus (25%), S. epidermidis (25%),
Klebsiella species (18%), P. aeruginosa (9%), Proteus species (7%) and E. coli (2%) in order of
decreasing frequency. High resistance rates were observed among Gram negative bacteria
against commonly used drugs (i.e., Ampicillin, Trimethoprim-sulphametoxazole, and

Cephalosporin) [10].

A cross-sectional study conducted in Lagos, Nigeria in 2011 indicated that all ocular specimens
were culture-positive. Gram-positive cocci comprising S. aureus (27.7%) and CoNS (22.6%)
followed by gram-positive bacilli (22.6%), gram-negative bacilli (21.3%), and gram negative
cocci (4.5%). Corynebacterium species accounts for 16.1% of conjunctivitis cases, P. aeruginosa
(9.7%) was the most commonly isolated gram negative bacilli. Others were E. coli (6.5%),
Moraxella species (4.5%), Proteus species (3.2%), Klebsiella species (1.9%) and Enterobacter
aerogenes (1.9%). Antibiotic susceptibility testing revealed chloramphenicol and ofloxacin as
the least and most active antibiotics tested as (63.9%) and (96.1%) of the 155 recovered isolates
were sensitive to them respectively. Another study conducted in Nigeria reported S. aureus
(23.7%) as a leading isolate among gram positives and P. aeruginosa (10.1%) as a leading
isolate among gram negatives. The bacterial isolates were more susceptible to the 2" generation

quinolones than the 1% generations [45, 46].

A cross-sectional study conducted in Hawassa University Hospital from Dec 2012 to Apr 2013
among a total of 281 ocular specimens revealed that, 48.8% was culture positive. The most
frequent isolates were gram positive cocci (61.5%) and the predominant isolate was S. aureus
(21%) followed by CoNS (18.2%) and S. pneumoniae (14.0%). Ciprofloxacin was effective
against 86% of isolated pathogen. Multi-drug resistance was observed in 69.9% of the bacterial
isolates. Gram positive isolates were more susceptible to amoxicillin-clavulinic acid and
Vancomycin, whereas Gram negative isolates were more susceptible to ciprofloxacin and

gentamicin. Relatively, ciprofloxacin was effective against most isolated pathogens [9].

A retrospective study was conducted in Gondar University Hospital from Sept, 2009 to Aug,
2012 with a total of 102 eye discharges. From the total, 60.8% had bacterial growth. The most

frequent isolates were gram-positive bacteria (74.2%). The predominant bacterial species
8



isolated was CoNS (27.4%) followed by S. aureus (21%). Most of the bacterial isolates were
resistance to ampicilin (71%), amoxicilin (62.9%), erythromycin (43.5%), gentamicin (45.2%),
penicillin (71%), trimethoprim-sulphamethoxazole (58.1%), and tetracycline (64.6%) while
Ceftriaxon and Ciprofloxacin showed (75.8%) and (80%) susceptibility respectively. From the
total bacterial isolates, (87.1%) were showed multi drug resistance to two or more drugs [11].

A cross-sectional study was conducted in Gondar from Febr to May 2015 on 51 dacryocystitis
cases. Bacterial aetiologies were isolated among 60.8% cases with dominant isolates of S. aureus
and P. aeroginosa followed by S. pneumoniae, Entrobacter species, K. pneumoniae and H.
influenzae. Among the commonly prescribed antimicrobials tested for susceptibility pattern;
amoxicillin  (38.7%), ciprofloxacin (25.8%), chloramaphenicol (25.8%), trimethoprim
sulphametoxazole (25.8%), and ampicillin (19.4%) were resistant to the overall bacterial isolates
identified. Only Citrobacter species were sensitive to all antibiotics tested but the rest bacterial

isolates were resistant for at least to one or more antibiotics tested [47].

A cross sectional study conducted among a total of 160 patients with external ocular infections at
Borumeda, Dessie in 2014 showed that from the total ocular samples collected, 59.4% was
culture positive. The majority of the isolates (93.7%) were gram positive and the remaining
(6.3%) isolates were gram negative bacteria. CoNS (31.9%) were the leading isolate among
gram positive bacteria followed by S. aurues (13.1%) and S. pneumoniae (6.2%). All Grams
positive isolates were susceptible for Vancomycin but most were resistant to ampicillin and
amoxicillin. Most gram negative were sensitive to gentamicin but highly resistant to tetracycline,

norfloxaxine, ceftriaxone and ciprofloxacin [48].

A cross sectional study conducted in Jimma University Hospital from Feb, 2012 to Oct, 2012
showed that among 198 ocular samples cultured, 74.7% was positive. The predominant isolate
among gram-positive were S. aureus (28.4%) followed by S. pneumoniae (13.5%). From gram-
negatives P. aeruginosa (20.9%) was the leading isolate followed by H. influenzae (8.8%).
Majority of gram-positive cocci were susceptible to ciprofloxacin (92.2%) and vancomycin
(90.9%) and gram-negative isolates to amikacin (94.4%) and ciprofloxacin (91.5%). These

findings indicated that gram-positive cocci were the most common bacteria isolated from



external ocular infections and were more susceptible to ciprofloxacin and vancomycin, whereas

gram-negative isolates were more susceptible to amikacin and ciprofloxacin [5].

A hospital based cross-sectional study conducted from September 2015 to December 2015 in
Tigray showed that, among 270 ocular infected subjects, two third of them were culture positive
for different bacterial isolates. The predominant bacterial isolates were S. aureus (22.2%), CoONS
(17.2%) and P. aeruginosa (11.7%). Ocular surface disease, ocular trauma, hospitalization and
cosmetic application practices were significantly associated with the occurrence of bacterial
infection. Concerning antimicrobial susceptibility, most isolates were susceptible to amikacin
(93.2%), gentamicin (89.1%) and ciprofloxacin (89.2%). Overall, (22.5%), (19.1%) and (34.8%)

isolates were resistant to one or more antimicrobials, respectively [49].

2.2 Review on bacterial biofilm formation on external ocular infections

Biofilms are defined as a normal pattern of microorganisms organized in microbial communities
that are attached on living and non-living surfaces. Bacterial biofilms are formed within the self-
secreted extracellular chemical compound containing polysaccharides, proteins and extracellular
microbial DNA [50]. This social behaviour arises as an adaptation strategy for survival in hostile
environments, including the human host. Additionally it may promote the reinfection of
colonized sites. Likewise the matrix confers a protection against biocides and medicine. Biofilm
formation contributes to drug resistance development [51], thus 100,000 estimated hospital
deaths were caused due to biofilm per year in the United States and 80% of human microbial

infections.

According to the accessible information, up to 65-80% of all infections are related to biofilm
formation that plays a vital role in pathologic process. Biofilms are generaly related to chronic
infections, in distinction to the planktonic bacteria involved in acute processes [52]. In
staphylococci, it seems that polysaccharide intercellular adhesin, matrix macromolecules
(proteins) as well as the accumulation-associated protein, and presumably the biofilm-associated
homologues protein contribute to this matrix. Commensal isolates of coagulase-negative
staphylococci (CoNS), especially S. epidermidis recovered from healthy conjunctiva carry most
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of the genes associated with biofilm maturation, suggesting that the ability to form biofilms is an
integral part of their life-style [29].

The increased risk for the development of microbial keratitis in contact lens wearers has been
related to the power of the lens to induce modification of the corneal epithelium to hold
organisms to the ocular. Tear fluid exchange is also compromised between the anterior and
posterior sides of the lens, changing the composition of the tear fluid on the ocular surface and
limiting its antimicrobial properties. Additionally, contact lenses help a surface where
microorganisms might attach and colonize the surface as a biofilm, that represents a source for

microorganisms to disribute to an antecedently broken membrane epithelial tissue [54].

The placement of permanent scleral buckles between the conjunctiva and sclera may be a
common surgical operation for retinal detachment. Scleral buckle-associated infections are
mostly caused by gram positive cocci, particularly coagulase-negative staphylococci. The
presence of a biofilm within the explanted material has been assumed to play a crucial role in its
pathologic proceess. Punctual plugs are products of silicone polymer, hydrophobic acrylic,
collagen and hydrogel. It is often helps to treat ocular surface dryness unresponsive to topical
medication. Bacterial biofilm is observed on punctual plugs following implantation [54].
Lacrimal intubation devices as well as lacrimal stents and Jones tubes are mainly used during to
treat nasolacrimal duct obstruction. These materials may facilitate biofilm formation on their
surface. Most of these polymer (silicone) stents were culture positive for S. epidermidis and P.

aeruginosa [55].

Study conducted in different part of the world showed different bacterial biofilm formation rate.
Study conducted in Chicago [56], Egypt [57] and Saudi Arabia [58] reported bacterial biofilm
formation rate of 57.7%, 33.3% and 90% respectively. Biofilm forming potential of different
bacteria varied in different bacterial species and in different places. Study conducted in different
places reported that P. aeroginosa, E.coli, CoNS and S. aureus as higher biofilm former [59-61].
Another study showed that S. aureus and CoNS which form biofilm was shown to be resistant to
aminoglycosides, penicillins, fluoroquinolones, folate pathway inhibitors and tetracycline. Most
gram negative bacterial isolates which form biofilm were shown to be resistant to

aminoglycosides, cephalosporin, folate pathway inhibitors and phenicols [62-64].
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The increasing prevalence of antimicrobial resistance is one of the ultimate fears to the important
public health issue in the modern world. Although several new antibiotics were developed in the
last few decades none of them have improved potential activity against multidrug-resistant
bacteria. Most of the pathogenic microorganisms are able to develop protection against those
particular compounds by the development of microbial biofilm [51]. No study conducted on
determination of bacterial capability to form biofilm on ocular related infection and their
antibiofilm susceptibility tests in Ethiopia. The result obtained from this study showed that
bacterial biofilm formation on ocular infection is high. This may be one of the reasons for
increased antimicrobial resistance in ocular infections and needs further study on large

population on the potential of bacteria to form biofilm with their antibiofilm susceptibility tests.
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3. OBJECTIVE OF THE STUDY
3.1 General Objective

To assess the magnitude of bacterial pathogen isolated from external ocular infected suspect
patients and the bacterial biofilm forming capability and antimicrobial susceptibility pattern of

the isolates at Jimma University Medical Center, from March, 2017 to June, 2017.
3.2 Specific Objectives

= To assess the magnitude of bacterial isolates from external ocular infection at Jimma
University Medical Center.
= To determine the antimicrobial susceptibility pattern of bacterial isolates.

= To assess the magnitude of biofilm formation capability of bacterial isolates.
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4, MATERIALS AND METHODS
4.1 Study Area

The study was conducted at Jimma University Medical Center among patients with external
ocular infections attending at ophthalmology clinic. Jimma town is located 354 Km away from
Addis Ababa, in the South Western direction of Ethiopia. Jimma Zone is found in Oromia
Regional state with a total estimated population of 2,486,155 according to 2007 (Ethiopian
calander) population census conducted by the Central Statistical Agency of Ethiopia [53]. It
covers an area of 199,316.18 square kilometer and an average altitude of about 1780 meters
above sea level. The various section of the university hospital provides service for an inpatient
and outpatient department for a 15 million projected population in the catchment area of
southwestern parts of Ethiopia. The department of ophthalmology in the year 2015/2016 had
given services for an average of around 26,228 patients (new cases=15,818, repeat cases=5272
and by outreach=5138) who have come with different complaints of eye diseases (data is from
JUMC ophthalmic clinic archived records and personal communication). The patients attended

include all age groups and both sexes.
4.2 Study period

The study was conducted at Jimma University Medical Center (JUMC), Department of
Ophthalmology, Southwest Ethiopia from March 2017 to June 2017

4.3 Study Design

A cross-sectional study was conducted to determine the prevalence of bacterial profile, their

antimicrobial susceptibility pattern and biofilm forming potential of the isolate.

4.4 Population

4.4.1 Source population

The source population was all patients who have visited Jimma University Medical Center,
department of ophthalmology during the study period.
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4.4.2 Study Population

All patients who have visited JUMC, department of ophthalmology and suspected with external

ocular infections during the study period.
4.5 Eligibility

All Patients with external ocular infection that fulfill the eligibility criteria during the study

period were recruited prospectively based on clinical examination by ophthalmologists/residents.
45.1 Inclusion criteria

= All patients examined and diagnosed with slit-lamp bio-microscope and have an
external ocular infection with red eye, discharge, mucoid or mucopurulent secretion,
thickening of the conjunctiva, in one or both eyes.

= Patients or other guardian agreed to participate and give informed consent including

all ages and sex group.
4.5.2 Exclusion criteria

= Patients on antibiotics within the last 5 days prior to sample collection date were

excluded.
4.6 Sample size determination and Sampling technique

In this cross sectional study, a convienent sampling technique was used. Sample size was
calculated based on single sample size estimation using prevalence of 74.7% as indicated in the
previous study done in Jimma University Medical Center in 2012 [5]. With expected margin of
error (d) taken at 5% and confidence interval (z) of 95% and 10% contingency for the non-

respondent and unknown circumstance was used:

The sample size n= z (a/2)? p (1-p)/d?
Where
n = Sample size
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a = level of significance

z = at 95% confidence interval Z value (o = 0.05) =>Z a/2 = 1.96

p = prevalence of previous study found from literature review=74.7%
d = Margin of error at (5%) (0.05)

n = ((1.96)% x 0.747(1-0.747))/(0.05)?

n =290

10% non-response rate=29, so the total sample size (n) was
n=29+290 =319

4.7 Measurement

4.7.1 Dependent variables

» Bacterial isolate

« Antimicrobial susceptibility pattern

» Biofilm forming capability of isolate
4.7.2 Independent variables

Socio-demographic characteristics and clinical feature

+ Age « Duration of stay in hospital

+  Sex » The use of contact lenses

* Monthly income « Previous eye surgery

» Educational level » Previous antibacterial therapy
« Occupation « Systemic diseases

» Address » Use of traditional medicine

* Repeated infections  Biofilm formation

4.8 Data collection procedures and process

4.8.1 Socio demographic and clinical characteristics

Socio-demographic (age, sex, monthly income, educational level, occupation and address) and
clinical data (repeated infections, duration of stay in hospital, the use of contact lenses, surgery,
previous antibacterial therapy, systemic diseases and use of traditional medicine) and others data

like source of light and fire wood used at home were collected by trained optometrist or
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ophthalmologist from each study participants using structured questionnaire (Annex V). To
identify the clinical picture of external ocular infections, all patients were examined using a slit-
lamp bio-microscope and diagnosed by an ophthalmologist. Standard Operating Procedures
(SOPs) were prepared to handle specimens collected from patients by the principal investigator
and followed throughout the study period (Annex VII). The questionnaire was prepared in
English and translated to Afan Oromo and Amharic and again back translated to English.

Specimens were collected only from those patients presenting with external ocular infection.

4.8.2 Sample collection, handling and transport of specimen

All consecutive patients examined with the slit-lamp bio-microscope were set apart for suspected
infection of bacterial disease clinically by ophthalmologists. Then, specimens from an external
ocular sample of the eyelid and conjunctiva were collected from consented patients. Briefly,
patients were requested to look up while, lower eye lid was pulled down and then samples were
collected from one or both eyes based on the nature of the infection. The sample collector holds
the palpebra apart and gently collects the discharge from the surface of the eye using sterile
cotton swab that has been pre-moistened with sterile physiological saline. The sterile normal
saline moistened swab was rubbed over the lower conjunctival sac from medial to lateral side
and back again. Purulent material in cases of dacryocystitis was collected by everted puncta then
applying pressure over the lacrimal sac area from the infected eye [65, 66]. In cases of ulcerative
blepharitis, lashes deposit, tear film foaming content, and corneal punctuate erosions was
swabbed. From each patient, two swabs were collected; one for gram stain and the other for
culture. The swabs were immersed in 3 ml of Amiens transport media with charcol, placed in a
cold box and transported to Jimma University Medical Microbiology Laboratory for bacterial

isolation, identification and further analysis.
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EXTERNAL OCULAR INFECTION
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Figure 1: Flow chart for bacterial identification and biofilm formation in eye infection, March
1/2017 to June 30/2017

GPB=Gram positive bacteria, GNB=Gram negative bacteria, MIUC=Motility/Indole/Urea/Citrate utilization
test, BA=Blood agar, CAA=Chocolate agar, MSS= Mannitol salt agar, MA=MacConkey agar, MHA=
Muller Hinton agar. ATM= Amiens transport media. PBS=Phosphate buffer saline. CV=Crvstal violet



4.9 Direct microscopy

49.1 Gram stain

Gram staining was done from swab of the primary sample for presumptive identification of gram

positive and/or gram negative bacteria following standard procedure (Annex VII).

4.9.2 Culture and Biochemical tests

4.9.2.1 Isolation and Identification of bacterial pathogens

Ocular specimens were inoculated onto MacConkey agar, Mannitol Salt Agar, Blood agar and
Chocolate agar plates (all media were from Oxoid, Hampshire, UK). The plates were incubated
at 37 °C for 24 to 48 hours aerobically. For fastidious organism, Chocolate agar (heated 5%
Sheep’s blood agar) was incubated at 37 °C for 24 to 48 hours in a 5-10% CO, atmosphere. All
plates were initially examined for growth after 24 hours and cultures with no growth were further
incubated for another 24 hours. For mixed colonies sub-culture was performed to get pure
colonies. After obtaining pure colonies, further identification were conducted using standard

microbiological techniques including gram reaction, colony morphology and biochemical tests.

Gram-negative bacteria were identified on the basis of phenotypic and by performing a series of
biochemical tests namely, carbohydrate utilization tests, indole production, urease test, manitol
fermentation, citrate utilization, lysine decarboxylation, oxidase test, activity on Kligler iron agar
(KI1A), H,S production and motility testing. Gram positive bacteria were identified using
hemolytic activity on sheep blood agar, catalase and coagulase test, optochin disk sensitivity, bile
solubility and Bacitracin disk. For Hemophilus species, satelitism test was done in which
hemophilus species grown on blood agar was streaked with S.aureus that provide a growth

factor required for Haemophilus species (small colonies surrounding S. aureus colonies [25].

For biofilm formation testing, about ten colonies of bacteria, isolated from fresh agar plates was
inoculated into tube filled with sterile trypton soya broth (TSB) with 1% glucose and incubated
at 37°C for 24 hours. The overnight culture was diluted by 1:100 into fresh media for biofilm
assay. Then, 200 uL of diluted suspension was added into 96 wells of sterile flat-bottom

microtiter plate and incubated for 48 hours at 37°C. After incubation, the bacterial suspension of
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each well was gently removed. The wells were washed three times with phosphate buffer saline
with pH 7.3 to remove free-floating ‘planktonic’ bacteria. After the plates were fixed with
methanol (99%), then, they were stained with 220 uL of crystal violet (CV) (0.1%, w/v) and
allowed to stand at room temperature for 10-15min. Wells were washed three times with
phosphate buffer saline to remove unbound CV dye. After drying, 220 pL of ethanol (95%) was
added to each well in order to solubilize the CV. Finally, 200 uL of solubilized CV was
transfered to new flat bottomed microtiter plate. The optical density (OD) of the solubilized
biofilm stain was determined by a microplate reader (HumaReader HS, German) at a wavelength
of 570 nm. The experiment was performed in triplicate separately for each strain and the average

values were calculated [67].

For classification of adherence, the mean values of OD obtained for blank tests were subtracted
from the mean values of OD obtained for each test strain to correct the background staining of
microtiter plate. Then biofilm formations of the isolates were classified into four classes as stated
in previous study [68]: non-adherent (OD < ODc); weakly-adherent (ODc < OD < 2xODc);
moderately-adherent (2xODc < OD < 4x0Dc); strongly-adherent (4xODc < OD); with ODc: The
cut off value of absorbance (ODc) was proof of the biofilm formation and was defined as the
sum of the arithmetic mean of negative control and a triple value of its standard deviation (ODc
=%+3 o). TSB with 1% glucose without bacterial suspension incubated in microtiter plate was

used as negative control.
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4.10 Antimicrobial susceptibility testing

For every identified bacteria, antimicrobial susceptibility test was carried out on Muller Hinton
agar (MHA) (Oxoid, Hampshire, UK) using the disk diffusion method described by Clinical
Laboratory Standard Institute (CLSI) 2015 guideline [69]. From a pure culture, three to five
colonies of the test organisms were emulsified in 3 ml of sterile nutrient broth and mixed gently.
The suspension was diluted and incubated at 37 °C till the turbidity of the suspension becomes
adjusted to 0.5 McFarland standards. The suspension was swabbed uniformly onto MHA agar
entirely by rotating the plate 60 degree between streak for non-fastidious organisms and MHA
with defibrinated sterile sheep blood (5%) for fastidious organisms. The antimicrobial
impregnated disks (from Oxoid, Hampshire, UK and Hi-MEDIA) were placed using sterile
forceps on the MHA plate’s surface and the plates were incubated (plate placed side up or
inverted) at 37°C for 18-24 hours and the zone of inhibition around the disk was measured to the
nearest millimeter using a graduated caliper in millimeters, and the isolates were classified as
sensitive, intermediate and resistant according to CLSI, 2015. Methicillin resistant isolates were
determined by cefoxitin disk which is a better inducer of the mecA gene and was determined by
inoculation of S. aurues or CoNS on MHA and incubated against cefoxitin (30 pg) at 33-35°C
for full 24 hours before reading which is recommended by CLSI [69].

The following antibiotics with the respective concentrations were used to determine the
antibiogram of the strains: Fifteen impregnated antibiotic disks were used in the following
concentrations: Amikacin (AK) 30 pg, Ampicillin (AMP) 10pg, Amoxicillin-Clavulinic acid
(AMC) 20pg, Cefoxitin (FOX) 30ug, Ceftazidime (CAZ) 30ug, Ceftriaxone (CRO) 30ug,
Chloramphenicol (C) 30ug, Ciprofloxacin (CIP) 5pg, Clindamycin (DA) 2pg, Erythromycin (E)
15ug, Gentamicin (CN) 10ug, Penicillin-G (P) 10IU, Tetracycline (TE) 30ug, Trimethoprim-
sulphametoxazole (SXT) 1.25/23.75ug and Tobramycin (TOB) 10 pg

4.11 Data quality assurance

All ophthalmic specimens were collected following standard operating procedure by professional
ophthalmologists. The sterility of culture media was ensured by incubating 5 % of each batch of
the prepared media at 37 °C for 24 hours. A performance of catalase reagent was checked by
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known S. aureus (positive control) and S. pyogene (negative control). The test for coagulase was
also checked by known S. aureus (positive control) and S. epidermidis (negative control). For
better results, any physical change like cracks, excess moisture, color, hemolysis, dehydration,
contamination, deterioration and expiration dates were checked before using the culture media.
Temperature of incubator and refrigerator were monitored daily. The quality and performance of
culture media and antimicrobial susceptibility were checked using standardized reference strains
of E. coli (ATCC 25922), S. aureus (ATCC 25923), P. aeruginosa (ATCC 27853) and S.
pneumoniae (ATCC 49619) that were obtained from Ethiopian Public Health Institute, Addis
Ababa, Ethiopia. The qualities and performance of biochemical tests were also checked by these
reference strains. The information obtained from each consented patients were filled on the

prepared format by optometrists at Jimma University Medical Center ophthalmology department.
4.12 Data quality management

Cross-checking and data cleaning were done on daily basis. Missing information obtained was
checked by going back to the questionnaire and corrective measures were taken accordingly. All
laboratory and clinical data were recorded on appropriate record during the study period and the

data were stored on a CD, external memory flash and hard copy as back up.
4.13 Data processing and analysis

Demographic data and patients’ history were checked daily for the fulfilmement of information
on the day of data collection from laboratory request form. Data entry, data analysis and data
cleaning were done using Epi-Data 3.1 and SPSS version 21.0 software. Frequency count and
percentage were used to present the finding. Prevalence figures were calculated for the total
study population and separately by clinical feature of the disease. Bivariate and multivariate
logistic regression were used to asses the significantly associated variable with bacterial

prevalence. P-values less than 0.05 were considered statistically significant.
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4.14 Ethical Consideration

The study was conducted after it was ethically reviewed and approved. Ethical approval was
obtained from Research and Ethical Review Committee (RERC) of the school, followed by
approval by Institutional Review Board (IRB), Institute of Health, Jimma University. Permission
was also obtained from Jimma University Medical Center clinical director and ophthalmology
department. Written informed consent was obtained from each individual after the purpose of the
study was explained using the common language they speak and hear. For children, consent was
obtained from the guardian of the child who comes to the hospital. Participants were notified
about the purpose of the study, their right to refuse to participate in the study, and anonymity and
confidentiality of the information gathered. Study participants were given detailed information
concerning the study, and for those who were literate the information sheet that had full
information about the study was given and they were asked about the study to check whether
they have understood it correctly or not and their questions were cleared. Those patients grouped
in childhood/adolescent age group were asked for their verbal assent (Annex V) and if they

agreed, their parents/guardians signed consent sheet for them to participate in the study.

4.15 Dissemination of results

After conducting the research, results will be presented to the school of medical laboratory
sciences, Institute of health, Jimma University and other concerned bodies such as professional
societies conferences and workshops. The manuscript can be also submitted to peer reviewed

journals for publication.
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4.16 Operational definition

Conjunctivitis: - Termed as "red eye" or "pink eye", is a nonspecific term used to describe an
inflammation of the conjunctiva, which can be caused by infectious, allergic or toxic.
Blepharitis: - It is inflammation of the eyelid margin / infections of the glands of the eyelid, a
common problem in both children and adults.

Blepharo-conjunctivitis: - It is a condition that causes swelling of the outer eyelids and the
conjunctiva, the thin mucous layer that acts as a protective layer for the inner eyelids and front of
the eyeball.

Dacryocystitis: - It is an inflammation of the lacrimal sac (tear sac), which often occurs due to
an obstruction of the nasolacrimal duct (tear duct).

Hordeolum: - Acute infections of the glands of Zeis (sebaceous gland) characterised by redness,
pain, and swelling of the eyelid.

Multi drug resistance: non-susceptible to >1 agent in three or more than three different classes
of drugs.

Repeated infection: - When a person came to health institution more then two times due to

ocular is infection.
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5. RESULTS

5.1 Socio-demographic and clinical feature of study participant

A total of 319 study participants clinically diagnosed with external ocular infection were
included in this study, out of which, 172(53.9%) were male and 147(46.1%) were female with
sex distribution ratio of 1.2:1. The age of study participant ranged from 1 month to 95 year with
the median age of 21. The majority of study subjects were between the age group of 0-2 years
which accounts 103(32.3%) followed by >45 years age groups accounting 74(23.2%). Most of
the study participants were living in urban 177(55.5%). From the total study participant,
184(57.7%) were Oromo followed by Amhara 55(17.2%) and Kefa 47(14.7%). Majority of the
study subjects were preschool children 109(34.2%) followed by elementary school students
which account 87(27.3%). Most of the study subjects were unmarried 168(52.7%) and
88(27.6%) of study participant were farmers. More than half of study participants (199/319,
62.4%) have monthly income less than 1000 Ethiopian Birr.

On the clinical feature, few of the study participants had additional chronic disease otherthan
ocular infection like hypertension 18(5.6%), diabetes 17(5.3%) (AOR= 0.09, 95% CI: 0.02-0.43,
P=0.002) and rheumatoid arthritis 11(3.4%). The remaining study participants were only with
external ocular infection or unidentified cases which accounts 273(85.6%). From the total,
21(6.6%) of study participant were previously hospitalized for eye infection (AOR= 0.10, 95%
Cl: 0.03-0.42, P =0.001) and 31(9.7%) took medicine for eye treatment. About 5(1.6%) of study
participant had eye surgery in previous time and 23(7.2%) were used traditional eye medicine.
only 5(1.6%) of study subjects were used contact eye lenses. From the total, 255(80%) had
infections on both of their eyes while 33(10.3%) infected on their left eyes and 31(9.7%) had
infections only on their right eyes. Fire woods were used as the source of power for cooking
among 190(59.6%) of the study participants at their home while 153(48.0%) of them were using

electric power as source of light at their home (Table 1).

In this study, all sociodemographic variables listed including sex, age, residence, occupation and

education were not significantly associated with external ocular bacterial infections (p > 0.05).
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Table 1: Socio-demographic characteristics, bivariate and multivariate logistic regression analysis of factors associated with ocular

bacterial infections at Jimma University medical center eye clinic March 1/2017 to June 30/2017

Variables Frequency Positive isolate COR (95% CI) P- AOR (95% CI) P-value
(%)(N=319) (%) (N=147) value

Gender Male 172(53.9) 79(53.7) 1 1
Female 147(46.1) 68(46.3) 0.99(0.64-1.54) 0.953 0.97(0.57-1.62) 0.891

Age in year 0-2 103(32.3) 44(29.9) 1.49(0.82-2.72) 0.190 1.99(0.47-8.48) 0.351
3-16 48(15.0) 20(13.6) 1.56(0.75-3.25) 0.235 1.78(0.47-6.76)  0.395
17-30 46(14.4) 22(15.0) 1.22(0.58-2.54) 0.604 1.33(0.50-3.56) 0.566
31-45 48(15.0) 22(15.0) 1.32(0.64-2.73) 0.459 1.36(0.59-3.13) 0.468
>45 74(23.2) 39(26.5) 1 1

Residence Rural 142(44.5) 72(49.0) 0.72(0.46-1.11) 0.138 0.64(0.34-1.21) 0.169
Urban 177(55.5) 75(51.0) 1 1

Educational status of Iliterate 69(21.6) 36(24.5) 0.86(0.36-1.04) 0.725 2.04(0.49-8.53) 0.329

study participant Preschool age 109(34.2) 45(30.6) 1.33(0.58-3.02) 0.500 1.25(0.25-6.38) 0.787
Elementary school 87(27.3) 41(27.9) 1.05(0.45-2.43) 0.915 1.43(0.38-5.33) 0.598
Secondary school 25(7.8) 11(7.5) 1.19(0.41-3.48) 0.753 1.28(0.32-5.12) 0.725
College and above 29(9.1) 14(9.5) 1 1

Chronic disease Rheumatoid arthritis  11(3.4) 5(3.4) 0.96(0.29-3.21) 0.941 0.94(0.26-3.39) 0.919
Hypertension 18(5.6) 6(4.1) 1.59(0.58-4.37) 0.366 2.18(0.68-6.97)  0.189
Diabetes 17(5.3) 15(10.2) 0.11(0.02-0.47)  0.003 0.09(0.02-0.43) 0.002
No Chronic diseases  273(85.6) 123(83.7) 1 1

Previous hospitalization ~ Yes 21(6.6) 18(12.2) 0.13(0.04-0.44) 0.001 0.10(0.03-0.42) 0.001
No 298(93.4) 129(87.8) 1 1

History of medicine Yes 31(9.7) 16(10.9) 0.78(0.37-1.64) 0.516 0.89(0.38-2.13) 0.806

intake No 288(90.3) 131(89.1) 1 1

Medical contact lenses Yes 5(1.6) 4(2.7) 0.21(0.02-1.89) 0.164 0.13(0.01-1.46) 0.098

used No 314(98.4) 143(97.3) 1 1

Previous eye surgery Yes 5(1.6) 3(2.0) 0.57(0.09-3.43) 0.534 3.09(0.30-31.7) 0.342
No 314(98.4) 144(98.0) 1 1

Traditional eye medicine Yes 23(7.2) 15(10.2) 0.43(0.18-1.04) 0.062 0.45(0.17-1.21) 0.115

used No 296(92.8) 132(89.8) 1 1

COR= Crude odds ratio; Cl= Confidence interval; AOR= Adjusted odds ratio; N= Number



In respect of diagnosis of eye infection types, patients suffering from conjunctivitis were
165(51.7%); blepharoconjunctivitis, 74(23.2%); blepharitis, 52(16.3%); dacryocystitis, 13(4.1%)
and others external ocular infection accounts for 15(4.7%). The most dominant external ocular
infection among different age group and sex was conjunctivitis. Among different age groups,
within 1 month to 2 years age group (which account 68, 66.0%) and 3-16 age group (which
account 33, 68.8%) were the major age groups suffering from conjunctivitis and among gender,

76(46.1%) females and 89(53.9%) males were suffering from conjuncitivitis (Figure 2).

Clinical feature verses age and sex

80
70
B Conjunctivitis
60 M Blepharitis
50 = B. Conjunctivitis
40 W Dacryocystitis
H Others
30
20
10
0

0-2 3-16 17-30 31-45 >45 Male Female

Figure 3: Prevalence of different external ocular infection among different age group and sex at

Jimma University medical center eye clinic, March 1/2017 to June 30/2017
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5.2 Prevalence of bacterial isolate

Out of 319 samples, bacteria were isolated from 147 giving overall prevalence of 46.1% with
79(53.7%) occurring in male and 68(46.3%) in female. No mixed bacteria found in a single
sample in this study. Among the bacterial isolates, 96(65.3%) were gram positive and 51(34.7%)
were gram negative with the ratio of 1.9:1. Among gram positive, CONS 41(27.9%) were the
most frequent bacterial isolates followed by S. aureus with 29(19.7%) and S. pneumoniae with
13(8.8%). From gram negative, P. aeroginosa was the predominant bacterial isolate with
10(6.8%) followed by K. pneumoniae with 9(6.1%). From gram positive, Streptococcus
viridians recovered from 3(2.0%) cases and from gram negative, N.meningitidis isolated from
2(1.4%) cases were the least bacterial isolate identified in this study. The spectrum of bacterial
isolate varies with the age of patients. Most of the bacterial isolates were found among infants

and children subjects between 1 month to 2 years of age group with 44(29.9%). (Table 2).

Table 2: Prevalence of bacterial isolate within different age group at Jimma University medical
center eye clinic, March 1/2017 to June 30/2017

Name of bacterial Age in years Total
isolate 0-2 3-16 17-30 31-45 >45 (N=319)
(N=103) (N=48)  (N=46) (N=48) (N=74)

Gram positive bacteria

S. aureus 9(20.5) 2(10.0) 7(31.8) 2(9.1) 9(23.1) 29(19.7)
CoNS 10(22.7)  5(25.0) 4(18.2) 11(50.0) 11(28.2)  41(27.9)
S. pneumoniae 4(9.1) 1(5.0) 2(9.1) 1(4.5) 5(12.8) 13(8.8)
S. pyogenes 1(2.3) 3(15.0) 1(4.5) 0(0.0) 0(0.0) 5(3.4)
S. agalactiae 1(2.3) 1(5.0) 0(0.0) 0(0.0) 3(7.7) 5(3.4)
S. viridians 2(4.5) 0(0.0) 0(0.0) 0(0.0) 1(2.6) 3(2.0)
Gram negative bacteria
P. aeroginosa 1(2.3) 2(10.0) 2(9.1) 3(13.6) 2(5.1) 10(6.8)
K. pneumoniae 2(4.5) 2(10.0) 1(4.5) 1(4.5) 3(7.7) 9(6.1)
P. mirabilis 1(2.3) 1(5.0) 2(9.1) 0(0.0) 1(2.6) 5(3.4)
P. vulgaris 1(2.3) 1(5.0) 0(0.0) 1(4.5) 1(2.6) 4(2.7)
S. marcescens 2(4.5) 0(0.0) 1(4.5) 0(0.0) 0(0.0) 3(2.0)
Citrobacter species 2(4.5) 0(0.0) 0(0.0) 1(4.5) 2(5.1) 5(3.4)
Enterobacter species  2(4.5) 0(0.0) 0(0.0) 0(0.0) 1(2.6) 3(2.0)
E. coli 1(2.3) 1(5.0) 1(4.5) 2(9.1) 0(0.0) 5(3.4)
H. influenzae 4(9.1)) 0(0.0) 1(4.5) 0(0.0) 0(0.0) 5(3.4)
N. meningitidis 1(2.3) 1(5.0) 0(0.0) 0(0.0) 0(0.0) 2(1.4)
Total 44(29.9) 20(13.6) 22(15.0) 22(15.0) 39(26.5) 147(100)
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CoNS=Coagulase negative staphylococcus



Regarding the bacterial profile in different clinical features (diagnosis), most of the isolates were
recovered from conjunctivitis 75(51.0%) followed by blepharitis 32(21.8%) and
blepharoconjunctivitis 27(18.4%). The least bacterial isolates were found in dacryocystitis with
8(5.4%). The predominant bacterial isolates observed in conjunctivitis cases were CoONS,
16(21.3%) followed by S. aureus, 15(20%); in blepharitis CoNS, 10(31.2%) followed by S.
aureus, 8(25%); in blepharoconjunctitivis CoNS, 10(37%) followed by H. influenzae, 3(11.1%)
and in dacryocystitis CoNS, 3(37.5%) followed by S. pneumoniae, 2(25%) and S. aureus,
2(25%). Among gram negative, P. aeroginosa, 5(6.7%) and K. pneumoniae, 4(5.3%) were

predominant bacterial isolate in conjunctivitis (Table 3).

Table 3: Prevalence of bacterial profile from different clinical feature of external ocular

infection at Jimma University medical center eye clinic, March 1/2017 to June 30/2017

Name of bacterial Types of diagnosis
isolate Conjuncti  Blepharit Blepharo Dacryoc Others  Total
vitis IS Conjunctivi  ystitis (N=15) (N=319)

(N=165)  (N=52)  tis(N=74)  (N=13)

Gram positive bacteria

S. aureus 15(20.0)  8(25.0) 1(3.7) 2(25.0) 3(60) 29(19.7)
CoNS 16(21.3)  10(31.2) 10(37.0) 3(37.5) 2(40) 41(27.9)
S. pneumoniae 9(12.0) 2(6.2) 0(0.0) 2(25.0) 0(0.0) 13(8.8)
S. pyogenes 4(5.3) 0(0.0) 1(3.7) 0(0.0) 0(0.0) 5(3.4)
S. agalactiae 2(2.7) 2(6.2) 1(3.7) 0(0.0) 0(0.0) 5(3.4)
S. viridians 2(2.7) 1(3.1) 0(0.0) 0(0.0) 0(0.0)  3(2.0)
Gram negative bacteria
P. aeroginosa 5(6.7) 3(9.4) 2(7.4) 0(0.0) 0(0.0) 10(6.8)
K. pneumoniae 4(5.3) 2(6.2) 2(7.4) 1(12.5) 0(0.0) 9(6.1)
P. mirabilis 3(4.0) 1(3.1) 1(3.7) 0(0.0) 0(0.0) 5(3.4)
P. vulgaris 2(2.7) 0(0.0) 2(7.4) 0(0.0) 0(0.0) 4(2.7)
S. marcensens 3(4.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 3(2.0)
Citrobacter species 3(4.0) 1(3.1) 1(3.7) 0(0.0) 0(0.0) 5(3.4)
Enterobacter species 2(2.7) 0(0.0) 1(3.7) 0(0.0) 0(0.0) 3(2.0)
E. coli 2(2.7) 2(6.2) 1(3.7) 0(0.0) 0(0.0) 5(3.4)
H. influenzae 2(2.7) 0(0.0) 3(11.1) 0(0.0) 0(0.0) 5(3.4)
N. meningitides 1(1.3) 0(0.0) 1(3.7) 0(0.0) 0(0.0) 2(1.4)
Total 75(51.0)  32(21.8) 27(18.4) 8(5.4) 5(3.4) 147(100)

CoNS=Coagulase negative staphylococcus
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5.3 Antimicrobial susceptibility pattern among gram positive bacterial isolates

Antimicrobial susceptibility pattern for gram positive bacteria were done on twelve antibiotics
belonging to nine categories. Among the isolates, S. aureus showed high susceptibility to
clindamycin 24(82.8%) followed by ciprofloxacin and amoxicillin clavulinic acid each account
22(75.9%) and gentamicin 20(69%). On the other hand, S. aureus was highly resistant to
penicillin 25(86.2%), erythromycin 24(82.8%) and tetracycline 22(75.9%). Among S. aureus
isolate, 4(13.8%) were MRSA. CoNS almost showed comparable susceptibility to S. aureus and
12(29.3%) of isolated CoNS were methicillin resistant (MRCoNS). S. pneumoniae showed high
susceptibility to amoxicillin clavulinic acid 13(100%) and ciprofloxacin 11(84.6%) but highly
resistant to penicllin and trimethoprim-sulphamethoxazole each account 9(69.2%). Others gram
positive bacterial isolates were highly sensitive to amoxicillin clavulinic acid (100%),
clindamycin (93.3%) and gentamicin (86.7%) while less susceptible to trimethoprim-
sulphamethoxazole (31.1%), tetracycline (37.8%) and ampicillin (48.9%). By antimicrobial
susceptibility test, some gram positive bacterial isolates were grouped under intermediate to

antibiotics like tetracycline and erythromycin than others (Table 4).
5.4 Antimicrobial susceptibility pattern among gram negative bacterial isolates

Among gram negative bacterial isolate, P. aeroginosa showed high susceptibility to ceftriaxone,
ciprofloxacin and amoxicillin clavulinic acid each account 8(80%), gentamicin and amikacin
each account 7(70%). On the other hand, among ten P. aeroginosa isolated, high resistance was
observed to ceftazidime 9(90%), tetracycline 8(80%), trimethoprim-sulphamethoxazole and
tobramycin each account 7(70%). K. pneumoniae showed high susceptibility to ceftriaxone,
amoxicillin clavulinic acid and ciprofloxacin each accounts 8(88.9%); but it was less susceptible
to tobramycin, trimethoprim-sulphamethoxazole and tetracycline (33.3-44.4%). Others higher
sensitive gram negative bacteria isolated from external ocular infection to different antibiotics
were: ceftriaxone 31(96.9%), ciprofloxacin 32(100%), amoxicillin clavulinic acid 28(93.3%),
gentamicin 25(83.3%) and amikacin 19(76%). On the other hand they were less susceptible to
tobramycin, trimethoprim-sulphamethoxazole and tetracycline with in the range of 0-66.7%.
Some gram negative bacterial isolates were intermediate to antibiotic like trimethoprim-

sulphamethexazole and tetracycline by antimicrobial susceptibility test (Table 5).
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Table 4: Antimicrobial susceptibility patterns of gram positive bacterial isolate from external ocular infection at Jimma University medical
center eye clinic, March 1/2017 to June 30/2017

Antimicrobial agents tested

Bacterial Tot Patt AMC AMP CIP AK C CLN TE SXT ERY CN FOX PE
isolate al  ern  No(%) No(%) No(%) No(%)  No(%) No(%) No (%) No(%) No(%)  No(%) No(%) No(%)
S.aureus 29 S 22(75.9) 5(17.2) 22(75.9) 19(65.5) 16(55.2) 24(82.8 5(17.2) 7(24.1) 4(13.8) 20(69.0) 25(86.2) 4(13.8)

I 0(0.0) 0(0.0) 4(13.8) 1(3.4) 0(0.0) 0(0.0) 2(6.9) 2(6.9) 1(3.4) 1(3.4) 0(0.0) 0(0.0)

R 7(24.1)  24(82.8) 3(10.3) 9(31.0) 13(44.8) 5(17.2) 22(75.9) 20((69.0 24(82.8 8(27.6)  4(13.8)  25(86.2)
CoNS 41 S 37(90.2) 7(17.1) 32(78.0) 27(65.9) 23(56.1) 33(80.5 9((22.0) 12(29.3) 8(19.5) 29(70.7) 29(70.7) 7(17.1)

I 0(0.0) 0(0.0) 0(0.0) 3(7.3) 0(0.0) 0(0.0) 3(7.3) 1(2.4) 3(7.3)  3(7.3) 0(0.0) 0(0.0)

R 4(9.8) 34(82.9) 9(22.0) 11(26.8) 18(43.9) 8(19.5) 29(70.7) 28(68.3) 30(73.2 9(22.0) 12(29.3) 34(82.9)
S.pneum 13 S 13(100) 5(38.5) 11(84.6) 10(76.9) 10(76.9) 8(61.5) 3(23.1) 4(30.8) 7(53.8) 10(76.9) NT 4(30.8)
Oniae I 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 2(15.4) 0(0.0) 0(0.0)  0(0.0) NT 0(0.0)

R 0(0.0) 8(61.5) 2(154) 3(23.1) 3(23.1) 5(38.5) 8(61.5) 9(69.2) 6(46.2) 3(23.1) NT 9(69.2)
S.pyogen 5 S 5(100)  2(40.0) 4(80.0) 4(80.0) 3(60.0) 4(80.0) 2(40.0) 1(20.0) 3(60.0) 4(80.0 NT 3(60.0)
es I 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(20.0)  0(0.0)  0(0.0) 1(20.0) 0(0.0)  0(0.0) NT 0(0.0)

R 0(0.0) 3(60.0) 1(20.0) 1(20.0) 1(20.0) 1(20.0) 3(60.0) 3(60.0) 2(40.0) 1(20) NT 2(40.0)
Sagalact 5 S 5(100)  2(40.0) 5(100)  4(80) 3(60.0) 5(100) 2(40.0) 2(40.0) 3(60.0) 4(80.0) NT 2(40.0)
iae I 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(20.0) 0(0.0)  0(0.0) 1(20.0)  1(20.0) 0(0.0) NT 1(20.0)

R 0(0.0) 3(60.0)  0(0.0 1(20.0)  1(20.0)  0(0.0)  3(60.0) 2(40.0) 1(20.0) 1(20.0) NT 2(40.0)
Swiridian 3 S 3(100)  2(66.7)  3(100)  3(100)  3(100)  3(100) 1(33.3) 1(33.3) 2(66.7) 3(100) NT 1(33.3)
S I 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(33.3) 0(0.0) 0(0.0)  0(0.0) NT 0(0.0)

R 0(0.0) 1(33.3)  0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(33.3) 2(66.7) 1(33.3) 0(0.0) NT 2(66.7)

CoNS=Coagulase negative Staphylococci, S=Sensitive, I=Intermediate, R= Resistance, AMC = Amoxicillin-clavulanic acid, AMP =
Ampcillin, CIP = Ciprofloxacin, AK = Amikacin, C = Chloramphenicol, CLN=Clindamycin, TE = Tetracycline, SXT = Trimethoprim-
sulphamethoxazole, ERY = Erythromycin, CN = Gentamicin, FOX=Cefoxitin, P = Penicillin, TOB=Tobramycin, No=Number, NT=Not

tested
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Table 5: Antimicrobial susceptibility patterns of gram negative bacterial isolate from external ocular infection at Jimma University medical
center eye clinic, March 1/2017 to June 30/2017

Antimicrobial agents tested

Bacterial isolate Total Patter AMC AMP CIP CRO C CAZ TE SXT CN TOB AK
n No(%) No(%) No(%) No(%) No(%) No(%) No(%) No(%) No(%) No(%) No(%)
P. aeroginosa 10 S 8(80.0) 5(50.0) 8(80.0) 8(80.0) 4(40.0) 1(10.0) 2(200) 2(20.0) 7(70.0) 3(30.0) 7(70.0)
| 000.0)  0(0.0) 1(00.0) 0(0.0) 1(10.0) 0(0.0) 0(0.0)  1(10.0) 1(10.0) 0(0.0)  1(10.0)
R 2(20.0) 5(50.0) 1(10.0) 2(20.0) 5(50.0) 9(90.0) 8(80.0) 7(70.0) 2(20.0) 7(70.0) 2(20.0)
K. pneumoniae 9 S 8(88.9) 6(66.7) 8(88.9) 8(88.9) 7(77.8) 5(55.6) 4(44.4) 3(33.3) 7(77.8) 3(333) 7(77.8)
| 0(0.0)  0(0.0) 1(11.1) 1(11.1) 1(11.1) 1((11.1) 0(0.0)  1(11.1) 1(11.1) 1(11.1) 1(11.1)
R 1(11.1)  3(33.3) 0(0.0) 0(0.0) 1(11.1) 3(33.3) 5(55.6) 5(55.6) 1(11.1) 5(55.6) 1(11.1)
P mirabilis 5 S 5(100)  4(80.0) 5(100) 4(80.0) 4(80.0) 3(60.0) 2(40.0) 3(60.0) 4(80.0) 2(40.0) 4(80.0)
| 000.0)  0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(200) 1(200) 0(0.0) 1(20.0) 0(0.0)  1(20.0)
R 0(0.0)  1(200) 0(0.0) 1(20.0) 1(20.0) 1(20.0) 2(40.0) 2(40.0) 0(0.0)  3(60.0) 0(0.0)
P. vulgaris 4 S 4(100)  3(75.0) 4(100) 4(100) 4(100) 3(75.0) 2(50.0) 2(50.0) 3(755) 1(25.0) 3(75.0)
| 000.0  0(0.0) 0(0.0) 00.0) 000) 00.0) 1(250) 1(250) 0(0.0) 0(0.0)  0(0.0)
R 00.0) 1(25.0) 0(0.0) 0(0.0) 0(0.0) 1(250) 1(250) 1(250) 1(250) 3(75.0) 1(25.0)
S. MArcescens 3 S 3(100)  1(66.7) 3(100)  3(100)  3(100) 3(100) 1(33.3) 0(0.0) 3(100) 1(33.3) 2(66.7)
| 000.0)  0(0.0) 0(0.0) 0(0.0) 00.0) 00.0) 1(331) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
R 000.0) 1(33.3) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 2(33.3) 3(100) 0(0.0) 2(66.7) 1(33.3)
Citrobacter species 5 S 4(80.0) 4(80.0) 5(100) 5(100)  4(80.0) 4(80.0) 1(20.0) 3(60.0) 4(80.0) 3(60.0) 4(80.0)
| 000.0)  0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 2(40.0) 2(40.0) 0(0.0) 0(0.0) 0(0.0)
R 1(20.0) 1(20.0) 0(0.0) 0(0)  1(200) 1(20.0) 2(40.0) 0(0.0) 1(20.0) 2(40.0) 1(20.0)
Enterobacter 3 S 3(100)  2(66.7) 3(100)  3(100) 3(100) 3(100) 1(33.3) 2(66.7) 2(66.7) 1(33.3) 2(66.7)
) | 0(0.0)  0(0.0) 0(0.0) 0(0.0) 00.0) 00.0) 00.0) 1(333) 0(0.0) 0(0.0) 0(0.0)
SPecies R 0(0.0) 1(33.3) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 2(66.7) 0(0.0) 1(33.3) 2(66.7) 1(33.3)
E coli 5 S 4(80)  3(80.0) 5(100) 5(100)  3(60.0) 3(60.0) 1(20.0) 2(40.0) 5(100) 2(40.0) 4(80.0)
| 00.0)  0(0.0) 0(0.0) 0(0.0) 00.0) 1(200) 0(0.0) 1(20.0) 0(0.0) 0(0.0)  0(0.0)
R 1(20.0) 2(40.0) 0(0.0) 0(0.0) 2(40.0) 1(20.0) 4(80.0) 2(40.0) 0(0.0)  3(60.0) 1(20.0)
H. influenza 5 S 4(80.0) 3(60.0) 5(100) 5(100)  4(80.0) 4(80.0) 3(60.0) 3(60.0) 4(80.0) NT NT
| 000.0) 0(0.0) 0(0.0) 0(0.0) 00.0) 00.0) 00.0) 000) 000) NT NT
R 1(20.0) 2(40.0) 0(0.0) 0(0.0) 1(20.0) 1(20.0) 2(40.0) 2(40.0) 1(20.0) NT NT
N. meningitides 2 S NT NT 2(100)  2(100)  1(50.0) NT NT 1(50.0) NT NT NT
| NT NT 0(0.0) 0(0.0) 0(0.0) NT NT 0(0.0) NT NT NT
R NT NT 0(0.0) 0(0.0) 1(50.0) NT NT 1(50.0) NT NT NT
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5.5 Biofilm formation test result by microtiter plate method

From the total of 127 bacterial isolates screened for biofilm
formation by microtiter plate method, 84(66.1%) strains were
observed to form biofilms in vitro. The rates of bacterial biofilm
formation were categoriezed into four: 31(24.4%) of them as
strong former; 39(30.7%) as moderate; 14(11.0%) as weak and
43(33.9%) as non-biofilm former. Among 83 gram positive

Stained microtiter plate with

0.19 CV with 200ul of 95% isolates, 14(34.1%) CoNS followed by 9(31.0%) S. aureus were
alcohol for auantification

the frequent strong biofilm formers. On the otherhand, among 44
Figure 4: Screening of gram negative isolates, 4(40.0%) P. aeroginosa was the most
biofilm formation by
microtiter plate method
Marchl/ 2017 to June (Table 6).
30/2017

Table 6: Biofilm forming capability and adherence classification of bacteria isolated from ocular

strong biofilm former followed by 2(22.2%) K. pneuminiae

infected patients at Jimma University medical center eye clinic March 1/2017 to June 30/2017

Bacterial isolates Biofilm formation classification
Total Strong Moderate Weak Non- adherent
S. aureus 29 9(31.0) 10(34.5) 2(6.9) 8(27.6)
CoNS 41 14(34.1) 13(31.7) 4(9.8) 10(24.4)
S. pyogenes 5 0(0.0) 1(20.0) 1(20.0) 3(60.0)
S. agalactiae 5 0(0.0) 1(20.0) 1(20.0) 3(60.0)
S. viridians 3 0(0.0) 0(0.0) 0(0.0) 3(100)
P. aeroginosa 10 4(40.0) 3(30.0) 1(10.0) 2(20.0)
K. pneumoniae 9 2(22.2) 3(33.3) 2(22.2) 2(22.2)
P. mirabilis 5 1(20.0) 1(20.0) 1(20.0) 2(40.0)
P. vulgaris 4 0(0.0) 0(0.0) 2(50.0) 2(50.0)
S. marcescens 3 0(0.0) 1(33.3) 0(0.0) 2(66.7)
Citrobacter species 5 0(0.0) 3(60.0) 0(0.0) 2(40.0)
Enterobacter species 3 0(0.0) 1(33.3) 0(0.0) 2(66.7)
E. coli 5 1(20.0) 2(40.0) 0(0.0) 2(40.0)
Total 127 31(24.4) 39(30.7) 14(11.0) 43(33.9)

Non-adherent (OD < ODc); Weakly-adherent (ODc < OD < 2x0ODc); Moderately-adherent (2xODc < OD <
4x0Dc); Strongly-adherent (4xODc < OD); with ODc: The cut off value of absorbance (ODc) was proof of
the biofilm formation and was defined as the sum of the arithmetic mean of negative control and a triple value
of its standard deviation (ODc =%+3 o). The calculated ODc measured by ELISA auto reader was 0.231.
NB: For fastidous organisms like S. pneumoniae (n=13), H. influenzae (n=5) and N. meningitidis (n=2), their
biofilm formation capability were not detected due to the regiurment of special condition for their growth.



5.6 Antibiotics resistance patterns of bacterial isolate

Among the total isolates (n=147), multidrug resistance (MDR >3 different classes of drugs) were
recorded in 101 (68.7%) of all bacterial isolates. From the total 96 gram positive isolates,
75(78.1%) of them were MDR while from the total 51 gram negative isolates, only 26(51.0%)
were MDR. Among gram positive organisms, S. aureus 25(86.2%) followed by CoNS
34(82.9%) showed a high level of multi-drug resistance while among gram negatives P.
aeroginosa 10(100%) followed by K. pneumoniae 6(66.7%) and E. coli 3(60.0%) showed

increased level of multi-drug resistance.

Table 7: Multidrug resistance pattern of bacteria isolated from external ocular infected patients

at Jimma University medical center eye clinic, March 1/2017 to June 30/2017

Bacterial isolates Tota Antibiotics resistance pattern

I Ro R1 R2 R3 R4 >R5
S. aureus 29 0(0.0) 0(0.0) 4(13.8) 5(17.2) 7(24.1) 13(44.8)
CoNS 41 0(0.0) 2(4.9) 5(12.2)  8(19.5) 10(24.4) 16(39.0)
S. pneumoniae 13 0(0.0) 1(7.7) 3(23.1)  3(23.1) 6(46.2) 0(0.0)
S. pyogenes 5 0(0.0)  1(20.0) 0(0.0) 2(40.0) 1(20.0) 1(20.0)
S. agalactiae 5 1(20.0) 1(20.0) 1(20.0) 1(20.0)  0(0.0) 1(20.0)
S. viridians 3 0(0.0) 2(66.7)  0(0.0) 1(33.3)  0(0.0) 0(0.0)
P. aeroginosa 10 0(0.0) 0(0.0) 0(0.0) 3(30.0) 2(20.0) 5(50.0)
K. pneumoniae 9 1(11.1) 1(111) 1(11.1) 4(44.4) 2(22.2) 0(0.0)
P. mirabilis 5 0(0.0) 2(40.0) 2(40.0) 0(0.0) 0(0.0) 1(20.0)
P. vulgaris 4 0(0.0) 2(50.0) 1(25.0) 1(25.0)  0(0.0) 0(0.0)
S. marcescens 3 0(0.0) 0(0.0) 2(66.7) 1(33.3) 0(0.0) 0(0.0)
Citrobacter species 5 1(20.0) 2(40.0) 0(0.0) 2(40.0)  0(0.0) 0(0.0)
Enterobacter species 3 0(0.0) 1(33.3) 1(33.3) 1(33.3) 0(0.0) 0(0.0)
E. coli 5 0(0.0) 1(20.0)  1(20.0) 1(20.0) 1(20.0)  1(20.0)
H. influenzae 5 1(20.0) 2(40.0)  1(20.0) 1(20.0)  0(0.0) 0(0.0)
N. meningitidis 2 0(0.0)  2(100) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Total 147  4(27) 20(13.6) 22(15.0) 34(23.1) 29(19.7) 38(25.9)

CoNS= Coagulase negative Staphylococci, Ro= bacterial isolate sensitive to all antibiotics,
R1=bacterial isolate resistance to 1 antibiotics, R2= bacterial isolate resistance to 2 antibiotics of
different classes, R3= bacterial isolate resistance to 3 antibiotics of different classes, R4=
bacterial isolate resistance to 4 antibiotics of different classes and >R5= bacterial isolate
resistance to 5 and above antibiotics of different classes.
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5.7 The correlation of antimicrobial resistance and biofilm formation of bacterial isolate

From the total bacterial isolate, higher biofilm former bacteria were observed in multidrug
resistance. In bacterial isolates resistance to 1 and 2 antibiotics, higher non biofilm formers
bacterial isolate were seen. But in bacterial isolates resistance to 3 and above antibiotics, higher
biofilm formers bacterial strains were observed. The highest (48.4%) strong biofilm former
bacterial strains were seen in bacterial isolate that are resistant to five and above antimicrobial
agents. In this study, Chi- square analysis revealed significant correlation between multidrug
resistant and biofilm formers bacterial isolates (p<0.05, correlation coefficient = 0.491).
Eventhough there is significant correlation between bacterial biofilm formation and antibiotic
resiatance of isolates, the correlation coefficient (0.491) from the Chi- square analysis not
showed strong correlation. This may be due to the in vitro susceptibility tests and screening of

biofilm formation of bacterial isolates.
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Figure 2: The correlation of antimicrobial resistance and biofilm formation of bacterial isolate at

Jimma University medical center eye clinic, March 1/2017 to June 30/2017
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6. DISCUSSION

An external ocular infection and its complications are a significant health problem worldwide
and in Ethiopia that impacts greatly on quality of life [25]. In this study, a total of 319 patients
suffering from external ocular infections were included. The prevalence of bacterial isolate of
external ocular infection was more common in males (53.7%) than in females (46.3%). This is in
agreement with studies done in Ethiopia [48], Hong Kong [70] and Nigeria [71] with prevalence
of 57%, 57% and 59.2% respectively in male. This might be explained by the fact that
traditionally, in these countries, mainly males are involved in outdoor activities such as farming,
transportation, construction work and industry works where they likely exposed to contaminated

environment.

The prevalence of bacterial isolates was higher among <2 years age group followed by >45 years
age groups with prevalence of 29.9% and 26.5% respectively. This is similar with previous
study conducted in Ethiopia [12], India [20] and Nigeria [71] with prevalence of 66.1%, 46.2%
and 26.3% respectively in child. However, different from study conducted in Ethiopia [5] in
which higher bacterial isolates were reported among the age group of 18-39 (39.2%). The
variation might be due to differences in study period, inclusion of varied cases and differences in
sample size. The explanation for enhanced susceptibility to ocular infection in babies might be
due to lack of matured immunity in babies following the disappearance of maternal immunity

whereas in old age it may be due to dry eye and decline or reduction of immunity [46].

In this study, the socio-demographic and clinical feature including age, sex, residence, monthly
income, occupational status, educational status, source of light at home, previous medicine taken,
contact lenses used, previous eye surgery and traditional eye medicine used had no significant
association with isolated bacterial prevalence (P>0.05). Similar finding reported in Ethiopia [48]
and India [38]. This might be due to small sample size and also showed that these were not the
only determinant factors for the epidemiology of the isolated bacteria rather presence of ocular
surface disease, ocular trauma and cosmetic application practices as suggested in previous
studies done in different areas [49, 72, 73] that play the major role in the distribution of bacteria
cause ocular infection. In present study, only patients with diabetes mellitus and previous history

of hospitalization were significantly associated with bacterial prevalence (P < 0.05). This is in
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agreement with previous study done in Ethiopia [49], India [74], Spain [75] and elsewhere [76].
This might be explained by in repeated hospitalization the probabilities of acquiring bacterial is

high and in diabetic mellitus the infected area might be takes prolonged time for healing

In our study, conjunctivitis was the predominant external ocular infection accounting 51.7%
followed by blepharoconjunctivitis (23.2%), blepharitis (16.3%), dacryocystitis (4.1%) and other
eye infection accounts 4.7%. This is similar with previous study conducted in Ethiopia [9, 48]
and India [70] reported that conjunctivitis was the leading cases of ocular infection with
prevalence of 46.9%, 41% and 52% respectively. In contrast to our study; however, one finding
in southwest Ethiopia [5] reported blepharoconjunctivitis (48.6%) as the predominant types of
external ocular infection. The differences within the same area might be due to differences in

study period, sample size and varied inclusion of cases.

The overall prevalence of 46.1% bacterial external ocular infections was observed in this study.
This result is comparable with other previous study reports conducted in Southern Ethiopia [9]
with prevalence of 48.8 %. However, our result is lower than the prevalence of 88%, 74.9% and
74.7% conducted in India [38], Nigeria [7] and Southwest Ethiopia [5] respectively. But it is
higher than the study conducted in Bangalore [25] and Japan [27] with prevalence of 34.5% and
32.2% respectively. The varied rate of isolation from one place to another or within the same
place might be due to different factors related to (sample collection, sample transportation,
standard of media used and culturing technique), different distribution of bacterial aetiology with
geographic variation, differences in study period with the study population, varied cases

inclusion and infection prevention practices.

In this study, the most common isolates observed were gram positive cocci (65.3%). This result
is very comparable with other previous study conducted in Ethiopia [12], Nigeria [46] and India
[77] with prevalence of 74.2%, 62.6% and 51.4% respectively, indicative of gram positive cocci
as primary cause of external ocular infection. In our study, CoNS (27.9%) were the predominant
isolates followed by S. aureus (19.7%) and S. pneumoniae (8.8%). This result is in line with
previous study conducted in Ethiopia [48, 78], India [79] and Uganda [80] , where CoNS were
the predominant isolates (29-66%). However, study conducted in Ethiopia [5, 9] and Nigeria [45]

reported S. aureus (28.4%, 21%, and 27.7%) respectively as a predominant isolate while higher
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prevalence of S.pneumoniae (26.4%) in India [81] and P. aeroginosa (52.5%) in Ghana [81]
were reported. This difference might be due to variation in environmental conditions, the

standard of personal hygiene, limited sample size and differences in study period.

In our study, high prevalence of S. aureus and CoNS were observed. Both coagulase negative
and positive staphylococci are responsible for a variety of anterior and posterior segment of eye
infections. Over the past 15 years, there has been an increase in the documentations of ocular
infections caused by CoNS [82]. In recent years, CoNS become an important nosocomial
pathogen and health-care related infections partly as results of the increasing use of medical
devices [83]. Bacterial endophthalmitis, the most severe form of vision threatening ocular
infection may follow surgery, trauma or may be of endogenous origin. CoNS are the most
common cause of postoperative endophthalmitis worldwide. Study done in USA [33], Singapore
[34] and India [35] showed high prevalence of CoNS (49.9%, 57% and 62.6%) respectively in
postoperative endophthalmitis. CoNS also rank first among bacteria causing post-traumatic
endophthalmitis [84].

In the present study, the prevalence of gram negative bacterial isolate among patients suffering
from external ocular infection was 34.7%, with P. aeroginosa (6.8%) as the leading gram
negative bacterial isolate followed by K. pneumoniae (6.1%). Similar studies in different area [5,
30, 36, 45] also reported P. aeroginosa as the most frequent isolate with prevalence ranged from
10-20%. In contrast to our finding; however, other studies reported K. pneumoniae as leading
isolate in Libya [10] with prevalence of 18%. The differences might be due to geographical
variation, the standard of personal hygiene, limited sample size, differences in study period and

inclusion or exclusion of different cases.

Among the clinical features, the predominant isolate observed in the cases of bacterial
conjunctivitis was, CoNS (21.3%) followed by S. aureus (20.0%) which are responsible to
variety of eye infection including self-limiting, an acute and chronic infection of conjunctiva
worldwide. This is in agreement with study conducted in Ethiopia [9, 48], Uganda [80] and India
[77] where high isolation rate of CoNS and S. aureus were reported in conjunctivitis with
prevalence ranged from 13-50%. However, previous studies conducted in southwest Ethiopia [5]

showed S. aureus (22.9%) and S. pneumoniae (20%) as the predominant isolate in cases of
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bacterial conjunctivitis. This variation might be due to differences in study period, sample size

and inclusion of varied cases in study population.

In our study, CoNS (31.2%) and S. aureus (25%) were predominantly isolated in blepharitis.
This is consistent with study done in Southern Ethiopia [9], India [39], Nigeria [46], Libya [10]
and Iran [85], reported high isolation rate of CoNS and S. aureus in blepharitis with prevalence
ranged from 22-45%. In dacryocystitis CoNS (37.5%) followed by S. pneumoniae (25%) and S
aureus (25%) were the predominant isolate in our study. Similar study conducted in Ethiopia [9,
78], Malaysia [86] and Nepal [87] reported CoNS, S. pneumoniae and S. aureus as predominant
isolate in dacryocystitis with prevalence ranged from 12-33%. However, study conducted in
Tigray [49] and Gondar [48] reported S. aureus (25%, 20%) and S. pyogenes (25%, 20%)
respectively as predominant isolate in dacryocystitis. The variation might be due to different
distribution of bacterial aetiology with geographic variation, differences in study period, study

population and sample size.

The current study showed high rate of resistance to different antimicrobial agents in both gram
positive and gram negative bacterial isolate, which is consistent with study done in Ethiopia [5,
48], Libya [10] and Uganda [80]. Remarkably high frequency of resistance to ampicillin,
penicillin, erythromycin, trimethoprim sulphamethoxazole, tobramycin and tetracycline has been
observed in our study. This might be due to availability (easily purchased), indiscriminate
(unrestricted) use of the drugs without prescription, prescription of antibiotics without
susceptibility testing for severe ocular infections, the cost and shortage of diagnostic laboratory
services for susceptibility test and or unavailability of updated guideline regarding the selection

of drugs are some of the factor which lead to th development of high resistance rate.

In our study, the overall resistance rate of isolated staphylococcus species to commonly
prescribed antibiotics were: ampicillin (82.8%), tetracycline (73.3%), erythromycin (78%) and
penicillin (84.3%). This is consistent with previous study conducted in Ethiopia [9, 12] ranged
from (65-95%) but lower resistance rate of tetracycline and erythromycin (31-64%) were
reported in Ethiopia [5, 12] and Uganda [80]. Higher resistance rate of S. pneumoniae to
tetracycline (61.5%) was also observed in our study when compared to previous study report [5,

9] (20% and 30%) respectively. In this study, P. aeroginosa was highly resistant to ceftazidime
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(90%) and tetracycline (80%). This is consistent with study done in Ethiopia [5] where P.
aeroginosa was highly resistant to tetracycline (71%) but higher resistant rate of P. aeroginosa
to chloramphenicol (80%) was reported in Nigeria [45]. Others gram negative isolates were
highly resistance to tetracycline and tobramycin ranged from 40-80%. Epidemiological factors,
local antibiotic policies, patients' characteristics, origin of the strains, study period and

geographic location are among the factors contributing to highly variable resistance rates.

In the present study, all gram positive bacterial isolate were highly sensitive to amoxicillin-
clavulanic acid, ciprofloxacin and gentamicin within the susceptibility range of 69-100%. This is
comparable with previous study done in Ethiopia [9, 48, 49] and India [88] with susceptibility
rate ranged from 50-100%. In contrast to our finding; however, previous study conducted in
southwest Ethiopia [5] reported gram positive bacterial isolates as greater sensitive to
tetracycline (60-73%) than our study (17-40%). This variation might be due to differences in
study period, indicative of increasing resistance to earlier generation ocular antibiotics. Most
gram negative bacteria isolated in our study were sensitive to Amoxicillin-clavulanic acid,
ciprofloxacin, ceftriaxone and gentamicin within the range of 66-100%. This is in agreement

with previous study done in different area [9, 48, 89] with susceptibility rate 60-100%.

In current study, 13.8% of S. aureus strain was MRSA and 29.3% of Coagulase negative
staphylococcus was MRCoNS (Cefoxitin disk used). Our finding is comparable with other study
reported in India [39] where 12.8% of S. aureus was MRSA in ocular infection. In contrast to our
finding, study done in Uganda [80] reported higher MRSA (27.6%) but comparable MRCoNS
(31.9%). Lower MRSA was reported in UK [40] with prevalence of 3%. The variation might be
due to different distribution of bacterial strains with geographic variation and study period. The
most common ocular infections resistant to methicillin were conjunctivitis. This is similar with
previous study done in UK [90]. In our study, MRSA was highly sensitive to chloramphenicol
(75%) but highly resistant to clindamycin, tetracycline and gentamicin. Similar study reported
chloramphenicol as clinically effective in MRSA (>81%) isolated from conjunctivitis cases and

highly resistant to clindamycin, tetracycline and gentamicin [41, 42].

The ophthalmologist's practice in view of increasing bacterial resistance should be changed.

Health care workers, including those in outpatient settings, must remove transient
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microorganisms from hands by using hand washing or hand antisepsis between all patient
contacts and after contact with inanimate objects in the immediate vicinity of patients. Eye-lane
surfaces and hand instruments should be cleaned periodically in order to prevent and control
MRSA and other bacterial transmission [89]. Povidone—iodine is the most effective agent for
decreasing the bacterial load that can exist on the eyelid margin and it is better to use for the
eradication of microbes including MRSA [43]. By in vitro study, riboflavin, and UV light were
also effective in eradicating MRSA [44].

In this study, about 66.1% of the isolates showed ability to produce biofilm that ranged from
weak to strong forming ability. This can be contribute to drug resistance development and plays
a vital role in pathologic processes. This finding is comparable with study conducted in Chicago
[56] with biofilm formation rate of 57.7%. However, lower biofilm formation rate was reported
in Egypt [57] (33.3%). Higher biofilm formation rate was reported in Saudi Arabia [58] (90%).
The variation might be due to differences in geographical location, differences in study period
with the study population and variety of origin of the strains. Biofilm producing bacteria are
responsible for many recalcitrant infections and are notoriously difficult to eradicate. It is a well-
known pathogenic mechanism in most bacterial microorganism. They exhibit resistance to
antibiotics by various methods like restricted penetration of antibiotic into biofilms, decreased

growth rate and expression of resistance genes.

In our study, P. aeruginosa (80%), K. pneumoniae (77.8%), CoNS (75.6%), S. aureus (72.4%)
and E. coli (60%) were the leading biofilm former. This is comparable with study done in other
place [59, 60], where higher biofilm formation rate of S. aureus (51.9%) and CoNS (66%)
respectively. In contrast to our finding, however; lower biofilm formation rate of P. aeroginosa
(60%), S,aureus (36.4%) and K. pneumoniae (11.1%) were reported in Egypt [57]. Higher
biofilm formation rate of E.coli (80%) was reported in India [61]. The variation might be due to

differences in geographical location, study period and variety of origin of the strains.

Formation of biofilms allows organisms to survive and thrive in hostile environment, disperses to
form new niches and gives them significant advantages in protection against environmental
fluctuations. Bacteria in biofilms display different patterns of gene expression and phenotypes,

reducing their metabolic rate and increasing cell-to-cell communication while becoming less
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sensitive to chemical and physical stresses, and they show increased chances of developing new
antibiotic resistances and may further complicate patient treatment. The exopolysaccharide
component of the biofilm matrix can function to impair antibiotic penetration and provide a
barrier against phagocytosis by host immune cells. Oxygen does not diffuse freely through the
biofilm structure, leading to the formation of an oxygen concentration gradient, which generates

anaerobic microenvironments [50, 51].

In our study multiple drug resistance (MDR) to three or more antimicrobial agents were observed
in 101(68.7%). This is comparable with study conducted in northern Ethiopia [47] and southern
Ethiopia [9] with resistance rate of 71% and 69.9% respectively. In contrast to our finding;
however, study done in Ethiopia [41] reported higher MDR (87.1%). Lower MDR was reported
in Ethiopia [49], China [42] and Uganda [80] with resistance rate of 34.8%, 13% and 28%
respectively. The variation might be due to differences in study period or the difference in type
and generation of antibiotic that we used for susceptibility testing or differences in number of
antibiotics classes to be considered as MDR. It has been suggested that the indiscriminate and
prolonged use of a wide range of antibiotics, lack of infection control and increasing frequency

and speed of travel might be a major factor leads to emergency of drug resistance strains

In the current study, we observed that strains capable of forming biofilms were more frequently
observed to be an MDR phenotype. MDR in biofilm forming strains shows that; biofilms play a
great role in antimicrobial resistance. Similar study [75, 76] reported biofilm formation is higher
in MDR. Phenotypic changes, Physiological heterogeneity, Low diffusion of antibiotics across
the matrix, elevated expression of efflux and quorum-sensing may be some of the reason for this
high resistance. S. aureus and CoNS ability to form biofilm was observed in strains to be
resistant to aminoglycosides, penicillins, fluoroguinolones, folate pathway inhibitors and
tetracycline. Similarly, most of gram negative bacterial isolates ability to form biofilm were
observed in species to be resistant to aminoglycosides, cephalosporin, folate pathway inhibitors
and phenicols. Similar previous studies report have shown that biofilm formation is higher in

similar antimicrobial agents [62-64].
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7. Limitation of the study

1. Tests for anaerobic bacteria and Chlamydia trachomatis were not included in the current
research. Moreover, viral, fungi and parasite that bring ocular infection were not
performed.

2. Anti-biofilm susceptibility of the biofilm former bacterial isolates were not done due to

lack of antimicrobial powder constituent for agar dilution.

8. Conclusion and Recommendation

8.1 Conclusion

Based on the results from the present study, it is concluded that both Gram positive and Gram

negative bacteria were responsible for external ocular infections.

& The most common isolate from external ocular infection was Coagulase negative
staphylococcus followed by Staphylococcus aureus, Streptococcus pneumoniae,
Pseudomonas aeroginosa and Klebsiella pneumoniae

< High resistant rate was observed to ampicillin, penicillin, erythromycin, trimethoprim
sulphamethoxazole, tobramycin and tetracycline.

& Amoxicillin-clavulanic acid, ciprofloxacin and gentamicin were the most effective
against gram positive bacterial isolate

& Ceftriaxone, gentamicin, amoxicillin-clavulanic acid and ciprofloxacin were the most
effective against gram negative bacterial isolate.

& The overall bacterial isolate resistant to three or more antibiotics (MDR) was 68.7%.
Gram positive bacterial isolates account 74.3% while 25.7% of gram negative bacterial
isolates showed MDR.

& The first-line empirical antibiotics therapy used for ocular infection treatment like
penicillin, tetracycline, erythromycin and ampicillin should be taken into consideration
because they showed high resistance to the commonly isolated bacteria

< By cefoxitin disk test, 13.8% of Staphylococcus aureus strain was MRSA and 29.3% of

coagulase negative staphylococcus was methicillin resistant (MRCoNS).
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& Pseudomonas aeruginosa (80%) was the leading biofilm former followed by Klebsiella
pneumoniae (77.8%), Coagulase negative staphylococcus (75.6%) and Staphylococcus

aureus (72.4%) including weak to strong biofilm former.

8.2 Recommendation

& The antibiotic sensitivity profile suggests that ciprofloxacin, gentamicin, amoxicillin-
clavulanic acid and ceftriaxone were more effective for the treatment of external ocular
infection.

<& |dentification of the specific aetiologic agent along with their antibiotic resistance
patterns should be practiced during the management of ocular infections to reduce further
emergence of multidrug-resistant bacteria.

& An updated local antibiotics policy and guidelines should be established or revised from
the previous and distributed to all responsible body to preserve and increase the

effectiveness and rational use of antibiotics for better management of ocular infection.
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ANNEXS
ANNEX I: Participant information sheet: English, Oromic and Amharic version

A. English Version

Name of the Organization: Jimma University, Institute of Health, School of Medical
Laboratory Science, Department of Medical Microbiology.

Title of the Research Project: ‘Antimicrobial susceptibility pattern and biofilm forming
potential of bacteria isolated from suspected external ocular infected patient in Jimma University
Medical Center, Jimma, Ethiopia” among patients with external ocular infection at Jimma
University Medical Center Ophthalmology Department, Jimma, Ethiopia.’

Name of Investigator: Kuma Diriba (BSc, MSc candidate)

Introduction

You are invited to participate in a study to be conducted by MSc student at Jimma University,
Institute of Health, School of Medical Laboratory Science. It is aimed at determining the
spectrum of bacterial isolates, biofilm forming potential of the isolated bacteria and their drug
susceptibility pattern among patients with external ocular infection at Jimma University Medical

Center eye clinic Jimma, Ethiopia.
Objective of the study

The objective of this research is to determine profile of bacterial isolate, biofilm forming
potential of the isolated bacteria and their antibiotics susceptibility pattern on external ocular

surface at Jimma University medical center eye clinic.
What will be expected from you as a participant of the study?

As a participant of this study you will be expected to agree to give sample. Then external ocular

sample will be collected for diagnostic purpose by responsible ophthalmologist or trained nurse

from your eyes. In addition you will be expected to give answers for some questions about your

health and socio demographic conditions. You need to know that the results might be diskussed
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with appropriate individuals out of this hospital. But your name, address and phone number will

not be disklosed and rather than identification code will be used in such conditions.

How much time the participant spent to participate in this study?

You will spend about 10-15 minutes until the specimen will be collected, the questionnaire will

be filled and the consent will be signed.

What will be the risks of participating in this study?

The risk associated with the specimen collection will be minimal since the collection of these
specimens would follow the routine procedures for the laboratory investigation. There will be a

little discomfort during sample collection that will not harm the eye at all.

How our information will be kept in secret? (Confidentiality)

All information that you give and the results from you or your child’s specimen will be used for
this study only. Only limited number of professionals will have access to the information. All the

information will be encoded in a computer and will be password protected.

What will be the benefits from participation?

Since this study is MSc student research, there will be no payment for participants and you will
be not asked to pay for the laboratory examination. The result will be given to you and if your

result will be clinically significant, it will help you for further diagnosis and treatment.

What will be your rights as a participant of this study?

Participation in this study is exclusively voluntarily. If you are not interested to participate or if
you once decide to participate and with draw at any time, there will be no consequences and you
or your child will get all the services provided in the hospital will not be diskontinued. You have
also welcomed if you have any question for further explanations about the study. You can get the

results of the analysis.
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What can I do if | have a problem or question?

Please direct any questions or problems you may encounter during this study to (investigator,

advisors and co-advisors)

1. Kuma Diriba (BSc)

Cell phone: +251-913-38-45-50 [Email: kumadiribad7@gmail.com]
2. Dr. Tesfaye Kassa (MSc, PhD)

Cell phone: +251-931-05-71-95 [Email: ktes@gmail.com]
3. Mr. Yared Alemu (BSc, MSc)

Cell phone: +251-917-80-25-31 [Email: yared.alemu6@gmail.com
4. Dr.Sisay Bekele (MD)

Cell phone: +251-920-22-75-17 [Email: sisayop@gmail.com]

B. Garagalcha Afaan Oromo

Magaa dhaabbataa: Yuuniveersiitii Jimmaatti Muummee fayyaa

Mata duree Qorannichaa: Baakteriyaa dhukkuba ijaa fidan adda baasuu fi gorannoo qoricha
isaan balleessu irratti gochuu, Kibba Lixa Itoophiyaa, 2017.

Magaa gorataa: Kumaa Diribaa

Magaa Ispoonseeraa: Yuuniveersiitii Jimmaa.

Unka kun fedhii maamiltootni dhukkuba ijaa gaban gorannoo kana irratti fedhii isaaniin, dhimma

kana keessa beekuun irratti hirmaachuuf waadaa seenanii dha.
seensa

Kaayyoon Unki kun qophaa’eef inni guddaan hirmaattootni qorannoo mata duree “Baakteriyaa
dhukkuba ijaa fidan adda baasuu fi qorannoo qoricha isaan balleessu irratti gochuu” jedhu fi bara

2017 geggeffamu irrati namootni hirmaatan fedhii isaanii kan ittiin mirkanneffatanii dha.

Yeroo qo’annichaa
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Qorannoon kun kan gaggeeffamu ji’a sadiif yemmuu ta’uu, akkaataan funaansa isaa maamila
irraa saamuda fudhachuun Laaboraatooriin qorachuun raawwatama. Qorannoon tokkoo sa’aatin

inni fudhatu sa’a 24 hanga sa’a 48 ti.

Miidhaa inni geessu

Qorannoo kanatti hirmaachuun miidhamni gama fayyaan mul’atuu fi isin irraa ga’uu danda’u
tokko illee kan hin jirree fi yeroo saamuda fudhatamu miira dhukkubbii xiggoo irra kan hafe
rakkoo biroo kan hin gabneedha.

Bu’aa

Bu’aan adda yookin kafaltiin hirmaachuun argamu hin jiru. Haa ta’uu malee qorannoon kun
kafalti malee bakteeri’a dhukkubicha ijaa fiduu fi gorichi isa balleessu adda baafame kan isinitti
humamu akkassumas qorannoon kun tajaajilli isin argachaa jirtanii akka kana caalaa fooyya’uuf

shoora olaanaa taphata.

Iccitii

Mirgi sagalee keessan bilisan kennuu fi Iccitiin isaa sirriitti eegama. Tarii dhoksaatti sagalee
keessan lachuu yoo barbaadan mirga guutuu gabachuu keessan isinii mirkaneessaa odeeffannoon
isin irraa argamu lakk. dhoksaa (koodii) waan funaanamuuf odeeffannoo isin laatan eenyuu illee

adda baasee beekuu hin danda’u.
Beenyaa

Beenyaan adda yeroo keessaniifis ta’ee haala biraaf kaffalamu hin jiru. Garuu qorannoon
laaboratoori tola kan isini hojjattamuu fi hirmaachuun keessan tajaajilichaa fooyyessuu keessatti
gooda bakka hin buune gaba.

Fedhii hirmaachuu

Qorannoo kana irratti hirmaachuu dhiisuuf mirga guutuu gabdu. Kana malees erga jalgabdan

giddutti kutuuf mirgi keessan eegama.
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Teessoo

Yoo gaaffii gqabatan amma bilisa taatanii nagaafachuu ni dandeessu. Kana malees gaaffii

kamiyyuu yoo gabbattan namoota armaan gadi dubbisu dandeessu.

1. Obbo Kuma Diriba (BSc)

Laakkofsa bilbila: +251-913-38-45-50 [Imeeli: kumadiribad7@gmail.com]
2. Doktor Tesfaye Kassa (MSc, PhD)

Laakkofsa bilbila: +251-931-05-71-95 [Imeeli: ktes@gmail.com]
3. Obbo Yared Alemu (BSc, MSc)

Laakkofsa bilbila: +251-917-80-25-31 [Imeeli: yared.alemu6@gmail.com]
4. Doktor Sisay Bekele (MD)

Laakkofsa bilbila: +251-920-22-75-17 [Imeeli: sisayop@gmail.com]

C. PATICE “10Qp

P&CEE A9° :- 597 LLOCAL PANICG aPANA
PGk CANl:- POLRTD PhQ7T AWNAT HUPNLT Po1.0a0M@<F Yarg® hG eHYPOLT oYyt avkdkge
£AQ@T POCT oy (1897 L1000k PARIPS aPhhd NALT hAzh. ATTDP::
Ptavgae a9°: heo 440
PAITNGPT (9°: 2/C gL ha
At 048, hiav:
£/C aae Nha
PANTIAC A9° - B.97 LL0CAT

PTEE gAY

PTGE AATY PG D PART A WN07 TUPOET PILPeavMM<T Yavd® xG e+yYPALT av¥yt Pavddge
0@ OGP T (ALT VaP9T7 AL 97 PUA WI8PT A1 10-::

PGt P9 LATTD- PPI°

075t (PAHLP 9°99° ALTE h&P ALMPRI® MLI° 99T T TIHAN ALSTCI°® T1C 17 Ph&7T A1NT7
TUPOET vord® hA@. @RI PI°Cavs. Mmyt vh9PS PULLALNID- NPT TenT16 I°Cov¢- G Uh9°S
AV8OTT RLAPFA:: AAPI® hPGE (7LTT0 h@-<bt PhR7T ANOT +UPNET ahbdf ATivTirt
prLaoM@<7 OTF A L5 APSNMCT ANGF O« ThhATO7 04 ANESS ATPILT UNITT RLAA::
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3L ATTE NTLOALD. §ov-G FPNTET PHAP TIC ARDATI:: PILLAD TPT9° TIC PADT® FoNTLHI°
PPTE GO0 ADANL NOTCE. MO At Nfe NTLAMA. PTHAP ARLAIC:: Gav-G (TMOALNT 1L+
N7 Puarge AL O, 8% 10+ 00N TAC PTLLANTA DRIP PULLAD ARLAIO::

A Lrt

PrLAMT a0l8 TINTERIE PTMOPIO 00T ARAGI® PHY he P§F (14LA TIAE PP (U7
etePLAT A® NF 4247 TI0T S AN:: hHY PTT N17.0M- HINPTF OLII° PUtavt OmfTF AL (gPI°
OeI° A PACOPT TITrE PTLIAR avlE ARSCIP:: hIPCavs. POLTTO9® @yt @RI® AA avlE
ATLaPANTF @O AAT APANE ACOPT P91 7hah( PUh9PG AAG>PTF AG PGET ATL.PNLG 4+ QAo @P T
AU TGE A9PINCT ml$ aPhGOry ATLivtaet ehlb AQAT NF @1AA:: hIPTO-HC AL Pi
aCEPTF PANLRIFFO et AT (0Lt Pk avl8PT LUTHE 1710 0 7180GG
PtePLAT A< F ALOTFD- W14TA +2CT LN Fi::

h 6t AATIPLT:

OPGE 9.4 t4t 4208 NP (F 10 QAAHY aA+e hEavd. (114 T1RLT OLI° AAPATE PTIRLAN T
vt RALTE TINT 0o TP 1@-:: \TGE PATE ORI AATPATE ATAINT AR T°79° ARYT TPIOP Ut
Tt ARTLD9P:: LHPTT APt ALCID- AATANET DA AGPACISAU-:: (Femld avl8 11010
ATEAL T D TP (LTCH AvT7 @RI AA LH 7L TAF7 wPTF N9LNTAD: AL 9T T 2AT:

1. 7 440 (BSc)........0L%.:- +251-913-38-45-50,
ALTLO: kumadiribag7@gmail.com
2. &/C 104 ha (MSc, PhD)......0L%.:- +251-931-05-71-95,
AL ktes@gmail.com
3. At £44 hAaP (MSc) ....0.¢.:- +251-917-80-25-3],
AL\ yared.alemub6@gmail.com
4. &/C 0Aag A (MD) ..0u4.:- +251-920-22-75-17, A“BA\: sisayop@gmail.com
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ANNEX II: consent form for adult patients: English, Oromic and Amharic version

A. English Version
Participant Code Number

I have been informed fully in the language | understand about the aim of this research. I
understood the purpose of the study entitled with “bacterial profile, biofilm forming potential and
antimicrobial susceptibility pattern of external ocular infections attending department of
ophthalmology in Jimma University Medical Center. I have been informed this study which
involves collecting swab from conjunctiva and eyelid specimen. During collection of the
specimen | have been told that there is no harm except little discomfort and i have also read the
information sheet or it has been read to me. | have been informed that medical history and ocular
sample will be taken and there will be interview. In addition I have been told all the information
collected throughout the research process will be kept confidential. | understood my current and
future medical services will not be affected if | refused to participate or with draw from the
study. | , after being fully informed about the detail of this study, hereby

give my consent to participate in this study and approve my agreement with signature.

Patient Name signature Date

Investigator name signature Date

B. Garagalcha Afaan Oromo
Lakkoofsa hirmaataaf kenname ..................

Yommuun qorannoo kana irratti hirmaadhu afaan naaf galuun natti himameera ykn naaf
ibsameera.Faayidaa qorannoo kanaatis ’’Baakteriyaa dhukkuba ijaa fidan adda baasuu fi
gorannoo goricha isaan balleessu irratti muummee fayyaa Jimmaa Universiititti godhamu‘’ naaf
galeera. Waa’ee dhukkubbii ijaa akkan gaafatamuu fi naamuda ija irraa akka kennamu naaf
himameera. Odeeffannoo qorannoo kana irraa argamu hunduu iccitiin akka kaa’amus irratti walii

galleerra. Qorannoo kana hirmaachuu yoon hin barbaadne ykn yoon addaan kute, ammas ta’ee
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fulduraaf fayyadamummaa kiyyarratti rakkoo tokkoollee akka hin uumnee naaf himameera. Ani

erga naaf gale booda mallattoo kootin nan mirkaneessa.

Magaa dhukkubsataa............................ Mallattoo ......... Guyyaa..........
Maqaa qo’ataa...........oovveiiiiiniinnnnn.. Mallattoo......... Guyyaa.........

C. PATICE 10O

PHAF4.m AR aPAL RTC

Ar 9% nJF etnPO®- FAFE PORTD PhLT A1NTT TUPALT 0U1.LaPM@®T YargP hG PHYPOLTE
a1 QavRRIC PAMTT ACSET (ALT VIP9TT AL 9°7 PUA ATRUPT ATID-P OHHIE TG AL AILate
tmee AATARI° APlST (b al8 ATIFAU-:: AAPII° Gao-G PaLANAND- W FED- 0ART 1147 AT AT
nh78Ea aoPry ANFCERUTT GavG MAL apavCav( A(ZATL AALPT §aPG@y (et ATANC oo 2985
aPYY MNBAU-:: §ovG (0NN OPF DT fUarge ATt Dm, 90 ALTE AT ATLAND-
HECEN A0 neomed ATOLLAD- @RI° AINATA i (FeRTISI® PILONS. TIGFD9P avlGP T
N9LATPC AZLTLOH TIFICTA:: AHU9° PMeP@F avlB PAPAM S (TGE  PAPAte NGk
NTIGFDI° OPF 007 TIINA ATLIPTFA SHINOATT ALPT QUTII° N998:LT MLLAI® P1 A PO D7
PUNIPG AAINRT ATLTILALNAT HICTA:: ATGUIP (PSR Y&t AILAtE §PLATET N4CTI%
ALIIMAU-::

eF0ey etatd age &G 7
Ptavs-Tle ag° &G 7
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ANNEX I11: Parental/guardian consent form: English, Oromic and Ambharic

version
A. English Version

I parent/guardian, after being fully informed about the purpose of this

study, titled “Antimicrobial susceptibility pattern and biofilm forming potential of bacteria
isolated from suspected external ocular infected patient” attending JUMC, department of
ophthalmology. I, the undersigned, have been told about this research. My child/guardian has to
say to choose if | want to be in the study. | have been informed there is no harm except little
discomfort during sample collections. | have been informed that other people will not know my
child results as it coded with number rather than writing name. | understand that there may be no
benefit to me personally apart from clinical service | get from these results. | have been
encouraged to ask questions and have had my questions answered. | have been told that
participation in this study is voluntary and | may refuse to be in the study. I know my
participation will also be approved by my child/guardian. By signing below, | agree to let my

child to participate in this research study.

Name of participant Signature Date / /
Witness (llliterate) Signature Date / /
Name of the researcher Signature Date / /

B. Garagalcha Afaan Oromo

Ani Kan daa’ima yookin kan guddise qabadhe Yommuun qorannoo kana

irratti hirmaadhu afaan naaf galuun natti himameera ykn naaf ibsameera.Faayidaa gorannoo
kanaatis ’’Baakteriyaa dhukkuba ijaa fidan adda baasuu fi qorannoo qoricha isaan balleessu
irratti, muummee fayyaa Jimmaa Universiititti godhamu ¢’ naaf galeera. Waa’ee dhukkubbii ijaa
akkan gaafatamuu fi saamuda ija daa’ima yookin kan guddise irraa akka fudhatamu naaf
himameera. Odeeffannoo qorannoo kana irraa argamu hunduu iccitiin akka kaa’amus irratti walii
galleerra. Qorannoo kana irratti daa’ima koo yookin kan guddise hirmaachisuu yoon hin

barbaadne ykn yoon addaan kute, ammas ta’ee fulduraaf fayyadamummaa kiyyarratti rakkoo
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tokkoollee akka hin uumnee naaf himameera. Ani erga naaf gale booda mallattoo kootin nan

mirkaneessa.

Magaa hirmaata Mallattoo Guyyaa / /
Ragaa (kan hinbaranne) Mallattoo Guyyaa / /
Magaa gorata Mallattoo Guyyaa / /

C. PATICE “10\Op

A% PAL ANFI1Y, (Al @RI LF3MITL@- WAL/t OP7 PHYUT TG
ANTT (@A HLEFAU:: PTGE Con (897 uNlO-t ARG aPhhd NALT NAZh (FePAAT PALT
FNAPT LOMGTD 0hRT A1 N0T FUPALT PU1LaOMDF YarI° XSG SHUPNLT av Y1} PavkERI® AL
ACTT (AL7T Uar-aT7 AL 9°7 PUA AIRUPT ATI0P (TG AL AT9ATE J°CmM- A% PP rT 191,OF
GavG A.OAL N7 PUaPI® ATLT D<en, PP ALTT AT AL AL ATLAND. TIICTA:: NTGE OPFIP
PAL av/EPF 19.ATC ANTLEH OAA Q. HIE AILTIRFOP +L&FAU-:: (@mok holLTi@. Puh9°s
AT (PC AA AL N9 P91.0TTM. PP AT8AN HLLFAU:: PLE AILMEP LA TOATET
ATPEPE (1 PPAT ATTFAU-:: AL, (TG aodte (AL GAYE NF A& AG (TGEI® AAdPATq go7I°
ALt T80T (AL, AL A7L710ANTA +LL&FAv-:: HY OAIC PAL N TG AT Aot Phl POAE./AAST,
2P WILTLONLA TL&FAV-:: (Al &2 AL N PSR A2+ hHY 03T NZCTI% ALIINAY-::
Pt Jam- 9o &G ®r__ ) ]

oanc (TN aP9E ATTR i) &CT7 7 __ )

Ptav a9 sm- (9P P¥ols BN - SR B A
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ANNEX IV: Assent form for adolescent: English, Oromic and Amharic version
A. English Version

Study title: “Antimicrobial susceptibility pattern and biofilm forming potential of bacteria
isolated from suspected external ocular infected patient” attending Jimma University Medical
Center, department of ophthalmology. I, the undersigned, have been got full information about
this research. My parents or guardian have to say to choose if | want to be in the study. | have
been informed there is no harm except little discomfort during sample collections. | have been
informed that other people will not know my results as it coded with number rather than writing
my name if | am in this study. | understand that there may be no benefit to me personally apart
from clinical service | get from these results. | have been encouraged to ask questions and have
had my questions answered. | have been told that participation in this study is voluntary and |
may refuse to be in the study. I know my participation will also be approved by my

parents/guardian. By signing below | agree to participate in this research study.

Name of participant Signature Date / /
Witness (llliterate) Signature Date / /
Name of the researcher Signature Date / /

B. Garagalcha Afaan Oromo

Ani kan armaan gaditti mallatteesse akkan qorannoo kana keessatti hirmaadhu gaafatameera.
Maatiin koos akkan itti hirmaadhu yookin akkan hin hirmaanne filannoo mataakoo naaf
kennaniiru. Yommuun gorannoo kana irratti hirmaadhu dhukkubbii xiggoon miira iirratti
dhagahamuun alatti miidha kan hinqabne ta’uun afaan naaf galuun natti himameera ykn naaf
ibsameera.Faayidaa qorannoo kanaatis ’’Baakteriyaa dhukkuba ijaa fidan adda baasuu fi
gorannoo qoricha isaan balleessu irratti gochuu‘’ naaf galeera. Waa’ee dhukkubbii ijaa akkan
gaafatamuu fi saamuda ija irraa akka fudhatamu naaf himameera. Odeeffannoo gorannoo kana
irraa argamu hunduu iccitiin akka kaa’amus irratti walii galleerra. Qorannoo kana irratti

hirmaachuu yoon hin barbaadne ykn yoon addaan kute, ammas ta’ee fulduraaf fayyadamummaa
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kiyyarratti rakkoo tokkoollee akka hin uumnee naaf himameera. Ani erga naaf gale booda fedha

kootiin hirmaachuu mallattoo kootin nan mirkaneessa.

Magaa hirmaata Mallattoo Guyyaa / /
Ragaa (kan hinbarannef) Mallattoo Guyyaa / /
Magaa gorata Mallattoo Guyyaa / /

C. PATICE “10Op

NATICE ¢HHOE AOMT 381 PGt +AFEPT SHATE 914008 P Wiy OFF A9% eH100@« (HY
T OO WILATE GPLTIET FmERLAU-: OALTEI AAGLPEP TGk A18ATE OLI® hr8AATe
JOCBD- Phl aOPRT 1PILDGA:: GavG ADAL DT PYarge ATt Men, 9070 ARTE AT WTIRAND
TEICTN:: ATk OPTI° Phy av/8PT (TLATC AATLEH AA AQ HIE AR50 +L&FAU-::
N@omek DOLTT@. VNPT AT (PC AA 090, LTITT@. TPI° ATR0A FL&FAU:: TEE AT1&MLP
LA AT ATPRPE® (1€ AT ATTFAU:: (TSR aoate Nhz GAYE F AT AG (PSR
ANPATE IO9° ALY T80T (As AL ATRIILONTA +L&FAv-:: hHv AA1C 3 (TG @O Adehtt
POAZFI® 0L PAASLPTF .98 hILTLENEAT HL&FAV-:: NEPLTrE N PGk AILPATEI® hHY NFF
04CT% ALIINAU-::

PO 3@« 90 &G Pr_

aNc (TG aP9e ATTeF i) &7 1)

P+av T4 m- A 4Co Pr__ |
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ANNEX V: Questionnaire :- English, Oromic and Amharic version

Questionnaire on Socio-demographic characteristics and clinical feature of the study participants
on the title “antimicrobial susceptibility pattern and biofilm forming potential of bacteria isolated
from suspected external ocular infected patients attending Jimma University Medical Center,

department of ophthalmology”, Southwest Ethiopia, 2017.

A. Questionnaire English Version

Socio-demographic Characteristics and Patient Identification
Instruction: Mark or response to the given question on the space provided

Sr. No l. Background information
Questions Response

1 Patient code/ID

2 Patient Card No.

3 Age in years

4 Sex 1. Male 2. Female

5 Salary(Income)/Month

6 Residence 1. Rural 2. Urban

7 Ethnicity 1. Oromo 4. Kefa
2. Amhara 5. Dawuro
3. Tigray 6. Other (specify)

8 Educational status 1. llliterate 5. Collage and above
2. Preschool
3. Elementary school
4. Secondary school

9 Marital status 1. Single 4. Divorced
2. Married 5. Widowed
3. Separated

10 Occupational status 1. Civil servant 5. Student
2. Farmer 6. Under age
3. Merchant 7. Others
4. House wife

11 What is the source of light in| 1. Use of wood for light

your home? 2. Use of kerosene for light

3. Use of electric for light

(2]
»




4. other source of light
12 What is the source of fire used | 1. Wood 3. Kerosine
for cooking in your home 2. Electric 4. Other
1. Clinical data
13 Which  systemic  (chronic) | 1. Rheumatoid and Arthritis 3. Diabetes
diseases do you have? 2. Blood pressure 4. Others_
14 Types of diagnosis 1. Conjunctivitis 3. Blephero-conjunctivitis
2. Blepharitis 4. Dacryocystitis
15 Having Dbeen hospitalized in| 1. Yes If yes, when
previous time for eye infection? 2. No
16 Did you take a medicine to treat | 1. Yes if yes, when
these infections? 2. No
17 Are you using medical contact | 1. Yes 2. No
lenses?
18 Did you make surgery of eye in | 1. Yes If yes, when
previous time? 2. No
19 Did you wuse traditional eye| 1. Yes 2. No
medicine?
20 Which eye is involved 1. Right 2. Left 3. Both
Date of specimen collected and time /
111 Comments
Name of principal investigator Signature Date

B. Garagalcha Gaaffii Afaan Oromo

Gaaffilee waa’ee odeeffannoo hawwasummaa fi ragaa fayyummaa hirmaataa qorannoo kanaatif
mata duree ‘“Baakteriyaa dhukkuba ijaa fidan adda baasuu fi qorannoo qoricha isaan balleessu
irratti gochuu” jedhu irratti muummee fayyaa Jimmaa Universititiif — dhiyaate, Kibba Lixa
Itoophiyaa, 2017.

Ajajaa: Gaaffilee armaan gadiitif deebii sirrii deebisi yookin filadhu

Sr. No I. Odeeffannoo hawwasummaa
Gaaffii Deebii
1 Koodii dhukkubsata
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2 Lakk. Kaardii dhukkubsata
3 Umurii
4 Saala 1. Dhiira 2. Dubara
5 Galii ji’aan argatu/ttu
6 Bakka jireenya 1. Magaalaa 2. Baadiyyaa
7 Sab-lammii 1. Oromoo 4. Kefa
2. Amaara 5. Dawuro
3. Tigrayi 6. Kan 68iro
8 Sadarkaa barumsaa 1. Kan hinbaranne
2. Kan umuriin hin geenye
3. Sadarkaa tokkoffaa
4. Sadarkaa lamaffaa
5. Kolleegii fi isa ol
9 Haala fuudhaa fi heerumaa 1. Kan hineerumne 4. Kan wal hiikan
2. Kan heerumte 5. Kan irra du’e
3. Kan gargar jiratan
10 Haala hojii 1. Hojjataa mootummaa
2. Qotee bulaa
3. Daldalaa
4. Hojattu mana keessa
5. Barataa
6. Umuriin kan hin geenye
7. Kan biro
11 Maddi ifa  mana  keetti| 1. Muka akka madda ifaatti fayyadama
fayyadamtu maali? 2. Kuraazi akka madda ifaatti fayyadama
3. Elektirikii akka madda ifaatti fayyadama
4. Madda ifaa kan biro
12 Maddi annisa hoo’a mana| 1. Mukairra 3. Gaaziiirraa
keettiti fayyadamtu maal? 2. Elektiriki 4. Kan biro
1. Ragaa fayyaa
13 Dhukkuba gaama miidhan kam | 1. Dhukkuba qurxumaata 3. Dhibee sukkaara
gabda? 2. Dhiibbaa dhiigaa 4. Others_
14 Gosoota dhukkuba ijaa 1. Konjaktivayiti 3. Bilefarayiti-konjaktivayiti
2. Bilefarayiti 4. Daakirosistayiti
15 Kana dura ija dhukkubsattee 1. Eeyyee Yoo ta’e, yoom?
mana yaalaa deemtee beetta? 2. Lakki
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16 Dhibee ijaatif qoricha fudhattee 1. Eeyyee Yoo ta’e, yoom?
beetta? 2. Lakki

17 Leensis ijaa fayyadmte beekta 1. Eeyyee 2. Lakki

18 Ijji kee kana dura opireshiini ta’e | 1. Eeyyee Yoo ta’e, yoom?
beeka? 2. Lakki

19 Qoricha aadaa fayyadamte 1. Eeyyee 2. Lakki
beettaa?

20 lja naamudi irra fudhatame 1. Kanmirgaa 2.Kanbitaa 3.Lamanuu irra

Guyyaa fi sa’aati naamudaan itti fudhatame /

I1l.  Yaada
Magaa gorataa Mallattoo Guyyaa

C. PATICE MNP
“COLRGTD PhLT A 2NN7T TUPALT 291.Pa0M @D Yaog® 1S PHYPALT av&Yyt Qavddge eA@.y PO
M7 9P\ Chh AL AB97 Rual(LT PARI® aoxrhA PAL7T NLALLIL PFHOE TIWNEP aolBPT AG PAhIPS
a92% PANANLNT ToB::

FYHH: WHHDB. 9L PTF A787T J°LT OLI° (HHIP (& N AL 0%

+.¢ . TWNEP aolEPT
TP ap\Q
1 PUaPIOHG D, ao\Q BP(
2 PUaPIHG . LY, B TC
3 il
4 FER . O 2. (vt
5 AT OCUP 10,
6 PaPGLL W& e 1. 1mC 2. it
7 NchC 1. ACTP 4. '+
2. K7 5. Q0.2
3. T 6. A (£700)
8 eHI°CT vB 1. eAt99e
2. 0L9% PALLN
3. AT L8




4. 0T LB
5. hASS hi AL
9 FRC U-s 1. eaQF 4. PTALe 0F PI°P4.
2. eqaF 5. QA P°+QF
3. P4
10 A6 U 1. Pt weetd 6. 0299 PALLN
2. Mé 7. GA (2700)__
3. 1%
4. 0 hae(t
5. 94
n N0FFa. ANLYT PR ePmPa> | 1. xvnt
9o 8107 2 el
3. Phthtéh TNet
4. AA (27006)
12 ANFFa. ATINAA PPPmPar- GLA 2. PAIERVT 3. o
Sy TR Uk 2 Phtuhéh 42 4. AA
. Pah9°S 7908
13 NI NAPTF PFTO hAA? 1. GU-TPRAG hlte-2t 4. 200G NS
2 PLI° A&t 5. A (£706)_
14 2907 0 4Lt 1. nrehtraetn 3. (LALC-nTeh g th
2. (LALL20 4. Sheenreta
15 hHy 08T A%L7 Ah9°G¢ PATIA | 1. AP7 avf?
IO PO P? 2. h@LAJ®
16 A%L7T  AhIPGT 87Tt OOL | 1. x93 avig?
Tmpa@- ParPie? 5. KeLAT -
17 A%L7 PANI°S AZ0 SMPTIn? . hP7 2. AGLAYP
18 hHy 0§+ 2987 $2& hho°S | 1. xo7 aviE?
TRCINT SO PA? 2. heLAT
19 QYAP 24027 hh9°S +mPav? 1. xo? 2. hL.LAYIP
20 Qav-G e+MALNT 907 1. PT A7 2.9 %7 3. U-AEI® L7
qao-G e+OALNT P75 A%t /
m. Ko+
Ptavga9s (9P 40T 7
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Annex VI: Laboratory data collection format

1. Patient ID. ---------------- Sample ID -----------------

2. Date of sample collection ----------- femmmmmennen f-mememenene

3. Source of specimen: Conj. [] Lids []

4. Type of diagnosis: =----=====mmmmmmm oo

5. Gram stain result-------------mmmmm oo

6. Culture growth: Yes [1 No [], BA , MA , CA , MS
Hemolysis on blood agar: Alpha _ ,Betta_, No hemolysis
Optochin disk , Bile solubility , Bacitracin disk

7. Name of bacteria, if isolated (1) 2 3)

8. Biochemical identification test results: Lactose ,Gluc__,Gas__,Indole_, Citrate_
Urease_ ,Lysine_ ,Oxidase  ,Catalase  ,Coagulase __ Others

9. Biofilm formation for isolated bacteria: Yes [] No [

10. If yes for question number 9, (1) Strong, (2) Moderate, (3) Weak

11. Antimicrobial susceptibility testing S (mm) I (mm) R (mm)
= Ampicillin (AMP) (10ug)  mmmmmmmemeem s e
= Amoxicillin-Clavulinic (AMC)(20ug)  ------------=  =mmmmmmmmmmmee e
* Amikacin (AK) B0 pg) 00 mmmmemmmmmmmem emmmemeeeee e
= C(Ceftazidime (CAZ) 30ug)  ====mmmmmmmmm mmmememmeeee e
»  Cefoxitin (FOX) (30png)  ===memmmmemm s e
= Ceftriaxone (CRO) (30pug)  —=-mmememm emmememmemem e
= Chloramphenicol (C) 30pg) —====mmmmemm emmememmemeeee e
= Ciprofloxacin (CIP) (5pg)  ====mmmmmmmm mmmmmmmemeeeee e
* C(Clindamycin (CLN) (2ug)  ====m=mmmmmm mmmmemmemeemes e
=  Erythromycin (ERY) (15pg)  ==mmmmmmmmm s e
= Gentamicin (CN) (10 pg) = ===mmmmmmem mmememmemeeeee e
= Penicillin (PE) (101U)  smmemeemeees s e
» Tetracycline (TE) 30pug)  ==mmmmmemem emmmmemeeeee e
= Tobramycin (TOB) (10 ug) —===mmmmmmem mmmmmmmemeee s
= Trimethoprim-Sulfamethoxazole (SXT) (1.25ug) ----  -=-=-=-----  ==omomen
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ANNEX VII: SOP for preparation of culture media, collection and processing of

specimens, Culturing and Identification

A. Sample Collection, Handling and Transport

1. Objective and Scope:

To describe the specimen collection instructions and subsequent handling of specimens by
Researcher (BSc, MSc candidate) for identification of the bacteria; This document contains
procedure for clinical specimens collection containing bacteria from the lower eye lid,
conjunctival swabs, Blepharitis and Dacryocystitis for processing at Jimma University

Microbiology laboratory.
2. Procedure:

An adequate specimen is essential for the success of culture of bacteria from external ocular
surface. Specimens was collected with the greatest care and taken to the laboratory properly.

Each and every procedure should undertake accordingly per standard.

3. Materials and Equipment needed (some of them)

e Culture media e Incubator

e Petridish e Refrigerator

e Culture tube e Autoclave

e Inoculating loop e PH meter

e Straight wire loop e Flask

e Bunson burner e Graduated cylinder

e Sample of bacteria (control strains) e  Aluminum foil

e Bio-safety cabinet e Balance

e Boiler e Microtiter plate

e Adjustable micropipette e  Microtiter plate reader

B: Preparation of culture media

1. 5% Blood agar
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Purpose and principle: Blood agar is used for isolation and cultivation of many types of non-
fastidious and fastidious bacteria. It is also used to differentiate bacteria by their hemolysis
capabilities. Several species of gram-positive cocci produce exotoxins called hemolysins able to
destroy red blood cells and hemoglobin. Blood agar, which is a mixture of defibrinated sheep
blood, allows differentiation of bacteria based on their ability to hemolyze RBCs. Hemolysis, the
enzymatic breakdown of red blood cells, is performed by different bacteria (mainly among the
gram-positive cocci). Hemolytic ability can be classified into three. Those are beta-hemolysis
(complete clearing of the agar), alpha-hemolysis (partial clearing of the agar) and gamma-

hemolysis (no change in the coloration of the agar).
Procedure

1. Suspend blood agar base in distilled water according to manufacturer instructions.

2. Sterilize by autoclaving at 121°C for 15 minutes. Transfer to a 50°C water bath.

3. When the agar has cooled to 50°C, add aseptically 5% defibrinated sterile blood and
mix gently but well.

4. Avoid forming air bubbles. Important: The blood must be allowed to warm to room
temperature before being added to the molten agar.

5. Dispense aseptically 15 ml of blood agar amounts in sterile Petri dish of 90mm.

6. Date the medium and give it a batch number.

7. Store the plates upside down at 2-8°C. Preferably in sealed plastic bags to prevent
loss of moisture.

2. Chocolate agar (heated blood agar)

Chocolate agar is the same with blood agar but it is more nutritious and it differs from blood agar
because it needs heating of the blood in water bath or incubator at 70°C for hemolysis of red

blood cells. It is used for the growth of fastidious organism.

3. MacConkey Agar
Intended use and principle

MacConkey agar is selective for gram negative organisms. The selective property of the medium

comes from the presence of bile salts and crystal violet that inhibit most gram positive bacteria.
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It helps to differentiate lactose fermenting gram negative rods from non-lactose fermenting gram
negative rods. It is primarily used for detection and isolation of members of family
enterobacteriaceae and pseudomonas species. The principle behind is, during Lactose
fermentation a local pH drop around the colony results a color change within the pH indicator,
neutral red, and bile precipitation. Bile salts mixture and crystal violet inhibit the growth of gram
positive cocci and only allow gram negative to grow. When lactose is fermented, acid products
lowers pH below 6.8, neutral red causes the medium to turn pinkish-red. Colonies of non-lactose

fermenting bacteria will be colorless

Procedures

Suspend the medium in distilled water according to manufacturer instructions.
Heat with frequent agitation and boil for one minute to completely dissolve.
Autoclave at 121°C for 15 minutes.

Mix well and pour into sterile Petri plate

Date the medium and give it a batch number.

Store the plates at 2-8 °C.

o ok~ w b E

4. Mueller Hinton Agar

Intended use and principle

A suitable medium is essential for testing the susceptibility of microorganisms to sulfonamides
and trimethoprim. Antagonism to sulfonamide activity is demonstrated by para-amino benzoic
acid and its analogs. Reduced activity of trimethoprim, resulting in smaller growth inhibition
zones and inner zonal growth, is demonstrated on medium possessing high levels of thymidine.
The para-amino benzoic acid and thymine/thymidine content of MHA are reduced to a
minimum, reducing the inactivation of sulfonamides-trimethoprim. The pH should be within the
range of 7.2 to 7.4 at 25°C

Procedure

1. Suspend a commercially available dehydrated Mueller-Hinton base/agar according

to the manufacturer's instructions.
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2. Heat with frequent agitation and boil for one minute to completely dissolve the
medium.

3. Autoclave at 121°C for 15 minutes. Cool to room temperature.

4. Optional: Supplement as appropriate. Pour cooled MHA into sterile petri dishes on a
level, horizontal surface to give uniform depth. Allow to cool to room temperature.

5. Check prepared MHA to ensure the final pH is 7.3 £ 0.1 at 25 °C.

6. Date the medium and give it a batch number.

7. Store the plates at 2-8 °C in refrigerator.

5. Mannitol Salt Agar.

Principles

This medium is both selective and differencial media. It contains Mannitol, phenol red which is
pH indicator and high concentrations of sodium chloride (7.5%) salt which is primarly selective
for Staphylococci species but inhibits the growth of other bacteria. Agar is the solidifying agent.
Staphylococcus species that grow in the presence of a high salt concentration and ferment
mannitol produce acid products, changes the phenol red pH indicator from red to yellow. The
pathogenic Staphylococci aureus ferment mannitol and form yellow colonies with yellow zones;
Typical nonpathogenic Staphylococci do not ferment mannitol and form red colonies but grow
on this medium. The medium surrounding these colonies does not change color. Final pH 7.4 +
0.2 at 25°C

Procedure

1. Suspend the medium in distilled water according to manufacturer instructions.

2. Heat with frequent agitation and boil for one minute to completely dissolve the
medium.

3. Autoclave at 121°C for 15 minutes.

4. Date the medium and give it a batch number.

5. Store the plates at 2-8 °C in refrigerator.

C. Specimen Collection
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After detailed ocular examinations, have patient, while facing straight ahead, look up. This
facilitates exposure of the lower palpebral conjunctiva. Pull down lower lid to expose the
conjunctiva and pass the moistened swab back and forth twice over the greater part of the tarsal
conjunctiva, carefully avoiding the eyelid border and eye lashes. Specimens were collected from
one or both of the infected eyes according to the nature of the infections.
Ophthalmologist/residents or experienced ophthalmic nurse took the swabs from the infected
eyelid and conjunctiva using sterile cotton swab moistened with sterile saline. It was rolled over
the eye lid margin from medial to lateral side and back again. Pus from lacrimal sac
(dacryocystitis) and blepharitis was collected using dry sterile cotton tipped swab either by
applying pressure over the lacrimal sac to allow the purulent material to reflux through the
lacrimal punctum or by irrigating the lacrimal drainage system. Using with sterile saline, the
sample was collected from the refluxing material ensuring that the lid margins, the conjunctiva

was not touched.

Transport of specimen to Jimma University microbiology laboratory:
Following collection, specimens were immediately transported to Jimma University
Microbiology Laboratory for bacterial isolation, identification and further analysis.
Specimen Processing
A. Culture
Procedure:

1. Inoculate the specimen on non-selective/selective media blood agar, chocolate,
MacConkey agar and Mannitol salt agar and incubate at 35-37°C.

Incubate fastidious organism in a humid environment of air containing 5-10% CO..
Incubate for a minimum of 48 hours before discarding the plates.

Examine the plates after 18-24 hours of incubation.

ok~ 0N

If there is growth; presumptive diagnosis can be made by performing Gram stain
and colony characteristics followed by identification using tests such as catalase,
coagulase, oxidase, optochin, bile solubility tests and biochemical tests.

6. Perform sensitivity test
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B.

Gram stain

Purpose: Used to classify bacteria as gram positive and gram negative based on their gram

reaction. Gram staining detects a fundamental difference in the cell wall composition of bacteria.

Principle: Gram positive bacteria have thick mesh-like cell wall made of peptidoglycan (50-90%

of cell wall) which stains purple while Gram-negative bacteria have a thinner layer of

peptidoglycan (10% of cell wall) which stains pink.

Required materials

Procedure:

Crystal violet (initial stain), Gram’s iodine (mordant or binding agent), Acetone—
alcohol (decolorizer) and Safranin (counter stain) were the reagents commonly used
for gram staining technique,

Immersion oil,

Slides, Forceps, Washer, Staining bottles

Flame (bunson burner), Cotton, Match and Microscope

Labeling the slides clearly with the date and patient’s ID and study number.

Roll the swab gently across the slide surface, covering the area of the size of a
quarter. If it is done from colony place one drop of saline on a slide and pick pure
colony using loop and mix with saline on the slide.

Place air dried smears fix with methanol for one minute and for colony, allow fixing
with heat passing 2-3 times; it should be dried before staining.

Flood smear with crystal violet for one minute, then rinse gently with tap water.
Flood the slide with Gram’s iodine for one minute and then rinse gently with tap
water.

Flood the slide with decolorizer for 30 seconds and rinse with tap water.

Flood the slide with Safranin for one minute and then rinse gently with tap water.
Drain the slide in an upright position. Blot the back of the slide and place on a slide

warmer or heating block to completely dry.
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9. Examine the smear microscopically using 40x (for focusing) and 100x oil

immersion objective for observation.

Result interpretation:

-Gram-positive bacteria and yeast will stain blue to purple

-Gram-negative bacteria will stain pink to red.
C. Biochemical testing procedures
I. Identification of gram positive bacteria

1. Catalase test

Principle: Catalase is an enzyme which acts as a catalyst in the breakdown of hydrogen peroxide
to oxygen and water. An organism is tested for catalase production by bringing it into contact
with hydrogen peroxide. The formation of bubbles (O;) is evidence of catalase activity. As a
differential test, the catalase test is used to distinguish staphylococci species which have catalase

enzyme from streptococci which donot. 3% hydrogen peroxide (H20,) required for this purpose.

Procedure:
1. Using aseptic technique, transfer a loopful of organism from a solid culture. Be
careful not to pick up any agar
2. Using a dropper or Pasteur pipette, place 1 drop of 3% H,0; onto the organism on
the microscope slide. Do not mix

3. Look for immediate active bubbling.

Result interpretation:
Active bubbling.......... Positive for catalase test

No bubbling.............. Negative for catalase test
2. Coagulase test

Purpose: The coagulase test is used to differentiate staphylococcus aureus (coagulase positive)

from other coagulase negative staphylococcus species (CoNS).
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Principle: In the presence of the coagulase enzyme produced by S. aureus, the addition of
commercial rabbit plasma produces a clumping reaction in which fibrinogen (soluble) in plasma
converted to fibrin (insoluble). Coagulase acts as a thrombinase-like action. The coagulase test
can be performed using two different procedures: slide test and tube test. During tube test, as the
bacteria multiply in the plasma, they secrete staphylo-coagulase. Staphylo-coagulase initiates
blood coagulation by activating prothrombin. Staphylo-coagulase adheres to fibrinogen, forming
a complex that cleaves fibrinogen into fibrin, bypassing the blood clotting cascade and directly

causing a clot of fibrin to form.

Required: Rabbit plasma, the plasma should be allowed to warm to room temperature before

being used

Procedure:

Allow the reagent bottle to come to room temperature (15-25°C).
Place a drop of physiological saline on two separate slides.
Emulsify the test organism in each of the drop to make thick suspension.

Add one drop of rabbit plasma to one of the suspensions and mix gently.

A A

Look for clumping of the organism within 10 seconds.

Interpretation:

Clumping within 10 seconds ------------------ S. aureus

No clumping within 10 seconds -------------- other staphylococcus species

3. Optochin sensitivity test
Principle: This test is used to detect an organism's susceptibility to the chemical Optochin
(Ethylhydrocupreine hydrochloride) for the presumptive identification of S. pneumoniae strain

which is sensitive to the chemical Optochin disk.

Procedure

1. Inoculate the suspected alpha haemolytic colony onto a Blood agar to obtain

confluent growth.
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2. Using aseptic technique place an Optochin disk onto the surface of the inoculated

3.

agar and press down with forceps.
Incubate at 35°C in ~5-10% CO, for 18-24 hours.

Interpretation

Susceptible: Zone of inhibition of at least 14 mm

Resistant: Zone of inhibition less than 14 mm

4. Bile Solubility Test

Principle: A heavy inoculums of isolated pure colony of test organism is emulsified in

physiological saline and then the bile salt sodium deoxycholate is added. This dissolves S.

pneumoniae as shown by a clearing of the turbidity within 10-15 minutes or addition of drops of

the reagent directly on isolated colonies of suspected S. pneumoniae results in lysis of the

colonies within 15-30 minutes.

Procedure

1.

Hold the dropper upright and squeeze gently to crush the glass ampoule inside the
dispenser.

Place 1 drops of the reagent directly on isolated colonies of suspected S.
pneumoniae.

Keep the plate’s very level to prevent the reagent from running and washing a non-
pneumococcal colony away, producing a false positive result.

Incubate at room temperature on the bench for 15-30 minutes until the reagent dries.
Do not invert the plate; leave the lid jar.

Examine the colonies for lysis.

Interpretation

Positive (bile soluble): Lysis of the colonies.

Negative (bile insoluble): No lysis of colonies

I1. Identification of gram negative bacteria
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Identification of gram negative bacteria was undertaken based on isolation of pure colonies with
a series of biochemical tests.

Procedure

1. Prepare a suspension of the 3-5 pure colony of test organism within 5ml of
nutrient broth or normal saline and adjusted to 0.5 McFarland standards.

2. A loop full of the bacterial suspension is inoculated in to citrate agar, triple sugar
iron agar, lysine decarboxylase agar, oxidase, urea agar and motility medium
(SIM). See in detail below one by one.

3. Incubate at 35-37°C for 18-24 hours.

4. Look for color change (turbidity for motility) of the medium.

5. Identify the test organism by considering the result of biochemical tests.

1. Indole test

Principle: Some bacteria can produce indole from amino acid tryptophan using the enzyme
tryptophanase. Production of indole is detected using Ehrlich’s reagent or Kovac’s reagent.This
reagent is not a dye or stain but reacts with indole to produce an AZO dye. Indole reacts with the
aldehyde in the reagent to give a red color. An alcoholic layer concentrates the red color as a ring

at the top.

Required:-Kovac’s reagent, Tubes, Inoculating loop and Incubator.

Procedure:

Bacterium to be tested is inoculated in peptone water or sulphur-indole-motility, which contains
amino acid tryptophan and incubated overnight at 37°C. Following incubation few drops of
Kovac’s reagent are added. Kovac’s reagent consists of para-dimethyl aminobenzaldehyde,
isoamyl alcohol and concentrated HCI. Ehrlich’s reagent is more sensitive in detecting indole
production in aerobes and non-fermenters. Formation of a red or pink colored ring at the top is

taken as positive. Example: Escherichia coli: Positive; Klebsiella pneumonia: Negative

2. Citrate utilization test
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Principle: This test detects the ability of an organism to utilize citrate as the sole source of
carbon and energy. Bacteria are inoculated on a medium containing sodium citrate and a pH
indicator bromothymol blue. The medium also contains inorganic ammonium salts, which is
utilized as sole source of nitrogen. Utilization of citrate involves the enzyme citritase, which
breaks down citrate to oxaloacetate and acetate. Oxaloacetate is further broken down to pyruvate
and CO,. Production of Na,CO; as well as NH3; from utilization of sodium citrate and
ammonium salt respectively results in alkaline pH. This results in change of medium’s color

from green to blue.

Procedure: Bacterial colonies are picked up from a straight wire and inoculated into slope of
Simmon’s citrate agar and incubated overnight at 37°C. If the organism has the ability to utilize

citrate, the medium changes its color from green to blue.
3. Triple sugar iron agar

Triple Sugar Iron Agar (TSI) used to determine if bacteria can ferment glucose, and/or lactose
and if it can produce hydrogen sulfide or other gases. In addition, TSI detects the ability to
ferment sucrose. These characteristics help distinguish various enterobacteriacae, including

Salmonella and Shigella, which are intestinal pathogens.

Procedure: Bacterial colonies are picked up from a straight wire and the tube is inoculated by
stabbing into the agar butt (bottom of the tube) with an inoculating wire and then streaking the
slant in a wavy pattern. Results are read at 18 to 24 hours of incubation. TSI contains three
sugars: glucose, lactose and sucrose. Lactose and sucrose occur in 10 times the concentration of
glucose (1.0% versus 0.1%). Ferrous sulfate, phenol red (a pH indicator that is yellow below pH
6.8 and red above it), and nutrient agar are also present. A yellow slant on TSI indicates the
organism ferments sucrose and/or lactose. A yellow butt shows that the organism fermented
glucose. Black precipitate in the butt indicates hydrogen sulfide production. Production of gases
other than hydrogen sulfide is indicated either by cracks or bubbles in the media or the media

being pushed away from the bottom of the tube.

4. Oxidase test (Filter Paper Method)
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Purpose and principle: The oxidase test is a biochemical reaction that assays for the presence of
cytochrome oxidase. This test determines the presence of cytochrome oxidase enzymes.When
the organism is oxidase producing, the phenylenediamine in the reagent will be oxidized to a

deep purple color.

Procedure:

1. Place a piece of filter paper in a clean petri dish.

2. Add 2 or 3 drops of freshly prepared oxidase reagent.

3. Using a piece of stick or wire loop, pick a well isolated colony of the test organism
and rub/smear it on the filter paper.

4. Look for the development of a blue-purple color within 5-10 seconds.

Reading and interpretation

* Blue- purple color ........ Positive oxidase test (within 10 seconds)
* No blue- purple color ...Negative oxidase test (within 10 seconds)
Note: Ignore any blue — purple color that develops after 10 seconds

5. Lysine decarboxylase agar (LDC)

Lysine decarboxylase agar is selective isolation medium for Salmonellae and Shigella. Low in
nutrients this medium relies on a small amount of Sodium deoxycholate for selectivity. The
indicator system is complex. Most enteric organisms except shigella will ferment xylose to
produce acid however the salmonellae will also decarboxylate the lysine to keep the pH neutral.
At near neutral pH the salmonella can produce H,S from the reduction of thiosulphate producing
black or black centered colonies. Citrobacter species can also decarboxylate lysine, however the
acid produced by fermentation of both lactose and sucrose will keep the pH too acid for H,S to

be produced
6. Urease test

Some bacteria produce the enzyme urease, which catalyzes the hydrolysis of urea to form
ammonia and carbon dioxide. Organisms that do not produce this enzyme cannot metabolize
urea. Urea broth has a minimal amount of yeast extract along with urea. Organisms that cannot

metabolize urea will have insufficient nutrients for growth. Urea hydrolysis will result in a pH
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increase because of the production of ammonia. The pH indicator phenol-red, will turn pink with
this pH increase. However, the presence of strong buffers in the medium requires a large amount
of ammonia production to cause a color change. Thus, only strong hydrolyzers of urea will turn

the broth pink (indicating a positive result). This should happen within 24 hours.

Procedure

1. Obtain two urease broths from the refrigerator.

2. Inoculate one broth using aseptic technique. Leave the other broth uninoculated
(this will be used as a control).

3. Incubate at an appropriate temperature (whatever temperature your organism
grows well at 37°C). Incubate for 24 to 48 hours (do not exceed 48 hours for this
test).

4. Obtain your broths from the incubator and observe the color.

Results: Positive (+) = Pink coloration within 24 to 48 hours
Negative (-) = Orange coloration after 24 to 48 hours

7. Motility testing

To test for motility, use a sterile straight wire to pick a well-isolated colony and stab the motility
medium within 1 cm of the bottom of the tube. Be sure to keep the straight wire in the same line
it entered as it is removed from the medium. Incubate at 35°C for 24 hours or until growth is
evident. A positive motility test is indicated by a red turbid area extending away from the line of
inoculation. A negative test is indicated by red growth along the inoculation line but no further

extension from the line of inoculation.

Procedure

1. Obtain a motility agar tube from the back shelf.

2. Use an inoculating pick. Straighten the pick as much as possible.

3. Make a stab inoculation (about 2/3 of the way into the agar) from your unknown
stock culture. Try to make the stab (in and out) as straight as possible. A messy
stab will be difficult to evaluate.

4. Incubate at an appropriate temperature for 24 to 48 hours (up to 72 hours).
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5. Observe your culture by holding it up to a light source.
8. H,S production

Principle:- Hydrogen sulfide (H,S) is produced by bacterial anaerobic degradation of the two
sulfur-containing amino acids, cysteine and methionine. Hydrogen sulfide is released as a by-
product when carbon and nitrogen atoms in the amino acids are consumed as nutrients by the
cells. Under anaerobic conditions the sulfhydryl (-SH) group on cysteine is reduced by cysteine
desulfurase. The agar contains high levels of peptones (sources of cysteine and methionine) and
ferrous sulfate as an indicator. When H,S is produced, the ferrous ion reacts with it to give

ferrous sulfide, an insoluble black precipitate.

Required material
= TSI Agar Slant, Inoculating loop and Incubator.

Procedure

1. The triple sugar iron agar slant was inoculated by stabbing the butt and drawing the
stick over the surface of the slope.

2. Incubated at 35-37°C for 18 to 24 hours.

3. Looked for black precipitate formed.

Result

= Acid deep (yellow)/alkaline slant (red):- glucose fermented, lactose and/or sucrose
not fermented.

= Acid deep (yellow)/acid slant (yellow):- glucose, lactose and/or sucrose fermented.

= Alkaline deep and slant (all red):- glucose, sucrose, and lactose not fermented.

= Deep split or displaced: - gas production.

= Deep blackened: - H,S production.

9. Methicillin resistant Staphylococcus aureus (MRSA)

Methicillin-resistant S. aureus strains have acquired the mecA gene, which is carried on a large
mobile genetic element called the staphylococcal chromosomal cassette mec (SCCmec). This

gene codes for a penicillin binding protein, PBP2a, which interferes with the effects of beta
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lactam antibiotics (e.g. penicillins and cephalosporins) on cell walls. Oxacillin disk diffusion
testing is not reliable for detecting oxacillin/ methicillin resistance. Cefoxitin should be used as a
surrogate for disk diffusion testing. Cefoxitin is better inducer of the mecA gene, and tests using
cefoxitin give more reproducible and accurate results than tests with oxacillin. Cells expressing
oxacillin-resistance grow more slowly than the oxacillin-susceptible population and may be
missed at temperatures above 35°C. This is why CLSI recommends incubating isolates being
tested against oxacillin or cefoxitin at 33-35° C (maximum of 35°C) on MHA for a full 24 hours

before reading.

Interpretive Criteria (in mm) for Cefoxitin disk diffusion test

Susceptible Intermediate Resistant
S. aureus > 22 mm N/A <21 mm
CoNS > 25 mm N/A <24 mm

D. Antibiotic susceptibility testing

Antimicrobial susceptibility of all isolates was determined by using the Kirby Bauer disk
diffusion method on MHA according to CLSI guidelines. For fastidious organism, 5% sheep
blood containing MHA was used after heating. 3-5 well isolated colonies of the same
morphological type (pure colony) were selected from an agar plate culture. The top of each
colony is touched with a loop, and the growth is transferred into a tube containing 3ml of sterile
normal saline and mixed gently. The suspension was made at an appropriate turbidity (adjusted

to 0.5 McFarland standard) of the bacterial culture to be tested.

Procedure

1. Prepare a suspension of the test organism by emulsifying several pure colony of test
organism in a small volume of nutrient broth or normal saline.

2. Much the turbidity of suspension with 0.5 McFarland turbidity standards.

3. With a sterile swab take sample from the suspension (squeeze the swab against the side
of the test tube to remove the excess fluid).

4. Spread the inoculums evenly over the Muller-Hinton agar plate with the swab by rotating
60°C three times.
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5. Using a sterile forceps or needle, place the antimicrobial disk on the inoculated plate.
Incubate the plate aerobically at 35-37°C for 18-24 hours by inverting the plates. For
fastidious organism, heated 5% Sheep’s blood agar with MHA was incubated at 37 °C for
24 10 48 hours in a 5-10% CO, atmosphere.

6. Read the test after checking that the bacterial growth is neither heavy nor light. Measure
the diameter of the inhibition zone.

7. Interpret the reaction of the test organism to each antibiotics used as sensitive,
intermediate, or resistance as per the standard.

Interpretation of results
Report the reaction of the test organism to each antibiotic as ‘sensitive’, ‘intermediate’, or

‘resistant’, as follows:

Sensitive (S): Category implies that isolates are inhibited by the usual achievable concentrations
of antimicrobial agent when the dosage recommended to treat the site of infection is used.
Intermediate (I): Category includes isolates with antimicrobial agent MICs (Minimal Inhibitory
Concentration) that approach usually attainable blood and tissue levels, and for which response
rates may be lower than for susceptible isolates. The intermediate category implies clinical
efficacy in body sites where the drugs are physiologically concentrated or when a higher than
normal dosage of a drug can be used

Resistant (R): Category implies that isolates are not inhibited by the usually achievable
concentrations of the agent with normal dosage schedules, and/or that demonstrate MICs or zone
diameters that fall in the range where specific microbial resistance mechanisms (eg, lactamases)
are likely, and clinical efficacy of the agent against the isolate has not been reliably shown in
treatment studies (CLSI, 2015).

E. Quality control
As quality control, sterility of sheep blood, Blood agar, MacConkey agar, mannitol salt agar and
MHA were checked by incubating 5% overnight at 35-37°C without specimen inoculation.
The proficiency of catalase reagent (hydrogen peroxide) was checked by known S. aureus
(positive control) and S. pyogenes (negative control). For gram staining reagents S. aureus (gram
positive) and E. coli (gram negative) were used as quality control. Before use of any reagents and

culture media any physical change like cracks, excess moisture, color, hemolysis, dehydration &
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contamination were assessed and expiration date was also checked. Temperature of incubator
and refrigerator was monitored daily. S. aureus (ATCC 25923), E. coli (ATCC 25922) and P.
aeruginosa (ATCC 27853) was used as a quality control throughout the study for culture and

antimicrobial susceptibility testing.

F. Biofilm formation testing protocol

1. Growing a Biofilm

1.
2
3.
4

5.

Inoculate minimum of ten colonies isolated from fresh agar plates in sterile trypticase
soy broth
Incubate the inoculated trypticase soy broth at 37° C for 24 h.

Dilute the overnight culture 1:100 into fresh medium for biofilm assays.

. Add 200 pL of the dilution per well in a 96 wells of flat bottom microtiter plate.

Incubate the microtiter plate for 48hrs at 37°C.

2. Staining the Biofilm

1.

S.
6.
7.

After incubation, the microtiter plate content of each well was removed by tapping the
bottom plates using micropipete.

Wash the wells with 0.2 mL of phosphate buffer saline (pH 7.3) four times. This step
helps remove unattached cells and media components that can be stained in the next step,
and significantly lowers background staining.

Fix adherent organisms forming-biofilms in the microtiter plate with 99% methanol.

Add 220 pL of a 0.1% solution of crystal violet into each well to stain the biofilm formed
on the surface of microtiter plate.

Incubate the microtiter plate at room temperature for 10-15 min.

Wash the plate 3-4 times with phosphate buffer saline

Turn the microtiter plate upside down and dry for a few hours or overnight.

3. Quantifying the Biofilm

1.

Add 220uL of decoloring solution (95% ethanol alcohol) into each well of the microtiter
plate to solubilize the CV.
Incubate the microtiter plate at room temperature for 10-15 minute. Don’t allow to stay

more time to prevent ethanol evaporation.
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Transfer 200uL of the solubilized CV to a new flat bottomed microtiter plate.

3
4. Briefly mix the content of each well by blowing up and down using pipet.
5. Measure the absorption at 570nm to quantify the biofilm formed.

6

Make microtiter plate incubated with sterile TSB as negative control.

NB: For each isolate biofilm formation tests were carried out in triplicate and the results were
averaged.
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