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Abstract

Endophthalmitis is a devastating ocular disease in which, despite adequate antibiotic 

cover, the final visual outcome for patients remains poor. In the search for other 

treatment modalities to aid in the management of these cases, the use of 

clarithromycin, as an anti-biofilm agent, was investigated. Results indicated that a 

greater number of culture negative cases demonstrated an improvement in vision of 

>6 Snellen lines when clarithromycin was used. In cases of presumed bacterial 

endophthalmitis, early diagnosis and appropriate treatment have been noted to be 

associated with a better visual outcome but currently, confirmation of the diagnosis 

of endophthalmitis (bacterial and / or fungal) is dependent on conventional 

techniques of microbiological isolation of organisms which require between 1-12 

days. Furthermore, many samples prove to be culture negative. In this study, PCR 

technology has been successfully applied to the detection of bacteria and fungi in 

ocular samples from eyes with suspected endophthalmitis. Oligonucleotide primers 

based on the conserved sequences of the 16S rRNA gene (bacteria) and lanosterol 

14 a-demethylase (Candida spp.), have been used to detect the presence o f these 

pathogens. Restriction endonuclease digestion, DNA sequencing and cloning of the 

PCR product were used to enable species identification. Results demonstrated that 

PCR-based methods are able rapidly to confirm the presence of pathogens with high 

specificity and sensitivity. PCR based techniques have also been used to rule out 

with confidence the presence of pathogens, a unique advantage of this methodology. 

The use of molecular methods has significantly increased the number o f intraocular 

samples from which a confirmed diagnosis is made and reduced the time to 

laboratory diagnosis. PCR based methods have demonstrated great potential in the 

rapid detection and identification of bacteria and Candida spp. in ocular samples 

and promise to provide a useful diagnostic tool for the future.
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Aim s o f the project

1) To assess the usefulness of molecular tools in the identification and spéciation of 

bacteria and fungi known to be pathogenic to the eye.

2) To aid in clinical management by rapidly detecting and identifying fungal and 

bacterial DNA in ocular samples.

3) To assess the usefulness of clarithromycin, acting as an anti-biofilm agent, in the 

treatment o f cases with presumed bacterial endophthalmitis.
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General Introduction

The study of infective disease has its origins in the mists of time. In 1773, Millier 

could recognise only two genera of bacteria Vibrio and Monas^^^ and over one 

hundred years later only ten genera were recognised.(^) It was Louis Pasteur (1822- 

1895), a French chemist and microbiologist, who brought about a veritable 

revolution in the 19th century scientific method. He investigated the agents of 

disease in their natural environment, proved causation o f disease and suggested a 

remedy in the shape of vaccination for anthrax, chicken cholera and rabies.(^) In 

1840, Friedrich Gustav Henle, anatomist and histologist, first published the theory 

that infectious diseases were caused by microorganisms. In 1850, French 

parasitologist Casimir-Joseph Davaine was amongst the first to observe the presence 

of organisms in the blood of persons suffering certain diseases. He reported 

transmission of anthrax using the blood o f infected animals and observed 

microscopic rod-shaped bodies in the blood of the infected animal. Inspired by the 

work o f Louis Pasteur, Davain postulated that because the animal did not become ill 

in the absence of these rod-shaped bodies, that anthrax was due to the presence of 

such organisms in the blood. At this point Robert Koch (1843-1910) began, initially 

cultivating anthrax bacilli on a suitable medium, and subsequently demonstrating the 

development of long filaments and spores which could remain viable for many years. 

That a disease organism could be cultured outside the body was demonstrated by 

Pasteur but Koch perfected the development of pure-culture techniques. Koch went 

on to discover and culture the cause of many infectious diseases, notably the 

causative agents of tuberculosis, cholera, amoebic dysentery, and the bacilli o f two
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types o f Egyptian conjunctivitis (^) thereby originating the microbiological study of 

ocular infection.

Endophthalmitis
Endophthalmitis is a term referring to severe intraocular inflammation usually 

centred around the vitreous cavity and/or anterior chamber of the eye, affecting 

adjoining structures but not extending beyond the sclera to affect the structures of the 

orbit. Endophthalmitis may be of infectious origin or sterile. Infectious 

endophthalmitis may be caused by bacteria or fungi but the number of culture proven 

cases with typical signs of infectious endophthalmitis varies from centre to centre. 

Ideally, all cases of infectious endophthalmitis would be culture proven. Culture 

negative cases, however, which respond to antibiotic therapy are considered 

infectious despite the lack o f definitive culture identification. Sterile endophthalmitis 

may result from retained lens material or following the introduction of a toxic 

substance into the eye following cataract surgery. However, even in true sterile 

endophthalmitis (phacoanaphylaxis) it has been suggested that bacteria act as an 

adjuvant in stimulating a response to lens protein.(^)

Fungal endophthalmitis
The incidence o f systemic fungal infections is increasing.C^'^) With 8% of all

hospital acquired bloodstream infections reported secondary to fungi, these

pathogens were found to be the 4th commonest cause o f septicaemia in the period

1986-89.(^) These infections are associated with haematogenous spread of organisms

to the eye, causing chorioretinitis and endophthalmitis usually with devastating

visual consequences.(l®) The incidence of endophthalmitis in patients with

candidaemia is reported variably as between 0 - 40% (H-13) However,

endophthalmitis may be the only indicator of systemic c a n d i d i a s i s . ( ^ 4  1 5 )  Pungal
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endophthalmitis accounts for 4 - 11% of all cases of culture proven endophthalmitis 

and is usually acquired from an endogenous source, via haematogenous 

spread, but may be secondary to intraocular surgery 20)̂  comeal ulceration or 

t r a u m a . ( 2 l - 2 3 )  Patients at risk 2 4 )  include those with immunosuppression e.g. 

steroid medication or bone marrow disease such as leukaemia, diabetes mellitus, 

intravenous lines e.g. for total parenteral nutrition / central venous catheters / drug 

abuse (1  ̂ 2 5 - 2 7 ) ^  debilitating conditions e.g. cancer (28 2 9 ) ^  recent surgery, severe 

illness or travellers’ diarrhoea.(3®) Liebermann and Comhaire-Poutchinian (32) 

have, however, reported cases o f Fusarium endophthalmitis in a healthy 

immunocompetent host without any o f the above risk factors.

Thirty-five genera o f fungi have been reported as causing endophthalmitis, with 

Candida spp., Aspergillus spp. and Fusarium spp. the most common. Candida 

albicans is the organism most frequently isolated from blood samples and vitreous 

humour ( 1 3  3 3  3 4 )  ^nd has been reported as the causative organism in 70% of cases 

with fungaemia, 100% cases of endophthalmitis, and 94% of neonatal infections in 

one series.(33) Candida albicans has been shown experimentally to have specific 

pathogenicity for the eye, achieving this at semm concentrations far below that of 

other Candida species.(33) Hypotheses as to the reasons for this finding include 

resistance of C. albicans to ''Candida inhibitory factors”, formation of germ tubes 

(by C. albicans and not other species) increasing the pathogenicity, or the more rapid 

clearance from the blood of non-albicans Candida species.(35) Rapid alterations of 

the expressed phenotype in C. albicans may also be a significant factor in 

establishing the high pathogenic potential of this species.(3^)
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Other Candida species are increasingly recognised as capable of causing 

endophthalmitis.(^ A m o n g s t  these the commonest causing eye infections are 

C. tropicalis 0^), C. krusei C  glabrata and C. parapsilosis 42 43)

Aspergillus spp. 44 45)̂  Fusarium spp. (15 21 46)̂  Pseudallescheria hoydii (47 48)̂  

Pénicillium spp. (49), and Blastomyces dermatitidis (^^) have also been reported as 

causative agents o f endophthalmitis.

Fungal organisms typically cause inflammation in the choroid and retina, the 

vitreous and sometimes the anterior uvea. Creamy white elevated lesions usually 

multiple, round or oval, and usually in the posterior pole of the eye, varying in size 

from pin-point to 2 disc diameters in width, comprise the lesions seen in the retina. 

Vitreous involvement is usually evident in the formation of ‘puff-balls’ with the 

stringy attachments between them giving rise to the ‘string o f pearls’ appearance. 

Fungal endophthalmitis may have a classical appearance e.g. Candida spp.(25), may 

present in a similar manner to chronic bacterial endophthalmitis (51 52)̂  or may 

coexist with bacterial endophthalmitis.(53) The difficulty in making a diagnosis is 

often in itself a cause of delay in treatment. Vitreous sampling is indicated in cases 

with typical history and clinical signs of fungal endophthalmitis. The time to 

diagnosis from onset of symptoms has been reported as varying from 3 days to 4 

months.(2l) The extent of visual loss in cases of fungal endophthalmitis is variable. 

Pflugfelder et al. 1988, have reported 58% of cases (7/15 cases) with visual acuity 

that remained at 6/60 or worse after treatment (21), whereas Brod et al. 1990, have 

reported 25% (2/8 cases) with this level of vision but overall only 2/8 cases achieved 

visual acuity better than 6/12.(22) ^  better final visual outcome has been reported by 

Schmid et al. 1991, with 62% of patients (9/14 cases) who completed follow-up
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having a visual acuity of 6/12 or better. Seventeen of the 23 patients in the study, 

however, were treated within 1-4 days of initiation o f s y m p t o m s . ( ^ 2 )

Bilateral ocular disease may cause severe morbidity in these patients, many o f whom 

are already debilitated. Fungaemia in its own right is associated with patient 

morbidity and mortality. Nakazawa et al. 1992, have reported a mortality rate of 

54.8% overall irrespective of fungal pathogen (1^) but Komshian et al. 1989, have 

associated a 83% mortality with C. glabrata.^^^) Blood cultures are insensitive for 

the detection of candidaemia (with estimates of only 50 - 75% of cases detected) and 

serological testing remains experimental.(28 55) Isolation of fungi may also be 

difficult as coexisting bacteraemia may hide fungaemia in culture as bacteria 

compete with fungi for nutrients in vitro.

Treatment of fungal eve infections
There is a limited range of agents available for the treatment of fungal infections. 

Amphotericin B is a polyene macrolide antibiotic, which is fungicidal at high doses. 

The mechanism of action involves interaction with sterols in cell membranes, 

causing reduced barrier function and leakage of cell c o n s t i t u e n t s . 8 )  At low doses 

only small molecules leak out o f the cell and the damage to the membranes is 

reversible. Alterations in membrane sterol composition, causing reduced 

concentrations of ergosterol, have been demonstrated in the few cases o f drug 

resistance that have been reported in C. tropicalis and C. parapsilosis. R e s i s t a n c e  

is not considered a problem with this drug, but because o f its poor penetration into 

the eye and its high incidence o f systemic side effects it is not used systemically in 

ophthalmic i n f e c t i o n s . I t  is, however, used as an intravitreal or topical preparation 

because it has excellent activity both in vitro and in vivo against all f u n g i . ( ^ 8 )
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Treatment with vitrectomy and intravitreal amphotericin B has shown promise in 

patients with fimgal endophthalmitis.

5-Flucytosine is a water-soluble, fluorinated pyrimidine with excellent penetration 

across the blood-brain barrier. Metabolites o f this drug act through inhibition of 

DNA synthesis. The main problems associated with its use are drug resistance which 

emerges soon after therapy has commenced.(^^) Some authors recommend a 

combination o f amphotericin B and flucytosine for this r e a s o n . ( ^ 2  61)

Azole antiftingal agents are fungistatic, act by interaction with fungal Cytochrome 

P450 and inhibition o f the 14-carbon déméthylation step in the biosynthesis of 

e r g o s t e r o l . ( ^ 2 - 6 4 )  fungi, ergosterol is required for maintenance of cell wall 

integrity. Fluconazole and miconazole may also interact directly with the cell wall 

causing leakage o f proteins, reduced uptake o f essential fatty acids, reduced fungal 

adherence and reduced formation of mycelia and germ tubes.(^^) Lanosterol 14 a - 

demethylase is a ubiquitous enzyme, present in all eukaryotic and prokaryotic 

cells.(^5 66) Although azole antifungals have a particular affinity for the fungal 

catalyst, interaction with the mammalian variant explains some of their systemic side 

effects. The gene for lanosterol 14 a-demethylase has been sequenced in C. 

albicans, C. tropicalis and S. cerevisiaeX^'^ 68) Partial sequences have also been 

reported for this gene in C. glabrata and C. k r u s e i A 81% sequence similarity is 

seen in the genes for C. albicans and C. tropicalis with that o f S. cerevisiae. Similar 

functioning Cytochrome P450 enzymes in mammals, however, only share 18 - 20% 

of their sequence with that of f u n g i . ( ^ O )

Several mechanisms of resistance to azole antifungal agents have been demonstrated. 

( 5 5  5 9 )  The main body of this work has been performed with C. albicans isolates and
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to a lesser extent with C. glabrata and C  krusei. The main mechanism of resistance 

involves efflux of the azole drug from the cell, a progressive and incremental 

phenomenon clearly demonstrated in sequential isolates of C. albicans collected 

from AIDS patients with oral candidiasisX^^ ^2) other mechanisms reported include 

up-regulation of the lanosterol 14 a-demethylase gene reduced sensitivity of the 

fungal sterol demethylase to azole antifungals reduced permeability of azole 

agents across the fungal cell membrane (̂ 74 75) ^nd gene mutation of the lanosterol 14  

a-demethylase gene which may occur in clinical isolates or following site-

directed mutagenesis in a susceptible strainX^^) Mutation in the sterol A (5,6) 

desaturase enzyme, which is an integral part o f the ergosterol biosynthesis pathway, 

also plays a role in drug resistance in a few isolatesX^^)

In immunosuppressed patients with AIDS, the gene has been known to up-regulate 

such that clinically an ever increasing dose o f fluconazole has been required to 

inhibit growth o f C. albicans. C a s e s  of resistance developing during treatment are 

increasingly common and may occur after just 2 days of treatment (^^), 9 days or 

90 days.(^2) Pathogens isolated from such cases usually demonstrate a reduction in 

their MIC after repeated exposure to azole free culture media suggesting that the 

resistance is reversibleX^^) Detailed study of a series o f 17 isolates from a single 

AIDS patient with oral candidiasis, however, in whom ever increasing doses of 

fluconazole were requires to control the disease, has demonstrated sequential events 

associated with step wise increase in resistance to fluconazole. The drug resistance 

demonstrated in the later isolates was found to be stable after 600 passages through 

azole free media.(^U Molecular changes demonstrated in these isolates included a 

point mutation with loss o f allelic variation in the gene and increased mRNA levels
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of the CDRl {Candida drug resistance gene, ATP-binding cassette (ABC) 

transporter family) and the MDRl (major facilitator family) genes. 76)

The development of gene mutations is favoured by the haploid state in C. glabrata, 

whereas Candida albicans may be protected as it has a permanently diploid genome. 

( 8  8 3 )  Gene mutations causing reduced sensitivity to nystatin and azole antifungals 

have also been studied. Ishida N. et al. 1988, have demonstrated a DNA mutation in 

a drug resistant strain {S. cerevisiae strain SGI) which not only leads to a reduced 

susceptibility to nystatin and azoles but results in a total loss of catalytic activity. A 

single nucleotide change resulting in substitution o f aspartic acid for glycine-310 of 

lanosterol 14 a-demethylase was found to have occurred in the resistant variant (Cyt 

P450sgi).(^^) The concentration producing 50% inhibition (IC5 0 ) of growth (24

hour cultures) was 2 x 10’  ̂ M ketoconazole, whereas with the parent strain (D587) 

this inhibition was achieved at 7 xlO’  ̂ M. Itraconazole did not effect the growth of 

SGI at, concentrations up to 5 xlO'^ M (the upper limit of solubility). Inhibition of 

the D587 strain was achieved at 1.9x lO"  ̂M. The Cyt P450sgi has been extensively

s t u d i e d . ( ^ 4 - 8 8 )  Transfection of a wild type strain with a plasmid carrying the mutated 

gene from S. cerevisiae SGI was associated with drug resistance in the previously 

susceptible strain.(^^)

Candida species demonstrate different susceptibilities to azole antifungal agents.(^^

In cases reporting drug resistance in non-albicans Candida infection, it is

difficult to assess whether this resistance is secondary to the species’ relative

insusceptibility to the antifungal agent or the presentation of primary drug

resistance.(^ The mechanisms of drug resistance differ in different Candida

species. The primary mechanism in C. albicans is considered to be drug efflux, a
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mechanism which has also been reported for C. glabrataX^^) In C. krusei isolates, 

reduced intracellular concentrations of azole compounds has been associated with 

drug resistance. This finding, however, may or may not be secondary to drug efflux 

mechanisms and may be due to the relative impermeability o f the fungal cell wall to 

the drug.(92)

Drug resistance is documented to occur more commonly with fluconazole than with 

ketoconazole.(^) The detection of drug resistance in vitro in the microbiological 

laboratory is difficult as many factors influence the IC5 0  obtained and inter

laboratory variability has been widely documented. 5 9  9 3  9 4 )  Recommendations 

towards standardisation of techniques have been put forward and should reduce this 

variability and, therefore, improve the reliability and reproducibility of the MIC data 

obtained.(^5) These results do not always correlate with patient response clinically. 

Although the relationship between resistance and clinical failure in the context of 

invasive candidiasis is not clear, a better correlation has been deduced for cases of 

mucosal candidasis.f^^ Case reports depicting treatment failures and

documented drug resistance have appeared consistently in the literature in recent 

years, with figures suggesting that 5 - 25% of patients in late stage AIDS are 

demonstrating fluconazole resistance and clinical failure with the use of this drug (^5 

^0), and that a large genotypic and phenotypic variability exists in the mouths of 

AIDS patients with fluconazole resistant C. albicans.^^^)

Fluconazole is currently the only azole with proven penetration into the eye and is 

increasingly used in treatment of ocular disease.f^^) Fortunately, patients with ocular 

disease have rarely been previously exposed to long term treatment with fluconazole
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and are unlikely to remain on treatment for many months. These patients, therefore, 

remain at low risk of developing drug resistance.

The identification of the infective species remains important so that treatment can be 

targeted to the infecting pathogen. Currently C. albicans remains the commonest 

cause of intraocular infection, but shifts in prevalence have been documented in 

other medical specialities. In the field of gynaecology, C. albicans has been 

documented to account for only 50% of all Candida vaginitis compared with a figure 

of 84% in previous years.(^^) Horowitz et a l 1991, have reported cases o f non- 

albicans vaginitis as having more than doubled between 1970 and 1980.(^8) Sobel et 

al. 1992, however, dispute this f i n d i n g . T h i s  shift in prevalence may be 

beginning in the field o f ophthalmology and may become more evident in the 

ftiture.(l^ 37-39 41 42) Any delay in appropriate therapy reduces the probability o f a 

good visual outcome.(^2 100) jg therefore essential that new methods of accurately 

assessing fimgal infections within the eye be developed for routine use.

Bacterial Endophthalmitis
Endophthalmitis is a devastating ocular disease, with a poor prognosis for a good

visual outcome.(^®H The incidence of endophthalmitis has been reported as 0.1-0.3%

following intraocular surgery, and 2.0-3.0% after penetrating ocular trauma.(23) xhe

effect of such infection and its consequent inflammation on the eye is considerably

worse if appropriate treatment is not commenced i m m e d i a t e l y . ( l ® 2 )  xhe clinical

situation is further complicated by the fact that immune-mediated processes can

appear clinically indistinguishable from infection. Currently, confirmation of the

diagnosis of bacterial endophthalmitis is dependent on microbiological isolation of

organisms but many cultures are negative (21- 63% in the published press)(^® hll

103-107) Even in culture positive cases, time to microbiological diagnosis can vary
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between 2 and 12 days.(^®^) In order to maximise the likelihood of a satisfactory 

visual outcome, broad spectrum intraocular and systemic antibiotics are commenced 

as soon as intraocular cultures have been collected. This therapy is then adapted once 

the organism causing the disease is identified by culture. Cultures prove to be 

negative for a variety of reasons, such as small sample size, sequestration of bacteria 

on solid surfaces (e.g. intraocular lens (lOL), lens remnants and capsule) leading to 

low numbers in the liquid sample, the use of antibiotics prior to sampling and the 

fastidious nature of some o f the organisms which cause intraocular infection.(^^l 

11®) Culture negative cases are associated with a better visual outcome, which would 

support a truly non-infective cause for ocular inflammation or infection with a small 

number of low virulence bacteria. The presence of bacteria in eyes with suspected 

intraocular infection, but culture negative intraocular samples, has been well 

documented. Busin et al. 1995, used scanning electron microscopy to detect bacteria 

on all removed lOLs in 11 patients in whom microbiological cultures were negative 

before lOL removal and 5 of which were culture positive from samples taken at the 

time of lOL removal.(^l^) Bacteria have also been cultured from capsular remnants 

(101), and have been identified by histopathological staining of retinal biopsy 

material (111), in the presence of negative intraocular cultures. These observations 

suggest that perhaps with a more sensitive and specific detection strategy a 

microbiological diagnosis would be obtained in more cases.

Currently, confirmation of the diagnosis of bacterial endophthalmitis is dependent on 

microbiological isolation o f organisms and, as time to microbiological diagnosis can 

be prolonged or inconclusive (10%), the initial treatment o f this disease necessarily 

requires the use of broad spectrum antibiotics to cover the full range o f potential
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bacterial pathogens. The use o f intraocular antibiotics in conjunction with systemic 

antimicrobials known to penetrate the blood-ocular barriers, has gained wide 

acceptance for the treatment of suspected bacterial endophthalmitis.(23 1 1 2 )  

Commonly accepted treatment regimens include the use of intraocular vancomycin 

and either amikacin or ceftazidime with systemic ciprofloxacin. Ciprofloxacin has 

been used in the treatment of endophthalmitis as it achieves intravitreal 

concentrations higher than the minimum inhibitory concentration (MIC90) o f most 

causative organisms except Staphylococcus aureus. Pseudomonas spp. (113) and 

Streptococcus spp. (114) Amikacin was chosen for the treatment o f Gram negative 

infections and because it is less frequently associated with retinal toxicity and 

macular infarction seen with the use of gentamicin.(H3) Aminoglycosides were 

chosen in preference to ceftazidime because they demonstrate a concentration 

dependent bactericidal action, which increases with bacterial load and, unlike 

ceftazidime, show synergistic / additive activity with vancomycin against 

staphylococci, streptococci and enterococci.(H^ H2) Vancomycin has excellent 

coverage o f Gram positive organisms and its use for endophthalmitis caused by 

Gram positive organisms has been advocated as no organisms were found to be 

resistant.(lH3 1 1 2  1 1 8 )  However, recently four intraocular isolates of coagulase- 

negative staphylococci were reported, one of which was partially resistant and three 

fully resistant to vancomycin on MIC testing. (101 119)

Culture negative cases are traditionally associated with a better visual outcome. 

Bacteria have, however, been detected in biofilms on the surface o f lOLs whilst 

intraocular cultures have been n e g a t i v e . ( H O )  The role of biofilms in infective disease 

has been well e s t a b l i s h e d . ( l ^ 0 - 1 2 5 )  xhe development o f biofilms by a variety of
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pathogens on urethral stents in the presence of negative urine cultures 026) and on 

arterial and central venous catheters, in the presence o f negative blood cultures (^27) 

has also been well reported. However, the presence of biofilms may not necessarily 

be associated with the presence of a medical device. In the eye, the cornea, iris, lens 

capsule and trabeculectomy blebs could be inflamed surfaces on which biofilms 

could form, similar to acute and chronic infection in bone ( 1 2 1  1 2 2 )̂  gallbladder (124)̂  

prostate (123) and bladder (125), where several authors have reported the presence of 

biofilms on tissue surfaces in the absence of any foreign material. In the eye, bacteria 

have not only been detected on the surface of lOLs, but have also been cultured from 

lens capsule in the presence o f negative aqueous and vitreous cultures.(hH 1 1 0 ) 

Treatment of post-operative infection is difficult in the presence of biofilms as 

sequestered bacteria escape not only detection but also host and antibiotic attack. 

(126-128) This leads to a persistence of ocular inflammation despite treatment, or 

recurrence of inflammation after its cessation. In some cases removal o f the lOL and 

capsule may be the only way o f eradicating the infection. It is therefore highly 

desirable to improve the bactericidal action of antibiotics by eliminating or 

preventing the development o f biofilms. Clarithromycin is known to enhance the 

bactericidal effect o f other antibiotics in vitro by eradicating the biofilms that protect 

the organisms from attack.(129 130) This effect is evident at doses much lower than 

its MIC90 for most bacteria.(l29-131) Although the parent compound is highly bound 

to plasma protein (72%), it is selectively absorbed into most tissues reaching 

particularly high concentrations in the lung.(152) it is known, however, that the 

penetration of the drug across the blood-brain barrier is poor. Access of drugs into 

the normal eye is impaired by the presence of intact blood-retinal and blood-aqueous
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barriers. These barriers are known to be defective in inflamed eyes (such as in 

patients with endophthalmitis), and may allow increased penetration of drugs.

In bacterial endophthalmitis, a worse prognosis is associated with culture positive 

samples, a finding that may be a reflection of the larger numbers o f bacteria present 

in the ocular sample. It is also well understood that in cases of bacterial 

endophthalmitis, the inflammatory reaction in response to infection is the cause of 

much destructive damage to ocular structures resulting in a poor visual outcome. The 

inflammatory response, as judged by ocular signs, is often worse in culture positive 

cases and acute presentations, whereas culture negative cases and chronic disease is 

often associated with a lesser inflammatory response and a better p rogn osis.(23  133) 

As compared to infection with Gram positive bacteria. Gram negative bacteria are 

associated Avith a greater inflammatory response and poorer visual prognosis: a 

reflection o f the toxins produced and the greater virulence of these organisms.(^^^) 

The most commonly isolated organisms from cultures of intraocular samples have 

been Gram positive organisms in 58 - 96% of cases e.g. Staphylococcus spp. 

(coagulase-negative staphylococci and S. aureus). Streptococcus spp.. Bacillus 

cereus, and Propionibacterium acnesP-^ 135-138) Gram negative organisms

account for a smaller percentage o f culture positive cases at 4 - 29% in different 

series. (23 104 106 133 134 137 138) Gram negative organisms include Escherichia coli, 

Proteus mirabilis, Serratia marcescens, Klebsiella pneumoniae, Haemophilus 

influenzae, and Pseudomonas aeruginosa.

Microbiology
Rapid diagnostic tests have been available in the microbiology laboratory for many 

years. Tests such as Gram or Giemsa staining allow direct examination o f samples 

by microscopy and yield results in 15-20 minutes. Gram staining allows detection of
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bacteria, C. albicans and cysts of Acanthamoeba spp. whereas Giemsa stains allow 

detection of Chlamydia spp. and fnngi.(^^9) Results correlating microscopy and 

culture results for intraocular samples, however, have shown the Gram stain to be 

positive in only 40% of vitreous samples from cases with bacterial endophthalmitis 

in a study with a culture positive rate o f 69%.(^^®)

Periodic acid-Schiff (PAS) stain and Gomori’s methenamine silver stains, calcofluor 

white and potassium hydroxide wet mounts, are also useful in detecting fungi. In 

samples where minute samples are available, staining with hematoxylin and eosin 

and viewing for fluorescence with UV light may allow rapid detection of fungi.f^^O 

Each of these methods, however, has the disadvantage of only detecting a proportion 

o f culture positive cases (142 143) ^nd the availability o f experienced staff is 

important for accurate analysis of stained microscope slides. Keratitis studies 

assessing the effect of staff training has revealed that the microscopy results correlate 

with culture results in 53 - 80% of cases if the test is performed by a medical 

microbiologist and 45 - 53% if performed by ophthalmology clinic staff.(l44)

The presence o f bacteria, which are detected by microscopy but are not cultured, has 

been reported for keratitis cases. 40/165 patients for whom no Gram positive bacteria 

were isolated were noted to have Gram positive bacteria by direct microscopy. A 

similar analysis for Gram negative bacteria and fungi reported 28/170 and 17/135 

cases, respectively, where the sample was culture negative but organisms were seen 

by m i c r o s c o p y . (^44) Comparable studies for endophthalmitis are not available, but 

these results suggest that the current techniques of sampling, handling, transport, 

storage and / or culture are not entirely adequate to ensure viability o f organisms.
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Perhaps analysis of samples using a method that does not require live bacteria would 

be more suitable for diagnostic purposes.

Molecular tools have had a major impact on two main areas o f microbiology: the 

development o f diagnostic tests and new typing systems. Diagnostic tests are 

required when the organism is difficult, slow or hazardous to grow in culture.(l^^' 

147) Typing systems are important for understanding the epidemiology of an 

organism.(^^^

The Limulus amoebocyte lysate assay is not only rapid but also able to detect 

organisms irrespective of their state o f viability. This test detects bacterial endotoxin 

which persists in tissues following antibiotic therapy. It has been used for the 

detection o f Gram negative infections in ocular fluids and comeal samples with 

infection secondary to Pseudomonas spp. and Proteus spp. Endotoxin causes clotting 

of the proteins extracted from amebocytes o f the horse-shoe crab Limulus 

polyphemusS^^^^ The test is performed in 1 hour and can be undertaken in the 

‘Office l a b o r a t o r y ’ . ( G 9 )  Candida spp. have been detected using their metabolites, 

arabinitol and mannose. Beloborodova et al. 1998, used gas liquid chromatography 

for the analysis of varied samples from 54 symptomatic children with confirmed 

Candida infection requiring antifimgal therapy. Ninety six percent o f the children 

had elevated Candida metabolites; these levels returned to normal following

treatment.(^^B

Despite the availability o f an array o f tests to detect and identify organisms 

responsible for human disease, the clinician is often faced with the difficult problem 

of treating a patient with atypical clinical signs which could be secondary to 

infection but in whom all tests are negative or inconclusive. In natural environments,
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most bacterial species present have never been cultured and it is thought that perhaps 

this could equally apply to human flora / p a t h o g e n s / 153) Perhaps PCR 

analysis of the ocular samples might reveal the presence o f agents which have so far 

eluded detection by culture.

The polymerase chain reaction
The polymerase chain reaction (PCR) is a powerful molecular tool which is capable 

o f detecting the presence o f small quantities of specific deoxyribonucleic acid 

(DNA) sequence. This detection process does not require viable organisms and is 

particularly suited to the microbiological diagnosis o f cultures negative cases in 

whom antibiotic therapy has been commenced.

The basic ingredients for DNA amplification were first described in 1971 by Kleppe 

et al., in experiments using primer-directed repair o f tRNA.(^^"^) Repeated DNA 

amplification did not, however, occur. It was not until 1983 when Kary Mullis 

envisaged a process of in vitro DNA amplification which would ultimately come to 

be known as the polymerase chain reaction (PCR).(^^^) The PCR process involves 

multiple cycles o f DNA amplification which closely mimics the method of DNA 

replication in nature. The annealing o f oligonucleotide primers to the DNA template 

occurs (annealing phase) once the two strands of DNA separate (dénaturation phase) 

and a complimentary copy of the DNA is manufactured by the action of thermostable 

Taq polymerase which extends the DNA strand from the 3’ end (extension phase). 

Oligonucleotide primers are designed to be complimentary to specific stretches of 

DNA target sequence. Choice o f primers is important as they must not interact with 

non-target DNA. In order to enhance correct primer annealing it is necessary to avoid 

primers which are complimentary to each other especially at the 3’ end or contain 

palindromic sequences. Primers are usually designed to detect a specific organism
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(e.g. S. aureus) or members of a group (e.g. Staphylococcus spp.) or a family of 

organisms (e.g. bacteria).

Optimisation o f the reaction conditions for each PCR is important and specifically a 

titration o f the optimum magnesium concentration and annealing temperature is 

required for each primer pair and template DNA. Lowering the annealing 

temperature may allow more mismatches between primer and template and may 

allow detection of all strains of a pathogen. Raising the annealing temperature 

increases the specificity of the reaction but will ultimately reduce yield. Performing 

two rounds o f PCR (a nested reaction) will maintain specificity and improve the 

sensitivity of the reaction, but is more difficult to keep ‘contamination - free’. 

Maintaining a contamination - free environment requires using laboratories 

specifically set up for the use o f PCR protocols. The use of two separate rooms for 

handling PCR reagents (pre-PCR room) and PCR amplification products (post- PCR 

room) goes a long way in reducing the contamination problem. Strict laboratory 

protocol, with frequent changing of gloves, dedicated positive-displacement pipettes 

with aerosol-resistant tips, avoidance of aerosol, careful handling o f waste, and daily 

cleaning of bench surfaces with DNA denaturing substances (e.g. IM NaOH) is 

important. The preparation of small aliquots of all PCR reagents (or single use vials) 

with sterile water (‘water for injection’ Cat. No. WAT174U, A.A.H. Hospital 

Services, Ruislip, Middx, UK) is time consuming but worthwhile. The use of 

amplification product inactivation methods, whether photochemical, enzymatic and / 

or chemical, result in modifications of nucleotide bases or sugars thus preventing the 

altered strands from acting as templates for Taq polymerase. Daily irradiation of 

pipettes under 254 nm UV light and the use of autoclaved PCR tubes and tips are
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also very helpful. Other methods include the use of uracil-A^-glycosylase (UNG), 

which is a DNA repair enzyme found in a variety of bacterial species. The principal 

o f UNG deactivation requires that dUTP is incorporated into the DNA strand instead 

of dTTP. The amplification products therefore contain deoxyuracil residues and can 

be inactivated by the the use of UNG thereby illiminating the contamination risk to 

subsequent PCR reactions.

Various methods have been explored in increasing the simplification of detection 

systems and convenience and easy quantification o f amplification products. 

Radioactive, colorimetric and non-radioactive fluorogenic detection methods have all 

been used to good effect. The detection o f amplification products during 

hybridization, in particular, e.g. TaqMan detection system (Perkin-Elmer 

Corporation, Foster City, CA. USA), has allowed for real-time analysis and detection 

of amplification products without any post-amplification sample manipulation. (156) 

The results of every PCR reaction are interpreted in the light of the amplification 

results obtained from the control samples. Both positive and negative control 

samples must be included in every experiment. Most importantly, the first round 

negative control must be included in the second round PCR as a test sample. Positive 

controls may include extracted genomic DNA or live organisms each o f which may 

be used in high or low concentration to check on the sensitivity (or lack of) of the 

reaction (DNA extraction and PCR). Negative controls include reagent controls (no 

DNA) and may include samples o f intraocular fluid (e.g. vitreous) where necessary. 

The protocol for preparing PCR reactions differs between workers but the addition of 

DNA template last is universal.
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The polymerase chain reaction by definition detects DNA. It is therefore unable to 

distinguish between viable and non-viable organisms. This may be an advantage if 

samples are collected after antibiotic therapy has been commenced(^^^), but 

conversely, may indicate the presence o f organisms which are not causing 

disease.(^^^) Analysis of RNA with reverse-transcriptase PCR (RT-PCR), however, 

would be indicative of gene expression, protein synthesis and, therefore, ongoing 

viability. RNA is present in much higher concentrations allowing for a larger pool of 

targets and potentially higher sensitivity with fewer cycles o f amplification. 

However, RNA is unstable and RT-PCR protocols are inefficient and reverse- 

transcribe only a limited quantity o f the available RNA.

Restriction site analysis provides a means o f determining DNA sequence variations 

and results in a series of DNA fragments of different sizes depending on the specific 

DNA sequence and restriction endonuclease used. Results for any given DNA 

sequence and restriction enzyme are reproducible and produce a characteristic 

pattern of bands following gel electrophoresis. These restriction fragment length 

polymorphisms (RFLP) arise following sequence rearrangements, insertion or 

deletion of DNA, or base substitution within the restriction enzyme cleavage site. 

RFLP has been useful in strain (145 159-161) and species differentiation.(1^2-167)

The use of PCR-based techniques in the detection, identification and spéciation of 

bacterial and fungal organisms in ocular fluids was investigated.
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1. Chapter 1: Materials and Methods

1.1 Materials

Unless otherwise stated all chemicals used were purchased from Sigma Chemical 

Company, (Poole, Dorset, UK) and were of the highest grade available.

1.2 Methods

1.2.1 Sampling

1.2.1.1 Procedure for cases with suspected bacterial endophthalmitis

Intraocular (aqueous and vitreous) sampling was undertaken on every patient under 

sterile conditions. Aqueous sampling was undertaken under topical anaesthesia, 

using a 27G (0.33 mm) needle and 100-200 pi was aspirated. Vitreous sampling was 

undertaken as a biopsy through the pars plana. After sub-conjunctival injection of 

anaesthetic, a vitreous tap was performed using a 23 G needle which was inserted 

through the pars plana 3 mm behind the limbus in aphakic eyes and 4mm behind the 

limbus in phakic eyes. 200-400 pi o f vitreous was aspirated.

1.2.1.2 Procedure for cases with suspected fungal endophthalmitis

Intraocular sampling is routinely undertaken on all patients with suspected fungal 

endophthalmitis. The extraocular environment was sterilised with 5% povidone 

iodine solution prior to surgery. Approximately 100-200 pi o f aqueous fluid was 

withdrawn using a 27 G (0.33 mm) needle via a limbal paracentesis. Vitreous 

samples (200-400 pi) were taken at the time of 3 port pars plana vitrectomy. These 

samples were transported to the microbiology laboratory for immediate processing.
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1.2.1.3 Procedure for keratitis cases

Comeal scrapes were performed at the slit lamp under topical anaesthesia. Sterile 27 

G needles were used to scrape off sections o f comeal epithelium and anterior stroma 

in the region of the leading edge of the comeal ulcer. Samples were placed on a slide 

for Gram and Periodic Acid Schiff (PAS) staining and also plated immediately on 

Blood and Sabouraud’s agar before transport to the microbiology laboratory. Plates 

were incubated under aerobic conditions at 37 °C. The cultures were transferred to a 

30 °C incubator if  no growth was apparent after 48 hours at 37 °C.

1.2.2 Management of eves with suspected endophthalmitis

1.2.2.1 Bacterial endophthalmitis

Once the ocular samples had been taken, vancomycin (2.0 mg in 0.1 ml) and 

amikacin (0.4 mg in 0.1 ml) were injected into the vitreous cavity. Oral ciprofloxacin 

(750 mg twice daily for ten days) and clarithromycin (500 mg twice daily for 

fourteen days) were commenced immediately. Unless contraindicated, oral 

prednisolone (60 mg per day) was started one day after intracameral antibiotics had 

been administered and once the results of microscopy had proven negative for the 

presence of fungi. Patients were seen regularly according to clinical need but were 

routinely seen at 1, 3, and 6 month intervals. Data was recorded both prospectively 

(by completion of data forms). Compliance to therapy was monitored by 

examination of ward records whilst an inpatient and by direct questioning at each 

visit after discharge.
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1.2.2.2 Fungal endophthalmitis

All patients underwent three port pars plana vitrectomy. Once the ocular samples had 

been taken, Amphotericin B (0.005 mg in 0.1 ml) was injected into the vitreous 

cavity and post-operatively systemic therapy was commenced with oral fluconazole 

(400 mg stat + 200 mg daily for 6 weeks).

1.2.3 Microbiology

In the case of samples from eyes with suspected bacterial endophthalmitis, 

intraocular samples were examined by Gram staining, and immediately cultured on 

blood agar and Robertson's cooked meat broth under both aerobic and anaerobic 

conditions. Ocular samples from eyes with suspected fungal infection were examined 

by Gram +/- PAS staining, and cultured on blood agar, Sabouraud’s Dextrose agar 

(Difco Laboratories UK Ltd., West Molesey, Surrey, UK), in Brain Heart Infusion 

(BHI) and Robertson's Cooked Meat Broth (CMB). Cultures were incubated under 

both aerobic and anaerobic conditions. Fungal isolates were subcultured onto 

Sabouraud’s agar slopes and maintained at 4 °C. As per previous microbiological 

definitions o f infective endophthalmitis, only aerobic organisms isolated from an 

intraocular sample as heavy growth from one solid medium, or the same organism 

from greater than one medium, were considered responsible for causing 

endophthalmitis. (^^^) Any anaerobic growth was considered significant. All cultures 

were maintained for up to 14 days. If no organism was grown, the case was 

considered culture negative even in the presence of organisms observed following 

Gram staining of intraocular samples.
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1.2.3.1 Identification of fungal isolates

Fimgal isolates were identified using standard mycological methods of germ tube 

formation in serum, carbohydrate assimilation tests using the API20C kit 

(BioMerieux, Vitek Systems, Hazelwood, MO, USA), and morphology on commeal 

agar. Organisms were subsequently stored on beads (Mast Diagnostics, Bootle, 

Merseyside, UK) at -70 °C.

1.2.3.2 Identification of bacterial isolates

Bacterial isolates were identified using standard microbiological methods. Following 

isolation by culture the API biochemical identification system (API Analytab 

products. Division of Sherwood Medical, New York) was used for identification. 

Organisms were subsequently stored on beads (Mast Diagnostics, Bootle, 

Merseyside, UK) at -70 °C.

1.2.4 Collection of normal and inflamed vitreous samples

Vitreous was collected by sterile technique at the time of vitrectomy during planned 

surgical procedures in patients with no evidence o f intraocular infection or 

inflammation or medical history of uveitis and / or diabetes mellitus (normal 

vitreous). Vitreous was also collected from patients with posterior segment 

inflammation (inflamed vitreous). Samples of vitreous were aliquoted in a sterile 

manner, and stored at -20 °C.

1.2.4.1 Aqueous and vitreous samples from cases with no evidence of 

intraocular infection

In order to test the contamination rate (at the time o f sampling) samples were 

collected from patients undergoing routine cataract (aqueous samples only) and

39



vitreoretinal surgery (vitreous samples only). Samples were collected during planned 

surgical procedures from patients with no history or clinical evidence o f ocular 

infection or inflammation. Swabs were collected from the eyelid (prior to pre

operative cleaning) and from the conjunctival site (following cleaning). All samples 

were collected into microcentrifuge tubes (Safe-lock Eppendorf Biopur, No. 0030 

121.570, guaranteed DNAse free) and placed into a sealable bag. All samples for 

PCR-RFLP were stored at -70 °C until analysis.

1.2.5 DNA extraction

Several experiments were performed to test and compare the sensitivity o f DNA 

extraction and detection using a full extraction protocol (Method 1), and an 

abbreviated method o f DNA extraction (Method 2) by cellular lysis. Negative 

(ddHjO and vitreous) and positive DNA controls were used in each experiment.

1.2.5.1 Fungi

1.2.5.1.1 Method 1: Full extraction procedure

DNA was extracted by a method which was modified from that described by 

Buchman et a l 1990, and applied to all fungi tested.(^^^) DNA extraction tubes were 

prepared as follows: each tube contained 5 pi of neat vitreous, 100 pi of 0.05 M Tris 

pH 7.5, 0.01 M EDTA, 0.028 M p-mercaptoethanol (Biorad Laboratories, Hemel 

Hempstead, Hertfordshire, UK) containing 0.3 mg/ml zymolase (ICN Biomedicals, 

Aurora, OH, USA), and 5 pi o f the required dilution o f C  albicans in water. 

Samples were incubated for 30 minutes at 37 °C, followed by addition of 0.1% SDS 

and 15 pg/ml proteinase K, and incubation continued for a further 5 minutes. The 

mixture was subsequently heated to 95 °C for 5 minutes and cooled on ice for 15
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minutes. Samples were extracted with phenol-chloroform- isoamyl alcohol (25:24:1, 

pH 8.0), chloroform and precipitated with 2.5 volumes o f ethanol in the presence of 

300 mM sodium acetate. The DNA was pelleted at 14,000g for 20 minutes, washed 

with ice cold 80% v/v ethanol, air dried at 65 °C for 10 minutes and resuspended in 

25 |il o f sterile TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0).

1.2.5.L2 Method 2; Heat and PCR

The DNA extraction tubes were prepared as follows: each tube contained 5 fil o f neat 

vitreous and 5 pi of the required dilution of C. albicans in water. Samples were 

incubated at 95 °C for 20 minutes and subsequently the entire volume was used in 

PCR reactions.

1.2.5.2 Bacteria

1.2.5.2.1 Method 1: Full extraction procedure

Previous work in this laboratory has successfully used glass beads and a bead beater 

apparatus (Stratech Scientific Ltd, Bedfordshire, UK) to effectively release DNA 

from bacterial cells in suspension.(1̂ ®) This method has subsequently been modified 

from that reported by Hykin et a l ,  1994. Briefly, a 2 mm colony of bacteria was 

diluted into 300 pi sterile PBS solution, with 50 pg/ml proteinase-K and 0.5 g glass 

beads (0.1 mm size). This mixture was beaten on the bead beater for 10 seconds and 

incubated at 50 °C for 30 minutes, prior to the addition o f 500 pi phenol (pH 8.0). 

Samples were vortexed for 30 seconds, and centrifuged for 2 minutes at 14,000 g. 

The aqueous phase was removed and extracted with phenol-chlorofbrm-isoamyl 

alcohol (25:24:1, pH 8.0), chloroform and precipitated with 2.5 volumes of ethanol 

in the presence o f 300 mM sodium acetate. DNA was pelleted at 14,000g for 20
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minutes, washed with ice cold 80% ethanol, air dried at 65 °C for 10 minutes and 

resuspended in 25 pi of sterile TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0). DNA 

was diluted to a working concentration of 10 ng/pl for use in PCR reactions and 

stored at -20 °C.

1.2.5.2.2 Method 2: Direct PCR

Bacteria were suspended in the distilled water component of the PCR cocktail and 

used directly in PCR reactions.

1.2.5.3 Human leucocytes

DNA was extracted from 10ml human whole blood sample using the Machery- 

Nagel Nucleospin-Blood DNA extraction kit (Biogene Ltd., Kimbolton, Cambridge, 

UK) following the manufacturers instructions. The DNA was diluted to a working 

concentration o f 10 ng/pl and stored at -20 °C.

1.2.6 PCR amplification

1.2.6.1 Design and optimisation of primers.

Details of the primer pairs used in this study are given in Tables 1.1 and 1.2. 

Optimisation for annealing temperature, and magnesium ion concentration were 

undertaken in an attempt to find the experimental conditions which produced the 

highest product yield and greatest sensitivity whilst retaining high specificity.
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PRIMER
NAME

PRIMER SEQUENCE 5’ TO 3’ POSITION ON THE 
GENE SEQUENCE OF 

C. albicans (67)
WF ATAAATAGACAAAGAAAGGG 45-65
SF CATAACTCAATATGGCTATT 137-157
NSF AGTGTTACACAACAGATCAG 199-219
NSR CATAAGGTTGTTGACCATATG 335-355
SR CTTTTGACGACATGATTCGA 361-381
LF AAGGGGTTATTTATGATTGTCC 530-552
SEQF ATTCAACTTATAAAGATGG 995-1013
NLF ATTGGTATTCTTATGGGTGG 1051-1070
NLR TTTCAGGGATTCTTAATGGG 1302-1321
LR CCAATACATCTATGTCTACC 1540-1560
WR CCTAATTGTATATATGTGTA 1793-1813

Table 1.1: Specifications of the four main primers used for PCR 
amplification of the lanosterol 14 g-demethvlase gene.
Abbreviations: F = Forward primer, R = Reverse , L = Long, S = Short, N = 
Nested. SEQ = sequencing, W = Whole. (SF + SR have been previously 
reported by Buchman et al. 1990 (169))

PRIMER
NAME

PRIMER SEQUENCE 5’ TO 3’ POSITION ON THE 
GENE SEQUENCE 

OF ÆcoZf (169)
16SF TTGGAGAGTTTGATCCTGGCTC 4 - 2 5
16SR ACGTCATCCCCACCTTCCTC 1174-1194
NF GGCGGCAKGCCTAAYACATGCAAGT 42 - 66
NR GACGACAGCCATGCASCACCTGT' 1044- 1067

Table 1.2: Specifications of the four primers used for PCR amplification of 
the 16S rRNA gene of bacteria.
Abbreviations used: F = Forward primer, R = Reverse primer, N = Nested. K = 
G/T, Y = C/T, S = C/G
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1.2.6.2 PCR amplification of fungal lanosterol 14 g-demethvlase gene
The gene for lanosterol 14 a-demethylase is ubiquitous in eukaryotes and is present

as single copy within fungal genomes. Details o f the primers used in this study 

appear in Table 1.1.

1.2.6.2.1 Optimal PCR conditions
Both first round and second round reactions contained 100 pM each dNTP 

(Pharmacia- Biotech, St Albans, Hertfordshire, UK), 200 pM of each primer, 2.5 

mM magnesium chloride, 1 unit AmpliTaq DNA polymerase (Perkin-Elmer, 

Beaconsfield, Buckinghamshire, UK), 100 mM Tris-HCl (pH 8.3) 500 mM KCl; 15 

mM MgCl2, 0.001% w/v gelatin, in a 50 pi reaction. Cycling conditions were 

identical for both rounds except for the annealing temperature which was found to be 

optimal at 51.5 °C for the first round (primers LF+LR), 56 °C for nested primers I 

(NLF+NLR) and 58 °C for semi-nested primers II (NLF+LR). PCR cycling was 

performed at 95 °C for 10 minutes for one cycle, followed by 30 cycles of 94 °C for 

1 minute, annealing temperature as above for 1 minute, and extension at 72 °C for 1 

minute. The final cycle was followed by 10 minutes at 72 °C.

1.2.6.3 Electrophoresis and imaging
PCR products were resolved on a 1 - 2% agarose / TBE gel according to the 

predicted size of the fragment and visualised using ethidium bromide under UV 

illumination. A molecular weight ladder was included in each run (1.0 kb 

ladder. Cat No: 15615-016, Gibco BRL, Paisley, Scotland, UK).

1.2.6.4 DNA sequencing and Restriction maps
Amplified DNA from PCR reactions were purified on agarose / TBE gels, excised,

and recovered into solution. PCR fragments were directly cycle sequenced in both
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directions (using primers LF + LR) on an ABI prism automated DNA sequencer 

(model 377 version 2.1.1). Cycle sequencing was repeated 3 times for each product 

using the same DNA and PCR protocol but different PCR reactions. Sequences were 

aligned and scanned both manually and with the aid of GCG and REBASE 

programs provided by the Human Genome Mapping Project (United Kingdom 

HGMP Resource Centre, Hinxton, Cambridgeshire, UK) computer centre. A search 

was made for a total of 204 restriction endonuclease sites.

1.2.6.5 RFLP analysis
Following PCR amplification, products were subjected to extraction with phenol: 

chloroform: isoamyl alcohol (25:24:1, pH 8.0) followed by chloroform extraction, 

and ethanol precipitation. Precipitated DNA was resuspended in 25 pi ddHjO prior 

to digestion with restriction endonuclease enzymes. The concentration of DNA 

present was estimated using gel electrophoresis and comparison to a standard 

concentration of DNA.

Restriction enzyme combinations were used which yielded fragments which allowed 

easy identification of species following separation of digested DNA on 

polyacrylamide / TBE gels.

Restriction enzyme digests were performed with 2 pg o f DNA at 37 °C for 2 hours 

in buffer containing 6 mM Tris-HCl, 6 mM magnesium chloride, 150 mM sodium 

chloride at pH 7.9 and 10 units of each enzyme. The resulting fragments were 

subsequently resolved on 4 - 8% polyacrylamide gels stained with ethidium bromide 

and visualised under UV illumination.
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1.2.6.6 PCR amplification of bacterial 16S rPNA
16S rDNA genes are ubiquitous and are present as multiple copies within bacterial 

genomes. Details of the four primer pairs used in this study appear in Table 1.2.

PCR reactions contained 20 mM Tris-HCl (pH 8.3), lOOmM KCl, 0.01% Tween 20, 

0.1% NP-40, lOOpM each deoxyribonucleotide (‘dNTP’, Pharmacia Biotech, St 

Albans, UK), 0.3pM of each oligonucleotide primer, 1.5mM magnesium chloride, 3 

units Replitherm Taq DNA polymerase (‘Taq’, Cambio Ltd. Cambridge, UK), in a 

25 pi reaction. Both first round and nested PCR cycles commenced with 5 minutes at 

95 °C. First round PCR with outer primers 16SF + 16SR was performed by cycling 

at 94 °C for 10 seconds, 56.2 °C annealing for 10 seconds, and 72 °C for 15 seconds 

for 30 cycles. Cycling with nested primers NF + NR was performed at 94 °C for 7 

seconds, 64 °C annealing for 7 seconds and 72 °C for 10 seconds for 30 cycles. All 

PCR cycling was performed on a Techne ‘Genius’ PCR machine (Cambridge, UK).

1.2.6.6.1 Pre-treatment of Taq DNA polymerase to remove contaminating 
bacterial DNA
Taq DNA polymerase is known to be contaminated with low levels of bacterial DNA 

not originating from either Thermus aquaticus or Escherichia coli and is easily 

amplified using universal bacterial primers based on ribosomal gene sequences.(H l- 

173) Xhe Replitherm Taq DNA polymerase used in this study has low levels of DNA 

contamination (Replitherm Thermostable DNA polymerase, Cambio, Cambridge, 

UK). Although this level of contamination is insufficient to give a detectable 

amplification product after just one round of PCR, it is easily detected following 

nested amplification. There is currently no commercial or otherwise available Taq 

DNA polymerase preparation which is free of DNA contamination. Therefore, in this 

study, prior to first round PCR amplification, the Replitherm Taq was treated with
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A lul restriction endonuclease (ratio of 3:1 units of Taq: A M , Promega UK Ltd., 

Southampton, UK), which recognises a specific nucleotide sequence AGCT. The 

criteria for choosing this restriction enzyme was firstly its known high cutting 

frequency within the 16S rDNA genomic template (which was evident following 

sequence analysis of the amplified fragments from the fourteen bacterial species) and 

secondly the ability to heat inactivate the enzyme prior to addition o f template DNA. 

Prior to PCR amplification the water, PCR buffer, magnesium and Taq components 

were mixed and incubated at 37 °C with A M  for 30 minutes. The restriction enzyme 

was subsequently inactivated by incubation at 95 °C for two minutes, following 

which the dNTPs, primers, and template DNA were added and the PCR cycle 

commenced.

1.2.6.7 DNA sequencing

Amplified DNA from PCR reactions were agarose gel purified, excised, and 

recovered into sterile water (Geneclean II Kit, BIO 101 Inc. LA Jolla CA. USA). 

PCR fragments were directly cycle sequenced in both directions using an ABI prism 

automated DNA sequencer (model 377 version 2.1.1). Cycle sequencing was 

repeated 3 times for each product using the same DNA and PCR protocol but 

different PCR reactions.

Sequences were analysed both manually and using database and software programs 

available through the Human Genome Mapping Project (UK HGMP Resource 

Centre, Hinxton, Cambridgeshire, UK) computer centre. The National Collection of 

Biotechnical Information (NCBI) and the Ribosomal Database Project (RDP).

A search was made for a total of 204 restriction endonuclease sites (fungal) and a 

total of 268 restriction enzyme recognition (bacterial) sites.
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1.2.6.8 RFLP analysis
Restriction enzyme combinations were used which yielded fragments which allowed 

easy identification of species following separation of digested DNA on 

polyacrylamide / TBE gels. All enzymes were purchased from Promega UK Ltd., 

Southampton, UK except for Dralll, and A fllll which were purchased from New 

England Biolabs UK Ltd., Hertfordshire, UK.

Following PCR amplification, the concentration of PCR product was estimated using 

gel electrophoresis and by comparison to a standard DNA concentration. Restriction 

enzyme digests were performed with 2 pg of DNA at 37 °C for 2 hours in buffer 

containing 6 mM Tris -HCl, 6 mM magnesium chloride, 150 mM sodium chloride at 

pH 7.9 and 10 units of each enzyme. The resulting fragments were subsequently 

resolved on 4 - 8% polyacrylamide / TBE gels stained with ethidium bromide and 

visualised under UV illumination.

1.2.6.9 Cloning of PCR products

Amplified DNA from PCR reactions were purified on agarose/TBE gels, excised, 

and recovered into solution (Geneclean II Kit). In some cases PCR products were 

directly cloned into pCR II or pCR 2.1 (Invitrogen BY, Leek, The Netherlands. Cat 

Number K2000-01) to aid sequencing.

As the 3’A-overhangs on PCR products degrade over time, fresh PCR product was 

used (less than 1 day old) to enhance the ligation efficiency o f the reaction. Ten 

microlitre ligation reactions were set up comprising o f : PCR product 3 pi. Ligation 

Buffer (lOx) ip l, pCR 2.1 vector (25 ng/pl) 2pl, DNA Ligase (4.0 Weiss units) Ipl 

and sterile water 3 pi. Ligation reactions were incubated for 4 hours at 14°C. 

Reactions were maintained on ice at all times.
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Two microlitres o f the ligation reaction was then gently added to one vial o f ‘One- 

Shot’ competent cells (50 pi, IN V aF’ E. coli strain) and the reaction incubated on 

ice for 30 minutes. A Heat Shock was applied for exactly 30 seconds at 42°C 

following which the tubes were placed on ice for 2 minutes. 250 pi SOC medium 

(buffered growth medium with 20mM glucose) at room temperature, was added and 

to each tube. The vials were then placed in a rotary shaker (horizontally) and 

incubated at 37 °C for 1 hour to allow expression of antibiotic genes. The vials were 

subsequently placed on ice prior to plating. LB (Luria-Bertani Broth) plates were 

previously prepared containing 100 pg/ml ampicillin. Each plate was spread with 40 

pi X-Gal (5 bromo-4-chloro-3-indolyl-p-D-galactoside, stock concentration 20 

mg/ml in demethyl formamide). The One-Shot cells used do not express the lac 

repressor, and because of the presence o f the lac promoter the product may express 

in the absence o f IPTG (isopropyIthio-p-D-galactoside).

Two plates were prepared from each vial (50pl and 200pl from each transformation 

reaction) were spread on labelled plates. Once the liquid has absorbed the plates were 

inverted and placed in a 37 °C incubator for at least 18 hours followed by 2-3 hours 

at 4°C to allow colour development. Individual colonies were selected and grown 

overnight in LB Broth containing ampicillin.

Recombined colonies were identified using direct PCR of individual colonies with 

vector-based PCR primers. Individual colonies were directly touched by a sterile 

disposable loop which was subsequently inserted into the water component of the 

PCR reaction mix. The addition o f the remaining components of the PCR mix was 

followed by thermal cycling.
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Large scale DNA extraction was performed using reagents from the Qiagen Plasmid 

Maxi Prep (Cat no. 12162, Qiagen Ltd., Dorking, Surrey, UK) following the 

manufacturers instructions. Glycerol stocks (LB Broth containing 15% glycerol) 

were prepared from transformed cells containing inserts (as identified by PCR, RFLP 

analysis and DNA sequencing) and maintained at -70  °C.

1.2.6.10 Electrophoresis and imaging

Following PCR amplification, products were resolved on a 1% agarose / TBE gel 

and visualised using ethidium bromide under UV illumination. ReSTstriction enzyme 

digests were resolved on 10% polyacrylamide / TBE gels and visualised under UV 

illumination following staining with ethidium bromide. A molecular weight ladder 

was included in each run (1.0 kb ladder. Cat No: 15615-016, Gibco BRL, Paisley, 

Scotland. lOObp ladder. Cat no. SLL-100, Advanced Biotechnologies, Leatherhead, 

Surrey, UK).

1.3 Assessment of dH
A total o f 23 samples were tested and included 'normal' aqueous from non-diabetic 

patients with no evidence o f uveitis/infection (n = 3), aqueous from a case with acute 

anterior uveitis (n = 1), vitreous from diabetic patients (n = 5), vitreous from a non

diabetic patient undergoing vitrectomy for epiretinal membrane (n = 1), and vitreous 

from a case o f retinal detachment (n = 1). Samples collected from five patients 

presenting with acute presumed bacterial endophthalmitis (n = 4, aqueous and 

vitreous, time from surgery to onset 18 hours, 1 day, 4 days and 9 days) and one case 

of chronic bacterial endophthalmitis (n = 1, time from surgery to sampling 7 months) 

were also assessed.
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To measure the pH, 0.5 pi of ocular fluid was placed onto a pH indicator strip (pH

6.5 -10.0, BDH Ltd. Broom Rod, Dorset, UK). The colour change was assessed after 

1 minute, whilst the strip was still moist.

1.4 Clinical samples

1.4.1.1 Protocol for analysis of clinical samples

Five microlitres of the patient sample was added directly to the PCR reaction. If  the 

PCR was found to be negative, the vitreous sample was diluted to 50%, 20%, 10%, 

and 5% and three experiments were run in parallel. The first was direct PCR of the 

diluted vitreous (using 5 pi of the sample at the required dilution), the second and 

third involved spiking the dilute vitreous with approximately 600 and 1-5 live 

organisms (section 1.4.1.2.), respectively, followed by direct PCR.

1.4.1.2 Preparation of dilution series of live organisms

Serial ten fold dilutions were prepared from overnight cultures of one Gram positive 

and one Gram negative organism commonly known to cause endophthalmitis {S. 

epidermidis and E. coli). Five microlitres o f each dilution was plated immediately 

and incubated at 37 °C overnight. An identical aliquot was added directly to a PCR 

reaction and amplified.

1.5 Statistical Analysis

All results were analysed using the software program ‘SPSS for Windows’ (version 

6.0, 1993. SPSS Inc. Chicago, 111. USA).
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1.6 DNA sequence analysis

DNA sequencing was performed on all PCR positive samples from cases with 

presumed bacterial endophthalmitis. PCR fragments were directly cycle sequenced 

in both directions using an ABI prism automated DNA sequencer (model 377 

version 2.1.1). Sequences were analysed both manually and using database and 

software programs available through the HGMP computer centre, the National 

Collection o f Biotechnical Information (NCBI) and the Ribosomal Database Project 

(RDP).
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2. Chapter 2; Application of molecular methods to the detection of fungal DNA

2.1 Brief Introduction
In recent years, polymerase chain reaction (PCR) technology has shown great 

potential in detecting and identifying low copy numbers of DNA in clinical samples. 

It also holds great promise in allowing identification of small numbers of organisms 

in small sample volumes, as is usually the case with intraocular samples from 

patients with endophthalmitis (Mr. M. M. Matheson BSc, Department of 

Microbiology, The Institute of Ophthalmology: personal communication). We have 

assessed PCR based techniques to determine a reliable and effective protocol for 

detection of Candida DNA in ocular samples with the aim o f significantly 

increasing the number of intraocular samples from which a confirmed diagnosis is 

made and reducing the time to mycological diagnosis. In order to determine the 

presence of fungal infection in cases of endophthalmitis, speciate the causative 

organism and study drug resistance mechanisms we chose the target enzyme for 

azole antifungal drugs: the lanosterol 14 a-demethylase gene ( ERG 16,

Cytochrome P450 L, A, demethylase gene).

2.2 Specific Methods

2.2.1 Samples

2.2.1.1 Fungal isolates used in this study
Both clinical and standard isolates obtained from the National Collection of 

Pathogenic Fungi (PHLS laboratory, Bristol), were studied (Table 2.1). For purposes 

o f completion and comparison all Candida, Aspergillus and Fusarium species 

isolated from clinical ocular samples collected at Moorfrelds Eye Hospital, whether
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from cases of keratitis or endophthalmitis, were included. A total o f 26 fungal 

isolates were included.

Organism Clinical
strains

Mycology
laboratory

NCPF (C) Total number 
of strains 

tested
C. albicans 6 EK3619 3710,3645 9

C. g labra ta 0 3863,3897 2

C. krusei 0 3900 1

C. tropicalis 0 3895,3906 2

C. parapsilosis I EK 6021 3902, 3894 4

C. guillierm ondii 0 EL 402 - 1

C. pellicu losa 1 - 1

A spergillus fum igatus 2 2109,2140 4

Fusarium solani 0 2584, 2618 2

Table 2.1: Isolate and strain details of organisms used in this study.
(A) Ocular isolates obtained from the Department of Pathology, The Institute of 
Ophthalmology, London, UK. (B) Ocular isolates obtained from the Department 
o f Medical Mycology, St Johns Institute of Dermatology, St Thomas’ Hospital, 
London, UK. (C) Isolates obtained from the National Collection of Pathogenic 
Fungi (NCPF), PHLS Laboratory, Bristol, UK. All NCPF Candida spp. strains 
were blood isolates except for NCPF 3645 which was cultured from ocular 
samples of a patient with endophthalmitis.

2.2.1.2 Bacterial isolates used in this study
One clinical isolate each of Pseudomonas aeruginosa, Klebsiella pneumoniae, 

Escherichia coli, Serratia marcescens, Proteus spp.. Streptococcus pneumoniae. 

Streptococcus pyogenes, Staphylococcus aureus, Propionibacterium acnes. Bacillus 

cereus and four isolates o f coagulase-negative staphylococci obtained from culture of 

ocular samples from patients with endophthalmitis or keratitis were collected. DNA

54



extraction was performed as described in General Methods section 1.2.5.1. The DNA 

was diluted to a working concentration of 10 ng/pl and stored at -20°C.

2.3.1 DNA extraction
The methods described by Buchman et al. 1990 (169), Hayes et al. 1996 Crampin 

et al. 1993 (D5)^ Polanco et al. 1995 (D6)^ and a modification of the method described 

by Borgia et al. 1994 (D7)^ have been successfully attempted. These methods involve a 

variety of different techniques including enzymatic digestion with zymolase or lyticase, 

detergents and bead beating. The total yield and quality of DNA especially when 

dealing with very small numbers of organisms has, however, been unsatisfactory. 

Therefore, in this laboratory, we have developed two methods for the extraction of DNA 

from small numbers o f C. albicans.

Several experiments were performed to test and compare the sensitivity of DNA 

extraction and detection using a full extraction protocol (Method 1), and an abbreviated 

method of DNA extraction (Method 2) by cellular lysis (Table 2.2). Negative (ddH^O 

and vitreous) and positive DNA controls were used in each experiment. In each case 

fresh 10 log dilutions were prepared of C. albicans in double-distilled water. Five 

microlitres o f the corresponding C. albicans dilution was included in DNA extraction 

experiments and also plated onto a blood agar plate and incubated at 30°C for 36 hours 

before colonies were counted.
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METHOD 1 METHOD 2
Time to completion for one sample 2 hours 15 minutes
Sensitivity of PCR detection 1 live organism 1 live organism

Table 2.2: Comparison of Methods 1 and 2 in time taken to complete DNA 
extraction and the sensitivity of the procedure, demonstrates that both 
methods can be used to detect the presence of a single live organism but 
Method 2 is considerably shorter in length and complication.

Experiments comparing the viability of C. albicans in double-distilled water as 

compared to phosphate-buffered saline (PBS) were performed and demonstrated no 

difference in numbers of colony forming units as long as the dilutions were used within 

1 hour of preparation. Subsequently all dilutions were made in water as this allowed 

direct application o f PCR protocols.

2.3.1 PCR assay, RFLP analysis and DNA sequencing
Details of the primers used are reported under General Methods section 1.2.6.2.

2.3 Results

2.3.1 Specificity
The specificity of all primer combinations is summarised in Table 2.3. For the 

remainder of the study, primers LF+LR+NLF+NLR were chosen as the specificity of 

these in different combinations allowed the detection of a range of Candida spp. by the 

first round PCR reaction and either C. albicans only (NLF+NLR) or the full range again 

(NLF+LR) by nested PCR. Specificity of the outer primer pair LF + LR and semi

nested primers NLF+LR was demonstrated by the amplification of a single 1.0 kb and
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500bp fragment, respectively, from all Candida spp. tested except C. guilliermondii 

(Figure 2.1). Specificity of the nested primer pair NLF+NLR was demonstrated by the 

amplification of a single 270bp fragment from Candida albicans only. No amplification 

product was obtained with genomic DNA isolated from Aspergillus fumigatus, 

Fusarium solani, human leucocytes or 10 species of bacteria. Reduction of the 

annealing temperature to below 50°C or increasing the magnesium concentration to 

4.0mM, did allow detection of other fungal DNA ( C. guilliermondii, A. fumigatus and 

F. solani) but also yielded a signal with bacterial DNA (coagulase-negative 

staphylococci or E. coli). An amplicon from human DNA was not detected under any of 

the experimental conditions tested.

PRIMERS SIZE/
BP

ANNEALING 
TEMPERATURE / °C

CA CT CO CK CP CPELL CGUL

LF+LR 1030 51.5 + + + + + + -

NLF+NLR 270 56 + - - - - - -

NLF+LR 509 58 + + + + + + -

LF+NLR 791 58 + + - - - - -

SF+SR 244 52 + - - - - - -

NSF+NSR 156 52 + + - - - - -

SF+NSR 218 52 + + - - - - -

NSF+SR 182 52 + + - - - - -

SF+NLR 1184 54 + - - - - - -

NSF+NLR 1122 52 + - - - - - -

SF+LR 1423 51.5 + - - - - - -

SF+WR 1676 54.5 + - - - - - -

Table 2.3: Different primer combinations amplify DNA from a variety of 
genomic fungal sources.
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1 2 3 4 5 6 7 1 2 3 4 5 6 7

1.0 kb

Figure 2.1a Figure 2.1b

Figure 2.1; LF+LR (Figure 2.1a) and NLF+LR (Figure 2.1b) each 
amplify DNA from all Candida spp. tested except C. suilliermondii.
All extracted genomic DNA was derived from clinical samples unless otherwise 
stated and diluted to a working concentration of 10 ng/pl. No PCR amplification 
amplification product was detected when using genomic Aspergillus fumigatus, 
Fusarium solani. Human lymphocyte or a wide range of genomic bacterial DNA 
(n= 14).
Figure 2.1a: Lane 1: C. glabrata. Lane 2: C. krusei. Lane 3: C. tropicalis. Lane 
4: C. parapsilosis. Lane 5: C. pelliculosa. Lane 6: C. guilliermondii. Lane 7: C. 
albicans Lane 8: Control negative.
Figure 2.1b; Lane 1: C. glabrata (NCPF 3863), Lane 2: C. krusei (NCPF 
3900), Lane 3: C. parapsilosis (NCPF 3894), Lane 4: C. guilliermondii, Lane 5: 
C. pelliculosa. Lane 6: C. albicans. Lane 7: C. tropicalis. Lane 8: Control 
negative.

2.3.2 Sensitivity
The sensitivity of the first round PCR was routinely found to be 30-300 pg from 

dilutions of DNA from C. albicans starting from a concentration of 10 ng/pl (Figure 

2.2a). Assuming a total DNA content of 37 fg per organism (17%), and two copies of 

the gene per diploid genome this is equivalent to 800-8000 C. albicans organisms.
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The second round o f PCR markedly improves this sensitivity to 10 fg which is 

equivalent to less than one gene copy (Figures 2.2a and 2.2b).

Using live organisms, results obtained from methods 1 and 2 were identical. 

Using method 2, after first round PCR (with primers LF+LR) only the control 

positive was found to have been amplified to such an extent that the l.Okb 

product could be detected by ethidium bromide staining o f agarose gels after 

electrophoresis. Subsequent nested PCR reactions, however, demonstrated clear 

amplification products of the predicted size from all dilutions. Control negatives 

were included in each protocol and the first round negative/s were included as 

test samples in the nested PCR reaction. Control negative samples from both 

rounds of PCR were consistently negative after two rounds o f amplification.
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1 2 3 4 5 6 7 8 9

1.0 k b ^

Figure 2.2a

1 2 3 4 5 6 7

270 b p ^ <-500 bp

Figure 2.2b Figure 2.2c

Figure 2.2a: The sensitivity of the first round PCR reaction using 
LF+LR is 30 pg with C. albicans genomic DNA.
Lane 1: 30 ng DNA. Lane 2: 3 ng DNA, Lane 3: 300 pg DNA, Lane 4: 30 pg 
DNA, Lane 5: 3 pg DNA, Lane 6: 300 fg , Lane 7: 3 fg Lane 8: Control 
negative (ddH20). Lane 9: Control negative (TE buffer).
Figure 2.2b: The sensitivity of the nested / second round PCR reaction 
using nested primers I (NLF+NLR) is less than 1 organism (10 fg).
Lane 1: 10 pg DNA. Lane 2: 1 pg DNA, Lane 3: 100 fg DNA, Lane 4: 30 fg 
DNA, Lane 5: 10 fg DNA, Lane 6: ddH20 negative from first round PCR, Lane 
7: Control positive. Lane 8: Control ddFI20 negative for second round PCR. 
Figure 2.2c: The sensitivity of the nested / second round PCR reaction 
using nested primers II (NLF+ LR) is less than 1 organism (10 fg).
Lane 1:1 pg DNA. Lane 2: 100 fg DNA, Lane 3: 30 fg DNA, Lane 4: 10 fg 
DNA, Lane 5: 1 fg DNA, Lane 6: Control ddFl20 negative from first round 
PCR, Lane 7: Control positive. Lane 8: Control ddH2Û negative for second 
round PCR.

2.3.3 RFLP analysis
A large number of restriction enzymes were individually tested both in the laboratory 

and by analysis of DNA sequences obtained following sequencing of the 1 .Okb and 

509bp PCR fragments (Tables 2.4a and b).
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The combination of Alw26I + Spel successfully differentiated the 1.0 kb PCR 

amplified products from all 6 yeasts (Figure 2.3a). The use of EcoRl+ BstXl+  

Xbal+  N del in combination successfully differentiated the SOObp PCR amplified 

products from all yeasts (Figure 2.3b). The 500 bp fragment amplified from C. 

parapsilosis remained undigested.
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Enzyme ‘C utter’ CA CT CG CK CP Cpel
1. Ac c l 4 Y Y N N N N
2. AccIII 6 N N N N N Y
3. A cil 4 N Y Y Y N Y
4. 4 N N Y N N N
5. A hdl 6 N N Y N N N
6. AluI 4 Y N Y N N Y
7. A lw l 5 Y Y Y N N Y
8. ApaBI 6 N N N Y Y N
9. Apol 4 Y Y Y Y N Y
10. A val 4 N N N Y N N
11. BanI 4 N N N N N Y
12. Bbsl 6 N Y Y Y N N
13. Bbvl 5 Y Y Y Y Y Y
14. BccI 5 Y Y Y Y Y Y
15. Bcc83I 6 N N N Y N N
16. Bell 6 Y Y Y Y Y Y
17. 4 Y Y Y Y Y Y
18. Bglll 6 Y N N Y N N
19. BpmI 6 Y Y N N N N
20. BpuYOI 6 N N Y N N N
21. BsaAI 4 N N N Y Y N
22. BsbBI 6 Y Y N N Y N
23. BsaJI 4 N Y Y Y Y N
24. Bsal 6 N Y N Y N N
25. BsaMI 6 Y Y N N N Y
26. Bsbl 6 N Y N Y Y N
27. BscGI 5 N N N Y Y N
28. BseRI 6 N Y N N N Y
29. BsgI 6 N N N N N Y
30. Bsll 4 Y Y Y Y Y Y
31. BsmAI 5 Y Y Y Y Y Y
32. BsmBI 6 Y Y N N Y N
33. Bsm l 6 Y Y N N N Y
34. BsmFI 5 N Y Y Y Y N
35. BsoFI Y Y Y Y Y Y
36. BspN4I 6 N Y N N N N
37. BspLUYYI 6 N N Y N N N
38. BspMI 6 N N N N Y Y
39. BsrI 5 N Y N Y N Y
40. BsrDI 6 N Y Y Y N N
41. BsrFI 4 N Y N Y N Y
42. BsrGI 6 N N Y Y N N
43. BssSI 6 N N N Y N N
44. BstOI 5 Y Y N Y Y Y
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Enzyme ‘C u tte r’ CA CT CG CK CP Cpel
45. BstXl 6 Y Y N N N Y
46. BstYI 4 Y N Y Y N Y
47. Cac8I 4 N N N Y N N
48. QW 5 N Y N Y N Y
49. CjePI 5 Y Y Y N N Y
50. C M 6 N N N N Y N
51. Csp45I 6 N N N Y N N
52. CviJI 2 Y Y Y Y Y Y
53. CviRI 4 Y Y Y Y Y Y
54. Ddel 4 Y Y Y Y Y Y
55. Dpnl 4 Y Y Y Y Y Y
56. D ral 6 Y N N N N N
57. DrdII 6 Y Y Y Y N Y
58. D sal 4 N Y N N N N
59. Earl 6 Y Y N N Y Y
60. Eco57I 6 Y Y N Y N N
61. EcoNI 6 N N N Y N N
62. EcoRI 6 N N Y Y N N
63. EcoRII 4 Y Y Y Y Y Y
64. EcoRV 6 N Y Y N N N
65. Fokl 5 N N Y Y Y Y
66. Fspl 6 N N N N Y N
67. HaelII 4 N N N Y N N
68. Hgal 5 N Y Y Y Y N
69. Hhal 4 N N Y N Y N
70. Hin4I 4 N Y Y N Y Y
71. HincII 4 Y Y Y Y Y Y
72. Hinfl 4 Y Y N Y Y Y
73. Hpal 6 N Y N N Y Y
74. HphI 5 Y Y Y Y Y Y
75. M aell 4 Y Y Y Y Y Y
76. MaelII 4 Y Y Y Y Y Y
77. MboII 4 Y Y Y Y Y Y
78. Mmel 4 Y N Y Y N Y
79. Mnll 4 Y Y Y Y Y Y
80. M sel 4 Y Y Y Y Y Y
81. M sll 4 Y Y N Y Y Y
82. MspAYI 4 N N Y N N N
83. M spl 4 N Y N Y N Y
84. Muni 6 N Y N N Y N
85. M wol 4 Y Y N Y Y Y
86. Ncol 6 N Y N N N N
87. Ndel 6 Y N N N N Y
88. N M II 4 Y Y Y Y Y Y
89. N M V 4 N N N N N Y
90. Nsil 6 Y N N Y N Y
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Enzyme ‘Cutter’ CA CT CG CK CP Cpel
91. NspI 4 N Y Y Y Y N
92. NspV 6 N N N Y N N
93. P a d 8 N N N N N Y
94. PspY406I 6 N N N N N Y
95. PflMI 6 Y Y N N Y N
96. Plel 5 N Y N Y N N
97. Real 6 N N Y N N N
98. RleAI 6 N N N N Y Y
99. Rsal 4 N N Y Y N Y
100. Sau96I 4 N N N Y N N
101. Sau3AI 4 Y Y Y Y Y Y
102. Seal 6 N N N N N Y
103. ScrFI 4 Y Y Y Y Y Y
104. SexAI 6 N N N Y Y Y
105. 5 Y N N Y Y Y
106. 4 N N Y N N N
107. SnaBI 6 N N N Y N N
108. Spel 6 Y N N N Y N
109. Styl 4 N Y Y Y Y N
110. Taqll 6 Y Y Y Y N Y
111. TaqI 4 N Y N Y Y N
112. Tfil 4 Y Y N Y Y Y
113. Thai 4 N N Y N N N
114. TscI 4 Y Y Y Y Y Y
115. Tsp45I 4 N Y Y Y Y N
116. Tsp509I 4 Y Y Y Y Y Y
117. TspRI 4 Y Y Y N N Y
118. TthYYYII 5 Y N Y Y Y Y
119. UbaCI N N Y Y N Y
120. VspI 6 Y N N N N N
121. X bal 6 N N Y N N N
122. Xcml 6 N N N Y N N

Table 2.4a; Restriction enzymes which recognise specific nucleotide 
sequences in the 1.0 kb amplified fragment of DNA from all the Candida 
species tested.
Abbreviations used: ‘Cutter’: number of the nucleotides in the recognition 
sequence, CA= Candida albicans, CT= Candida tropicalis, CG= Candida 
glabrata, CK= Candida krusei, CP= Candida parapsilosis, Cpel= Candida 
pelliculosa, Y= Yes, N= No
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Enzyme ‘C utter’ CA CT CG CK CP Cpel
1. Alw26I 5 ★ o o o ★ o
2. Bbvl 5 O ★ o ★ ★ o
3. BccI 5 o o o o o o
4. Bell 6 Q o o ★ o o
5. Bglll 6 ★ - - o - -
6. BsaMI 6 O o - - - o
7. BstOI 5 o o - o o Q
8. BstXI 6 o o - - - O
9. Csp45I 6 - - - o - -
10. D ral 6 ★ - - - - -
11. EcoRI 6 - - o o - -
12. EcoRV 6 - ★ ★ - - -
13. HincII 5 o o o o o o
14. Hpal 6 - o - - o ★
15. HphI 5 o o ★ o Q o
16. Ncol 6 - ★ - - - -
17. Ndel 6 o - - - - o
18. Nsil 6 Q - - ★ - o
19. Seal 6 - - - - - o
20. SnaBI 6 - - - ★ - -

21. Spel 6 o - - - o -

22. VspI 6 ★ - - - - -

23. Xbal 6 - - ★ - - -

Table 2.4b: Restriction endonuclease sites deduced from sequenced PCR 
fragments of all 6 Candida species studied.
Abbreviations used: Cutter: number of the nucleotides in the recognition 
sequence, CA= Candida albicans, CT= Candida tropicalis, CG= Candida 
glabrata, CK= Candida krusei, CP= Candida parapsilosis, Cpel= Candida 
pelliculosa, ★= only the l.Okb fragment cut by the enzyme, 0 =  both the l.Okb 
and 509bp fragment cut, -=not cut.
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1.0 k b ^
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200 bp—̂

<-500bp

<-300bp

<-100bp

Figure 2.3a Figure 2.3b

Figure 2.3: RFLP analysis of the 1.0 kb PCR fragment amplified using 
LF+LR (Figure 2.3a) and NLF+LR (Figure 2.3b) from genomic 
Candida spp. DNA resulted in species specific DNA digest patterns.
Digests were resolved on 6% polyacrylamide / TBE gels and visualised 
following ethidium bromide staining under UV illumination.
Lane 1: C. albicans, Lane 2: C. tropicalis, Lane 3: C. glabrata. Lane 4: C. 
krusei. Lane 5: C. parapsilosis. Lane 6: C. pelliculosa.

2.3.4 DNA sequencing
Comparison of the DNA sequences obtained with the full and partial sequences of 

the gene already published 69 179 180)̂  demonstrated that each sequence was 

derived from the fungal lanosterol 14 a-demethylase gene. Genebank accession 

numbers are AFO19902 and AFO19903 for C. parapsilosis and C. pelliculosa, 

respectively.
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1 a t t t g c t a a a t t t g c t t t g a c t a c t g a t t c a t t t a a a a g a t a t g t t c c t a a g a t t a g a g a a g â a a t t t t g a a 't t a t t t t g

81 TTACTGATGAAAGfTTCAAATTGAAAGAAAAAACTCATGGGGTTGCCAATGTTATGAAAACrCAACCAGAAATTACTATT

1 6 1 TTCACTGCTTCAAGATCTTTATTTGGTGATGAAATGAGAAGAATTTTTGACCGTTCATTTGCTCAACTATATTCTGATTT

2 4 1 a g a t a a a g g t t t t a c c c c t a t t a a t t t t g t t t t c c c t a a t t t a 'c c t t t a c c t c a t t a t t g g a g a c g t g a t g c t g c t c a a a

3 2 1 AGAAAATCTCTGCTACTTATATGAAAGAAATTAAACTGAGAAGAGAACGfGGTGATATTGArCCAAATCGTGATTTAATT

4 0 1 g a t t c c t t a t t g a t t c a t t c â a c t t a t a a a g a t g g t g t g a a a a t g a c t g a t c a a g a a a t t g c t à a t c t t t t à a t t g g t a t

4 8 1 TCTTÀTGGGTGGTCAACATACTTCTGCTTCTACTTCTGCTTGGTTCTTGTTACATTTAGGTGAAAAACCTCATTTACTAG

5 6 1 ATGTTATTTATCAAGAAAGTTGTTGAATTTTTGAANGAAAAAGGTGGTGATTTGAATGATTrGACTTATGANGATTTACA
6 4 1 AAAATTACCATCAGTCAATAACACTATTAAGGAAACTCTCAGAATGCATATGCCATTACATrCTATTTTTAGAAAAGTTA
7 2 1 CTAACCCATTAAGAATCCCTGAAACCAATTATATTGTTCCAAAAGGTCATTATGTTTTAGTrTCTCCAGGTTATGCTCAT

8 0 1 ACTAGTGAAAGATATTTTGATAACCCTGAAGATTTTGATCCAACTAGATGGGATACTGCTGCTGCCAAAGCTAATTCTGT
8 8 1 TTCATTTAACTCTTCTGATGAAGTTGATTATGGGTTTGGGAAAGTTTCTAAAGGGGTTTCTrCACCTTATTTACCATTTG
9 6 1 GTGGTGGTAGACATAGAT GTATT

Table 2.5a: C. albicans (983 bp)

1 GACTCCCATTTTTTNGGGNNGACCACAGATfCTGGGGGNCCTATGTTCTNAGGAGGGGAGAANÀATTTTGAATGGGNTTG
8 1 TTAACGATGTTAGTTTCAAAACCAAGGAAAGAGACCATGGTGTTGCTAGTGTTATGAAAACTCAACCAGAAATCACTATT
1 6 1 TTCACTGCTTCTCGTTGTTTATTTGGTGATGAAATGAGAAAGAGTTTCGACAGATCATTTGCTCAATTGTATGCTGACTT
2 4 1 GGATAAAGGTTTCACCCCAATCAACTTTGTTTTCCCAAACTTGCCATTACCTCATTACTGGAGACGTGACGCTGCTCAAA
3 2 1 GAAAGATATCTGCTCATTACATGAAGGAAATTNAGAGAAGAAGAGAAAGCGGTGATATTGATCCAAANAGAGATTTGATT
4 0 1 GATTCCTTGTTGGTTAACTCTACTTATAAAGATGGTGTTAAAATGACTGATCAAGAAATTGCTAACCTTTTAATTGGTGT
4 8 1 TTTGATGGGTGGTCAACATACTTCTGCTTCCACTTCTGCCTGGTTCTTGTTGCATTTGGCTGAACAACCACAATTACAAG
5 6 1 ATGATCTTTACGAAGAATTGACCAACTTGTTGAATGAAAAGGGTGGTGACTTGAACGATTTGACTTACGAAGACTTGCAA
6 4 1 AAATTACCATTGGTTAACAACACTATTAAAGAAACTTTGAGAATGCACATGCCATTGCATTCTATTTTCAGAAAAGTTAT
7 2 1 GAACCCATTGAGAGTCCCAAATACCAAATATGTTATTCCAAAAGGTCACTATGTCTTAGTTTCTGCCGGTTATGCTCATA
8 0 1 CCAGTGATAGATGGTTTGAACACCCAGAACATTTCAACCCAAGAAGATGGGAATCTGATGATACCAAGGCTAGTGCTGTT
8 8 1 TCTTTCAATTCTGAAGATACTGTTGNTTASGGTTTCGGTAAHATTTCCRAMAGTGTCTNCTTKGGGTAGANACMAACMCN
9 6 1 CGC

Table 2.5b: C, tropicalis (963 bp)

1 GGGGNNGAATTTGCCAAAGTTGCCCTCACCAAGGAATCCTTTATTAGGTACGTCCCCCTCATCAAGGACGAGATGCTCAA
8 1 GTATTTCAATGCCAACTTTAGGGGGGACTCGGGCAAAACCGATGTTTTGAAATCGCAGTCGGAAATGACGCTCTTTACCG
1 6 1 CATCTCGTTCTCTCTTTGGTGACGCTCTACGTAACAGATTGGACGCTTCTTATGCTGAGATGTACAGCGACTTGGATAAG
2 4 1 GGCTTTACCCCTCTGAATTTCGTCTTCTCCTATTTGCCATTGCCTAACTACTGGAAAAGAGATGCTGCTCATAAGAACAT
3 2 1 CTCAAACACTTACTTGGATTTGATCAATACAAAGCGTGCCGGTGGTGAAATCAAAAATGAGGATTTGGTTGATGCATTGT
4 0 1 TGAAAAATTCAGTTTACAAGGATGGTACTAGAATGACCGACGAGGAATTAGCCCACTTGATGATTGGTGTCTTAATGGGT
4 8 1 GGTCAACATACTTCTTCTGCAACATCTGCTTGGTTCTTATTACACCTTGGTGAAAAACCTCAATTACAAGAAGAAATTTA
5 6 1 CAGAGAAATCCAATCGGTTTTAGGTGAAAATTTCGAAAGTGAACTCACTTATGATGACTTACAAAAACTCGATTTAGTCA
6 4 1 ACGCCACAATCAAAGAGACCCTAAGATTGCACATGCCATTACATTCCATTTTCAGGAAAGTCACTCGTGATTTACCCGTT
7 2 1 CCAAACACTTCGTACATTGTTCCAAAGGGCCATTATGTTTTGATCTCACCAGGTTATACAATGTTAAGTGAAAGATACTT
8 0 1 CCCTAATGCCAGCGAATTCCAACCTCATAGATGGGATGAAATCAAGTCCATTGATGGTGGTATCTCTTTGCCTGCTGAAG
8 8 1 GTGAAAATGCAAAGGAAACTGTCGATTACGGTTTCGGTAAGATCTCTAAAGGTGTTGCATCCCWKTGACTSACCTTGTGA
9 6 1 NNC

Table 2.5c: C. krusei (963 bp^

1 NTGTGKGGGNTCAAGGNGGGCGGANKGAGGGGRNGRGTCACCCCNGTCRATTTGGGGTTTCCCAAGAWKCGGWCCAKNAC
8 1 NTGAGTATTGGNAAGGGGGNTGGKGGGCAACWGAAAGAKTTTNTGAGANGGGATANGAWAGAGRTTGCTAGGRAGNAGRG
1 6 1 AGAGGGGGACAGrGNTGGAAATGGGGATTNNNTCNCCYCNCCCCNGGKRNACTCTAWATACRAAGATGGTGTKARAATGA
2 4 1 CTGATWAGGAAAKTGCKAACTTGTKGATKGGTGTTTTGNTGGGAGGAWAGCATACTAGTGCCACTACATCTGCTTGGTTT
3 2 1 TTGTTGCATTTGGCGTGAGAAGCCACAATTACAAGATGAATKGTNTCAAGAGGTTCTTAATGCCTTATCTGGTAAAGGTG
4 0 1 GCAACTTGGATGATTTATCGTAKGAGGATTTGCAACAAATGCCATTGGTTAACAACACCATCAAGGAAACCCTCAGATTA
4 8 1 CACATGCCATTACATTCCATATTCAGAAAAGTTGTTTCTCCCTTGGTTGTGCCAAACACAAAGTATATTGTCCCTAGAGG
5 6 1 ACACCACGTATTGGTGTCACCAGGTTATGCTCATACAAACGAAAGATTTTACAAGGACGCATCTGATTTCAACCCTCACA
6 4 1 GATGGGATGAATCAGCATCCACCAATGACGCAGGTGAAGTTGATTATGGATTTGGTAAAGTTTCCAAAGGTGTTAGCTCT
7 2 1 TGGA

Table 2.5d: C. varapsilosis (724 bp)
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1 CGGTGCAAGATGATGGACNGANAGAATTTGTCAAAGGTGCCTTAACTAGAGATGCTTTCAAATCTTATGTTCCTCAAATT
8 1 AGAGAAGAAATTATCCATTATTTCCAAAACTCCAAAAATTTCAAATTTGGTGAAAGAAAACATGGTATTTCCAACGTTAT
1 6 1 GGCAACTCAACCTGAAATCACTATCTTCACTGCTTCAAGATCCCTAATGGGTAAACAAATGAGAGAAAGATTTGATGAAA
2 4 1 GTTTTGCAGGTTATTACAGTGATTTAGATAAAGGGTTCACTCCAATCAATTTTGTTTTCCCAAACTTACCATTACCAAGT
3 2 1 TATAGACGTAGAGATTATGCTCAACAAAAAATCTCCTCAACTTACATGGGTTTAATTAAGGAAAGAAGAGAAAACAATGA
4 0 1 TATTAAAGACAGAGATTTGATTGATACTTTGATGAAAACTTCAACTTATAAAGATGGTGTCAAGATGACTGATCAAGAAA
4 8 1 TTGCAAACTTGTTAATTGGTGTTTTGATGGGTGGTCAACATACTTCTGCTGCTACTTCTGCTTGGTTCTTATTACATCTT
5 6 1 GCTGAAAAACCAGAATTACAAGAGGAAATTTATCAAGAAATTATGAAAGTTACCGGCGGTGAAGATGTTACTTATGATGA
6 4 1 TTTACAAGAAATGCCATTAGTTAACAATGTTATTAAAGAAACTTTAAGAATGCATATGCCATTACACTCAATTTTCAGAA
7 2 1 ANGTTAAAAACCCATTACCAGTTCCAGGTACTTCATATGTCGTTCCAAAAGGTCATCACGTTCTAGTCTCACCAGGTTTT
8 0 1 GCCATGACTAATGAAAACTATTTCCCACAACCAGAAGTTTACAATCCACATAGATGGGATGAAGATTCAACTTCAAAAGC
8 8 1 TGCACAAGATTCAAGTACTGTTGATTACGGTTTCGGTGCTGTTTCCAAAGGTGTCAGCTCTCCATATTTACCANT

Table 2.5e; C  pelliculosa (955 bp)

1 CGCAGGGGAGNCCANATGTNTAGGGGGCCGACACNAANGTATTGGGGTNGACACNAANGTNCGGNGNTAGACACCAANGT
8 1 CCGGGGGNTGACACAAATGTNNGNCNGNNNACACCCANCTTTGGNGGNNNAACCCANNATTNCGNNGNCGGNNCCNNCNA
1 6 1 CNTGNGGGTCNCCCNACCTNANNNGACNATCTCCNCTGCTTCCAGATCCTTGCNAGGTAAGGAAATGAGAGACANGTTGG
2 4 1 ACACCGACNNCGCTTACTTGTACAGTGACTTGGACNAGGGTTTCACCCCAATTAACTTCGTCNTCCCTAACTTGCCTCTA
3 2 1 GAACNCTACANAAAGAGAGACCNTGCCCAACAAGCTATCTCTGGTACTTACATGTCCTTGANTAAGGAAAGACGTGAGAA
4 0 1 NAACNATATCCAAAACCGTGACTTGATTGANGAATTGANGAANAACTCCACTTACNAGGATGGTACNAANATNACCGACC
4 8 1 AAGAAATTGCCAACCNATTAATTGGTGTCTNGATGGGTGGTCAACATACTTCCGCTGCTACCTCCGCTTGGTGTCTATTG
5 6 1 CATTTGGCTGAAAGACCAGATGTCCAAGAAGAATTGTACCAAGAACAAATGCGCGTCTTGAACAACGATACCAAGGAATT
6 4 1 GACTTACGATGACCTACAAAACATGCCTCTATTGAACCAAATGATCAAGGAAACTTTGAGATTGCACCACCCATTGCACT
7 2 1 CTTTGTTCCGTAAAGTCATGAGAGATGTCGCTATTCCAAACACTTCRTACGTTGTCCCAAGGGACTACCACGTTNTNGTM
8 0 1 TCCCCRGYYACACTGAGAGCAAAGBGMMTTCTTCCGKAAGCCANRTGCMNTGGGAGRTCNACRGTKVWCNWGGGAGGAAG
8 8 1 MTTNTTCCYKGGGGRWGAAAAGNDAGRNCYWGGGTNGAMRMSNHCGACCYNKGGTMGACAWAGMTCCTTGGGTAGACACA
9 6 1 GAGTATCGC

Table 2.5f: C slabrata (969 bp)

Tables 2.5 a-f: PCR product sequences of the lanosterol 14 a-demethvlase 
gene amplified from six Candida species using primers LF+LR.

2.3.5 DNA sequence analysis

The analysis of sequences obtained for the six Candida species allowed detailed 

examination o f the sequence at the active site of the enzyme. Results demonstrate the 

highly conserved area of DNA sequence and amino acid translation thereof (Figure 

2.4). The differing codon usages have been taken into account in this analysis e.g. 

codon CUG = serine and not leucine in C. albicans. The DNA sequence obtained 

from C. parapsilosis genomic DNA was of poor quality owing to poor primer 

annealing, and hence only 724 bases were used in the analysis. These results are 

demonstrated in detail in Tables 2.6 and 2.7.
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Figure 2.4; Comparison of the full 
sequences obtained clearly 
demonstrates the conserved 
sequences in the area of the active 
site of this enzyme.
The sequences are represented as 
Clustal W alignments with bases 
which match that of the consensus 
sequence hidden from view. The 
areas which match with the 
consensus sequence are boxed. The 
consensus strength is represented in 
colour (with red the highest) and in 
the height of the bars (the higher the 
bar the greater the similarity with 
the consensus sequence).

<r- ACTIVE SITE sequence is 
conserved in all Candida species
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bases 1 0 5 1 - 1 0 6 2 1 0 6 3 - 1 0 7 4 1 0 7 5 - 1 0 8 6
C. albicans ATTGGTATTCTT ATGGGTGGTCAA CATACTTCTGCT
C. tropicalis ATTGGTGTTTTG ATGGGTGGTCAA CATACTTCTGCT
C. g labra ta ATTGGTGTCTNG ATGGGTGGTCAA CATACTTCCGCT
C. krusei ATTGGTGTCTTA ATGGGTGGTCAA CATACTTCTTCT
C. parapsilo sis ATKGGTGTTTTG NTGGGAGGAWAG CATACTAGTGCC
C. pe llicu losa ATTGGTGTTTTG ATGGGTGGTCAA CATACTTCTGCT
Amino acid translation of 
C albicans  sequence

. 1 . # 3̂ . . 1 . . Ij . • M . . G . . G . . Q . • H . . T . . S . . A .

bases 1 0 8 7 - 1 0 9 8 1 0 9 9 - 1 1 1 0 1 1 1 1 - 1 1 2 2
C. albicans TCTACTTCTGCT TGGTTCTTGTTA CATTTAGGTGAA
C. tropicalis TCCACTTCTGCC TGGTTCTTGTTG CATTTGGCTGAA
C. g labra ta GCTACCTCCGCT TGGTGTCTATTG CATTTGGCTGAA
C. krusei GCAACATCTGCT TGGTTCTTATTA CACCTTGGTGAA
C. pa ra p silo sis ACTACATCTGCT TGGTTTTTGTTG CATTTGGCCTGA
C. pellicu losa TCTACTTCTGCT TGGTTCTTATTA CATCTTGCTGAA
Amino acid translation of 
C . albicans  sequence

• S .  . T « . S .  . A . . W . . F . . L . . L . . H . . L . . G . . E .

Table 2.6: Comparison of the DNA sequences in the region of the active site 
of the enzyme demonstrates the presence of a highly conserved area of DNA 
sequence.
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SOURCE SEQUENCE OF HELIX I (AMINO ACIDS 292-324)

C. albicans M T D Q E I A N L L I G I L M G G Q H T S A S T S A W F L L H L G

C. tropicalis M T D Q E I A N L L I G V L M G G Q H T S A S T S A W F L L H L A

C. glabrata M T D Q E I A N L L I G V L M G G Q H T S A A T S A W C L L H L A

C. krusei M T D E E L A H L M I G V L M G G Q H T S S A T S A W F L L H L G

C. parapsilosis M T D Q E I A N L L I G V L M G G Q H T S A T T S A W F L L H L A

C. pelliculosa M T D Q E I A N L L I G V L M G G Q H T S A A T S A W F L L H L A

Conserved amino acids ^  ̂  ̂  ^  ^  ^  ^  ̂  ^  ̂  ̂  ̂  ̂  ̂  ̂  ̂

Table 2.7: Comparison of the deduced amino acid sequences in Helix I. 
which encompasses the active site of the enzyme, demonstrates the presence 
of the same conserved sequences in C. parapsilosis and C. pelliculosa as in 
other Candida spp.
The findings demonstrated in this table are in agreement with published results 
and extend the information presented by Lamb et al. 1997 and Burgener-Kairuz 
e t a l  1994.(69 78)

Several o f the clinical C  albicans isolates from eyes with fungal endophthalmitis 

had previously proven resistant to fluconazole on testing by the broth macrodilution 

method (Dr. G. Midgeley PhD, St Thomas’ Hospital, London UK). Sequencing of 

the lanosterol 14 a-demethylase gene was, therefore, undertaken. DNA sequencing 

was begun on a total of 20 isolates both resistant and sensitive to fluconazole. These 

included 2 ‘resistant’ clinical isolates (MIC >8 mg/1) and 4 resistant isolates 

purchased from the PHLS (MIC = 64 mg/1), Bristol, UK. DNA sequencing was 

performed for each isolate using primers SF+WR. Simultaneously, the M IC’s for 

azole compounds was re-determined using the NCCLS criteria (Dr. E. Johnson PhD, 

PHLS Laboratory, Bristol, UK). All clinical isolates proved sensitive to fluconazole.
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Amino acid sequences were deduced from the DNA sequences obtained and proved 

identical to one another and published sequences (C. albicans Accession number 

X I3296 (^^)) As all our clinical isolates proved sensitive on re-testing and since 

during the course o f the thesis other articles detailing mechanisms o f resistance were 

published(^^ 76 78 79)̂  this sequencing work was not extended to the resistant 

isolates purchased from the PHLS.

MAIVETVIDGINYFLSLSVTQQISILLGVPFVYNLVWQYLYSLRKDRAP
LVFYWIPWFGSAASYGQQPYEFFESCRQKYGDVFSFMLLGKIMTVYLG
PKGHEFVFNAKLSDVSAEDAYKHLTTPVFGKGVIYDCPNSRLMEQKKF
AKFALTTDSFKRYVPKIREEILNYFVTDESFKLKEKTHGVANVMKTQP
EITIFTASRSLFGDEMRRIFDRSFAQLYSDLDKGFTPINFVFPNLPLPHY
WRRDAAQKKISATYMKEIKXRRERGDIDPNRDLIDSLLIHSTYKDGVK
MTDQEIANLLIGILMGGQHTSASTSAWFLLHLGEKPHLQDVIYQEVVE
LLKEKGGDLNDLTYEDLQKLPSVNNTIKETLRMHMPLHSIFRKVTNPL
RIPETNYIVPKGHYVLVSPGYAHTSERYFDNPEDFDPTRWDTAAAKAN
SVSFNSSDEVDYGFGKVSKGVSSPYLPFGGGRHRCIGEQFAYVQLGTIL
TTFVYNLRWTIDGYKVPDPDYSSMVVLPTEPAEIIWEKRETCMF

Table 2.8: The amino acid sequence obtained for a clinical isolate initially 
thought to be ‘resistant*.
This sequence is identical to the sequence obtained for a ‘sensitive’ clinical 
isolate and also identical to the sequence published for C. albicans.

2.4 Discussion
Polymerase chain reaction (PCR) technology has been applied to the detection of 

medically important fungi. Primers based in the 18S rRNA gene, Actin gene, Small 

subunit r RNA gene. Heat Shock protein 90 gene and lanosterol 14 a-demethylase 

gene have all been used with good effect.f^^ 180-183) this study, the Candida 

gene coding for lanosterol 14 a-demethylase was chosen for PCR amplification, 

because its product catalyses an essential step in the conversion o f lanosterol to 

ergosterol. This enzyme is the site of action and is inhibited by the azole family of
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anti-fimgal drugs (e.g. fluconazole, econazole), which are drugs routinely used in the 

treatment of ocular fungal disease.

Standard DNA extraction methods are time-consuming and involve multiple tube 

transfers wherein organisms/ DNA may be lost. For purposes of application to 

ophthalmic samples, where the sample volume is usually small and the number of 

organisms grown from culture of such a sample is also small, modifications to the 

extraction procedure were made to reduce the potential loss of organisms / DNA in 

transfer. Compared to published methods (^^^ 174-177) the two techniques described 

here not only reduce the complexity of DNA extraction (and thereby the time), and 

the number o f tube changes, but they achieve excellent sensitivity, as judged by 

subsequent PCR, in detection of just one viable organism. Method 2, in particular, 

shows great potential, as the technique is not only found to be reliable and 

reproducible but simple and rapid.

O f all the primers designed only two pairs were able to amplify DNA from a range 

of non-albicans species. Published results from other groups using the same gene 

target have indicated successful amplification from non-albicans DNA using 

different primers designed to detect C. a l b i c a n s . In some cases amplification 

o f alternative fragments has allowed species identification. Morace et al. 1997, have 

reported excellent specificity for fungi and ability to detect 7 Candida spp. with the 

same set o f p r i m e r s . T h e  PCR reaction, however, occurs at a low annealing 

temperature of 49° C at which the primers used for this study were found to amplify 

both bacterial DNA as well as all the fungi tested including C. guilliermondii, 

Aspergillus fumigatus and Fusarium solani.
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The primers designed by Buchman et a l 1990 were tested for their ability to amplify 

DNA from a variety o f fungal sources. In this laboratory, DNA from non-albicans 

targets were amplified but results were not reliably r e p r o d u c i b l e . P e r h a p s  this 

became evident with time as in their second paper, species specific primers were 

used to amplify the different Candida species.(^^) In our study we have opted for the 

highest annealing temperature possible without reducing product yield, to ensure 

specificity, as the presence o f bacterial and human cells in ocular samples is highly 

likely. This may have reduced the sensitivity of the reaction but the use of a second 

round nested approach improved sensitivity and maintained specificity o f PCR 

detection.

The sensitivity achieved after first round PCR is poor when compared to other 

published studies using primers based on the lanosterol 14 a - d e m e t h y l a s e . 180) 

Buchman et al. 1990, reported a first round sensitivity of 10-12 yeasts in lOOpl 

samples, and Morace et a l 1997, have reported a sensitivity of 200fg C. albicans 

DNA after just one round o f PCR. In the latter study the low annealing temperature 

will undoubtedly have had a role to play in this, but the same can not be said to be 

true of the study by Buchman et a l 1990, at which the annealing temperature was 

55°C. (1^9 180) Bergener-Kairuz et a l 1994, reported a sensitivity o f 10-20 cells per 

lOOpl sample, after two rounds o f PCR followed by Southern blotting.(69) In this 

study a sensitivity of one gene copy can be obtained with two rounds of PCR and 

without the need for Southern blotting.

RFLP analysis o f PCR products from each o f the six species o f Candida was 

successful in allowing differentiation. Although the number of strains tested was 

small, the method enabled clear and unambiguous identification of species. The
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RFLP analysis of PCR amplified fungal DNA has also been performed on amplified 

fragments o f the fimgal specific ribosomal DNA gene (1^6)  ̂ small ribosomal subunit 

18S rRNA (164)  ̂ and the intergenic spacer regions o f ribosomal DNA in Candida 

spp.(1^2) Hopfer et a l 1993, tested forty-two species o f fimgiX^^^) Each yielded the 

required 310bp amplification product. The PCR sensitivity has been reported as 15 

cells. Hae III digest of the PCR product differentiated the fungi into 5 broad groups. 

However, all the Candida spp. tested gave the same restriction pattern after Hae III 

digest. Morace et a l 1997, have reported the use of RFLP analysis in differentiation 

o f PCR products but in that study each restriction enzyme was used separately and 

the results compared.(l^®) The development of a ‘restriction enzyme cocktail’ which 

yields species specific RFLP patterns and significantly reduces the time involved. 

DNA sequence analysis o f the different Candida species studied, revealed homology 

in the area o f the active site of the enzyme. The work presented here extends the 

information available with regards to the number of species sequenced.

Mycological diagnosis of the species present is possible from both cultures of 

organisms and patient samples. In the case of intraocular samples the highest 

sensitivity is required in order to ensure successful diagnosis even if only one gene 

copy remains in PCR amplifiable form. Therefore, the path to diagnosis necessarily 

involves two rounds of a highly specific PCR reaction. Once the first round is 

complete, second round PCR reactions can be set up using two different pairs of 

primers. This would allow identification of C. albicans immediately following the 

second round of PCR (primers NLF+NLR), because of a unique 270bp fragment 

only amplifiable with C. albicans DNA. However, the diagnosis of non-albicans 

Candida spp. (primers NLF+LR) would require restriction endonuclease digestion to
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be undertaken. Since C  albicans remains the most common causative organism of 

fungal endophthalmitis and both second round primers detect C. albicans DNA this 

method has the added advantage of ‘double checking the diagnosis’ o f albicans vs. 

non-albicans species.

The process of identification for a sample containing C. albicans is complete in 7 

hours. The identification o f C. tropicalis, C. krusei, C. parapsilosis, C. glabrata, and 

C. pelliculosa would require 11 hours in total, using amplification with the outer 

primers followed by PCR with semi-nested primers NLF+LR and restriction 

endonuclease digest. Restriction enzyme digestion could be performed overnight 

allowing an answer to be available early on the next working day.

To hasten the identification of cultured organisms, one round of PCR with primers 

LF+LR or NLF+LR could be performed on extracted DNA followed by restriction 

endonuclease digest allowing species identification in 8 hours.

In conclusion, compared to other methods these techniques not only reduce the 

complexity o f DNA extraction, and also reduce the number of tube changes 

(whereby organisms might be lost in transfer), but they achieve excellent sensitivity 

in detection o f just lOfg DNA. The simplicity o f the DNA extraction technique allied 

with the broad specificity of the outer primers for all ophthalmically relevant 

Candida spp. and the excellent sensitivity of the second round PCR, was applied to 

the detection o f fungal DNA in small intraocular samples.

76



3. Chapter 3: Application of molecular biology techniques to the detection of 
fungal DNA in ocular samples
The methods described in Chapter 2 have proven the sensitivity of PCR detection 

using DNA in water to be 10 fg (equivalent to one gene copy). In this Chapter the 

work is extended to the analysis of ocular samples. Prior to analysis of clinical 

samples from cases o f presumed fungal endophthalmitis, further work was carried 

out to test the sensitivity o f detection with live organisms in samples o f ‘non

inflamed’ and ‘inflamed’ vitreous.

3.1 Samples
Vitreous samples included many ‘normal’ vitreous’ samples from healthy eyes, and 

two samples o f vitreous from inflamed eyes, termed ‘inflamed vitreous’. These 

included 500pl samples from a case of toxoplasma chorioretinitis (TCR) and a case 

of pars planitis (PP). Although both eyes demonstrated clinical signs consistent with 

inflammatory infiltration of the vitreous cavity, the TCR vitreous was much more 

heavily infiltrated than the PP sample.

Samples from cases of presumed fungal endophthalmitis included 17 vitreous 

samples (volumes 15-500pl) collected from 17 patients between 13.12.91 and 1.3.98. 

Four aqueous samples were also available from 4 of these patients. Unless otherwise 

stated, all experiments detailed below were performed using vitreous samples.

3.2 Application to vitreous samples
Unless otherwise stated, in the following experiments the sensitivity o f detection was 

initially tested using extracted genomic DNA and subsequently tested using live 

organisms with a simple heating procedure to release the DNA from cells (95 °C for 

20 minutes).
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3.3 Effect of addition of increasing volumes of vitreous to PCR amplification of 

extracted genomic DNA

The sensitivity o f the PCR reaction was tested in the presence o f increasing volumes 

of vitreous to a maximum volume of 72% of the PCR reaction volume. All reactions 

were carried out using lOng of extracted genomic DNA per 50 \x\ reaction volume. 

Vitreous was only added to the first round PCR reaction. Results indicated that 

increasing clinical inflammatory signs were correlated with greater ability of vitreous 

to inhibit the PCR reaction, with the greatest inhibition obtained upon incorporation 

o f TCR vitreous followed by PP vitreous and the least inhibition was obtained when 

uninflamed ‘normal’ vitreous was added to the reaction. First round PCR yield was 

inhibited if  the percentage of vitreous volume of the PCR reaction was >10% for 

TCR vitreous, >20% for PP vitreous and >30% for ‘normal’ vitreous (Figure 3.1). 

However, second round PCR was positive for all vitreous volumes and all vitreous 

samples.
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Figure 3.1a 
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Figure 3.1b 
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Figure 3.1c Figure 3.1d

Figure 3.1: Experiments on the effect of increasing volumes of vitreous 
on PCR amplification demonstrate that inflamed vitreous inhibits PCR 
amplification at much lower concentrations as compared to normal 
vitreous.
The effects are only apparent for the first round PCR reaction and no difference 
is noted after two rounds of PCR.
Figure 3.1a: Inflamed vitreous (TCR), results of first round PCR using 
oligonucleotide primers LF+LR.
Figure 3.1b: Inflamed vitreous (TCR), results of second round PCR using 
oligonucleotide primers NLF+NLR.
Figure 3.1c: Normal vitreous, results of first round PCR using oligonucleotide 
primers LF+LR.
Figure 3.Id: Normal vitreous, results of second round PCR using 
oligonucleotide primers NLF+NLR.

Lane 1 2 3 4 5 6 7 8 9/10 11 12
vit/ pi 1 5 10 15 20 25 30 35.8 0 5 0
HjO/ pi 34.8 30.8 25.8 20.8 15.8 10.8 5.8 0 35.8 30.8 35.8
DNA/ ng 10 10 10 10 10 10 10 10 0 0 0

Lanes 1 - 8 test samples as in the table above.
Lane 9: ddH20 negative control for first round PCR. This sample was used as a 
test sample in the second round reaction.
Lane 10: ddHjO negative control for first round PCR. This sample was used as a 
test sample in the second round reaction.
Lane 11 : vitreous negative control for first round PCR. This sample was used as 
a test sample in the second round reaction.
Lane 12: ddHjO negative control for second round PCR.
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3.4 Effect of vitreous at high DNA concenitrations
The addition o f vitreous to the reaction mix at high DNA concentrations (30 ng per 

50pl reaction volume) demonstrated a clearly visible difference in the yield o f DNA, 

judged using gel electrophoresis, after one round of PCR. The yield with ‘normal’ 

vitreous was comparable to that if no vitreous is added to the reaction mix and the 

addition of inflamed vitreous (TCR and PP vitreous) had a yield reducing effect 

greater than normal vitreous. No difference in yield, however, was noticed after two 

rounds of PCR in any o f these reactions.

3.5 Effect of vitreous at low DNA concentrations
PCR amplification o f decreasing amounts o f  DNA was tested 'with 5 pi o f vitreous 

which was the volume demonstrating no inhibitory effect on any first round PCR 

reactions.

First round PCR results indicated that lOpg of DNA was detectable when either 

normal vitreous was used or no vitreous was added to the reaction mix. The 

experiments were repeated with inflamed vitreous. First round PCR sensitivity using 

TCR vitreous was >30 ng whereas that obtained with PP vitreous was lOng. Second 

round PCR reactions were positive to a sensitivity of 1 fg for all experiments.

In conclusion, inflammatory components in vitreous are only o f concern if  the 

amplification reaction undertaken involves only one round o f PCR. Work was 

extended to the detection of live organisms in vitreous.

3.6 Sensitivity of detection of live organisms in vitreous
The initial experiments to assess the sensitivity o f detection o f live organisms in 

vitreous used the ‘Heat and PCR’ method for release o f DNA from cells. Five 

microlitres o f vitreous sample (Normal / PP/ TCR vitreous) was added to 34.8 pi of 

water, and after addition of 65pi of mineral oil was placed onto the PCR machine
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and heated to 95 °C for 20 minutes. The remaining components of the PCR mix were 

then added to the reaction under the mineral oil and cycling commenced. The nested 

reaction was carried out with primers NLF+NLR (270 bp product) and NLF+LR 

(509 bp product).

In order to test the sensitivity o f the reaction using whole organisms, fresh serial 10 

fold dilutions of C. albicans were prepared. Equal aliquots of each dilution were 

simultaneously used in DNA extraction/PCR experiments and cultured to determine 

the lowest number o f live organisms which could be detected. Every attempt was 

made to ensure the viability of the colonies such that the PCR results obtained could 

be correctly correlated with culture results. Each set of dilutions was prepared from 

freshly grown colonies following overnight culture. The presence of dead organisms 

or ‘free DNA’, however, could not be excluded. As this would ensure an artificially 

high sensitivity by PCR, and invalidate our results, a series o f experiments were 

conducted whereby the initial and most concentrated dilution of C. albicans was 

pre-treated with DNAse I (D-4527, Bovine pancreas DNAsel, 1 hour at 37 °C) prior 

to aliquoting. Results demonstrated no difference in sensitivity by culture or PCR 

with or without DNAse I pre-treatment.

PCR results indicated a detection sensitivity o f one organism following nested 

amplification upon incorporation of normal vitreous but a drop in sensitivity 

with the use o f inflamed vitreous (TCR and PP) to within the range 1 - 46 

organisms in 5 pi sample (Figure 3.2).
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Figure 3.2a 
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270 bp—>

Figure 3.2b

Figure 3.2 a-b; Incorporation of inflamed vitreous into the PCR 
reaction results in a loss of sensitivity in detection of live organisms; 
results of a typical experiment

Figure 3.2a: Inflamed vitreous (PP): results of second round PCR using 
oligonucleotide primers NLF+NLR.
Figure 3.2b: Normal vitreous: results of second round PCR using 
oligonucleotide primers NLF+NLR.

Lane 1 2 3 4 5 6 7 8 9 10 11 12
Vit /pi 5 5 5 5 5 5 5 5 5 5 0 5
Organisms / pi 5 5 5 5 5 5 5 5 5 5 0 0
Culture / cfu 
in 5 pi

c c s/c =1000 256 46 15 2 0 0

Lanes 1- 11 :  five microlitres of a serial ten fold dilution series prepared from 
one colony forming unit of C. albicans following overnight culture. Results of 
culture of 5pl of the same dilution appears in the table above. Lane 11 : ddHjO 
negative control, Lane 12: vitreous negative control. Abbreviations: vit = 
vitreous, c = confluent growth, s/c = semi-confluent growth.
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3.7 Attempts to enhance the sensitivity of detection of organisms in inflamed 
vitreous.
Experiments were performed to further improve both the sensitivity o f DNA 

extraction and PCR amplification. Attempts to facilitate the release o f DNA from 

cells, and improve the amplification environment by reducing the protein 

concentration present, involved:

1. Increasing magnesium concentration and reducing annealing temperature

2. Restriction enzyme pre-treatment of sample. Heat and PCR

3. Application o f Gene 32 Protein

4. Collection of patient sample in EDTA

5. Phenol: chloroform extraction, heat and PCR

6. Heating and subsequent Phenol: chloroform extraction followed by PCR

7. Modified Gene clean protocol

8. Modified full extraction procedure

9. Proteinase K-agarose beads

10. Dilution o f patient sample, heat and PCR

3.8 Methods employed and results obtained

The following experiments were run initially with inflamed vitreous and 

subsequently with patient samples from cases o f presumed fungal endophthalmitis. 

In each case, unspiked patient samples were included as well as PCR positive and 

negative controls and extraction positive and negative controls.
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3.8.1 Increasing magnesium concentrations and reducing annealing 

temperature

The optimisation of the PCR reaction was repeated in an attempt to enhance the 

sensitivity of the reaction. Magnesium concentrations of 1.5 -  6.5mM were tested in 

the presence o f increasing concentration of vitreous (0 - 72% volume o f PCR 

reaction volume) at two lower annealing temperatures (50.5 and 51.5 °C) with no 

beneficial effect.

3.8.2 Restriction enzyme pre-treatment of sample. Heat and PCR
The pre-treatment of sample with restriction enzymes (RE) was attempted. A 200pl

digest was set up incorporating limit each of 3 RE (Sau3Al, A M , and Ncil) each of 

which recognised a specific sequence of 4 nucleotides, and was heat inactivated. 

Fifty microlitres o f neat and 50 pi o f 1 in 100 diluted sample were tested in parallel. 

RE digests were incubated for 30 minutes at 37 °C and followed by 95 °C for 5 

minutes, prior to addition o f primers, dNTPs, Taq polymerase and +/- extracted 

DNA (30 ng- 3 fg) as required. Results indicated an improvement in second round 

sensitivity by ten fold to 3 pg instead of 30 pg. No difference was noted for the 

diluted as opposed to the undiluted sample.

3.8.3 Application of Gene 32 Protein
Gene 32 protein (Code no. 27-0213-01 Pharmacia Biotech, Milton Keynes, UK) was 

used in an attempt to destabilise the DNA double helix and enhance the PCR 

process.

Results were disappointing with reduced yield and sensitivity o f all vitreous 

experiments in both the first and second round PCR reactions.
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3.8.4 Collection of patient sample in EDTA
An opportunity presented that at the time of surgery, one patient sample could be 

collected and immediately placed in a PCR tube containing autoclaved EDTA (2 

mM, pH 8.0), to reduce any enzymatic degradation of DNA prior to PCR. 

Unfortunately the sample was both PCR and culture negative and therefore, further 

such samples are required.

3.8.5 Phenol; chloroform extraction, heat and PCR
Five microlitres of the patient sample was added to 38.8 pi of water (31.8 pi for PCR 

and assume loss of 7 pi) and 45 pi of phenol: chloroform: isoamyl alcohol. The 

mixture was vortexed for 1 minute and centrifuged at 14,000 g for 1 minute. The 

aqueous phase was removed to a tube containing 45 pi o f chloroform, vortexed for 1 

minute and centrifuged at 14,000 g for 5 minutes. The aqueous phase was 

subsequently transferred to a PCR tube, after addition o f 65 pi of mineral oil was 

placed onto the PCR machine (Hybaid) preheated to 95 °C for 10 minutes. The 

remaining components of the PCR cocktail were then added and the reaction 

commenced immediately.

Following amplification, gel electrophoresis demonstrated a clear band only in the 

control positive samples (50 ng spiked into patient sample, lOng spiked into water as 

a PCR control, lOng spiked into normal vitreous, as DNA extraction and PCR 

control). Sensitivity of the reaction was routinely 100 fg- 1 pg, but none of the 

(unspiked) patient samples yielded a positive result.

3.8.6 Heating and subsequent Phenol; chloroform extraction followed bv PCR
Five microlitres of the patient sample was added to 38.8 pi o f water (31.8pl for PCR

and assume loss of 7 pi), and after addition of 65 pi of mineral oil was placed onto 

the PCR machine preheated to 95 °C for 20 minutes. The mineral oil was removed
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by one equal volume chloroform extraction, which was followed by addition of 45 |l i1 

of phenol: chloroform: isoamyl alcohol. The mixture was vortexed for 1 minute and 

centrifuged at 14,000 g for 1 minute. The aqueous phase was removed to a tube 

containing 45 pi of chloroform, vortexed for 1 minute and centrifuged at 14,000 g 

for 5 minutes. The aqueous phase was subsequently transferred to a PCR tube. The 

remaining components of the PCR cocktail were then added and the reaction 

commenced immediately.

None of the patient samples yielded a positive result. The product yields were 

markedly reduced with the only clear positive being the PCR control (lOng of DNA 

in water, not heated and extracted just PCR amplified). All control positive 

extraction controls were weakly positive (samples of normal and patient vitreous, 

and water spiked with lOng of DNA, heated, extracted and PCR amplified).

3.8.7 Modified Gene clean protocol
Five microlitres of vitreous sample was added to 5 pi o f TBE modifier and 5 pi of 

Glass milk, vortexed briefly and heated at 40 °C for 15 minutes. The suspension was 

centrifuged at 14,000 g for 10 minutes. The supernatant was discarded and the pellet 

washed twice with ice cold ‘New Wash’ and centrifuged for 1 minute at 14,000 g. 

The pellet was dried at 50 °C for 15 minutes or until no liquid level was visible and 

resuspended in 36.8 pi water. The mixture was heated to 70 °C for 5 minutes, and 

centrifuged at 14,000 g for 10 minutes. The supernatant was transferred to a PCR 

tube, the remaining components o f the PCR cocktail were added and the PCR cycle 

commenced immediately.
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Results indicated that all patient samples were negative. Positive extraction controls 

were also negative (sensitivity >10 ng), in the presence of positive PCR controls 

(sensitivity 100 fg extracted DNA in water).

3.8.8 Modified full extraction procedure
Five microlitres o f the patient sample was added to 38.8 pi of water (31.8 pi for PCR 

and assume loss o f 7 pi), and after addition o f 65 pi of mineral oil was placed onto 

the PCR machine preheated to 95 °C for 20 minutes. The mineral oil was removed 

by one equal volume chloroform extraction, which was followed by addition of 45 pi 

o f phenol: chloroform: isoamyl alcohol. The mixture was vortexed for 1 minute and 

centrifuged at 14,000 g for 1 minute. The aqueous phase was removed to a tube 

containing 45 pi of chloroform, vortexed for 1 minute and centrifuged at 14,000 g 

for 5 minutes. The DNA was precipitated with 2.5 volumes o f ethanol in the 

presence of 300 mM sodium acetate. The DNA was pelleted at 14,000 g for 20 

minutes, washed with ice cold 80% v/v ethanol, air dried at 50 °C for 2 hours and 

resuspended in 36.8 pi of water. The remaining components of the PCR cocktail 

were then added and the reaction commenced immediately.

Results indicated that all patient samples were negative. All control positive samples 

tested positive (for DNA extraction followed by PCR and for PCR alone) with a 

sensitivity of 100 fg -  1 pg and all control negative samples remained PCR negative. 

No loss of yield was noted when comparing the band obtained on gel 

electrophoresis, after PCR amplification of 1 Ong C. albicans genomic DNA and that 

obtained following DNA extraction and subsequent PCR of exactly the same 

concentration o f DNA, indicating little loss of DNA using this method.
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3.8.9 Proteinase K-agarose beads
Experiments were run simultaneously, comparing the ability to PCR amplify live 

organisms in 5 pi o f normal vitreous, TCR vitreous and PP vitreous, and compared 

with and without treatment with Proteinase K-agarose beads (PK beads).

The first round PCR sensitivity for normal vitreous and for PP vitreous were equal, 

and the same with or without PK beads (3 most concentrated samples from dilution 

series PCR positive), but when tried with TCR vitreous, first round sensitivity was 

increased in the presence of PK beads (5 most concentrated samples from dilution 

series PCR positive).

In the presence of normal vitreous, results were identical with or without PK beads 

(all 11 dilutions PCR positive = sensitivity o f Icfu). Second round sensitivity was 

less with PK beads for experiments run with inflamed PP and TCR vitreous ( 7 - 8  

most concentrated samples from dilution series = 5 0  - 250 cfii) whereas without PK 

beads sensitivity approached that obtained with normal vitreous ( = Icfu). Also, 

yields were noted to be less overall in experiments run with PK beads.

3.9 Comparison of DNA extraction results
To compare directly the results of the different extraction / amplification methods the 

experiments above were repeated with one patient sample previously PCR positive 

but culture negative for C. albicans for which a large sample of vitreous had been 

collected recently and who had a typical history and clinical signs of Candida 

endophthalmitis in both eyes and responded well to treatment. In order to check for 

loss o f DNA during the extraction procedure for each method tested, an identical 

experiment was run in parallel in which 1 Ong of C. albicans DNA added to the PCR 

reaction. Control positive and negative samples were included in each run.
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PATIENT KL: RESULTS OF NESTED PCR 
FOLLOWING THE METHOD OF DNA 
EXTRACTION BELOW

270 bp 509 bp

Heat + PCR + +
Heat + PCR with I Ong C. albicans genomic DNA + +
Ph:Ch +H eat + PCR - -

Ph:Ch + Heat + PCR with lOng C. albicans genomic 
DNA

+ +

Heat + Ph:Ch + PCR - -

Heat + Ph:Ch + PCR with lOng C. albicans genomic 
DNA

+/- +

Modified Geneclean protocol - -

Modified Geneclean protocol with lOng C  albicans 
genomic DNA

- -

Modified full extraction + +
Modified full extraction with lOng C. albicans 
genomic DNA

+ +

Controls
Negative controls (water, normal and inflamed 
vitreous)

- -

Sensitivity o f PCR reaction with C. albicans genomic 
DNA in water or normal vitreous

10 fg - 
100 fg

100 fg - 1 
pg

Table 3.1: Results of nested PCR with primers NLF+NLR (270bp) and 
NLF+LR (509bpl following differing methods of DNA extraction on a single 
vitreous sample from a culture negative case of presumed fungal 
endophthalmitis who responded well to therapv.
Methods as described in the text. Abbreviations used: Ph:Ch = phenol: 
chloroform extraction

With this patient sample the results of the simple ‘Heat and PCR’ and the ‘modified 

full extraction protocol’ methods were equally successful. Nevertheless, both 

methods were applied to a range of clinical samples. No apparent benefit was 

demonstrable by using the ‘modified full extraction protocol’ and, therefore, the 

‘Heat and PCR’ method was applied in subsequent experiments. Primers NLF+NLR 

were used in preference to NLF+LR as the sensitivity was reproducibly higher with 

the former.
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Attempts to improve further the PCR sensitivity of detection were only partially 

successful. The variability noted in the level of inhibition between inflamed vitreous 

samples was further investigated by spiking all patient samples with genomic C. 

albicans DNA.

3.10 Sensitivity of detection of DNA in inflamed vitreous from cases of 
presumed fungal endophthalmitis
Each patient sample was PCR amplified using primers LF+LR for the first round and 

primers NLF+NLR for the nested reaction. The ability o f each patient sample to 

inhibit PCR amplification was tested by spiking the sample with decreasing amounts 

o f extracted genomic C. albicans DNA. Each of the patient samples was tested in the 

presence of added 30 ng, 3 ng, 300 pg, 30 pg, 3 pg, 300 fg, 30 fg, 3 fg and no DNA. 

The level o f PCR inhibition varied from sample to sample. First round amplification 

sensitivity was in the order o f 3 - 30 ng, with second round PCR improving this 

slightly to 3 - 30 pg DNA. PCR amplification of samples spiked with 3 - 300 fg of 

DNA were often negative but occasionally yielded a band o f larger size than that 

expected (expected size 270 bp). Four o f these larger PCR products were sequenced 

to determine the origin o f the DNA. These samples included two patient samples 

spiked with genomic C. albicans DNA (product sizes obtained = 376 and 386 bp) 

and two unspiked patient samples (culture positive for C. albicans) (product sizes 

obtained = 382 and 644 bp). The products obtained were not o f the correct size (even 

when the sample had been spiked with C. albicans DNA) and did not match any 

DNA sequence available via www databases. The significance o f this finding is 

unclear.

O f the unspiked patient samples (i.e. with no added DNA) a number were PCR 

positive but results were unreliable with results not confirmed by the two primer
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pairs and culture positive samples yielding negative PCR results (Table 3.2). The 

patient samples which were spiked with decreasing concentrations o f genomic C. 

albicans DNA (in order to determine the concentration of DNA which would be 

amplifiable from a 5pi patient sample), were tested in duplicate and provided 

reproducible results (Table 3.2).
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1.0 kb ->

Figure 3.3a

19 20 2122 23 24 25 26 27 28 29303132 33 34 35 36

1.0 kb

Figure 3.3b

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

270 bp ->

Figure 3.3c

19 20 2122 23 24 25 26 27 28 29303132 33 34 35 36

270 bp ->

Figure 3.3d 

37 38 39 40 41 42 43 44 45 46 47
1.0 kb ^

270 bp ^

Figure 3.3e

Figure 3.3 a-d: Incorporation of 3ng and 30ng of genomic C. albicans 
DNA into the PCR amplification reaction of patient samples 
demonstrates variable inhibition between samples.
Each patient sample was tested twice: once with 3 ng and a second time with 30 
ng of genomic C. albicans DNA. Results for each patient sample appear 
adjacent to each other, thus lanes with even numbers reflect results with 3 ng 
and those with odd numbers that with 30 ng of DNA. Figure 3.3a: Lanes 1-18, 
samples 1-9. Results of first round PCR. Figure 3.3b: Lanes 19-36, samples 10- 
18. Results of first round PCR. Figure 3.3c: Lanes 1-18, samples 1-9. Results of 
second round PCR. Figure 3.3d: Lanes 19-36, samples 10-18. Results of second 
round PCR. Figure 3.3e: Lanes 37 and 38, First round PCR negative controls. 
Lane 39: Blank Lane, Lanes 40 and 41: First round PCR positive controls. Lane
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42: Blank Lane, Lanes 43 and 44: Second round PCR negative controls, Lane 
45: Blank Lane, Lanes 46 and 47: Second round PCR positive controls.
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Patient
sample

Vitreous / 
Aqueous

Culture results Lowest level of 
DNA detected 
after two rounds 
of PCR

5pi neat unspiked 
sample. PCR results after 
two rounds with second 
round primers below
NLF+NLR

270bp
NLF+LR

509bp
1. LB Vit negative 30pg - -
2. RB Vit negative 30pg - -
3. RBr Vit C. albicans 30pg - +
4. FA Vit C. albicans 3pg - +
5. FA Aq negative 30pg - -
6. JL Vit negative 30pg - -
7. KL Vit negative 30pg + +
8. KL Aq negative 30pg - -
9. JL Vit C. albicans 3pg + -
10. WM Vit C. albicans 30pg + -
11. KP Vit negative 30pg - -
12. KP Aq C. parapsilosis 30pg - -
13. JT Vit C. albicans 30pg - -

Table 3.2: Results of PCR amplification of patient samples from cases with 
clinical signs of fungal endophthalmitis.
Results are shown for samples for which enough vitreous was available to allow 
three repeat experiments (10 of 17 vitreous samples and 3 of 4 aqueous samples). 
Sensitivity of PCR amplification after two rounds for all these reactions was 
lOOfg of extracted C. albicans DNA in water (control positive).

3.10.1 Dilution of patient sample, heat and PCR
In order to reduce the inhibition present with the use of inflamed vitreous and 

improve sensitivity, the effects of diluting the vitreous sample was tested. Samples 

were diluted 1 in 2 (50%), 1 in 5 (20%), 1 in 10 (10%), 1 in 50 (2%), 1 in 100 (1%) 

and 1 in 500 (0.2%) and 5pi used in PCR reactions which incorporated 30 pg of 

extracted C. albicans DNA. Results indicated that dilutions of 1 in 50 or 1 in 100 

improve the sensitivity of the first round PCR to 30pg which is equivalent to the 

sensitivity of detection when using DNA/ organisms in water / vitreous. The unspiked 

patient samples (several culture positive for C. albicans) were negative during these 

experiments. However, subsequent testing of dilutions series of DNA (30 ng-300 ag)
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in 5 |j,l of 1 in 100 diluted sample revealed that best sensitivity of detection after 2 

rounds of PCR remained at 30pg. Interestingly, those patient samples which proved 

PCR positive with 30pg of DNA after dilution also yielded PCR positive results when 

tested undiluted. Diluting the sample therefore did not demonstrate a beneficial role 

in improving the sensitivity of detection.

Since results were negative when the sample was known to be culture positive for C. 

albicans, experiments were carried out to try and reduce the degradation of DNA 

prior to amplification.

3.11 Discussion
In this study the volume of normal vitreous which may be used, with out any previous 

organic extraction, appears to be considerably higher than that suggested by other 

authors. The aetiology of PCR inhibition due to constituents of vitreous are 

presently unknown but their removal following organic extraction would seem to 

suggest that they are of protein origin. Our studies reveal no inhibition when 

using normal vitreous for first or second round PCR. The reduced sensitivity with 

inflamed vitreous is not a significant problem as it is not detectable after two rounds 

of amplification. Results following incorporation of whole organisms as opposed to 

extracted genomic C. albicans DNA, however, were disappointing. PCR results 

indicated a detection sensitivity of one organism following nested amplification upon 

incorporation of normal vitreous but a drop in sensitivity with the use of inflamed 

vitreous (TCR and PP) to within the range 1-46 organisms in 5pi sample (Table 3.3).
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SENSITIVITY OF DETECTION AFTER 
NESTED PCR

Extracted C. albicans DNA in 
water

3 - 30 fg = 1 gene copy

Extracted C. albicans DNA in 
normal and inflamed vitreous

3 - 30 fg = 1 gene copy

Live C. albicans organisms in water 1 cfu = One organism
Live C. albicans organisms in 
normal vitreous

1 cfu = One organism

Live C. albicans organisms in 
inflamed vitreous

1 - 4 6  organisms

Extracted C. albicans DNA in 
patient vitreous from a case of 
presumed fungal endophthalmitis

3 - 30 pg = 100 - 1000 gene copies / organisms

Table 3.3: Comparison of sensitivity of detection following nested PCR.

The level of detection o f DNA in vitreous from cases with presumed fungal 

endophthalmitis has been found to be 3 pg at best after nested PCR, despite a 

simultaneous PCR reaction sensitivity o f 100 fg for genomic DNA in water. This 

inhibition is not present in the presence of TCR and PP inflamed vitreous where 

results indicate detection of aa little as 100 fg after two rounds o f PCR. The findings 

suggest substances present in actual patient samples which are not present in other 

inflamed vitreous samples. The effects o f such substances could not be eliminated 

with a variety of techniques to enhance the amplification environment. The 

possibility o f DNA degradation was also considered. Attempts to eliminate 

enzymatic degradation were only partially successful and need to be repeated with 

fresh samples as a large proportion o f the samples that had been collected for this 

study had undergone multiple inadvertent freeze-thawing procedures during the 

previous years o f storage. To truly test the suitability of any o f our methods a fresh
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sample from a case of culture positive fungal endophthalmitis would be required and 

is awaited. Experiments on such a sample would include comparison of transport and 

storage techniques, and a time series looking at the degradation o f DNA over time 

comparing patient samples with other inflamed vitreous samples. The use of 

oligonucleotide primers based on a multicopy gene e.g. 18S rRNA gene, would also 

aid in improving the sensitivity o f detection. The hypothesis remains that fungal 

PCR may be needed as a primary testing procedure on such patient samples as 

opposed to the use of bacterial PCR which would be used as a secondary procedure 

should cultures prove negative.
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4. Chapter 4: PCR and RFLP mediated detection and spéciation of bacterial 
species causing endophthalmitis

4.1 Brief Introduction
As bacteria are known to be present in some eyes with negative intraocular cultures 

(101 110)̂  this study was devised to assess the potential of a highly sensitive and rapid 

DNA detection method for bacteria in ocular samples. In the studies described in 

Chapters 4 and 5, a pan-bacterial set of primers based on the 16S rDNA genes were 

used for the detection of all bacteria. Ribosomal genes are the single most useful 

molecule for phylogenetic analysis. The small-subunit (SSU) ribosomal (r) RNA or 

its gene the 16S rDNA in bacteria contain conserved domains which are identical in 

many life forms and variable domains which vary even amongst closely related 

species.(l^^ 186) This quality has allowed the development of oligonucleotide 

primers for PCR detection of all bacteria and others for the detection o f a specific 

genus or species. ( 1 8 7  1 8 8 )  The 16S rRNA gene has been sequenced in >2000 

bacterial species and is approximately 1.5 kb in length. Ribosomal genes are usually 

present in multiple copies (1 -  10 in number) which are often identical, but sequence 

differences between opérons have been noted in the same genome. ( 1 8 9 - 1 9 1 )  Two 

pairs of oligonucleotide primers were designed based on the 16S rRNA gene and 

were used to PCR amplify a 1.2 kb and 1.0 kb fragment of genomic DNA from all 

bacteria. Restriction fragment length polymorphisms within the PCR product were 

identified following sequence analysis o f the amplified products and subsequently 

used to speciate the organisms by restriction analysis. This technology was 

subsequently applied to vitreous samples from patients presenting with presumed 

bacterial endophthalmitis (Chapter 5).
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4.2 Specific methods

4.2.1 Samples
All bacteria isolated from clinical ocular samples collected at Moorfields Eye 

Hospital, whether from cases of keratitis or endophthalmitis, were included in this 

study for purposes of completion and comparison. Fourteen species o f bacteria were 

studied. Species and strain details appear in Table 4.1. For specificity testing DNA 

from clinical isolates o f Candida albicans (n = 3), Aspergillus fumigatus (n = 1), and 

Fusarium solani (n = 1) were also included.

ORGANISM CLINICAL 
ISOLATES A

PHLSÜ TOTAL 
NUMBER OF 

STRAINS 
TESTED

Gram positive organisms
c o a g u l a s e - n e g a t i v e  s t a p h y l o c o c c i 1 3 N C T C  I I O 47I ; 1 4

Staphylococcus aureus 9 N C T C  0 8 5 3 2 1 0

Streptococcus pneum oniae 3 N C T C  0 7 4 6 5 4

Streptococcus viridans 3 0 3

Streptococcus pyogenes 0 N C T C  0 8 1 9 8 1

Enterococcus fa eca lis  
(Streptococcus faeca lis)

1 0 1

Bacillus cereus 0 N C T C  0 2 5 9 9 1

Propionibacterium  acnes 4 N C T C  0 0 7 3 7 5

Gram negative organisms
Escherichia coli 2 0 2

Serratia  m arcescens 1 N C T C  1 0 2 1 1 2

H aem ophilus influenzae 1 N C T C  0 8 1 4 3 2

K lebsiella  pneum oniae 1 N C T C  0 9 6 3 3 2

P roteus m irabilis 2 N C T C  0 0 0 6 0 3

Pseudom onas aeruginosa 2 N C T C  1 0 3 3 2 3

Total 4 2 1 1 5 3

Table 4.1: Details of organisms used in this study.
A: Department of Pathology, The Institute of Ophthalmology, Bath St, London, 
UK. B: Public Health Laboratory Service, National Collection o f Type Culture, 
Colindale, London, UK. C: Staphylococcus epidermidis.
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4.2.2 DNA extraction
DNA extraction techniques have been described under General Methods section

1.2.5.1.

4.2.3 Optimal PCR conditions
Details of the oligonucleotide primers used in this study appear in Table 1.2. PCR 

reactions contained 20mM Tris-HCl (pH8.3), 100 mM KCl, 0.01% Tween 20, 0.1% 

NP-40, lOOfiM each deoxyribonucleotide (‘dNTP’, Pharmacia Biotech, St Albans, 

UK), 0.3pM of each oligonucleotide primer, 1.5mM magnesium chloride, 3 units 

Replitherm Taq DNA polymerase (‘Taq’, Cambio Ltd. Cambridge, UK), in a 25 pi 

reaction. First round and nested PCR cycles both commenced with 5 minutes at 

95°C. First round PCR with outer primers 16SF + 16SR, was performed by 

denaturing at 94 °C for 10 seconds, 56.2 °C annealing for 10 seconds, and extension 

at 72 °C for 15 seconds for 30 cycles. For second round PCR with nested primers NF 

+ NR, cycling was performed as 94 °C for 7 seconds, 64 °C annealing for 7 seconds, 

and 72°C for 10 seconds for 30 cycles. (Techne ‘Genius’ PCR machines, Cambridge, 

UK).

4.2.4 Pre-treatment of Taq to remove contaminating bacterial DNA

The protocol for the pre-treatment of Taq DNA polymerase apears in section

1.2 .6 .6 . 1.

4.3 Results

4.3.1 Specificity
Using primers 16SF + 16SR a 1.2 kb product was obtained from all strains of all

species of bacteria tested. The 1.2 kb amplification product from twelve o f the

fourteen species o f bacteria appear in Figure 4.1. When P. acnes genomic DNA was
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used as template, a 600 bp was also obtained (Figure 4.1a, lane 8) and when P. 

aeruginosa genomic DNA was used as template a faint 200bp fragment was usually 

visible.

1.2 kb

1 2 3 4 5 6 7 8 9 10 11 12 13

Figure 4.1a

Figure 4.1a; Using primers 16SF+16SR a 1.2 kb product was obtained 
from all bacteria tested. When genomic DNA from P. acnes was used as 
template, a 600 bp band was also obtained.
Lane 1: S. pneumoniae. Lane 2: S. viridans. Lane 3: S. pyogenes. Lane 4: E. 
faecalis. Lane 5: B. cereus. Lane 6: E.coli, Lane 7: P. acnes.. Lane 8: P. 
aeruginosa, Lane 9: S. marcescens. Lane 10: P. mirabilis. Lane 11: K. 
pneumoniae, Lane 12: H. influenzae. Lane 13: Control negative.

The remaining two groups namely Staphylococcus aureus and coagulase-negative 

staphylococci also yield 1.2 kb amplification products after PCR with primers 16SF 

and 16SR. The amplification products from S. epidermidis NCTCl 1047 and 12 of 13 

clinical isolates of coagulase-negative staphylococci appear in Figure 4.1b. Ten 

clinical isolates of Staphylococcus aureus and S. aureus NCTC 08532 also yielded 

1.2kb amplification products (Figure 4.1c).
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1 2  3 4  5 6  7 8 9 10 11 12 13 14 15

1.2 kb

Figure 4.1b

Figure 4.1b: Using primers 16SF+16SR a 1.2 kb product is obtained 
from all isolates of coagulase-negative staphylococci.
Lane 1: Staphylococcus epidermidis NCTC 11047, Lanes 2-13:  clinical isolates 
form cases of culture positive endophthalmitis reported as secondary to 
coagulase-negative staphylococci, Lanes 14 and 15: Control negative.

1 2 3 4 5 6 7 8 9 10 11 12 13

1.2 kb ^

Figure 4.1c

Figure 4.1c: Using primers 16SF+16SR a 1.2 kb product is obtained 
from all isolates of Staphylococcus aureus.
Lanes 1 - 12 :  clinical isolates form cases of culture positive endophthalmitis 
reported as secondary to Staphylococcus aureus. Lane 13: Control negative.

Using primers NF and NR, a single 1.0 kb amplification product was obtained using 

genomic DNA from all bacteria tested (Figure 4.Id). No amplification product was 

obtained when genomic DNA from Candida albicans, Aspergillus fumigatus, 

Fusarium solani, or human leucocytes was used as template.
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1.0 kb ^

Figure 4. Id

Figure 4.1d; Using primers NF+NR. a single 1.0 kb amplification 
product was obtained from all bacteria tested.
One microlitre of first round product was used as template in the second round 
reaction. Oligonucleotide primers 16SF+16SR were used in the first round, 
NF+NR were used for the second round PCR. Lane 1: E.coli, Lane 2: S. 
marcescens. Lane 3: P. aeruginosa. Lane 4: H. influenzae. Lane 5: P. mirabilis. 
Lane 6: K. pneumoniae. Lane 7: S. pneumoniae. Lane 8: S. viridans. Lane 9: S. 
pyogenes, Lane 10: E. faecalis. Lane 11: coagulase-negative staphylococci, Lane 
12: aureus, Lane 13." f. acnes, Lane 14: B. cereus. Lane 15: Control negative
from first round after two rounds of PCR, Lane 16: Control negative for second 
round PCR, Lane 17: Control positive from first round after two rounds of PCR, 
Lane 18: Control positive for second round PCR.

4.3.2 Nested PCR protocol and controls

In each case, Ipl of first round PCR product was added to the nested amplification 

reaction as template. Control negative (no DNA) samples included water and 

vitreous (normal or inflamed as appropriate). Control negatives were included in 

each protocol and the first round negative/s were included as test samples in the 

nested PCR reaction. Control negative samples from both rounds of PCR were 

consistently negative after two rounds of amplification.

Control positive samples included extracted genomic DNA (lOng and lOfg) or live 

organisms (1-5 organisms by dilution from fresh overnight culture) in both water and 

vitreous. Control positive samples were consistently positive after one round (lOng 

extracted DNA only) and two rounds of amplification (lOfg extracted genomic DNA 

or 1-5 live organisms).
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4.3.3 Sensitivity of PCR reactions
The sensitivity of the first round PCR was routinely found to be lOpg from dilutions 

of genomic DNA from E.coli, coagulase-negative staphylococci, S. aureus and K. 

pneumoniae starting from a concentration of lOng/pl (Figure 4.2a). The sensitivity of 

the reaction was improved to Ifg following nested PCR (Figure 4.2b). Assuming a 

total DNA content of 5fg per organism (192) this is approximately equivalent to a 

sensitivity of one genome.

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1.2kb-> I
Figure 4.2a

Figure 4.2a: The sensitivity of the first round PCR was routinely found 
to be lOpg from dilutions of genomic DNA from E.coli.
Lane 1: 10 ng DNA. Lane 2: 1 ng DNA, Lane 3: 100 pg DNA, Lane 4: 10 pg 
DNA, Lane 5; 1 pg DNA, Lane 6: 100 fg DNA, Lane 7: 50 fg DNA, Lane 8: 10 
fg DNA, Lane 9: 5 fg Lane 10: 1 fg DNA, Lane 11: Blank Lane, Lane 12: 
Control negative (ddH20), Lane 13: Blank lane, Lane 14: Control positive 
(lOng genomic DNA from coagulase-negative staphylococci)
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1 2  3 4  5 6  7 9  10 11 12 13 14

1.0 kb —>

Figure 4.2b

Figure 4.2b; The sensitivity of the reaction was improved to 1 fg 
following nested PCR.
Lane 1: 10 ng DNA. Lane 2: 1 ng DNA, Lane 3: 100 pg DNA, Lane 4: 10 pg 
DNA, Lane 5: 1 pg DNA, Lane 6: 100 fg DNA, Lane 7: 50 fg DNA, Lane 8: 10 
fg DNA, Lane 9: 5 fg Lane 10: 1 fg DNA, Lane 11: Control positive from first 
round after two rounds of PCR, Lane 12: Control positive for nested PCR (lOng 
genomic DNA from coagulase negative). Lane 13: Control negative from first 
round PCR (ddH20), Lane 14: Control negative for nested PCR (ddH20).

1 2 3 4 5 6 7 8 9  10

1.2 k b ^

Figure 4.2c

Figure 4.2c: The sensitivity of the first round PCR was routinely found 
to be lOpg from dilutions of genomic DNA from coagulase-negative 
staphvlococcL
Lane 1: 10 ng DNA. Lane 2: 1 ng DNA, Lane 3: 100 pg DNA, Lane 4: 10 pg 
DNA, Lane 5: 1 pg DNA, Lane 6: 100 fg DNA, Lane 7: 50 fg DNA, Lane 8: 10 
fg DNA, Lane 9:1 fg DNA, Lane 10: Control negative (ddH20).
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1.0 kb —> # # # # # # & * *
Figure 4.2d

Figure 4.2d: The sensitivity of the reaction was improved to 1 fg 
following nested PCR.
Lane 1: 10 ng DNA. Lane 2: 1 ng DNA, Lane 3: 100 pg DNA, Lane 4: 10 pg 
DNA, Lane 5: 1 pg DNA, Lane 6: 100 fg DNA, Lane 7: 50 fg DNA, Lane 8: 10 
fg DNA, Lane 9: 5 fg. Lane 10: 1 fg DNA, Lane 11: Control positive for nested 
PCR (10 ng genomic DNA from E.coli), Lane 12: Control negative from first 
round PCR (ddH20), Lane 13: Control negative for nested PCR (ddH20).

4.3.4 Sensitivity of PCR detection of live organisms
To assess the sensitivity of detection with live organisms, serial ten fold dilutions 

were made from a small 1mm colony of bacteria in water (test organisms: coagulase 

negative staphylococci and E. coli) (Figures 4.3 a-d). Equal 5 pi aliquots from each 

sample were immediately cultured, PCR amplified and examined by microscopy.

The sensitivity of detection after one round of PCR was approximately 600 

organisms. This sensitivity was improved to one organism after a second round of 

PCR amplification. A good correlation was found to exist between all three methods 

of detection with PCR demonstrating the highest sensitivity. The preparations which 

were the most dilute (10'* - 10 '̂  dilutions) had aliquots which were culture, 

microscopy and PCR positive, and also culture, microscopy and PCR negative 

(Figures 4.3b and d). Results by microscopy indicated a number of dilutions which 

were found to be culture negative although typical organisms could be identified. All 

of these aliqouts were PCR positive. Interestingly, aliqouts from the most dilute 

preparations which were negative for organisms by microscopy and culture were
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found to be PCR positive for approximately 2 further logjo dilutions before the 

results of all 3 tests were found to be negative in the most dilute preparations.

It is possible that even following fresh overnight culture organisms exist in each cfu 

which are non-viable but easily detected by microscopy and PCR. In the most dilute 

preparations, when aliqouts were culture negative and PCR positive, although the 

presence o f typical organisms was not detected by microscopy, cellular debris was 

noted. Perhaps in these samples, the manipulation which occured during sample 

preparation caused break up o f cells and release o f DNA which was PCR detectable 

in a nested reaction of such high sensitivity.
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Figure 4.3; Equal volumes from serial dilutions of coagulase-negative 
staphylococci (4.3a and b) and E.coli (4.3c and d) organisms were used 
to compare sensitivity of detection by culture, microscopy and by PCR 
amplification.
Results of first (Figures 4.3a and 4.3c) and second round PCR (Figures 4.3b and 
4.3d) are presented as pairs of gels. All dilutions were made in water and 
vortexed. Three individual 5 pi aliquots were immediately processed. Culture 
was undertaken first, followed by PCR and finally microscopy. Colonies were 
counted after overnight aerobic culture at 37 °C on blood agar, (c = confluent 
growth, sc = semi-confluent growth). Results are demonstrated in tabular format 
for each experiment.
Figure 4.3a; First round PCR of serial dilutions of coagulase-negative 
staphylococci
10 pi of PCR product was loaded in each lane of a 1% agarose / TBE gel. Lanes 
1 - 12 :  serial 10 fold dilutions. Lane 13: Control negative. Lane 14: Control 
positive (10 ng of E. coli genomic DNA).
Figure 4.3b; Nested PCR of serial dilutions of coagulase-negative 
staphylococci demonstrates a detection sensitivity of one organism.
5 pi of PCR product was loaded in each lane of a 1% agarose / TBE gel. Lanes 1 
- 12: Ipl of first round PCR product (Figure 4.3a), Lane 13: Control negative 
from first round PCR (ddH20), Lane 14: Control negative for nested PCR 
(ddH20).
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Figure 4.3c; First round PCR of serial dilutions of E. coli,
10 nl of PCR product was loaded in each lane of a 1% agarose / TBE gel. Lanes 
1 - 12: serial 10 fold dilutions, Lane 13: Control negative, Lane 14: Control 
positive (10 ng of genomic DNA from coagulase-negative staphylococci).
Figure 4.3d; Nested PCR of serial dilutions of E. coli demonstrates a 
detection sensitivity of one organism.
5 pi of PCR product was loaded in each lane of a 1% agarose / TBE gel. Lanes 1 
- 12: Ipl of first round PCR product (Figure 4.3c), Lane 13: Blank Lane, Lane 
14: Control negative from first round PCR (ddH20), Lane 15: Blank Lane, Lane 
16: Control positive from first round PCR after two rounds of PCR. Lane 17: 
Blank Lane, Lane 18: Control negative for nested PCR (ddH20). Lane 19: 
Control positive for nested PCR (10 ng of genomic DNA from coagulase- 
negative staphylococci).

4.3.5 Restriction enzyme digest analysis
Following PCR amplification, the concentration of PCR product was estimated using 

gel electrophoresis. Restriction enzyme combinations were used which yielded 

fragments which allowed easy identification of species following separation of 

digested DNA on polyacrylamide/TBE gels. Two restriction enzyme cocktails were
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developed, one to differentiate organisms into Gram positive and Gram negative 

species (protocol A) and a second cocktail to speciate organisms directly (protocol 

B). All enzymes were purchased from Promega UK Ltd., Southampton, UK except 

for Drain, and A fllll which were purchased from New England Biolabs UK Ltd., 

Hertfordshire, UK.

4.3.5.1 RFLP protocol A
The restriction enzyme cocktail (5 units each enzyme) was added directly to Ipg of 

DNA/PCR product in PCR buffer which had been modified to contain a final 

concentration o f 2mM Tris HCl (pH8.3). In order to allow differentiation into Gram 

positive and Gram negative species the restriction enzymes Sna BI and StuI were 

used in combination to digest the PCR product. The reaction was halted either by 

freezing or addition o f gel loading buffer containing 10 mM EDTA.

4.3.5.2 RFLP protocol B
The restriction enzyme cocktail (5 units each enzyme) was added to Ipg of 

DNA/PCR product in PCR buffer which had been modified to contain lOOmM NaCl, 

ImM DTT, and a final concentration of 7mM magnesium chloride. In order to allow 

spéciation of the PCR product the restriction enzyme cocktail included the following 

nine restriction endonucleases: Afllll, BssHII, Clal, Oral, Dralll, Hpal, Ndel, Nsil, 

and Sail. Each o f the enzymes used recognises a specific sequence of six nucleotides. 

Restriction enzyme digests were performed at 37 °C for 18 hours followed by heat 

inactivation at 65 °C for 20 minutes (enzymes Clal, Ndel, Dral, D ralll only). The 

reaction was halted by fireezing. Following digestion, products were subjected to 

phenol: chloroform: isoamyl alcohol (25:24:1, pH 8.0) followed by chloroform 

extraction, and ethanol precipitation. Precipitated DNA was resuspended in lOpl
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ddHjO, The entire volume was loaded onto 10% TBE/polyacrylamide gels for 

electrophoretic analysis.

4.3.5 3 Strain testing
A set of control patterns was obtained from all fourteen bacterial species. 

Subsequently, PCR-RPLP and sequence analysis was performed on all clinical 

isolates to ensure the reproducibility of the procedure. Results from PCR, RFLP and 

sequencing were in agreement with culture results for all clinical isolates of 

streptococci, «S', aureus and each of the Enterobacteriacae. RFLP analysis of 

coagulase-negative staphylococcal species yielded three patterns. Two of these were 

easily identified as coagulase-negative staphylococci by a masked observer but a 

third pattern was found to be unidentifiable. Sequence analysis o f clinical isolates of 

coagulase-negative staphylococci yielded 98% base identity in each case with several 

of the following staphylococci; S. epidermidis, S. caprae, S. capitis, S. warneri, S. 

lugdunensis and S. pateurii. These sequences were also found to be 97% identical to 

that of S. aureus. These new RFLP patterns have been added to the "control 

patterns" to aid future identification of these species.

4.3.5 4 Results of RFLP analysis

4.3.5.5 RFLP analysis differentiates bacteria into Gram positive and Gram 
negative species
The use o f just two enzymes {SnaBI and StuI) successfully differentiated between 

Gram positive and Gram negative organisms (Figure 4.4a). The SnaBI and StuI 

recognition sites proved unique to Gram positive and negative bacterial 16S rDNA 

sequences, respectively, thereby allowing SnaBI to cut PCR products derived from 

Gram positive bacteria only, and StuI to cut PCR product derived from Gram 

negative bacteria. Although the patterns obtained allow differentiation into Gram
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positive and Gram negative bacteria, spéciation can only be obtained for three 

bacterial species. As can be seen form Figure 4.4a, the pattern of bands after gel 

electrophoresis of PCR product derived form P. aeruginosa, H. influenzae and P. 

acnes can be distinguished from the pattern of bands produced from other species.

1 0  1 1  1 2  1 3  1 4

800 bp

200 bp ^

Figure 4.4a

Figure 4.4a; The use of SnaBI and StuI in combination successfully 
differentiated between Gram positive and Gram negative organisms.
Digests were resolved on 1% agarose / TBE gels and visualised following 
ethidium bromide staining under UV illumination. Lane 1: E.coli, Lane 2: S. 
marcescens. Lane 3: P. aeruginosa. Lane 4: H. influenzae. Lane 5: P. mirabilis. 
Lane 6: K. pneumoniae. Lane 7: S. pneumoniae. Lane 8: S. viridans. Lane 9: S. 
pyogenes. Lane 10: E. faecalis. Lane 11: coagulase-negative staphylococci, Lane 
12: S. aureus. Lane 13: P. acnes. Lane 14: B. cereus.

4.3.S.6 RFLP analysis differentiates bacterial species
The combination of Afllll, BssHII, CM, Dral, Dralll, Hpal, Ndel, Nsil, and Sail

successfully differentiated between the PCR amplified products from 13 of 14

bacterial species (Figure 4.4b). As can be seen from Figure 4.4b, E. coli and S.

marcescens have identical RFLP patterns. The 16S rDNA gene sequences for these

two species are very similar (96.7% identical). The only stretch of nucleotides which

would reliably identify one from the other, however, has a sequence which is not

recognised by any commercially available restriction enzyme.
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Figure 4.4b: The combination of Afllll. BssHII, Clal, Dral, Dralll. 
HpaL Ndel. Nsil. and Sail successfully differentiated between the PCR 
amplified products from 13 of 14 bacterial species.
Digests were resolved on 10% polyacrylamide / TBE gels and visualised 
following ethidium bromide staining under UV illumination. Lane 1: E.coli, 
Lane 2: S. marcescens, Lane 3: P. aeruginosa. Lane 4: H. influenzae. Lane 5: P. 
mirabilis. Lane 6: K. pneumoniae. Lane 7: S. pneumoniae. Lane 8: S. viridans. 
Lane 9: S. pyogenes. Lane 10: E. faecalis. Lane 11: coagulase-negative 
staphylococci, Lane 12: S. aureus. Lane 13: P. acnes. Lane 14: B. cereus.

4.3.6 DNA sequencing
Amplified DNA from PCR reactions were agarose gel purified, excised, and 

recovered into sterile water (Geneclean II Kit, BIO 101 Inc. LA Jolla CA. USA). 

PCR fragments were directly cycle sequenced in both directions using an ABI prism 

automated DNA sequencer (model 377 version 2.1.1). PCR products were sequenced 

three times using the same template but different PCR reactions.

Comparison of the DNA sequences obtained made with the full and partial 

sequences of the genes already available in Genebank demonstrated that they were 

derived from the 168 rDNA gene (sequences 97 - 100% identical). The sequences 

obtained have been submitted to Genebank and have been awarded the following
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accession numbers: Streptococcus pyogenes: AFO76028, Streptococcus

viridans:A¥016036, Enterococcus faecalis: AFO76027, Propionibacterium acnes: 

AFO76032, Staphylococcus aureus: AF076030, Streptococcus pneumoniae: 

AFO76029, Bacillus cereus: AFO76031, Escherichia coli: AFO76037, Serratia 

marcescens: AFO76038, Haemophilus influenzae: AFO76035, Klebsiella

pneumoniae: AFO76033, Proteus mirabilis: AFO76034, and Pseudomonas 

aeruginosa: AFO76039 (Table 4.2). Sequences o f the PCR fragment derived from S. 

pyogenes, S. viridans, and E. faecalis genomic DNA are previously unpublished and 

P. acnes sequence data represented here covers a larger area of the gene than 

currently available.

4.3.7 Cloning of PCR products
Sequencing direct from PCR product did not yield adequate sequencing data for the 

following bacteria: P. mirabilis, H. influenzae, S. viridans and P. acnes. PCR 

fragments were gel-purified, recovered into solution and subsequently cloned into 

pCRII. Subsequent PCR and sequencing was then successfully performed using 

primers complementary to Sp6 and T7 RNA polymerase sites present in the pCRII 

vector.
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r i - ib b ~"AGATGSÂC”GCfGGCGGF'GTGCCfÀATACATGCÂAGTCGAGCGAACAGATAAGGAGCTTGCTCCTTTGACGTTAGCGGCGGACGGGTGAGTAACACGTGGA |

i ÏO Î-200 TAÀCCTACCTATAAGACTGGGÂTAACTTCGGGAAACCGGAGCTÂATACCGGATAACATATTGAACCGCAfGCTTCÀATÂGTGAAAGGCGGCfffGCTGTC |

i 2 0 1 -300 ^CTTATAGATGGATCCGCGCCGTATTAGCTAGTTGGTAAGGTAACGGCTTACCAAGGCAACGATACGTÂGCCGACCfGAGAGGGTGATCGGCCÀ'CACTGG i

i 301-400 a a c t g a g a c F c g g t c c t l g a c t c c t à c g g g a g g c a g c F g t a g g g ï^ tc^ t c c  I

i 401-500 TTCGGATCGTAAAACTCTGTTATCAGGGAAGAACAAAfGTGTÀAGTAACTGTGCACATCTTGACGGTACCTGÀTCAGAAAGCCACGGCTAACTACGTGCC |

i 501-600 ÀGCAACCGCGGTÀAfÀCGTAGGTGGC^AGCGTTATCCGGPÀTTATTGGGCG i

i 601-700 C7y^CCGfGGAGGGTCATTGGAAACTGGAAAACTTGAGTGCAGAAGAGGAAAGTG(^TT'cCATGTGTAGCGGTGAAAT'GCGCAGAGATÀTGGAGQ\ACA'c |

i 7 0 1 -800 CAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGÂCGCTGATGTGCGAAAGCGTGGGGATCÀAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGA j

r 801-900 TGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGA i

i 901-1000 ATTGACGGGGÀCCCGCACAAGCGGTGGÂGGATGTGGTTTÂATTCGAÀGCAACGCGAAGAACCTTACCAAATCftGACATCCtTTGACCGCTCTÂGAGATÂ i

i 1001-1100 GAGTCTTCCCCTTCGGGGGACAAAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTT i

i 1101-1156 AAGCTTAGTTGCCATCATTAAGTTGTCACTCTAAGTTGAGTGCCGGTGACAAACCG

Table 4.2a: coagulase negative staphylococci (1156bp^

l-jOO
ïb1-200
201-300

101-400

GATGAACCTGGCNGCGTGCTAATACATGCAAGTCGAGCGAACGGACGAGAAGCTTGCTTCTCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGATAA

CCTACCTATAAGACTGGGATAACTTCGGGAAACCGGAGCTAATACCGGATAATATTTTGAACCGCATGGTTCAAAAGTGAAAGACGGTCTTGCTGTCACT

TATAGATGGATCCGCGCTGCATTAGCTAGTTGGTAAGGTAACGGCTTACCAAGGCAACGATGCATAGCCGACCTGAGAGGGTGATCGGCCACACTGGAAC

"r&GACÂCGGTCCAGACTCCTACGGGAGGCAGCÀGTÀGGG^T^^^^^
4 0 U 5 0 0

l o i -600
GGATCGTAAAACTCTGTTATTAGGGAAGAACATATGTGTAAGTAACTGTGCACATCTTGACGGTACCTATCGGAAAGCCACGGCTAACTACGTGCCAGCA

ICCGCGGTAAMACGTÂGlfGGCASsCGWÀTCC'GGAAYfAFfGGlCGf^^
601̂ 0 CCGTGGAGGGTCATTGGAAACTGGAAAACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCGGTGAAATGCGCAGAGATATGGAGGAACACCAG

TGGCGAAGGCGACTTTCTGGTCTGTAACTGACGCTGATGTGCGAAAGCGTGGGGATCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGA

8 01-900 CTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGGAATT

9 01-1 0 0 0 GACGGGGACCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAAATCTTGACATCCTTTGACAACTCTAGAGATAGAG
1001-1100
1101-1154

CCTTCCCCTTCGGGGGACAAAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTAAG
iTTAGFTGCcSrCAfTAÂGTTGGGCACÏlTÏSGTÏlÂ

Table 4.2b: S. aureus (1154bpl

1-100 AKKGGRGATACGTATACATGCAAGTAGAACGCTGAAGGAGGAGCTTGCTTCTCTGGATGAGTTGCGAACGGGTGAGTAACGCGTAGGTAACCTGCCTGGT
JO1-200̂ 
' 2ÔT-3Ô0

AGCGGGGGATAACTATTGGAAACGATAGCTAATACCGCATAAGAGTRGATGTTGCATGACATTTGCTTAAAAGGTGCACTTGCATCACTACCAGATGGAC
TTGCGTTGTÂrrÂGCTÂGTTGGTGGGGF^ÂCGGCTCÂCCÂÂGGCGÂCGÂMÎCÂTÂGCCG^^

301-400 CCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCGGCAATGGACGGAAGTCTGACCGAGCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAG
4 0 1 -500 CTCTGTTGTAAGAGAAGAACGAGTGTGAGAGTGGAAAGTTCACACTGTGACGGTATCTTACCAGAAAGGGACGGCTAACTACGTGCCAGCAGCCGCGGTA
501-600

601-700"
ATACGTAGGTCCCGAGCGTTGTCCGGATTTATTGGGCGTAAAGCGAGCCGCAGGCGGTTAGATAAGTCTGAAGTTAAAGGCTGTGCTTAACCATAGTAGG

CTTTTGAAACTGTTTAACTTGAGTGCAAGAGGGGAGAGTGGAATTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAGGAACACCGGTGGCGAAAGCG
701-800
801-900"

l o i l o b b

T b b ï l ï b o

GCTCTCTGGCTTGTAACTGACGCTGAGGCTCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGATGAGTGCTAGGTGT
TÂGÂCCCHTCCGGGGTTTÂGTGCÔGTÎ^CMÂCGCÂTÎÂÂGCÂCTCCGCCTGGGGÂGT^

GCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCCTCTGACCGCTCTAGAGATAGAGCTTTCCTTCG
G'âïCAGAGGÏGA'SGGfGGTGCATGGW GFCGfCAGCTCGFGTFGTG^

1101-1142 TCTCCGCNTGGTCACTTTGAGAGGNACTCCGNNCTATCNCAC

Table 4.2c: S. pneumoniae (1142bpl

i 1-100 GCCTÀATÀCATGCÀAGTÀGAACGCTGA'GAÀCTGGTGCTfGCACCGGTTCAÂ |

j 101-200 G(^TÂACTÂTTGGAAACGATÀGCTÂATÂCCGCATÂÀGAGAGACfAACGCATGTTÂGT)Ü\TTtAA^GG 1
1 201-300 TGTÀTTÀGCTAGTTGGTGAGGTÀAAGGCTCACCTyiGGCGACGATACATAGCCGACCTGAGAGGGTGATCGGCGAi^CTGGGÂCTGA^ i
H o  1-400 TCCTÀCGGGAGG(S'GCAGTÀGGa^TCTTCGGC^TGGGGGCAACCCTGACCGAG(^CGCC i
! 401-500 TGTTAGAGAAGAATGATGGTGGGAGTGGAAAATCCACCAAGTC^CGGTÂACT i

! 501-600 AGGTCCCGAGCGTTGTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTTTTAAGTCTGAAGTTAAAGGCATTGGCTCAACCAATGTACGCTTTGG !
i 601-700 AAACTGGAGAACTTGAGTGCAGAAGGGGAGAGTGGAATTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAGGAACACCGGTGGCGAAAGCGGCTCTC i
i 701-800 TGGTCTGTAACTGACGCTGAGGCTCGAAAGCGTGGGGAGCAAAGAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAGGTGTTAGGCC i
! 801-900 CTTTCCGGGG'CTTÂGTGC'CGGÂGCTÀACGCATTÀAGCACTCCGCCTGGG i

i 901-1 0 0 0 GCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCCGATGCCCGCTCTAGAGATAGAGTTTTACTTCGGTACAT |

1 1001-1100  

r  1101-1113 "

CGGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTATTGTTAGTTGCCATCATTAAG : 
TTGGGCACTCTAG

Table 4.2d: S, DV02enes (1113bp)
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1-100
10N200 
2 0 1-300" 

lÔ M O O "  

40]:#
50 -600

6 01-700
70 -800

801-900

GGMGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTAGAACGCACAGTTTATACCGTAGCTTGCTACACCATAGACTGT

lQAGHGCGAACGGGTGAGTAACGCGÏ%GGTAACCTGCCfGGTAGCGGGGGATAACTATTGGAÂAC
a t a a t t a a 't t g a a a g g t g c a a t t g c a c c a c t à c c a g a t g g a c c t g c g t t g t a c t a g c t a g t a g g t g a g g t a a c g g c t c a c c t a g g c g a c g a t a c a t a g c c

Q^CCTGÂGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGGAGTAGGGAATCTTCGGCAATGGACGAAAGTCTGACC

'^G C ÏiS Ë G C C G O G T G A G T G Â A G A A G G W fT C G G Â T 'C G T Â ^G C fcT G T T G W À
Y a c c a g a â â g g g a 'c c g c t a a c t a a g t g c c a g c a g c c g c g g t a a t a c g t a g g t c c c g a g c g t t g t c c g g a t t t a t t g g g c g t a a a c g a g c g c a g c c g g t t a

“gîY à a g t c t g a a g t t a a a g g c t g t g g c t Y ^ caT a g t a c ^
a a t g c g t a g a t a t a t g g a g g a a c a c c g g t g g c g a a a g c g g c t c t c t g g t c t g t a a c t g a c g c t g a g g c t c g a g a g c g t g g g g a g c g a a c a g g a t t a g a t a

YCHGGTÂGTCCÂCGCÔGTÂÂÂCGÂTGÂGTGCTÂGGTGTTÂGGCCCTTTCCGGÔGCTTÂGTGCCGCAGC^

9 01-1 0 0 0 GACCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTG

1001-1100 ACATCCCGATGCCCGCTCTAGAGATAGAGTTTTACTTCGGTACATCGGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGGTGTTGGGTTAA

1101-1198 GTCCCGCAACGAGCGCAACCCTTATTGTTAGTTGCCATCATTCAGTTGGGCACTCTAGCGAGACTGCCGGTAATAAACCGGAGGAAGGTGGGGATGAC

Table 4.2e: S, viridans (1198bp)

1-100 TGGCGGCGTGCCTAATACATGCAAGTCGAACGCTTCTTTCCTCCCGAGTGCTTGCACTCAATTGGAAAGAGGAGTGGCGGACGGGTGAGTAACACGTGGG

101-200 TAACCTACCCATCAGAGGGGGATAACACTTGGAAACAGGTGCTAATACCGCATAACAGTTTATGCCGCATGGCATAAGAGTGAAAGGCGCTTTCGGGTGT

2 01-300 CGCTGATGGATGGACCCGCGGTGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCCACGATGCATAGCCGACCTGAGAGGGTGATCGGCCACACTG

3 01-400 GGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCGGCAATGGACGAAAGTCTGACCGAGCAACGCCGCGTGAGTGAAGAAGGT

4 0 1 -500
501-600

TTTCGGATCGTAAAACTCTGTTGTTAGAGAAGAACAAGGACGTTAGTAACTGAACGTCCCCTGACGGTATCTAACCAGAAAGCCACGGCTAACTACGTGC
YÂGCÂGCCGCGGTÂÂTACGTÂGGTGGCÂÂÔCGTTGTCCGGÂTTTÂTTGGGÔGTÂÂÂSCGÂGÔ^

6 0 1 -700

701-800

TCAACCGGGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAGAGTGGAATTCCATGTGTAGCGGTGAAATGCGTAGATATATGGAGGAACA

CCAGTGGCGAAGGCGGCTCTCTGGTCTGTAACTGACGCTGAGGCTCGATAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACG

801-900 ATGAGTGCTAAGTGTTGGAGGGTTTCCGCCCTTCAGTGCTGCAGCAAACGCATTAAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAGG

901-1000 AATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTTTGACCACTCTAGAGAT

.1001-1100 AGAGCTTTCCCTTCGGGGACAAAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTA

1101-1134 TTGTTAGTTGCCATCATTTAGTTGGGCACTCTAG

Table 4.2f; E, faecalis (1134bp)

ATGATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGAATGGATTAAGAGCTTGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAACACGTGG
'"GTÂACCTGCCCATAAGÀYrGG’GATAACTCCGGGAAACCGGGGCTÂATACYGGATAACATfff”(^ 'C C G C À fG G T T C G A Ï^ fT 'G A ^

30MÔO GGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGG
4Ô1-5ÔO CTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGACGGTACTTAACCAGAAAGCCACGGCTAATAGTGC :
501-600 CAGCANCCGCGNTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGC

"""ëôTjôô TCAACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAGCGGTGAAATGCGTAGAGATATGGAGGAACA
701-800 c c a g t g g c ( ^ g g c g a c t t t c 't g g t c t g t à a c t g a ‘cY c t ( ^ g g c g c g a > ^ g c g

801-900 AAGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGAAGTTAACGCATTAAGCACTCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAGG
901-1000 a a t t g a c g g g g g c c c g c a c a a g ’c g g t g g a g c a t g t g g t t t a a t t c g a a g c a a c g c g a a g ? ^ c c t t a c c a g g t c t t g a c a t c c t c t g a a a a c c c t a g a g a t

1001-1100 I Y g g g c t t c t c c t t c g g g a g c a g a g t g a c a g g t 'g g t g c a t g g t t g t c g t c a g c t c g t g t c g t g a g a t g t t g g g t t a a g t c c c g c a a c g a g c g c a â c c c t t g

i ib ï - iÏ 5 6 ATCTTAGTTGCCATCATTÂAGTTGGGCÀCTCTÀAGGTGAGTGCCGGTGACAAACCG

Table 4.2g: B, cereus (1156bpl

1-ioô TTGGAGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGGAAAGGCCCTGCTTTTGTGGGGTGCTCGAGTGGCG j

101-200 AACGGGTGAGTAACACGTGAGTAACCTGCCCTTGACTTTGGGATAACTTCAGGAAACTGGGGCTAATACCGGATAGGAGCTCCTGCTGCATGGTGGGGGT !

201-300 TGGAAAGTTTCGGCGGTTGGGGATGGACTCGCGGCTTATCAGCTTGTTGGTGGGGTAGTGGCTTACCAAGGCTTTGACGGGTAGCCGGCCTGAGAGGGTG 1

30 ï -406 ACCGGCCACATTGGGACTGAGATACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGGAAGCCTGATGCAGCAACGCCGCGT :

401-500 GCGGGATGACGGCCTTCGGGTTGTAAACCGCTTTCGCCTGTGACGAAGCGTGAGTGACGGTAATGGGTAAAGAAGCACCCGCTAACTACGTGCCAGCAGC i

501-600 CGCGGTGATACGTAGGGTGCCAACGTTGTCCGGATTTATTGGGCGTAAAGGGCTCGTAGGTGGTTGATCGCGTCGGAAGTGTAATCTTGGGGCTTAACCC |

601-700 t g a g c g 't g c t t t c g a t a c g g g t t g a c :t t ( ^ ‘gc^ g g t â g g g ( S lGa a t  1

701-800 CGAAGGCGGTTCTCTGGGCCTTTCCTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGCTTAGATACCCTGGTAGTCCACGCTGTAAACGGTGGGTA |

801-900 CTAGGTGTGGGGTCCATTCCACGGGTTCCGTGCCGTAGCTMCGCfTT^^ :

901-1000 CGGGGCCCCGCACAAGCGGCGGAGCATGCGGATTAATTCGATGCAACGCGTAGAACCTTACCTGGGTTTGACATGGATCGGGAGTGCTCAGAGATGGGTG i
1001-1100 TGCCTCTTTTGGGGTCGGTTCACAGGfGGTGCATGGCTGTCGfCAGCTCGT^ :

n T o M l Y P TGTTGCCAGCACGTTATGGTGGGGACTCAGTGGAGACCGCCGGGGTCAACTCGGAGGAAGGTGGGGATGACGT

Table 4.2h: P, acnes (1173bp)
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r 1-100 ■ ATTGAACGCTGGCGGCÀGGCcF a ACACATGC^GTCGAA'CGGTAACAGcS a GCAGCTTGCTGCTTCG :

i 101-200  
i 201-300

GAAACfGCCTGATGGAGGGGGAfÂACTÂCT'GGAAACGGTÂGCTÀATÂCCGCATÂÂC i 

"ÂÎGTGÔCCÂGÂTGGGÂTTÂGCTTGÏÂGGTGGGGTÂÂCGGCTCÂCCTÂGGCG^

1 301-400 c a c g g t c c a g a c t c c t a c g g c S g g c a 'g S ^ gtgggc^ t a t t g c a c a a 't g g g c g c ^  ;

1 401-50Ô ‘''''g TÂAAGTACTTTCAGCGGGGAGGAAGGGAGTAAAGTI'ÂATACCTTTGCTCATTGACGTTACCCGCAC^GAA'g CACCGGCTAACTCCGTGCCAGCAGCCG I

j 501-600 CGGTÂAfÀCGGA'GGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCÀGGCGGTTTGtTAAGTCAGATGTGAAATCCCCGGGCTCAACC |

i 601-700 ^CTGOLTCTGATÂcfGGa^GCfTGÂ'GfCTCGTÀÎ^GGGGGGTÂGAATTCCAGGTGTÂ^ |

i 701-800 AGGCGGCCCCCTGGACGAAGACTGACGCT(2AGGTGCGAAAGCGT'GGGGAGCAAACAGGÀTTÀGATÀCCCTGGtAGT'C(^CGCCGTÀAACGATGTCGACTT |

1 8ÔÏ-9Ô0 GGAGGTTGTGCCCTTGAGGCGTGGCTTCCGGÀGCTTU^CGCGTTT&GTCC^CCGCCT i

i 9 0 1 -1 0 0 0 GCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTGGTCTTGACATCCACGGAAGTTTTCAGAGATGGGAATGTGCC j

i 1001-1100 TTCGGGAACTGTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGC |

i 1101-1144 CAGCGGTCCGGCCGGAACTCAAAGGAGACTGCCAGTGATAACCG

Table 4.2i: E.coli (1144bp)

1-100 GATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAACGGTAACAGGAAGCAGCTTGCTGCTTCGCTGACGAGTGGCGGACGGGTGAGTAATGTCTG

101-200 GGAAACTGCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGAGGGGGACCTTCGGGCCTCTTGCCATCG

201-300 GATGTGCCCAGATGGGATTAGCTTGTAGGTGGGGTAACGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAG

3 01-400 ACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGGT

4 0 1 -500
50ÏÏ^
6 01-700
7Ôi-M'

TGTAAAGTACTTTCAGCGGGGAGGAAGGGAGTAAAGTTAATACCTTTGCTCATTGACGTTACCCGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCC

"GCGGTÂATACGGGÂGGGTGCÂÂGCGTTÂÂÏ^GGASTTAiCTGGG^
GGGAACTGCATCTGATACTGGCAAGCTTGAGTCTCGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATACCGGTGG
OGAAGGCGGCœH'TGGACGAAGÂCT^CGCfCAGGfG^CGAAAœ

8 0 1 -9 0 ^
liof-ïoôb

CTTGGAGGTTGTGCCCTTGAGGCGTGGCTTCCGGAGCTAACGCGTTAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACG
GGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTGGTCTTGACATCCACGGAAGTTTTCAGAGATGAGAATGT

1001-1100 GCCTTCGGGAACTGTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGT

1 101-1149 TGCCAGCGGTCCGGCCGGGAACTCAAAGGAGGCTGCCAGTGATAAACTG

Table 4.21: S. marcescens (1149bp^

1-100 
101-200

TGGAGAGTTTGATCCTGGCTCAGATTGAACGGCCCTCTAGATGCATGCTCGAGCGGCCGCCAGTGTGATGGATATCTGCAGAATTCGGCTTTGGAGAGTT
YGATCCTGGCTCÂ^TTGAACGCfGGCGGCAGGCTTÏ^CACÂTGCAÂGTCGAAC^

201-300
3 01-400

TGAGTAATGCTTGGGAATCTGGCTTATGGAGGGGGATGACGACGGGAAACTGTCGCTAATACCGCGTATTATCGGAAGATGAAAGTGCGGGACTGAGAGG
CCGCATGCCATAGGATGAGCCCAAGTGGGATTAGGTAGTTGGTGGGGTAAAGGCCTACCAAGCCTGCGATCTCTAGCTGGTCTGAGAGGATGACCAGCCA

4 0 1-500
5 01-600

CACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCGCAATGGGGGGAACCCTGACGCAGCCATGCCGCGTGAATGAAG

6 01-700

7 01-800

8 01-9 0 £  

“ÔOMÔOÔ”

CGTGCCAGCACCGCGGTAATACGGAGGGTGCCAAGCGTTAATCGGAATAACTGGGCGTAAAGAGCACGCAGGCGGGTATTTAATGAGGTGTGAAAGCCCT

GGGCTTACCTAGGAATTGCATTTCAGACTGGGTAACTAGAGTACTTTAGGGAGGGGTAGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGA

ATACCGAAGWCGAAGGCAGCCCCTTGGGAATGTACTGACGCTCATGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCTGTAA
'ACGCTGTCGAfTTGGGGGTTGGGGffTAÂCTCfGGCGCCCGfAGCTi^

lOOl-lJOO
Tiôr-Ï2ÔF

l 2 Ô l - Ï 2 ‘77""

AATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTACTCTTGACATCCTAAGAAGAGCTCAGAGAT

■GSGCfriGTGCCTTCGGGÏîACTTÀGÂGAaVGGTGCTGCATGGCTCT
TCCTTTGTTGCCAGCGACTTGGTCGGGAACTCAAAGGAGACTGCCAGTGATAAACTGGAGGAAGGTGGGGATGACGT

Table 4.2k: H. influenzae (1277bp)

1-100 TTGAACCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGTAGCACAGAGAGCTTGCTCTCGGGTGACGAGCGGCGGACGGGTGAGTAATGTCTGGGAAA |

101-200 CTGCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCTAATACCGCATAATGTCGCAAGACCAAAGTGGGGGACCTTCGGGCCTCATGCCATCAGATGT

201-300 GCCCAGATGGGATTAGCTAGTAGGTGGGGTAACGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACG 1

301-400 GTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAA I

401 -5 0 0 AGCACTTTCAGCGGGGAGGAAGGCGATGAGGTTAATAACCTCATCGATTGACGTTACCCGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGT 1

501-600 AATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTCTGTCAAGTCGGATGTGAAATCCCCGGGCTCAACCTGGGAAC
601-700 TGCATTCGAAACTGGCAGGCTAGAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATACCGGTGGCGAAGG i
701-800 CGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGAAGTCGATTTGGA i

801-900 g g t t g t g c c c t t g a g g c g t g g c t t c c g g a g c t â a c g c g t t â ^ t c g a c c g c c t g g g c ^ c t  ■;

901-1000 CGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTGGTCTTGACATCCACAGAACTTTCCAGAGATGGATTGGTGCCTTC
1001-1100 GGGAACTGTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTT7\AGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAG
1101-1141 CGGTTAGGCCGGGAACTCAAAGGAGAGTGCCAGTAAAAACT

Table 4.21: K. pneumoniae (1141bp>
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1-100
“ 101-200
“201-300

TGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGTAACAGGAGAAAGCTTGCTTTCTTGCTGACGAGCGGCGGACGGGTGAGTAATGTATGGGG

'ÂTCTGCCCGATÂGAGGGGGATAA^'ÂCfGGAAAC^TGGCTAATACCGC^

GAACCCATATGGGATTAGCTAGTAGGTGGGGTAAAGGCTCACCTAGGCGACGATCTCTATCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACA

301-400
4ÔT-500

CGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAACCATGCCGCGTGTATGAAGAAGGCCTTAGGGTTGT

AAAGTACTTTCAGCGGGGAGGAAGGTGATAAGGTTAATACCCTTGTCAATTGACGTTACCCGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCG

501-600
"601-700“

GTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTCAATTAAGTCAGATGTGAAAGCCCCGAGCTTAACTTGGGA

ATTGCATCTGAAACTGGTTGGCTAGAGTCTTGTAGAGGGGGGTAGAATTCCATGTGTAGCGGTGAAATGCGTAGAGATATGGAGGAATACCGTTGGCGAA

J70U80j0̂
T d l-900

GGCGGCCCCGTGGACAAAGACTGACGCTCAGGTCCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGATGTCGATTTA

GAGGTTGTGGTCTTGAACCGTGGCTTCTGGAGCTAACGCGTTAAATCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGG

901-1000 CCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTACTCTTGACAGCCAGTCGAATCCTTTAGAGATAGAGGAGTGCC

1001-1100 TTCGGGAACGCTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTTGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGC
1101-1144 CAGCACGTAATGGTGGAACTCAAAGGAGACTGCCGGTATAACCG

Table 4.2m: P, mirabilis (1144bp)

1-100 GAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGATGAAGGGAGCTTGCTCCTGGATTCAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCC |
101-200 TGGTAGTGGGGGATÂACGTCCGGAAACGGGCGCTAATACCGCATACGTCCTGAGGGAGAAAGTGGGGGATCTTCGGACCTCÂCGCTÂTCAGAfGAGCCtÂ |

201-300 GGTCGGATTÀGCTÀGTTGGTGGGGTÀAAGGCCTÀCCAAGGCGACC^T |

30M Ô Ô GACTCCTÂCGGGÂGGCAGCAGfGGGGj^TÀTTGC^CAATGGGCGAAAGCCTGATCCAGC 1

40 1 -500 TTTÂAGTTGGGAGGAAGGGCAGTAAGTfÂATACCfTGCfGTTTTGACGTTÂCCAACAGAATÂAGCACCGGCTÂAC i
501-600 GAÀGGGTGCAÀGCGTTAA'TCGGAATTÀCTGGGCGfÂ?ÀGCGCGC i

601-700 CAAAACTÂCTGAGCTÂGAGTÀCGGTÂGAGGGTGGTGGAATTTCCTGTGTÂGCGGTGA^TGC |

7 0 i -800 CCTGGACTGÂTÂCTGACACTGÂGGTGCGAAAGCGTGGG(^GCAAACAG i
801-900 ATCCTTGAGATCTTAGTGGCGCAGCTAACGCGATAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACA 1
901-1000 à g c g g t g g a g c a t g t 'g g t t t t â t 't c g a a g c a a c g c g a a g a a c c t t à c c t g g c c  ]

1001-1100 TCAGACACAGGTGCTGCATGGCTGfCGTCAGCTCGTGTCGfGAGATGTTGGGTTAAGTCCCGTAACGAGCGCAACCC“fT G fC T T T A G T T A C C A G C A œ T f“ 'l
1101-1137 CGGGTGGGC7\CTATÀAG(^GACTGCCGGTGACAA^ :

Table 4.2n; P. aeruginosa (1137bp)

Table 4.2 a-n: DNA sequence of the 1.2kb PCR fragment of 16S rDNA gene 
for the 14 bacterial species studied.
Table 4.2a: coagulase negative staphylococci, Table 4.2b: Staphylococcus 
aureus: AF076030, Table 4.2c: Streptococcus pneumoniae: AFO76029, Table 
4.2d: Streptococcus pyogenes: AFO76028, Table 4.2e: Streptococcus viridans: 
AFO76036, Table 4.2f: Enterococcus faecalis: AFO76027, Table 4.2g: Bacillus 
cereus: AFO76031, Table 4.2h: Propionibacterium acnes: AFO76032, Table 
4.2i: Escherichia coli: AFO76037, Table 4.2j: Serratia marcescens: AFO76038, 
Table 4.2k: Haemophilus influenzae: AFO76035, Table 4.21: Klebsiella 
pneumoniae: AFO76033, Table 4.2m: Proteus mirabilis: AFO76034, and Table 
4.2n: Pseudomonas aeruginosa: AFO76039.

4.3.8 DNA sequence analysis
Clustal alignment of the 16S rDNA sequences from the 14 species o f bacteria 

demonstrates many areas of identity (Figures 4.5a and 4.5b). Sequence similarity 

between the 16S rDNA sequences from S. viridans, S. pneumoniae, S  faecalis, and S. 

pyogenes is represented in Figure 4.6.
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Figure 4.5a: Clustal alignment 
of the 16S rDNA sequences 
from 14 species of bacteria 
demonstrates many areas of 
identity. Bases which match that 
of the consensus sequence are 
hidden from view. These areas 
are boxed. The consensus 
strength is represented in colour 
(with red the highest) and in the 
height of the bars (the higher the 
bar the greater the similarity).
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Figure 4.5b:Clustal alignment of the 16S 
rDNA sequences from 14 species of 
bacteria: with the sequences hidden the 
consensus strength is more apparent.
The consensus strength is represented in 
colour (with red the highest) and in the 
height of the bars (the higher the bar the 
greater the similarity).
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Figure 4.6: Sequence 
similarity between the 16S 
rDNA sequences from 
S.viridans, S. pneumoniae, E. 
faecalis and S. pvosenes 
represented by a Clustal 
alignment.
Bases which match that of the 
consensus sequence are hidden 
from view. The areas which 
match with the consensus 
sequence are boxed. The 
consensus strength is 
represented in colour (with red 
the highest) and in the height of 
the bars (the higher the bar the 
greater the similarity with the 
consensus sequence)
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4.4 Discussion
The detection of bacterial DNA by polymerase chain reaction (PCR) based 

methodologies, in body sites which are normally sterile, has been used to improve 

the rate o f microbiological diagnosis for CSF (193-197)^ synovial fluid 0^^) and 

vitreous.fl'^O) This study presents data for the identification and spéciation of a range 

of bacteria. The choice of primers was affected by the knowledge that 16S rDNA 

genes are highly conserved in bacterial genomes and may be present in multiple 

copies. The number o f gene copies have been determined for a few species and vary 

from 1 - 14.(199 200) Other authors have studied the use o f eubacterial primers based 

on conserved regions of 16S and 23 S rDNA genes flanking a variable interspacer 

region which would have more scope for variability between species thereby 

allowing easier species identification. Although this has proved to be successful in 

the majority of cases intraspecies polymorphism was also noted, especially in the 

genus Staphylococcus, making this technique unsuitable for our purposes.fl^^) 

Sequence variability can be studied by using restriction endonucleases as described 

herein, by the synthesis of species specific oligonucleotide probes which would 

identify DNA sequences through hybridisation, or by design o f PCR primers and 

amplification protocols which discriminate for the organism o f interest. However, 

probes and primers would need to be designed for individual species.(l^^ 201) 

Denaturing gradient gel electrophoresis analysis of PCR products and PCR-single 

stranded conformation polymorphism (SSCP) analysis using non-denaturing 

polyacrylamide gel electrophoresis has also been used with some success to 

differentiate bacterial sp ecies.(292  203) The methods described in this chapter 

combine the detection o f specific nucleotide sequences with the easy identification
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and categorisation of the fourteen bacterial species o f interest into thirteen groups or 

alternatively into Gram positive/negative categories. The total running time was 

noted to be 35 and 20 minutes for the first and second round PCR reactions, 

respectively, making the ability to diagnose the presence or absence of bacteria 

possible in less than two hours. Subsequent RFLP analysis to confirm whether Gram 

positive or negative would yield results after a further three hours and the result(s) of 

species identification would be available early the next day.

Standard DNA extraction methods are time-consuming and involve multiple tube 

transfers wherein organisms / DNA may be lost. For purposes o f application to 

ophthalmic samples, where the sample volume is usually small and the number of 

organisms grown from culture o f such a sample is also small, modifications to the 

extraction and amplification procedure were made to reduce the potential loss of 

organisms / DNA in transfer. The methods used simply involve heating to 95 °C as 

part o f the PCR cycling protocol and show great potential, as the technique is not 

only found to be reliable and reproducible but simple and rapid.

For the purposes o f application to small clinical samples from body sites which are 

normally sterile, and from which small numbers of organisms are cultured, a highly 

sensitive approach was required in order to confirm the presence of bacteria with 

great certainty. The ability to detect 10 pg of genomic DNA after one round of PCR 

may be slightly less than the sensitivity reported by other authors (204) and would be 

improved by reducing the annealing temperature. We have opted for the highest 

annealing temperature possible, to ensure specificity, which may have reduced the 

sensitivity o f the reaction but the use of a second round nested approach improved
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sensitivity, allowing detection of as little as Ifg or 1 organism, and maintaining the 

specificity o f PCR detection.

The technique was tested with dilutions of live organisms and positivity of the PCR 

was found to correlate well with positivity o f culture. However, in the most dilute 

preparations from which an identical aliquot would grow between 0-1 organism, the 

PCR was found to be positive in the absence of a positive culture. This phenomenon 

may be due to pippetting error but in this instance, one would expect positive 

cultures and negative PCRs which is not observed. Every attempt was made to 

ensure the viability o f the bacteria during handling and organism dilutions were 

prepared fresh prior to each experiment. By necessity, organism dilutions were made 

in distilled water and not phosphate buffered saline. Our studies indicated, however, 

that for the short periods o f time (less than 20 minutes) during which the bacteria 

were awaiting culture, this was not a significant factor reducing cellular viability. It 

seems likely, however, that in each bacterial colony there are a few cells which are 

not viable but which are effectively identified following PCR analysis.

The RFLP patterns obtained from E. coli and S. marcescens were identical, and 

reflect the similarity in the gene sequence of the 16S rDNA from these organisms. 

Although the minor sequence differences were not useful in differentiating these two 

organisms by RFLP analysis, a stretch o f nine nucleotides is present which is more 

than sufficient to allow the design of oligonucleotide primers which would allow 

differentiation o f these organisms using additional PCR protocols. As the treatment 

of these two organisms would be identical, (whether endophthalmitis is caused by E. 

coli or S. marcescens), further identification was not pursued. Other authors have 

also found some difficulty in discriminating members o f the genus
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Enterobacteriacae based on gene sequences. Widjojoatmodjo et al. 1995, reported 

inability to distinguish E. coli from Shigella spp. using multiplex PCR-SSCP 

technology based on 16S rDNA gene am plification .(205) Unfortunately S. 

marcescens was not included in their panel of tested organisms,

S. pneumoniae and S. viridans yield bands which are also similar. Although 

treatment of streptococcal endophthalmitis is currently the same, irrespective o f the 

species of streptococci, an effort was made to differentiate these two species from 

each other and other bacteria. Using the data already available a restriction cocktail 

of eleven enzymes was developed which could identify S. pneumoniae but yielded 

similar fragments for S. viridans and S. pyogenes. However, the overall number of 

fragments from several of the other bacterial species was increased thereby 

increasing the complexity o f patterns and reducing the ease of identification. Further 

search of the restriction enzyme database available via the world wide web 

(REBASE, June 1998) was unsuccessful in identifying a commercially available 

enzyme which could differentiate between these two sequences.

Analysis of clinical isolates o f coagulase-negative staphylococci yielded three 

patterns reflecting the presence o f a number o f species belonging to this group. 

Sequence analysis of the amplified 16S rDNA PCR product was unable to 

differentiate between members of this group and was also found to be very similar to 

the sequence obtained from S. aureus. Differentiation between members of the group 

of coagulase-negative staphylococci is not of clinical importance in the management 

of endophthalmitis but differentiation o f this group from S. aureus is important as 

the latter is traditionally associated with a worse visual prognosis. Recent reports, 

however, have indicated a similar poor outcome for endophthalmitis caused by
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coagulase negative staphylococci.(^^i) Nevertheless, this differentiation can be 

performed using the PCR-RFLP methods described herein. Two of three patterns 

obtained from PCR-RFLP of genomic DNA of coagulase-negative staphylococci 

were sufficiently similar to the control pattern for them to be correctly identified by 

two masked observers. These three patterns were all added to the set of control 

patterns to be used for future identification.

Initial treatment of patients presenting with presumed bacterial endophthalmitis is 

aided by the Gram staining of samples and is guided by the results o f this rapid test. 

As this protocol is designed to detect the presence of all bacteria, it is conceivable 

that specific restriction enzyme digestion may be unable to yield sufficient detail 

with regards to the identity of the pathogen if  the organism is not one of the series 

studied here or is a bacterium previously unidentified as a cause of endophthalmitis. 

Although the spéciation of the organism is the ultimate goal, RFLP analysis with 

Protocol A may be helpful in obtaining initial data which would be useful clinically. 

Further application to a wider range of bacteria is needed to validate this RFLP 

protocol.

The sensitivity of the PCR reaction, with the ability to detect one organism, may 

yield results which are falsely positive simply reflecting the contamination rate 

during the procedure through lack of effective pre-operative cleaning procedures. 

The presence o f bacteria in ocular fluids at the end of surgery is well known. Several 

authors have reported a culture positive rate o f 22 - 43% using aqueous samples 

collected at the end o f cataract surgery, in eyes which have not subsequently 

developed endophthalm itis.(206 207) Using PCR the number o f cases which would 

yield positive results would probably be much higher and therefore, a study o f the
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false positive rate is required. This study would need to examine the contamination 

rate o f ocular fluids at the beginning and at the end o f ocular surgery in eyes which 

do not subsequently develop intraocular inflammation or any clinical signs of 

infection. This study has been designed and is currently underway.

At this centre, 63% of cultures from cases o f post-surgical presumed bacterial 

endophthalmitis proved to be negative.(^®^) This is probably a reflection of the 

large number o f cases referred to this tertiary referral centre having had prior 

antibiotic treatment (topical, systemic and intraocular) for endophthalmitis. The 

use o f antibiotics may affect the culture positive rate but would not affect a PCR 

based approach to microbiological diagnosis. The techniques described in 

chapters 3 and 4 of this thesis are proposed as an additional tool for the clinician 

in conjunction with, and not as a replacement for, microbiological isolation of 

organisms. PCR based methods are able to provide the reliability and sensitivity 

required but currently data regarding antibiotic drug sensitivities can only be 

provided following positive culture. In culture negative cases, however, no 

information is obtainable and molecular approaches may be the only way of 

obtaining a microbiological diagnosis. Also, the possibility of obtaining 

information regarding antibiotic resistance using molecular approaches is already 

becoming a reality. Several workers have recently reported the use of PCR 

primers in the detection of ciprofloxacin and vancomycin resistance genes in 

bacteria.(2^^'2^l)

In conclusion, the simplicity and sensitivity o f this PCR-RFLP technique, with broad 

specificity for spéciation of bacteria causing intra-ocular infection, has demonstrated 

great potential in microbiological diagnosis of patients presenting with presumed
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endophthalmitis. Subsequent work applied these techniques to ocular samples 

presenting with clinical signs highly typical of bacterial endophthalmitis.
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5. Chapter 5 Application of molecular biology techniques to the detection of 

bacterial DNA in ocular samples 

5.1 Brief Introduction
The purpose o f this study was to determine the ability o f PCR-RFLP to identify and 

speciate bacteria in samples collected from patients presenting with presumed 

bacterial endophthalmitis. Ocular samples (aqueous and vitreous) were collected 

from nine consecutive patients presenting with typical clinical symptoms and signs 

of endophthalmitis (‘ClinicaT samples). Uninfected ocular samples were also 

collected from 38 cases undergoing routine surgery (‘Control’ samples). PCR-RFLP 

was performed with a nested pair of primers based on the 16S rRNA gene with 

subsequent digestion with restriction endonucleases. The bacterium was further 

identified by DNA sequencing and / or cloning.

5.2 Specific Methods

Both ‘Clinical’ and ‘Control’ samples were treated in the same manner. DNA 

extraction was by the ‘Heat and direct PCR’ (General Methods section 1.2.5.2). First 

and second round PCR protocols have been described in General Methods 

(section 1.2.6.6).

Each positive PCR result was confirmed three times and the PCR product subjected 

to RFLP analysis, and DNA sequencing. Samples which yielded a negative PCR 

result were assessed for PCR inhibition before any conclusions were drawn (section 

5.3.3.).

Details o f studies on clinical samples appears below. Analysis o f Control samples 

appears under section 5.4.
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5.3 Clinical samples

5.3.1 Samples from clinical cases of endophthalmitis
A detailed protocol was followed for nine consecutive patients who presented with 

typical symptoms and signs of bacterial endophthalmitis. Details of the protocol 

followed are given under section 1.2.2. and details o f the questionnaire completed 

appears in Table 6.1. All samples were collected by the same surgeon (N. O.) using 

identical procedures for each patient. The sample for PCR (10 - 50pl) was separated 

from that to be sent for routine microbiological assessment at the time o f sampling.

5.3.2 Microbiology
Intraocular samples were examined as already described under section 1.2.3.

5.3.3 Protocol for analysis of clinical samples
Five microlitres o f the patient sample was added directly to a PCR reaction. If the 

subsequent PCR amplification was found to be negative, the vitreous sample was 

diluted to 50%, 20%, 10%, and 5% and three experiments run in parallel. Firstly one 

sample was subjected to direct PCR of the diluted vitreous (using 5pi of the sample 

at the required dilution), a second and third involved spiking the dilute vitreous with 

approximately 600 and 1-5 live organisms (section 5.3.4.), respectively, followed by 

direct PCR.

5.3.4 Preparation of dilution series of live organisms
Serial ten fold dilutions were prepared from overnight cultures o f one Gram positive 

and one Gram negative organism commonly known to cause endophthalmitis (S. 

epidermidis and E. coli). Five microlitres of each dilution was plated immediately 

and incubated at 37°C overnight. An identical aliquot was added directly to a PCR 

reaction and amplified.
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5.3.5 PCR amplification of bacterial 16S rDNA and pre-treatment of Tag DNA 
polymerase to remove contaminating bacterial DNA
This chapter applies the techniques described in Chapter 4. The PCR amplification 

reaction and conditions used have been described under section. 1.2.6.6.and the pre

treatment protocol for Taq DNA polymerase, which was used prior all PCR 

reactions, is given under section 1,2.6.6.1.

5.3.6 Patient details and culture results of cases presenting with presumed 
bacterial endophthalmitis
Twenty aqueous and vitreous samples were collected from nine consecutive patients 

presenting with presumed bacterial endophthalmitis (Table 5.1). All cases of 

presumed bacterial endophthalmitis had unambiguous clinical signs o f intraocular 

infection. One patient was re-treated during the period of the study because of 

worsening clinical signs (patient 4). All patients were assessed and treated according 

to the standard protocol and intraocular (aqueous and vitreous) samples was obtained 

for every patient. Microbiology samples were cultured and PCR samples were frozen 

at -2 0  °C immediately.
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Patient No. 1 2 3 4 4 5 6 7 8 9 1
Age/Sex/
Eye

68/M/L 57/M/L 70/F/L 73/M/R 73/M/R 88/F/R 52/M/R 62/F/L 39/M/L 64/F/L

Sampling
date

13.6.96 14.6.96 14.6.96 15.6.96 25.6.96 18.6.96 23.6.96 26.6.96 28.6.96 4.7.96

Type 5 1 2 2 2 6 2 2 3 1
Event UTM 

with 
E. coli

Phaco  ̂
+ 

lOL®

Laser
retlno-
pexy

ECCE+
lOL®

ECCE+
lOL®

Closed
Injury^

Puplllo-
plasty'’

ECCE
+

lOL*^

Molteno
tube®

ECCE
+ 1 

lOL®
Perl and post
operative 
complications

Uveitis
H

uveitis " PC 
rupture' 
, uveitis

H

PC 
rupture' 
, uveitis

H

broken
sutures

Event to 
Onset^

7 days 12
hours

1 day 12
hours

NA^ un
known

4 days Iday 20 days 18
hours

Onset to 
1 sampling^

2 days 12
hours

2 days 3 days NA^ 10 days 12 hours Iday 10 days Iday®

1 Treatment at 
1 presentation‘s

nil T A J S T A J S TA,SA,
ss'-

TA,SA TA,TS TA,TS TA,TS,
TG

TA,TS TS,TG

VAO"̂ POL HM POL HM HM NPL HM HM POL POL
RAPPN Y N Y N N Y N N N Y

1 Hypopyon® +  
1 fibrin

V Y Y Y Y no view'’ N Y Y Y

VA6 PHTH® 6/6 6/60 6/60® 6/60® ENU“ 6/9 6/12 no
follow-

up

POL

Table 5.1: Clinical details of ten consecutive cases presenting with 
presumed bacterial endophthalmitis.
All patients were assessed and treated according to a standard protocol (Chapter 
6). Patient 4 was re-treated during the period of the study because of 
deteriorating clinical signs. Two sets o f samples are, therefore, available form 
this patients eye.
Type o f endophthalmitis: 1 = hyperacute post-cataract surgery, 2 = acute post
cataract surgery, 3 = delayed post-glaucoma surgery, 4 = delayed, post- 
traumatic, 5 = metastatic / endogenous, 6 = post-keratitis. Event: surgical / 
traumatic / systemic event prior to development o f endophthalmitis 
Abbreviations: A = Urinary tract infection, B = Cataract surgery by 
Phacoemulsification. A method of removing the cataractous lens involving a 
smaller incision, and less passage of fiuid into the anterior chamber (as 
compared to extracapsular cataract surgery) with culture positive anterior 
chamber cultures at the end of surgery reported as 3.9% (212)  ̂ C = lOL. 
intraocular lens implantation. D = Extracapsular cataract surgery. A method of 
removing the cataractous lens involving a much bigger incision and greater 
passage of fiuid into the eye (as compared to phacoemulsification techniques), 
with culture positive anterior chamber cultures at the end o f surgery reported as 
high as 43%.(207) g  = Trauma to the globe which did not penetrate or perforate 
the globe. F = Pupilloplastv and removal o f soft lens matter. G = Insertion of 
Molteno tube. H = post-operative uveitis /inflammation at a level more than 
would be expected for the procedures performed. I = Posterior lens capsule 
rupture is associated with a three fold increased incidence of 
endophthalmitis.(213) j  = Time from event to onset of symptoms of 
endophthalmitis and subsequent time from onset o f symptoms to presentation, 
sampling and treatment. K = the treatment provided by the primary care 
practitioner / referring hospital / surgeon following routine surgery. TA = topical
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antibiotics, TS = topical steroids, SA = systemic antibiotics, SS = systemic 
steroids, TG = topical glaucoma medication. L = This patient was taking 4mg 
prednisolone long-term for treatment of asthma and polymyalgia. M = Snellen 
visual acuity at presentation with endophthalmitis (time 0 = at presentation), 
POL = perception o f light vision only, HM = Hand movement vision only, NPL 
= No perception o f light, N = Relative afferent pupillary defect, the presence of 
which is a marker for severity of endophthalmitis. O = hypopyon and fibrin were 
seen in the anterior chamber of all cases except one. P = No view of the anterior 
chamber was possible in Patient 6 because of a large comeal abscess. Q = 
Phthisical eye with a visual acuity of POL, R = Enucleation S = This patients 
visual acuity initially improved to 6/24 but then was markedly reduced 
following the development of a sub-retinal neovascular membrane. T = this 
patient was retreated with intraocular antibiotics 10 days after first treatment. 
Samples taken at this stage were culture negative but PCR positive for coagulase 
negative staphylococci .U = This patient was re-treated with intraocular 
antibiotics 5 days after first treatment. Cultures taken at this stage were 
persistently positive for group D streptococci but the small sample volumes 
obtained did not allow sufficient material for PCR analysis.

Five o f ten vitreous samples (50%) and one o f ten aqueous (9%) samples were 

culture positive (6/20 intraocular samples, 28.5%). These samples belonged to five 

eyes (5/10, 50%). In the one case where both the aqueous and vitreous from the same 

eye were culture positive; the cultured organism was the same from each sample. 

The most commonly cultured organisms were coagulase-negative staphylococci 

(Table 5.2).

5.3.7 PCR amplification of 16S rDNA genes in clinical samples
All intraocular samples were found to be PCR positive (Table 5.2). The level o f PCR

inhibition was found to be variable. Dilution of the sample was required in the 

analysis of 7 intraocular samples (4 aqueous and 3 vitreous. Tables 5.2 & 5.3). Only 

one patient sample was positive in the first round PCR reaction (sample 19, Table 

5.2) which has a sensitivity of 10 pg of genomic DNA or approximately 600 live 

organisms (Chapter 4, section 4.3.4.). Second round PCR was positive with 7/10 

(70%) undiluted vitreous and 6/10 (60%) undiluted aqueous samples (13/20, 65%).
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A further 2 samples o f vitreous and 3 samples of aqueous required 1 in 2 dilution, 

with 1 aqueous sample requiring 1 in 5 dilution before PCR inhibition was 

eliminated. Only one sample (vitreous, sample 3, Table 5.3) required a 1 in 10 

dilution.

Eight “Post-microbiology” samples (PM) were also available from four eyes (4 

aqueous and 4 vitreous). Once all routine microbiological testing had been 

completed these samples had been frozen at -20°C. PCR results from these samples 

were in agreement with the analogous sample frozen immediately in all cases except 

one. The analysis of aqueous from patient 7 (sample 16) was found to be PCR 

negative after handling in the microbiology department (Table 5.3). The 

amplification products obtained after PCR of samples which had been frozen 

immediately and not been through the microbiology department were preferentially 

chosen for RFLP analysis. However, this was not possible for 3 o f 20 samples 

(samples 2, 3, 8, Table 5.2).

5.3.8 Protein assay
As high protein levels are expected in inflamed eyes and have been proposed to be a 

cause o f PCR inhibition by intraocular fluids (^^^), the protein assay was undertaken. 

Each sample was diluted 1 in 4 and 1 in 200 and the protein content of the ocular 

fluids was assessed using BCA reagent (Pierce, Chester, UK) and compared with 

bovine serum albumin standards (0 -0 .6  mg/ml). Results indicated that protein levels 

varied from 2.5 to 130 mg/ml (Table 5.2). Uninflamed vitreous and aqueous samples 

were also assayed and yielded results 0 - 0.8 mg/ml (n = 7). Inflamed vitreous 

samples yielded a protein assay measurement of 3.0 mg/ml (n = 2). Comparison 

between ‘uninflamed’ PCR- negative ocular samples (n = 7, mean = 0.34 mg/ml) and
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PCR- positive samples from cases of presumed bacterial endophthalmitis (n = 19, 

mean 15.9 mg/ml) indicated a difference which proved statistically significant 

(independent samples t-test assuming equal variance, p = 0.03). The mean protein 

level was found to be higher for samples associated with Gram negative organisms 

(mean = 27.4 mg/ml, n = 8) than Gram positive (mean = 10.7 mg/ml, n = 12) but this 

finding failed to reach statistical significance (independent samples t- test assuming 

equal variance p = 0.2), One protein measurement is missing as the volume of 

sample obtained was too small to allow measurements (sample 3, Table 5.2).

No correlation was found between protein levels and culture or PCR result (positive 

or negative) o f an undiluted sample. Aqueous and vitreous samples from the same 

eye had comparable protein levels, although the protein levels in the aqueous were 

slightly higher than those in the vitreous sample from the same eye in 8/9 paired 

samples. The protein levels in the aqueous were found to be on average 57% higher 

than those in the vitreous o f the same eye (vitreous protein level/ aqueous protein 

level X 100). As a hypopyon was present in all but one case the correlation between 

protein levels and the presence of a hypopyon could not be tested statistically. 

However, the mean protein level was higher in those patients who had a poor visual 

outcome o f perception o f light or worse at 6 month follow-up (mean protein level for 

those with vision o f POL or worse at 6 months = 37.8 mg/ml (n = 7) vs. mean 

protein in samples from eyes with final visual acuity better than POL = 6.3 mg/ml (n 

= 13): independent samples t- test assuming equal variance p = 0.017).
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Sample
number

Patient
number

Sample 5|il neat 
sample, direct 

PCR

1.2
diluted
sample

1 in 5 
diluted 
sample

1 in 10 
diluted 
sample

1 in 20 
diluted 
sample

Protein
mg/ml

Culture results

1"
round round

2nd

round round round round
1. 1 Vit^ 10.74 Escherichia

coli
2. 1 Aq® - - NS*^" NS NS NS 20.00 NG“
3. 2 PM^- Vit NA" NA NA NA NA NA NS NG
4. 2 Aq +/- + + + 10.30 NG
5. 3 Vit + 8.00 CNStaph'
6. 3 Aq - - + + + 14.20 CNStaph
7. 4 ' Vit + 5.55 CNStaph
8. 4^ PM^ -̂Aq NA" NA NA NA NA NA 5.55 NG
9. 4^ Vit + 6.00 NG
10. 4^ Aq + 3.60 NG
11. 5 Vit + 45.00 Pseudomonas

spp.
12. 5 Aq + 130.00 NG
13. 6 Vit - + + + + 5.20 NG
14. 6 Aq - + + + + 6.20 NG
15. 7 Vit - + - 2.40 NG
16. 7 Aq + 6.30 NG
17. 8 Vit + 4.00 NG
18. 8 Aq - + - 5.50 NG
19. 9 Vit + + 6.00 P-haem 

Streptococci 
group D

20. 9 Aq - + 7.90 NG

Table 5.2: PCR of intraocular samples from nine consecutive cases 
presenting with presumed bacterial endophthalmitis demonstrate positive 
results from all cases, the need for dilution in the analysis of six intraocular 
samples (4 aqueous and 2 vitreous), the results of protein assay and culture.
For each patient sample dilution experiments were continued until the results 
obtained indicated loss o f PCR inhibition. Only one patient sample was positive 
in the first round PCR reaction which has a sensitivity of 10 pg of genomic 
DNA or approximately 600 live organisms (sample 20). Abbreviations: A = Vit: 
vitreous. B = Aq: aqueous C = PM, post-microbiology sample, indicates PCR 
amplification was undertaken after the sample had undergone analysis and 
handling in a microbiology laboratory (results appear in Table 5.3), D = - = 
negative PCR resu lt, E = + = positive PCR result, F = NS: no sample left G = 
NO, no growth/ culture negative. H = NA: not applicable as only sample 
available was that post-microbiology. I = CNStaph, coagulase-negative 
Staphylococcus spp., J = Patient 4 has two sets o f samples taken ten days apart., 
K = Aq / Vit: the ocular sample o f this patient was collected from an aphakic 
and vitrectomised eye and has been included as ‘aqueous’ in all subsequent 
calculations L = p-haem: beta-haemolytic on blood agar.
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Sample
number

Patient
number

Sample PM *
sample

available

PM
neat

sample

PM
l i n 2

diluted
sample

PM 
1 in 5 

diluted 
sample

PM 
1 in 10 
diluted 
sample

Culture results

round

2nd

round round round
1. 1 Vit^ ✓ Escherichia coli |
2. 1 Aq^ ✓ .E + + + N Œ
3. 2 PM.

Vit
✓ + NG

4. 2 Aq ✓ - + + - NG
5. 3 Vit - CNStaph^
6. 3 Aq - CNStaph
7. 4" Vit ✓ + CNStaph
8. 4» PM-Aq ✓ + NG
9. 4" Vit - NG
10. 4 » Aq - NG
11. 5 Vit - Pseudomonas spp |
12. 5 Aq - NG
13. 6 Vit - NG
14. 6 Aq - NG
15. 7 Vit - + - - NG
16. 7 Aq - - - - NG
17. 8 Vit - NG
18. 8 Aq - NG
19. 9 Vit - P-haem Streptococci group D'
20. 9 Aq - NG

Table 5.3: PCR of intraocular samples following initial analysis in the 
microbiology laboratory (PM samples, n = 8) reveals identical results except 
in the case of one aqueous sample (sample 16 patient 71 which was PCR 
positive when collected and frozen immediately but PCR negative following 
initial handling and analysis in the microbiology department.
Abbreviations: A = PM, post-microbiology sample, indicates PCR amplification 
was undertaken after the sample had undergone analysis and handling in a 
microbiology laboratory , B = Vit: vitreous. C = Aq: aqueous D = + = positive 
PCR result, E = - = negative PCR result., F = NG, no growth/ culture negative. 
G = CNStaph, coagulase-negative Staphylococcus spp., H = Patient 4 had two 
sets o f samples taken ten days apart. I = p-haem: beta-haemolytic on blood agar.

Results indicate that samples for PCR need to be separated fi*om those sent for 

routine microbiology for two reasons. One post-microbiology (PM) sample was PCR 

negative as compared to its paired sample which had been frozen immediately. Also, 

the second aqueous sample from the eye of patient 4 resulted in a clear unambiguous 

pattern but the sample taken 10 days previously from the same eye (PM-Aq) was 

noted to yield multiple sequences of bacterial 16S rDNA (Table 5.6). These results
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suggest DNA degradation in the first case and contamination o f the sample in the 

second.

5.3.9 RFLP analysis
Following PCR amplification, the concentration of PCR product was estimated using 

ethidium bromide staining of agarose/ TBE gels. Two restriction enzyme cocktails 

were developed (section 1.2.6.8.); one to differentiate organisms into Gram positive 

and Gram negative species (protocol A) and a second cocktail to directly speciate 

organisms (protocol B).

Results o f RFLP analysis and DNA sequencing appear in Table 5.4. RFLP pattern 

analysis was undertaken by two masked observers experienced in the methods 

involved. In order to test the reproducibility of RFLP pattern analysis, a total of 77 

control and test RFLP patterns, were analysed by both observers. Five 

‘disagreements’ were noted (6.5%) and 3 patterns were ‘unidentifiable’ (both 

observers agreed). Four of these 5 ‘disagreements’ were in the differentiation 

between the pattern obtained with E. coli / S. marcescens and coagulase negative 

staphylococci and one was in the differentiation between the pattern obtained with E. 

coli / S. marcescens and P. mirabilis. The ‘unidentifiable’ patterns were obtained 

from 3 ocular samples (2 aqueous and 1 vitreous, Table 5.4, column 5) which yielded 

patterns not matching any of the standard patterns.

The results from PCR-RFLP-sequencing demonstrated 100% concordance with 

results o f culture positive cases in all vitreous (5/5) but not in the one culture positive 

aqueous sample (sample 6, Table 5.4) which yielded an ambiguous pattern similar 

to, but not matching, that obtained with coagulase negative staphylococci (Table 

5.4).
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In one case (sample 21, Table 5.4) the RFLP pattern analysis and DNA sequencing 

results were not in agreement. Sequencing was repeated 4 times, using the products 

o f different PCR reactions on identical template, and yielded E. faecalis sequence 

98-99% identical to the control E. faecalis sequence on each of the four occasions.

5.3.10 DNA sequencing
DNA sequencing was performed on all PCR positive samples. PCR fragments were 

directly cycle sequenced in both directions using an ABl prism automated DNA 

sequencer (model 377 version 2.1.1). Sequences were analysed both manually and 

using database and software programs available through the HGMP computer centre, 

the National Collection of Biotechnical Information (NCBl) and the Ribosomal 

Database Project (RDP) web sites.

_ . . ' ' 5 à
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1 Sample 
1 number

Patient
number

Sample PCR RFLP Sequencing proceed 
to clone

Culture results

k 1 V it* +6 EC/SM c Escherichia coli Escherichia coli
2. 1 Aq° + CNStaph^ CNStaph N Œ
3. 2 PM°- Vit + ? mixed pattern o f  

infection
poor sequence 
quality

✓ NG

4. 2 Aq + Bacillus cereus Bacillus cereus NG
5. 3 Vit + CNStaph CNStaph CNStaph
6. 3 Aq + ?CNStaph poor sequence 

quality
CNStaph

4« Vit + CNStaph CNStaph CNStaph
g. 4ri PM^-Aq + ? mixed pattern o f  

infection
poor sequence 
quality

/ NG

9. 4" Vit + CNStaph CNStaph NG
10. 4" Aq + CNStaph CNStaph NG
11. 5 Vit + Pseudomonas

aeruginosa
Pseudomonas spp. Pseudomonas

spp.
12. 5 Aq + Pseudomonas

aeruginosa
Pseudomonas spp. NG

13. 6 Vit + EC/SM poor sequence 
quality

/ NG

14. 6 Aq + not determined' Aeromonas spp. NG
15. 7 Vit + Pseudomonas

aeruginosa
Pseudomonas spp. 
but poor sequence 
quality

/ NG

16. 7 Aq + Proteus mirabilis Staphylococcus
epidermidis

/ NG

17. 8 Vit + Enterococcus faecalis Enterococcus
faecalis

NG

18. 8 Aq + CNStaph Pseudomonas spp. / NG
19. 9 Vit + Enterococcus faecalis Enterococcus

faecalis
P-haem' Strep 
group D

20. 9 Aq + Staphylococcus aureus Enterococcus
faecalis

Streptococci seen 
on smear but NG

Table 5.4: RFLP and DNA sequencing results for PCR amplified 
intraocular samples from cases with presumed bacterial endophthalmitis.
Abbreviations: A = Vit: vitreous B = +, positive PCR result. C = EC/SM, the 
RFLP pattern obtained by E. coli and S. marcescens is identical. D = Aq: 
aqueous. E = CNStaph, coagulase negative staphylococci. F = NG, no growth by 
culture. G = PM, the small sample volume obtained meant none was available 
for PCR prior to processing in the microbiology dept (results appear in Table 
5.3). H = Patient 4 has two sets of samples taken ten days apart. I = The RFLP 
pattern did not conform to any known standard patterns J = p-haem: beta- 
haemolytic on blood agar.

5.3.11 Cloning of PCR products
Cloning was undertaken on a total o f 7 PCR products (Table 5.4), to aid sequencing 

and to establish the identity o f individual PCR products in samples with mixed 

populations o f 16S rDNA which yielded combined patterns following RFLP 

analysis.
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Amplified DNA from PCR reactions were directly cloned into pCR II (Invitrogen 

BV, Leek, The Netherlands. Cat Number K2000-01) as described in General 

Methods section 1.2.6.9.

In order to reach a conclusion regarding the identity o f the cloned sequences, a 

variety of different software programs were used. These were available via the 

Human Genome Mapping Project (HGMP), The National Collection o f Biotechnical 

Information (NCBI), and the Ribosomal Database Project (RDP) websites. All 

sequence standards were also analysed in order to establish a baseline and determine 

the scores which would be expected for a DNA sequence o f known identity. A high 

score obtained from all analyses was considered significant (>85% Blast/Nix score 

and >0.60 S-ab score) but a high Blast/Nix score and a low S-ab score or vice versa 

was not (Table 5.5).

As can be seen from Table 5.5, a total of 19 sequences were obtained from 7 ocular 

samples of 6 patients. These included 9 Proteobacteria (alpha subgroup n = 5, beta 

subgroup n = 1, gamma subgroup n = 3), 1 Propionibacterium acnes and 9 

unidentifiable bacterial 16S rDNA sequences.

Of the seven samples which were cloned, six revealed the presence of multiple 

sequences. Aqueous samples yielded 2-3 different rDNA sequences, and vitreous 

samples yielded 1-2 species with the exception o f one vitreous sample which yielded 

6 sequences. This latter sample was from a case who had undergone multiple 

anterior and posterior segment operations presenting 4 days after the last operative 

procedure with clinical signs of endophthalmitis (Patient 6, Tables 5.5 & 5.6). Of 

these six bacterial sequences, two were definitively identified as Proteus spp. and P. 

acnes. The remaining four sequences were found to be similar to each other and also
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to two sequences of alpha proteobacteria which have not been fully identified (clones 

9-12, Sample 13, Table 5.5). These four sequences were not, however, amalgamated 

into a consensus sequences as in this stretch o f 16S rDNA even a few base pair 

dissimilarities are knovm to reflect the presence of different bacterial species (c.f. S. 

epidermidis vs. S. aureus, and E. coli vs. S. marcescens). The possibility exists, 

however, that only three bacterial species exist in this vitreous sample.

1 Clone 
number

Sample
number

Patient
number

Closest identified 
16S rD N A  gene

%
match

highest S-ab scoring 
bacterial 16S rDNA

S-ab
score

Conclusion Similarity 
matrix 
clone vs. 
clone

1 4 2 Afipia spp. 
U87773

91% 1. Unidentified 
Proteobacterium 
UAU85158
2. Afipia spp. 
U87773

0.667

0.526

Proteobacteria/ alpha 
subdivision/Rhizobium- 
agrobacterium group / 
Afipia spp.

2 4 2 Methylobacterium 
strain Z23158

94% Methylobacterium 
strain F73

0.630 Proteobacteria/ alpha 
subdivision/ Rhizobium- 
agrobacterium group 
/Methylobacterium

2+9=0.910

3 6 3 Comamonas spp. 
AJ002803

100% 1. Unidentified 
gamma
proteobacterium 
(320 bp only)
2. Comamonas spp. 
AJ002803

1.00

0.969

Proteobacterium/ beta 
subdivision/ Comamonas 
spp. ^

4 6 3 Unidentified 
bacterial 16S 
rDNA X 92169

93% 1. Carnobacterium 
spp.
2. unidentified 
bacterial 16S rDNA 
X92169

0.684

0.632

Unidentified bacterial 
16SrDNA
{Carnobacterium spp. 
vs.
bacterial 16S rDNA 
X92169, S-ab =  0.831)

4+15=0.923

5 6 3 1. unidentified 
bacterial 16S 
rDNA X 92169
2. Aerococcus 
viridans 
A F076639

86%

86%

1. Carnobacterium 
spp.
2. Aerococcus 
viridans A F076639
3. unidentified 
bacterial 16S rDNA 
X92169

0.485

0.469

0.462

Unidentified bacterial 
16S rDNA

4+5=0886

6 8 4 A. halopraeferens 
Z29618

82% 1. Sphingomonas 
spp.
2. A. halopraeferens 
Z29618

0.426
<0.306

Unidentified bacterial 
16SrDNA

6+7=0.77

7 8 4 S. epidermidis 
L37605

70% Staphylococcus
epidermidis

0.485 Unidentified bacterial 
16S rDNA

7+12=0.913
7+9=0.828
7+10=0.815

8 13 6 Proteus spp. 97% Proteus spp. 0.867 Proteobacteria / gamma 
subdivision/ Proteus spp.

8+ standard 
=0.867

9 13 6 Methylobacterium 
strain F48, 
D32236

94% 1. Methylobacterium 
beijerinkia 
subgroup, strain S 18
2. Methylobacterium 
strain F48, D32236

0.771

0.725

Proteobacteria /  alpha 
subdivision/ Rhizobium- 
agrobacterium group/ 
Methylobacterium

9+10=0.903
9+12=0.912
9+2=0.910
9+11=0.877

10 13 6 Unidentified
alpha
proteobacterium
AJ223452

96% unidentified alpha
proteobacterium
AJ223452

0.829 Proteobacteria /  alpha 
subdivision AJ223452

10+12=0.975
10+9=0.903
10+11=0.847

11 13 6 Unidentified 99% 1. alpha 0.793 Proteobacteria /  alpha 11+9=0.877 1
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alpha
proteobacterium
AB015565

proteobacterium 
UAU78911 (250 bp 
only)
2. unidentified alpha
proteobacterium
AB015565

0.676

subdivision AB015565 11+12=0.892
11+10=0.847

12 13 6 Unidentified
alpha
proteobacterium
AJ223452

96% 1. alpha
proteobacterium
AB002654
2. unidentified alpha 
proteobacterium 
AJ223452

0.796

0.794

Proteobacteria /  alpha 
subdivision AJ223452

12+10=0.975
12+9=0.912
12+11=0.892

13 13 6 P. acnes 97% P. acnes 0.868 Gram -positive group /  
High G+C group / 
Propionibacterium 
group/ P. acnes

13+ standard 
=0.994

14 15 7 Pseudomonas
spp.

92% Pseudomonas spp. 0.911 Proteobacteria/ gamma 
subdivision/ 
Pseudomonas group ^

14+ standard
=0.968
14+18=0.975

15 16 7 Carnobacterium
AF076637

73% 1. Carnobacterium 
funditum
2. unidentified 
bacterial 16S rDNA, 
X92169

0.638

0.602

Unidentified bacterial 
16S rDNA

15+4=0.923
15+16=0.901
15+17=0.887

16 16 7 Unidentified 
bacterial 16S 
rDNA, X92169

87% 1. Carnobacterium 
group/ D. pigrum
2. unidentified 
bacterial 16S, 
X92169
3. Carnobacterium 
AF076637

0.568

0.535

0.535

Unidentified bacterial 
16SrDNA

16+17=0.98
16+5=0.953
16+15=0.901

17 16 7 Unidentified 
bacterial 16S 
rDNA, X 92169

80% 1. Carnobacterium 
group/D. pigrum
2. unidentified 
bacterial 16S, 
X92169
3. Carnobacterium 
AF076637

0.492

0.502

0.475

Unidentified bacterial 
16SrDNA

17+16=0.98
17+15=0.887

18 18 8 Pseudomonas
spp.

81% Pseudomonas spp. 0.869 Proteobacteria/ gamma 
subdivision/ 
Pseudomonas group ^

18+14=0.975 
18+ standard 
=0.947

1 "

18 8 Comamonas spp. 
AJ002803

63% marine snow  
associated bacterium 
(167 bp only)

0.673 Unidentified bacterial 
16SrDNA

Table 5.5: Identification of cloned PCR products from 7 ocular samples of 6 
patients revealed the presence of 19 DNA sequences. These include 9 
unidentifiable bacterial 16S rDNA sequences, 9 proteobacteria ( alpha 
subgroup n = 5, beta subgroup n = 1. gamma subgroup n = 3), and 1 
Propionibacterium acnes 16S rDNA sequence.
Identification was attempted using the software available via the Human 
Genome Mapping Project (HGMP), The National Collection of Biotechnical 
Information (NCBl), and the Ribosomal Database Project (RDP) websites. 
Abbreviations: Clone number: the individual clone number o f each DNA 
sequence (also corresponds to the clone numbers in column 9), Sample number: 
the number of the sample as per Tables 5.1 - 5.5, Patient number: the number of 
the patient corresponds to Tables 5.1 - 5.5, Closest identified gene and % match 
= Percentage identical match o f DNA sequences calculated by combining the 
information obtained following analysis using the NIX software (HGMP) and 
the Blast packages (HGMP and NCBl), Highest S-ab scoring bacterial 168 
rDNA and S-ab score: score obtained following sequence matching analysis 
using the RDP software packages ( sequence match version 2.7). The higher the
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score the more likely the identification is correct (1.00 = perfect match). A score 
o f <0.450 indicates no true affiliation but the universal commonality between 
ribosomal DNA sequences and a score of <0.20 indicates a sequence which is 
not ribosomal RNA. Similarity matrix: a similarity score obtained following 
analysis o f sequences using the RDP software packages. Cloned sequences were 
compared to each other (score o f 1.00 = perfect match) and in each case, where a 
identification was made, a comparison was made with the standard sequences 
previously obtained (Chapter 4, section 4.3.5.6). The differences in the scores 
obtained relate to the different emphasis given to similarity of DNA sequences 
by each software program. The Blast software, for example, will score a longer 
less good match more highly than the RDP matching software which scores 
highly a shorter but perfect match. Therefore a sequence which may have high 
overall similarity to S. epidermidis, for example, will score highly with Blast 
packages but lower with the RDP software if the sequence does not match 
perfectly over small stretches of DNA.
In order to reach a conclusion regarding the identity o f the cloned sequences, a 
high score obtained from all analyses was considered significant (>85% 
Blast/Nix score and >0.60 S-ab score) but a high Blast/Nix score and a low S-ab 
score or vice versa was not.
Abbreviations: A = Comamonas and Pseudomonas isolates: 'Comamonas’ has 
also been reported under the name 'Pseudomonas In this context, all isolates 
referred to by the name 'Pseudomonas ’ refer to those in 'Pseudomonas rRNA 
Homology Group V, and those under the name 'Comamonas’ refer to those in 
'Pseudomonas rRNA Homology Group III’.

Correlation of bacterial 16S rDNA sequences obtained with culture results and type 

of endophthalmitis has been summarised in Table 5.6. Analysis of vitreous and 

aqueous samples from the same eye revealed the same organism in 3/10 eyes by 

PCR and 1/10 eyes by culture. In this series o f cases, vitreous samples were culture 

positive more often than aqueous samples. Culture results from vitreous samples had 

a 100% correlation with PCR / RFLP / sequencing in the 5 culture positive cases. 

These results suggest that vitreous should be the intraocular sample of choice for 

PCR analysis. O f the 20 samples analysed, Gram status could be deduced for 18 

samples (as insufficient information is available for samples 8 and 16). Gram 

positive organisms accounted for 9/18 samples (50%), Gram negative bacteria for 

8/18 (44%) and one sample contained both Gram positive and negative sequences.
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No difference was noted in the predilection of Gram positive or negative organisms 

for the vitreous or aqueous. For 8 eyes paired aqueous and vitreous samples were 

available for analysis. Two eyes harboured only Gram positive bacteria, 1 eye only 

Gram negative bacteria and 5 eyes both Gram positive and negative bacteria. The 

majority of clinical cases presented in a hyperacute or acute manner (7/8 patients, 8/9 

eyes), classically associated with infection secondary to high virulence bacteria or a 

large inoculum of bacteria causing the infection. All Gram negative endophthalmitis 

and infection secondary to S. aureus, and streptococci tends to present in this manner 

accounting for cases 1-3, 6, 7 and 9. The progression of keratitis to endophthalmitis 

seen in the case o f patient 5 is a known complication of infection with Pseudomonas 

spp. The delayed post-surgical endophthalmitis seen in patient 8 does not correlate 

with infection with two high virulence pathogens {E. faecalis and Pseudomonas 

spp.) Perhaps in this case a low inoculum entered the eye during surgery. In the one 

case o f metastatic endophthalmitis in this series there is no reason why there should 

be a presence of coagulase negative staphylococci in the aqueous o f this patient, 

since this organism was not isolated form the blood culture or urine of this patient. It 

should be borne in mind, however, that these organisms are commonly judged as 

contaminants and should a few colonies have been isolated they may have been 

disregarded in the face of a diagnosis of Gram negative septicaemia secondary to E. 

coli, a much more aggressive pathogen. Neither the blood nor the urine sample were 

available for PCR analysis. In any case neither would have been collected using the 

strict pre-operative cleaning procedure used in this study. Staphylococci are 

causative agents o f metastatic endophthalmitis but uncommonly so (^^), and
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therefore the most likely explanation is that the sample was contaminated during 

collection or transit.
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Sample
number

Patient
number

Sample Identification o f  bacterial rDNA isolated CM
A

Culture results Clinical
picture

1. 1 Vit Escherichia coli Escherichia coli acute,
metastatic

2. 1 Aq coagulase-negative staphylococci NG acute,
metastatic

3. 2 PM-Vit 2 sequences: Alpha proteobacteria. Afipia 
spp., and Methylobacterium  spp.

CM NG hyperacute,
post-surgical

4. 2 Aq Bacillus cereus NG hyperacute,
post-surgical

5. 3 Vit coagulase-negative staphylococci CNStaph acute, post- 
surgical

6. 3 Aq 3 sequences:
Gamma proteobacterium/ Comamonas spp. 
Unidentified bacterial rDNA (2 sequences)

CM CNStaph acute, post- 
surgical

7. 4 Vit coagulase-negative staphylococci CNStaph acute, post- 
surgical

8. 4 PM-Aq 2 sequences: each an unidentified bacterial 
16SrDNA

CM NG acute, post- 
surgical

9. 4 Vit coagulase-negative staphylococci NG acute, post- 
surgical

10. 4 Aq coagulase-negative staphylococci NG acute, post- 
surgical

11. 5 Vit Pseudomonas spp. Pseudomonas spp. late, post
keratitis

12. 5 Aq Pseudomonas spp. NG late, post
keratitis

13. 6 Vit 6 sequences :
Gamma proteobacteria / Proteus spp. 
Alpha proteobacteria: Methylobacterium  
spp. and unidentified alpha- 
proteobacterium (3 sequences)
P. acnes

CM NG aeute, post- 
surgical

14. 6 Aq Aeromonas spp. NG acute, post- 
surgical

15. 7 Vit Pseudomonas spp. C NG acute, post- 
surgical

16. 7 Aq 3 sequences: each an unidentified bacterial 
16S rDNA

CM NG acute, post- 
surgical

17. 8 Vit Enterococcus faecalis NG delayed,
post-surgical

18. 8 Aq 2 sequences: Pseudomonas spp. 
Unidentified alpha-proteobacterium

CM NG delayed,
post-surgical

19. 9 Vit Enterococcus faecalis P-haem Strep group D hyperacute,
post-surgical

20. 9 Aq Enterococcus faecalis Streptococci seen on 
smear but NG

hyperacute,
post-surgical

Table 5.6: Correlation of bacterial 16S rDNA sequences obtained with culture 
results and type of endophthalmitis.
Abbreviations : A = CM: C indicates that the sample was cloned and M that multiple 
sequences were discovered.
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Figure 5; Results of PCR - RFLP technology as applied to clinical 
samples from two cases of presumed bacterial endophthalmitis.
PCR amplification and RFLP analysis was successfully applied to clinical 
samples from two cases of presumed bacterial endophthalmitis. Both cases 
presented clinically with history and signs typical of acute endophthalmitis. 
Vitreous from one patient was found to be culture positive for E. coli, but the 
second case proved to be culture negative. PCR amplification of 5pi of vitreous, 
by direct addition to the reaction mix, was successful after two rounds of PCR. 
RFLP analysis was performed using protocol B and yielded clear patterns to 
confirm the culture result of E. coli in the first case and reveal the presence of 
coagulase -negative staphylococci in the second. Sequencing of the PCR product 
in each case confirmed the identity of the pathogen.
Figure 5a: Results of nested PCR on vitreous samples from two cases of 
presumed bacterial endophthalmitis demonstrated amplification 
products of the correct size.
Results of first round PCR are not shown as only the control positive was 
positive. Lane 1: Control Positive (10 ng E  coli DNA) after two rounds of PCR, 
Lane 2; Direct PCR of 5pi aliquot of vitreous from a clinical case of acute 
bacterial endophthalmitis; culture positive for E. coli. Lane 3: Direct PCR of 5pl 
aliquot of vitreous from a clinical case of acute bacterial endophthalmitis; 
culture negative. Lane 4: Control negative from first round PCR (ddH20), Lane 
5: Control negative for nested PCR (ddH20).
Figure 5b: RFLP analysis of amplified PCR products from two cases of 
presumed bacterial endophthalmitis clearly identifies each pathogen.
Lane 1: Control positive (10 ng E. coli DNA), Lane 2: RFLP analysis of 
amplified PCR product from the vitreous sample of a clinical case of acute 
bacterial endophthalmitis, culture positive for E. coli, demonstrates the pattern 
obtained for E. coli /  S marcescens by RFLP analysis using Protocol B. Lane 3: 
RFLP analysis of amplified PCR product from vitreous of a clinical case of 
acute culture negative bacterial endophthalmitis demonstrates the pattern 
obtained for coagulase-negative staphylococci by RFLP analysis using Protocol 
B.
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5.4 Control samples

5.4.1 Analysis of aqueous and vitreous sam ples from  cases with no evidence of 
in traocu lar infection
In order to test the contamination rate at the time of sampling sets o f four samples 

were collected from patients undergoing routine cataract (aqueous samples only) and 

vitreoretinal surgery (vitreous samples only). Samples were collected during planned 

surgical procedures from patients with no evidence of ocular infection, inflammation 

or medical history of uveitis. The four ocular samples consisted o f a ‘lid sample’ 

taken from the lid margin prior to cleaning the eye, a ‘conjunctival sample’ taken 

from the exact site to be used for intraocular sampling after the eye had been cleaned, 

an ‘aqueous sample’ or a ‘vitreous sample’. All samples were collected into 

microcentrifuge tubes (Safe-lock Eppendorf Biopur, No. 0030 121.570, guaranteed 

DNAse free) in the operating theatre and placed into a sealable bag. All samples for 

PCR-RFLP were stored at -20°C until analysis.

1) ‘C ontrol positive* evelid sam ple:

Before cleaning the eye, a sample was collected from the base o f the eyelashes using 

a sterile single use microbiology loop. The sample was transferred to 150pl of 

injection grade saline within a sterile 500 pi microcentrifuge tube, sealed and 

labelled.

2) ‘Control negative’ coniunctival sam ple:

After cleaning with 5% povidone iodine solution for 5 minutes, and once the eyelid 

clamps and drapes were in place and no further manipulation o f the eyelashes was 

anticipated, the conjunctival sac was washed with 10 ml o f sterile saline to remove 

any lysed organisms / free DNA. A  swab was then taken from the conjunctival area 

from which the intraocular samples were to be taken. This sample was taken with a
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sterile single use microbiology stick, transferred to 150|il o f injection grade saline 

within a sterile 500 )il microcentrifuge tube, sealed and labelled.

3) Aqueous and Vitreous samples:

Aqueous samples (100-150pl) were collected at the commencement of cataract 

surgery through a limbal paracentesis and transferred to a sterile 500 pi 

microcentrifuge tube and sealed, (n = 19, diabetic cases n = 10, non-diabetic cases n 

= 9).

Neat vitreous samples (400-600pl) were collected at the commencement of surgery 

at the time of pars plana vitrectomy and transferred to a sterile 500 pi 

microcentrifuge tube and sealed (n = 19, diabetic cases n = 10, non-diabetic cases n =

9).

Results of PCR amplification of 16S rDNA genes from control samples indicated 

that the sampling contamination rate using this pre-operative cleaning procedure was 

5% for both aqueous and vitreous sampling (1/19 in each case was PCR positive). 

None of the patients tested developed any clinical signs o f infection or inflammation 

up to 7 months following surgery.

Nested PCR amplification was positive from only one aqueous sample (in the 

absence of positive lid and conjunctival samples). The 16S rDNA was identified as 

P. acnes following RFLP analysis. This patient was not diabetic, had had an 

uneventful post-operative recovery period, did not demonstrate any plaques on the 

lOL or lens capsule and had had no evidence of post-operative inflammation up to 

seven months following surgery. One further eyelid sample was PCR positive for 

coagulase-negative staphylococci but the aqueous and conjunctival samples from this 

same patient were PCR negative.
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In the analysis of control vitreous samples, a positive PCR amplification was 

obtained from seven lid samples yielding a mixed pattern on RFLP analysis in one 

case, coagulase-negative staphylococci in three cases, and the pattern of E. coli /  

Serratia marcescens in a further three cases. One o f the 19 vitreous samples was 

found to be PCR positive (associated with a PCR positive lid and a PCR negative 

conjunctival sample). This PCR amplification product from the vitreous was 

identified as belonging to the group E. coli / S. marcescens following RFLP analysis 

and was further identified as E.coli by sequencing. This patient was a well controlled 

diabetic and did not develop any signs of post-operative inflammation or infection up 

to 7 months following surgery. The positive lid sample from this patient yielded a 

mixed RFLP pattern which could not be identified. One PCR positive lid sample was 

associated with a PCR positive conjunctival sample and PCR negative vitreous 

sample. Both PCR amplification products yielded ambiguous mixed patterns on 

RFLP analysis.

5.5 Discussion
This study demonstrates that by using PCR based techniques, bacterial DNA is 

found in 100% of samples from cases with typical clinical signs of bacterial 

endophthalmitis, whereas routine microbiological analysis yielded results in only 

50% of eyes (and in only one case were both the aqueous and vitreous from the same 

eye culture positive). No culture result indicated the presence o f more than one 

organism and indeed infection with multiple organisms is considered a rare finding 

following post-surgical endophthalmitis. Very few reported cases o f infection with 

multiple organisms exist with most publications not reporting any. However, in a 

few publications, mixed bacterial infections have been reported with an incidence of
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54% (n = 13) (214), 29% (n = 47) (16), 19% (n = 36) (215) and 3% (n = 78) (18) of 

culture positive cases. This study has revealed the presence of multiple organisms in 

the eyes o f six patients (6/10 eyes, 60%) only one of which was culture positive and 

only for one organism (aqueous sample 6, Table 5.6). These multiple organisms were 

detected by cloning procedures (in six of the seven cloned samples). As the presence 

of a large quantity of DNA from one particular species aids unambiguous DNA 

identification, a cloning procedure was not required for all samples, but the 

possibility remains that cloning these samples would also reveal a similar array of 

sequences. Undertaking quantitative PCR on these samples would go someway in 

answering this question. The presence of multiple bacteria may, however, be a more 

common finding than previously considered. None o f the culture positive samples 

required cloning analysis suggesting a predominance of one bacterial species in these 

samples. PCR studies on CSF from a patient with symptoms of meningitis post

craniotomy, have demonstrated a greater number of bacteria in PCR positive, culture 

positive samples as compared to culture negative samples which are PCR 

positive.(216) Even in the culture negative CSF samples, however, the presence of at 

least 1000 cfu/ml was estimated by PCR. Despite the presence o f these large 

numbers o f bacteria, the culture positive rate was low, reported as 29%. 

Unfortunately, the numbers of cfu detected by culture were not reported and results 

o f sequencing/cloning procedures (performed for reasons of species identification) 

for 6 culture negative samples did not mention multiple sequences. However, the 

sequencing results were not described in detail. (216) in  the series of samples tested 

in this study only one was positive after just one round o f PCR (sensitivity of 

detection 10 pg of DNA / approximately 600 live organisms). This was initially

152



though to be a reflection of the numbers identified by culture which usually yields 

40-50 cfu with rare exceptions where over 100 cfu are isolated (Mr. M. M. Matheson 

BSc, Department of Microbiology, The Institute of Ophthalmology: personal 

communication). Considering the large numbers of bacteria reported to be present 

when the first clinical signs of endophthalmitis appear in rabbit models (10^-10^ cfii 

per ml of vitreous = 500-5000 cfu / 5pi aliquot) (217) finding was surprising. 

Meredith et a l 1990, have reported the results of serial cultures in rabbit eyes 

inoculated with 100-10,000 cfu S. epidermidis. Their results show a rapid initial 

multiplication with subsequent quantitative decline in microbial survivors after 8 

hours (with peak recovery at 8-24 hours). The number of viable organisms which are 

recovered falls over 72 hours and cultures become sterile thereafter.(2^8) time 

from onset o f symptoms to sampling would therefore seem to be an important factor 

in the ability to culture live organisms, but its effect on PCR amplification is 

currently unknown. This time period varied from 12 hours to 10 days in this series of 

patients and although the number o f viable organisms would be expected to drop as 

the bacteria come under attack from host immune defences, this should not affect the 

ability of PCR to amplify small stretches of genomic DNA in the short term. A study 

of the number of genome copies present in the anterior chamber after routine 

uncomplicated cataract surgery (in eyes which do not develop any post-operative 

inflammation or infection) as compared to the numbers in eyes which develop 

clinical signs of endophthalmitis should go some way in addressing these issues and 

is currently underway. The possibility exists that the numbers o f bacteria expected 

are present, but that bacterial growth is inhibited because the culture environment is 

not ideal, perhaps because multiple bacterial species exist in the sample and
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competition arises for nutrients. If  the numbers o f organisms present are not small 

then since two rounds of PCR were required for detection in the majority o f cases, 

the PCR amplification reaction must be inhibited by ocular samples. Therefore it 

does not appear that the numbers of organisms or quantities o f intact DNA are small 

but that substances exist in actual patient samples which inhibit the PCR and reduce 

its sensitivity. It would also appear that these substances are not present in normal 

vitreous. As aqueous samples were found to require dilution more frequently than 

vitreous samples one can assume the inhibitory factor(s) are present to a greater 

degree in the former. However, even at dilutions at which amplification was 

successful, only the second round PCR was found to be positive. Perhaps using a 

larger aliquot of patient sample in the PCR reaction can improve the sensitivity of 

the reaction by introducing larger numbers of bacteria into the reaction.(DO) 

However, with increasing volumes of patient sample one is also increasing the 

concentrations o f inhibitory substances present in the sample. These inhibitors would 

be removed by performing a full DNA extraction, but because this procedure 

introduces the risk of bacterial DNA loss during multiple tube transfers, it was not 

attempted as it was initially assumed that numbers of bacteria would be small (based 

on culture results). The identity o f PCR inhibitors in ocular samples is currently 

unknown. The only study which has addressed this issue to date assessed the effect 

of vitreous from uninflamed eyes (1&4) (so called ‘normal’ vitreous in this thesis) for 

which no inhibitory effect has been noted by us. As the inhibition o f the reaction was 

overcome by diluting the clinical sample in all cases, further studies to elucidate the 

nature o f these inhibitory factors was not undertaken but will be the subject o f future 

work.
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The presence of organism(s) in the eye following surgery does not necessarily 

correlate with disease, as it is well known that the eye is able to clear some bacteria 

without development of any signs of infection. The anterior chamber has been 

reported to demonstrate a much greater ability to ‘auto-sterilise’ as compared to the 

vitreous cavity.(2l3 219) Clearance of up to 5000 cfu of S. aureus or E. coli (220)̂  

10,000 cfu of S. aureus (219)̂  and 20,000 cfu S. epidermidis (221), have been reported 

in the anterior chamber of animal eyes, whereas the vitreous cavity has been known 

to yield to as few as 14 cfu o f S. a u r e u s Human studies have demonstrated that 

positive vitreous cultures are seen in 22.2% (n = 36) of eyes after pars plana 

vitrectomy; eyes which do not subsequently develop signs of infection.(222) in  one 

study cultures at the commencement of pars plana vitrectomy were compared with 

those collected at the end of surgery. The contamination rate was reported as 32% (n 

= 25) at the beginning and 20% (n = 25) at the end of surgery.(223) a  similar study of 

anterior chamber contamination revealed no culture positive cases at the beginning 

of surgery and 22% (n = 59) at the end of surgery.(206) The high sensitivity o f PCR 

has often been a cause of concern in the application of these techniques to the 

clinical setting as the possibility of contamination is always present. This study has 

not only shown that careful and strict laboratory practice can allow the analysis of 

clinical samples in a contamination free laboratory environment, but also that that 

the pre-operative cleaning procedure used has a low contamination rate (5%), as 

judged by a nested polymerase chain reaction with a sensitivity of a single organism. 

Dickey et al. 1991, have reported 13/30 cases with positive cultures at the end of 

surgery, three o f which grew multiple organisms.(202) These three aqueous cultures 

were each positive for 2 or 3 o f the following bacteria: coagulase negative
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staphylococci, Corynebacterium spp., Moraxella spp. Alternaria spp., Group D 

Streptococcus spp., and/ or Staphylococcus aureus. The number o f organisms 

isolated were small with 10-20 cfu per 50-100 pi aqueous sample. Assalian et al. 

1995, have reported a lower anterior chamber contamination rate, as would be 

expected following phacoemulsification, but interestingly, a very similar 

contamination rate for sterile balanced salt solution (BSS) as that obtained following 

sampling at the end of surgery (BSS 2.9% vs. aqueous 3 .9 %).(212) Only one eye had 

positive BSS and aqueous cultures. In this eye the BSS sample grew coagulase- 

negative staphylococci in contrast to the anterior chamber sample which only grew 

Corynebacterium spp. These reported results suggest that culture may be selective in 

the organisms it reveals and that PCR analysis needs to be undertaken on control 

samples o f fluids used in intraocular surgery as well as intraocular fluids from post- 

surgical cases with no evidence of post-operative inflammation or infection.

PCR studies of ocular fluids at the end of ocular surgery are as yet unreported. It 

seems logical that PCR amplification of fluids at the end o f surgery will yield 

positive results. For this reason, in the diagnosis of post-operative infection in the 

few days immediately following surgery, a quantitative assay should be undertaken. 

Studies are also required to examine the degradation of DNA and assess for how 

long after surgery intraocular fluids remain PCR positive in eyes with no clinical 

signs o f inflammation.

In order to assess whether the presence of DNA correlates with disease, it is 

important to analyse samples from subjects with no clinically identifiable disease. It 

is clinically unjustifiable to collect samples from such subjects. Studies are few and 

often contain ‘control’ cases which consist of patients with clinically non-infective
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disease. For example, bacterial DNA has been detected in all joint samples from 

patients with septic arthritis, but not in any of the ‘control group’ samples from 

patients with osteoarthritis or joint trauma (sensitivity of detection 1-5 copies of the 

16S rDNA gene).(224) in the study reported by Radstrom et a l 1994, no control CSF 

samples were PCR positive for bacterial DNA from 80 cases with no evidence of 

CNS / meningeal inflammation and normal CSF concentrations of protein and white 

cells. However, the sensitivity of detection in this study was only 300 

organisms.(l^^) Druel et a l  1996, have studied CSF from patients with post

craniotomy meningitis and also report an absence of DNA in control cases with no 

clinical symptoms or signs o f infection The sensitivity of their assay was 1000 

cfu.(216) Other studies have, however, clearly discovered that the presence of DNA 

does not necessarily correlate with disease. The presence o f pneumococcal DNA in 

the sera o f children, for example, is just such a case as the test was also positive for 

17% of healthy control subjects.(225) Analysis of control ocular samples would, 

therefore, be useful.

Further support for whether a bacterial DNA sequence signifies infective disease 

would come from the level of inflammation associated with it in the tissues 

concerned. In a study of culture negative chronic prostatitis, the presence of bacterial 

16S rDNA sequences were associated with a marked increase in numbers of 

leucocytes (> 100 0  leukocytes per mm^ of expressed prostatic secretions) as 

compared to patients who had PCR negative prostatic biopsy specimens 

(p<0 .0 0 1 ).(226) In a study of premature labour secondary to presumed amniotic fluid 

infection, interleukin-6  (IL-6 ) levels were used as markers of inflammation. (227) 

Bacterial sequences were detected in samples from 5/14 (36%) o f patients with
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negative cultures and elevated IL-6  levels as opposed to 1/39 patients with negative 

cultures and normal IL-6  levels (p<0.01). More importantly, the median amniotic 

fluid cytokine level and the pregnancy outcomes were similar for culture positive 

cases and culture negative but PCR positive c a s e s . ( 2 2 7 )  i n  the study by Druel et al. 

1996, CSF from all post-craniotomy patients with clinical signs o f meningitis was 

compared to CSF from post-craniotomy patients with no evidence of infection. The 

symptoms of meningitis occurred within 7 days of surgery and both culture positive 

and culture negative cases were noted to have similar raised CSF white cell counts, 

protein levels, and reduced glucose levels as befits an infective aetiology. PCR 

confirmed what was suspected clinically. CSF from all patients with clinical signs of 

post-craniotomy meningitis were PCR positive (20 culture negative and 7 culture 

positive samples) and CSF samples from all post-craniotomy patients with no 

clinical signs of meningitis were PCR negative (n = 30). Sequence and cloning 

analysis o f six culture negative samples was undertaken to identify the PCR products 

obtained and revealed sequence similarity to Gram-negative organisms in five and 

Rhodococcus spp. in one other.(216) Since the inflammatory markers in the CSF were 

similar for all PCR positive cases and greater than for all PCR negative cases, this 

suggests a true correlation with clinical d i s e a s e . ( 2 1 6 )  i n  our study of ocular samples, 

the presence of infection is associated with a higher sample protein level. 

‘Uninfiamed’ PCR-negative ocular samples (n = 7) demonstrated a protein level of 0 

- 0.8 mg/ml (mean = 0.34 mg/ml), whereas PCR-positive samples from cases of 

bacterial endophthalmitis (n = 19) demonstrated a level of protein in the range 2.5- 

130 mg/ml (mean = 15.9 mg/ml). This difference is statistically significant 

(independent samples t-test assuming unequal variance, p = 0.03). These results
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suggest that in the presence of inflammation, bacterial sequences identified by PCR 

are significant markers of infection and not indicators of colonisation. This was also 

evident by clinical examination as all cases had unambiguous signs o f bacterial 

endophthalmitis.

The protein assay has not only proven useful in assessing the relevance o f detected 

bacterial sequences but has also demonstrated prognostic significance for visual 

outcome. The mean protein level was higher in those patients who had a visual 

outcome of perception of light or worse at 6  month follow-up (p = 0.017). Despite 

the small number of cases in this series a highly statistically significant result was 

obtained. This correlation is likely to be a reflection o f the higher inflammatory 

activity in these eyes. This finding is an objective measurement of a disease process 

which can be used to estimate the prognosis for visual outcome in these patients.

It would seem logical that if  bacterial DNA is suggestive o f infection then 

appropriate antibiotic treatment would eradicate it and persisting symptoms and 

signs of disease would be associated with PCR positive samples (which then revert 

to negative once the patient has fully recovered). Few publications have addressed 

the natural history of a disease using molecular tools and a few important questions 

remain. For example, for how long is DNA detectable in samples during disease, and 

after all clinical signs of disease have resolved? Does antibiotic therapy enhance 

DNA degradation and for how long can small stretches of genomic DNA be 

successfully amplified following such treatment? In the eye of patient 4 (which 

demonstrated clinical deterioration and was therefore re-treated during the period of 

the study), samples were PCR positive but culture negative at the time o f the second 

sampling, demonstrating the power o f PCR in detection of bacterial DNA following
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high dose antibiotic treatment. The clinical deterioration witnessed prompted a 

second procedure which involved both intraocular sampling and injection of 

antibiotics into the vitreous cavity. The fact that DNA is present 10 days after first 

treatment is perhaps not surprising. It would be interesting to analyse several such 

paired samples in order to discover how long DNA remains in a PCR amplifiable 

form. Malawista et al. 1994, have investigated the disappearance o f Borrelia 

burgdorferi DNA from the tissues of infected mice following treatment.(228) Their 

results show that both culture and PCR results were negative 20 days following 

antibiotic therapy. Twenty days was, however, the earliest time point tested. A single 

case report o f septic arthritis secondary to S. aureus has reported the presence of 

DNA in the synovial fluid for 10 weeks following therapy despite culture negative 

synovial fluid samples after the first 7 days of therapy. All samples collected were 

PCR positive.(229) pCR studies on culture negative samples from patients with 

persistent clinical symptoms of Lyme arthritis following treatment, led to a more 

extensive search and revealed the presence of bacterial DNA in synovial membrane 

despite initially negative PCR results using synovial fluid s a m p l e s . ( 2 3 0 )  Patients 

were subsequently re-treated with resolution of symptoms and signs. Unfortunately, 

no samples were then analysed to demonstrate ability, or inability, o f DNA 

amplification.

Another interesting approach in assessing the significance o f bacterial DNA in 

human samples, has been to localise the bacterial DNA to a particular histological 

cell type in an attempt to facilitate pathogenic interpretation o f the findings. In 

malakoplakia, a poorly understood infectious disease, plaques form on the bladder 

wall or in perinephric fat, and consist of very cellular granulation tissue containing
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large numbers of plasma cells, lymphocytes and large m a c r o p h a g e s / 2 3 1 )  Many 

macrophages contain distinctive inclusion bodies called Michaelis-Gutmann bodies. 

It is to these inclusion bodies that bacterial DNA has been l o c a l i s e d . ( 2 3 2 )  in the eye, 

the iris endothelial cells demonstrate phagocytic behaviour and have been noted to 

be laden with staphylococci one hour following anterior chamber injection o f these 

o r g a n i s m s . ( 2 3 3 )  %n order to study ocular infection in this way, iris biopsies would be 

required from cases with presumed intraocular infection.

Clear RFLP patterns (Protocol B) and DNA sequencing results of adequate quality 

were obtained from the majority of samples. Results o f RFLP analysis using protocol 

A (differentiation into Gram positive and Gram negative organisms) was 

unsuccessful when applied to the broader range of bacteria identified from these 

ocular samples. An example of this is Comamonas spp. which is cut by both Stul 

and SnaBl. As Gram stain reactions are unlikely to be associated with DNA 

sequence changes in the 16S rDNA, this reflects the fortuitous nature of this finding 

when the 14 original species were analysed (section 4.3.5.6 .). When using Protocol 

B, RFLP patterns were easily identifiable in the majority of cases. It is interesting 

that the RFLP results in dispute are exactly the same patterns for which the two 

observers had their ‘disagreements’ reflecting the similarity of RFLP patterns 

obtained for P. mirabilis, CNStaph, E.coli/S. marcescens. Results o f the current 

study indicate that RFLP analysis of samples in which more than one organism is 

present is not a fruitful exercise and yields confusing and potentially misleading 

results. Samples which yield poor sequence data / mixed RFLP patterns are likely to 

contain mixtures o f organisms.
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Analysis of cloned sequences from culture negative samples has revealed the 

presence o f Non-fermentative Gram negative bacteria (NFB). This group includes 

Pseudomonas spp., Comamonas spp. and Sphingomonas spp., and 

Methylobacterium spp.(234) All NFB are opportunistic pathogens often recovered 

from patients with severe underlying disease or immunosuppression, and also from 

patients who have recently received antimicrobial therapy, or who have undergone 

recurrent / extensive intubation or instrumentation. The ability o f NFB to thrive in 

water with minimal nutrients enables them to thrive in the hospital environment. The 

clinical significance of NFB is difficult to evaluate as they are often recovered along 

with other b a c t e r i a . ( ^ 3 4 )  Also, colonisation is known to occur much more frequently 

than infection, but members o f this species are known potential opportunistic 

pathogens.

Members of the group NFB belong to different subdivisions o f proteobacteria. The 

alpha proteobacteria included two isolates of Methylobacterium spp. (isolated from 

the vitreous of two separate patients with a similarity score o f 0.910), one isolate of 

Afipia spp., and two sequences with closest match to an unidentified alpha 

proteobacterium AJ223452. No further information is available regarding this latter 

isolate except that it is reported to be an ‘environmental sample’. Methylobacterium 

also has been reported under the name of Pseudomonas mesophilica, a organism 

which is a opportunistic pathogen commonly isolated from clinical specimens from 

immunocompromised patients. It has been reported as the cause of bacteraemia, 

peritonitis and has been recovered from the blood of bone marrow transplant 

recipients. Unlike Pseudomonas spp., or Comamonas spp. and in common with 

Sphingomonas spp., Methylobacterium spp. do not grow on MacConkey agar which
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is used in the identification and characterisation of NFB, suggesting that their 

isolation requires more specific measures, possibly accounting for the culture 

negative status of these s a m p l e s . ( 2 3 4 )

Afipia spp. (The armed forces institute of pathology, AFIP) are Gram negative, 

oxidase-positive, pleomorphic, motile, rod-shaped bacteria. Afipia felis  is an 

infrequent causative agent of catscratch disease (CSD, now known to be caused by 

Rochalimaea henselae in the majority o f cases). Two other species, A. clevelandensis 

and A. broomeae are linked to respiratory and wound infections and have been 

isolated from pleural fluid, synovial fluid and w a t e r . ( 2 3 4 )  jf ip ia  felis  has the ability 

to infect the external eye and has been recovered from culture o f conjunctival 

lesions. It is also known to have the ability to infect the central nervous system in 

immunocompromised hosts. Identification and isolation of this species can be 

difficult if  the organisms are not suspected and not specifically sought. Staining of 

tissues with the Warthin-Starry stain is particularly useful in demonstrating these 

b a c i l l i . ( 2 3 4 )

Comamonas spp. are NFB and members of the beta subgroup of Proteobacteria. 

These organisms are occasionally encountered in abscesses, blood, urine and 

w o u n d s . ( 2 3 4 )  To date, Comamonas spp. have not been reported as a cause of 

intraocular infection. The three gamma proteobacteria isolated could each be 

identified to a ‘family’ level. These include two isolates o f Pseudomonas spp., and 

one isolate of Proteus spp. Both these Gram negative motile bacilli are opportunistic 

pathogens and known causative agents of endophthalmitis.

Six o f the seven clinical samples in which the resultant PCR product was cloned, 

revealed multiple sequences, five of which contained sequences which were
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unidentifiable using the sequence databases. In order to analyse these unidentifiable 

sequences further similarity matrices were calculated comparing all o f the cloned 

sequences to each other (Table 5.5, column 9). Results indicated that clones 2, 7, 9, 

10, 11 and 12 are more similar to each other than to any bacterium on any WWW 

database. These isolates have been recovered from ocular samples (2 PM-Aqueous 

and 1 vitreous) of three eyes and have the greatest similarity to the alpha 

proteobacteria. They have been associated with an acute or hyperacute picture of 

endophthalmitis in this patient group (patients 2, 4, and 7), a picture commonly 

associated with Gram-negative intraocular infection. Two o f these samples were first 

analysed in the microbiology laboratory and despite all precautions the possibility of 

contamination can not be excluded. However, the presence of these proteobacteria in 

the vitreous fluid from a third case is suggestive that this finding may be a true 

association with pathogenesis.

Clones 4, 5, 15, 16, and 17 are more similar to each other than to any bacterium on 

any WWW database. These isolates have been recovered from two ocular samples 

(both aqueous) o f two eyes and have the greatest similarity to the Bacillus/ 

Lactobacillus/ Streptococcus subdivision of the Gram-positive phylum of eubacteria. 

These bacteria have been associated with 2 cases of acute post-operative 

endophthalmitis (patients 3 and 7).

Multiple bacterial 16S rRNA sequences have been PCR amplified from individual 

samples collected from the joints o f arthritis patients (^24)  ̂ the CSF (235)  ̂ prostatic 

biospies (236) and the blood of patients with suspected septicaemia.(237 238) xhe 

more commonly reported approach to the investigation of sepsis has been the use of 

species specific primers which by design do not allow detection of a wide variety of
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bacteria. However, even with species specific primers, occasional reports o f dual 

infections in clinical samples exist,(239) in the cloning analysis o f 16S rDNA 

sequences obtained from culture negative cases of chronic prostatitis, 36 cloned 

sequences were obtained form 23 patients.(^^6) Multiple sequences were revealed in 

samples from nine patients, six of which were considered to represent the presence of 

more than one species. Not all cloned sequences could be definitively identified. 

Most demonstrated similarity to 16S rDNA sequences from known Gram negative 

bacteria but two sequences had <70% similarity to any known 16S rDNA 

sequence.f^^^) Sequences similar to Gram negative 16S rDNA have also been 

detected in bladder biopsies from cases o f interstitial cystitis (IC), a disease 

considered to have no known aetiology.(240) Bacterial DNA was noted in 29% of IC 

samples but not in any biopsies from patients with other urological diseases.(240) 

PCR studies o f culture negative CSF samples from post-craniotomy patients with 

symptoms of meningitis have revealed the presence of sequences which also have 

their best match with known Gram negative 16S rDNA sequences.(216) xhe isolation 

of sequences bearing their closest similarity to Gram negative bacteria from prostate, 

CSF, bladder and the eye in the presence of a host inflammatory response, by 4 

different groups of workers, seems to suggest that these sequences may be significant 

findings, and that culture techniques need to be modified to address better the needs 

of Gram negative bacteria.(216 2 3 6  2 4 0 )

Clones 4-7, 11, 15-17 and 19 comprise the nine sequences which have proved 

unidentifiable using the sequence databases available. The possibility o f chimeric 

amplification products was considered and excluded using the chimera-check 

program available through the RDF website and using the NIX program available
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through the HGMP website.(^^^) As the sequence of the 16S rDNA amplified does 

not include the entire gene sequence, no attempt was made to assign unidentifiable 

sequences to phylogenetic trees.O^^) Also, no attempt was made to quantify the 

relative abundance of the different bacterial species present in any one sample. 

Although none of these sequences can be definitively identified, it is interesting to 

speculate as to the possible origin of the bacterial DNA detected (Table 5.7). O f the 

nine unidentifiable sequences, seven were noted to have their greatest similarity to 

bacterial sequences obtained from marine extremophiles (bacteria which thrive in 

extreme environments e.g.. high temperature, high pH, high atmospheric pressure) 

and specifically alkaliphiles (bacteria which grow in alkaline pH environments). A 

huge microbial diversity has been revealed by molecular analysis o f water and mud 

samples from marine environments, with some sequences revealing separate lineages 

within accepted bacterial taxa and others which do not show a strong relationship to 

any known prokaryotic 16S rDNA s e q u e n c e . R e s u l t s  described in Chapter 6 

demonstrate that the pH of aqueous is in the range 8.7 - 9.0 and that o f vitreous 9.5 - 

10.0. The presence of acute infection shifts the pH of vitreous to a less basic level 

(from mean pH 9.8 to 8 .8  but the same finding was not found to be statistically 

significant for aqueous (mean pH shift from 8.9 to 8 .8). Although the temperature 

and atmospheric pressure are not extreme in the human eye, bacteria which survive 

at high pH levels would be able to thrive in intraocular fluids. Interestingly, the pH 

of culture media routinely used in microbiological assessment o f these samples is 

1 2 -1 A  at 25°C (The Difco Manual, Section II, Becton Dickinson, Oxford, UK). 

Perhaps these sequences may represent unknown prokaryotic organisms which 

warrant further study.
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The majority of these sequences were detected in aqueous fluid but sample numbers 

are small and before any conclusions can be drawn a more extensive analysis of 

intraocular samples is required. Perhaps this finding is a reflection o f the 

instrumentation and fluid infusions during surgery which occur mostly in the anterior 

chamber o f the eye. O f the five eyes from which these samples were collected, three 

had suffered a peri-operative breach of the anterior hyaloid face (patients 3 and 4 

aqueous samples) and / or surgical procedure in both the anterior chamber and the 

vitreous cavity (patient 6 , vitreous sample) and yet the corresponding second 

intraocular sample (aqueous or vitreous) from these eyes yielded high quality easily 

identifiable sequences for just one organism.
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1 Clone 
no.

patient
no.

isolated
from

Accession number of 
closest match to 
unidentified bacterial 
16S rDNA

Details

4 3 Aqueous X92169 A soda lake alkaliphile from Lake Nakuru
5 3 Aqueous X92169

AF076639

A soda lake alkaliphile from Lake Nakuru.

A e ro c o c c u s  v ir id a n s  isolated from Lake Vanda, 
Antarctica (Bacillus/ Clostridium group)

6 4 PM-
Aqueous

Z29618 A zo sp ir illu m  h a lo p ra e fe re n s  (alpha proteobacteria) 
S p h in g o m o n a s  spp. (alpha proteobacteria)

7 4 PM-
Aqueous

L37605 S ta p h y lo c o c c u s  e p id e rm id is

11 6 Vitreous ABO 15565 

AB002654

Unidentified alpha proteobacterium from deep sea 
sediments from different depths o f the Mariana 
Trench
unidentified alpha proteobacterium from deep sea 
mud in the Mariana Trench at depth of 10897m

15 7 Aqueous AF076637

X92169

C a rn o b a c te r iu m  spp. isolated from Lake Vanda, 
Antarctica (Bacillus/ Clostridium group)

a soda lake alkaliphile from Lake Nakuru
16 7 Aqueous X92169 a soda lake alkaliphile from Lake Nakuru
17 7 Aqueous X92169 a soda lake alkaliphile from Lake Nakuru
19 8 Aqueous AJ002803

AF030793
C o m a m o n a s  spp.
marine snow-associated bacterium

Table 5.7: Further detail regarding the nine unidentifiable sequences from 
4 aqueous and 1 vitreous samples reveals a predominance of marine 
bacteria which are able to survive in severe environments e.g. high pH.

5.6 In Conclusion
This study has applied molecular biological techniques to the detection and

identification o f bacteria in ocular samples. The PCR amplification reactions used

have already been proven to be of the highest specificity and sensitivity (Chapter 4)

The spéciation method has utilised the technique of RFLP analysis with cocktails of

restriction enzymes and the identity o f each bacterium has been confirmed by

sequencing and/or cloning procedures. The above techniques have been successfully

applied to the analysis of clinical samples. This PCR based method identified

bacterial DNA in all ten eyes, a 100% increase in rate of diagnosis in this series of

patients with typical clinical signs of bacterial endophthalmitis. Vitreous has proven
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to be the sample of choice for both PCR and microbiological analysis. Not only was 

this ocular sample culture positive more often that aqueous, but identification of 

bacterial DNA was more easily achieved (less hindered by the presence of multiple 

bacterial species). Also, infection here is of greater clinical significance. Samples 

which yield poor sequence data / mixed RFLP patterns are likely to contain mixtures 

of organisms. These samples are likely to be from the anterior chamber o f the eye or 

from the eyelid. The false positive rate, i.e. control samples which yielded positive 

PCR results, was low (5%). Multiple organisms were present in 60% of eyes: much 

more often than currently suspected. The presence of bacterial DNA was indicative 

o f disease as it was associated with an inflammatory response suggestive of infection 

not colonisation. Gram negative organisms seem to play a much more important role 

in the pathogenesis of this disease than previously thought. Their presence may in 

part explain the difficulty in successful treatment and the poor visual prognosis of 

these patients. Our results suggest that current culture techniques should be modified 

keeping in mind the specific needs o f these organisms. Initial treatment of this 

disease with broad spectrum antibiotics seems justified given that in 50% of cases. 

Gram positive and negative organisms were isolated from the same eye. Protein 

levels in ocular samples proved able to differentiate between ‘normal / uninfiamed’ 

samples and those harbouring infection but are unlikely to be able to differentiate 

between ‘infection’ and ‘inflammation’. It is likely that bacterial PCR will primarily 

be applied to culture negative samples. However, samples for PCR need to be 

separated from those sent for routine microbiology to avoid possible contamination 

of samples and/or false negative results. It is expected that the simplicity and 

sensitivity of these techniques will combine to provide a useful laboratory tool for
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future microbiological diagnosis and aid in the management of patients presenting with 

endophthalmitis.
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6. Chapter 6: Assessment of the effect of oral clarithromycin on visual outcome 

following presumed bacterial endophthalmitis

6.1 Brief Introduction

Bacteria are known to attach to inert solid or tissue surfaces and grow predominantly 

in biofilms that release mobile swarmer cells into the surrounding fluid space. (̂ ^O) 

Initially adhering to the surface as single cells the bacterium divides and produces a 

exopolysaccharide matrix and leads to the development o f microcolonies that 

coalesce into biofilms. These colonies are protected against hostile elements in 

nature and also against many antimicrobial agents used to treat infections caused by 

these bacteria. Bacteria are known to exist in biofilms on the surfaces o f the 

intraocular lens (lOL), lens remnants and human lens capsule.(^01 109 110) Treatment 

of post-operative infection is difficult in the presence o f biofilms as sequestered 

bacteria escape not only detection but also host and antibiotic attack.(126-128) jg 

therefore highly desirable to improve the bactericidal action of antibiotics by 

eliminating or preventing the development of biofilms. This study was designed to 

assess the potential use of clarithromycin, as an anti-biofilm agent, by assessing the 

penetration of oral clarithromycin into the aqueous in both normal and inflamed 

eyes, and evaluating the potential use o f this drug in the management o f patients with 

bacterial endophthalmitis.
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6.2 Method

6.2.1 Patients treated with clarithromycin

For this prospective study, patients presenting with suspected bacterial 

endophthalmitis between 30/11/94 and 11/12/98 were examined and considered for 

enrolment. A total o f 98 eyes of 97 consecutive patients treated with clarithromycin 

were enrolled. O f these, 10 patients (10 eyes) did not attend for follow-up and 4 eyes 

were eviscerated on day 1; all 14 o f these cases were excluded from the study. A 

total of 84 eyes were, therefore, included in the final analysis. These consisted of 73 

post- surgical and 8 post-traumatic cases and 3 cases o f microbial keratitis which 

progressed to endophthalmitis (‘post-keratitis’ cases). A detailed protocol was 

followed for every patient which included the completion of a questionnaire (Table 

6.1) details of which have already been reported by us for a previous study.(^^0

6.2.2 Patients treated without clarithromycin

Thirty two patients with presumed bacterial endophthalmitis were treated using 

identical diagnostic criteria, treatment and sampling methods during an earlier study 

except that the protocol did not include the use of clarithromycin. The results o f this 

study are published elsewhere.(^^l) A summary of patient details appear in Table 6.4.
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Q u e s tio n n a ire  d e ta ils :
Patient demographics
Date of presentation, and duration of symptoms 
Past ocular history:
Details o f past ocular history: blepharitis, dacryocystitis, atopy, sicca 
Surgery: date :

type: ( cataract ( ECCE, ICCE, or Phaco ), glaucoma, comeal, vitreo-retinal, secondary lens 
implantation)
per-operative comp 1 ications : (capsule rupture ± vitreous loss)
post-operative complications: (immediate and late : wound dehiscence or leak, broken or 

infected sutures, comeal oedema, raised lOP, uveitis)
Trauma: date & mechanism:

surgery at referring hospital : primary repair ± removal o f lOFB ± intravitreal antibiotics 
Treatment so far in particular antibiotics (systemic, sub-conjunctival and / or topical ) and steroid 
treatment (systemic and topical)
Past medical history in reference to recent surgery / illness/ systemic disease ( diabetes, immune 
deficiency)
Details o f ocular examination:

I Eye(R/L): Visual acuity:
Anterior chamber activity and fiare(0-5):
Intraocular pressure(IOP): Binocular indirect ophthalmoscopy grade (BIO 0-5):
Comeal examination(Normal/ulcer/abscess):
Lens( normal/cataract/aphakic/pseudophakic posterior chamber or anterior chamber intraocular lens / 
other):
Posterior capsule(clear/opacified/abscess/not applicable/no view):
Vitreous abscess(yes/no/no view):
Fundal examination(choroiditis/retinitis/cystoid macular oedema/retinal detachment/no view):
Other tests e.g. ultrasound examination 
Details o f samples taken:
Culture: Lids, conjunctiva, comea, aqueous, vitreous, capsule, foreign body 
Details o f treatment both surgical and medical treatment:
Samples: AC tap. Vitreous tap, intraocular foreign body, capsule
Procedures: Vitrectomy / intraocular lens removal / capsulectomy / intraocular foreign body removal
/ lensectomy / retinal detachment repair
Intracameral injections: vancomycin , amikacin, steroid
Systemic administration: ciprofloxacin, cefuroxime, gentamicin, steroid (with date of  
commencement)
Topical therapy: cefuroxime, gentamicin forte, steroid, other 
Other therapy: e.g. subconjunctival 
Follow-up at 1 ,3  and 6 months.
Ocular examination:
Eye(R/L): Visual acuity:
Anterior chamber activity and flare (0-5):
lOP: Binocular indirect ophthalmoscopy (0-5):
Fundal examination: ( cystoid macular oedema / retinal detachment / epiretinal membrane / macular 
hole / retinitis / choroiditis / no view):
Treatment: systemic / topical steroids / antibiotics, other 
Results of microbiology with antibiotic sensitivities:
Gram stain o f intraocular sample 
Extraocular and intraocular culture o f specimens
Sensitivities to vancomycin, amikacin, ciprofloxacin, penicillin, gentamicin, other 
Outcome: 1 = 6-5 - 6/12 2 = 6 /18- 6/36 3 = 6/60-NPL 4 = enucleation
Last recorded visual acuity with date:

Table 6.1: Details of questionnaires completed for every patient
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6.2.3 Management ocular sampling and microbiological assessment
The management of patients with suspected endophthalmitis is described under

General Methods section 1.2.2.

6.3 Results

6.3.1 Patients presenting with presumed bacterial endophthalmitis
In all, 73 post-surgical cases and 8 post-traumatic cases and 3 post-keratitis cases

were enrolled in the study (total 84 eyes of 83 patients). The average age was 67 

years for the post-surgical cases (range 12.4-90.4 years), 34 years for the post- 

traumatic cases (range 19.8 - 63.4 years, as compared to post-surgical cases, 

independent samples t-test, p = 0.000) and 62 years for the post-keratitis cases (range 

46 - 73 years). Amongst the post-surgical, post-traumatic and post-keratitis patients 

63%, 75% and 33% were male, respectively.

The visual acuity at presentation was in the range o f 6/6 to no perception o f light 

(NPL) for the post-surgical cases (median = hand movements vision (HM), mode = 

HM). The post-traumatic cases had a visual acuity at presentation in the range 

counting fingers (CF) - NPL (median = HM, multiple modes) and post-keratitis cases 

had a visual acuity at presentation in the range HM-NPL (median = perception of 

light (POL), mode = POL).

6.3.2 Post-surgical cases
O f all post-surgical patients (n = 73), 27 (37%) presented within the first 7 days post- 

operatively, 17 presented from 8-30 days (23%) and 29 presented after 31 days post- 

operatively (40%). Of those who developed endophthalmitis post-cataract surgery, 

23 (44%) presented in the first 7 days post-op (range = 1 - 7 ,  mean = 3.9, median = 

4), 14 cases (27%) presented from 8-30 days inclusive (range = 8 - 1 9  days, mean =
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13.8, median = 15), and 15 cases (29%) presented after 31 days (range = 31 days - 

5.25 years, mean =1.15 years , median = 10 months).

The surgical procedures and associated complications are described in Table 6.2.

OPERATION NUMBER OF 
EYES

E x t r a c a p s u l a r  c a t a r a c t  e x t r a c t i o n  a n d  i n t r a o c u l a r  l e n s  i m p l a n t 3 0

P h a c o e m u l s i f i c a t i o n  o f  l e n s  a n d  i n t r a o c u l a r  l e n s  i m p l a n t 2 2

I n s e r t i o n  o f  s e c o n d a r y  a n t e r i o r  c h a m b e r  i n t r a o c u l a r  l e n s  i m p l a n t 1

P u p i l l o p l a s t y  a n d  r e m o v a l  o f  s o f t  l e n s  m a t t e r 1

C o m e a l  s u r g e r y 4

C o m b i n e d  c a t a r a c t  s u r g e r y  a n d  c o m e a l  g r a f t  t r a n s p l a n t 1

T r a b e c u l e c t o m y 6

M o l t e n o  t u b e  i n s e r t i o n 1

C o m b i n e d  c a t a r a c t  s u r g e r y  a n d  t r a b e c u l e c t o m y 3

C o m b i n e d  M o l t e n o  t u b e  i n s e r t i o n ,  m i t o m y c i n  C  a n d  v i t r e c t o m y 1

V i t r e o - r e t i n a l  s u r g e r y 2

R e t i n o p e x y  a n d  c r y o t h e r a p y 1

T o t a l  n u m b e r  o f  p o s t - s u r g i c a l  c a s e s : 7 3

PER- AND POST-OPERATIVE COMPLICATIONS
NO COMPLICATIONS 34
1,2 OR 3 COMPLICATIONS 39a
P o s t - o p  u v e i t i s I Q h . e

V i t r e o u s  l o s s I Q c

W o u n d  o r  b l e b  l e a k 8 C

C a p s u l e  m p t u r e  w i t h o u t  v i t r e o u s  l o s s 3d , e

R a i s e d  i n t r a o c u l a r  p r e s s u r e 2

R a i s e d  i n t r a o c u l a r  p r e s s u r e  a n d  c o m e a l  o e d e m a 2 d

S u t u r e  a b s c e s s 2

B r o k e n  s u t u r e s 2

C o m e a l  o e d e m a 1

C o m e a l  o e d e m a  a n d  s u b l u x e d  i n t r a o c u l a r  l e n s  i m p l a n t 1

P o s t - o p e r a t i v e  u v e i t i s  a n d  c o m e a l  o e d e m a 1

C o n j u n c t i v a l  r e s u t u r i n g ,  d r a i n a g e  o f  c h o r o i d a l  e f f u s i o n s ,  M o l t e n o  t u b e  r e v i s i o n I

Table 6.2: Operative procedures and complications associated with cases of 
post-surgical endophthalmitis in this series (n = 73).
Abbreviations: a: 29 eyes were recorded to have had 1 complication, 8 eyes had 
2 complications and 2 eyes had 3 complications in the peri- and post-operative 
periods, b: only one case of post-operative uveitis had suffered complications 
during surgery, c: two eyes sustained peri-operative vitreous loss and post
operative wound leak, d: one eye suffered with post-operative uveitis, raised 
intraocular pressure and comeal oedema, e: one eye sustained both posterior 
capsule rupture during surgery and demonstrated post-operative uveitis.
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The majority of patients (77% of post-surgical cases) had undergone routine 

extracapsular cataract surgery (n = 56, 52 eyes had undergone cataract surgery and 4 

eyes cataract and glaucoma surgery combined) which had proceeded without intra

operative (43/56, 77%) or post-operative (36/56, 64%) complications. The technique 

of extracapsular cataract extraction with lens implant (lOL) was performed in 34 

eyes and Phacoemulsification with lOL implant in 22 eyes (including one case of 

combined cataract extraction and comeal graft and three cases of combined cataract 

surgery and trabeculectomy).

6.3.2.1 Post-trabeculectomv cases
Eleven patients had had a trabeculectomy performed and time from operation to 

presentation with endophthalmitis secondary to bleb abscess formation was recorded 

as between 28 days and 19.7 years (mean = 4.7 years). Six of eleven cases proved 

culture positive with streptococci accounting for half these cases. Culture positive 

cases were associated with a worse final visual outcome (independent samples t-test, 

p = 0.001) and with smaller improvement in visual acuity as compared with culture 

negative cases (+0.5 Snellen lines improvement vs. +5.0 lines, independent samples 

t-test, p = 0.03).

6.3.3 Post-traumatic cases
The 8 post-traumatic patients presented with 2 perforating injuries (1 needlestick, 1 

bullet), 4 penetrating injuries (3 ferrous metal, and 1 vegetation) and 2 retained 

intraocular foreign bodies (both ferrous metal). The mean time to presentation was 

17.75 days (range 2-76 days, median 5.5 days).

When compared to post-surgical cases, at presentation, the post-traumatic cases 

demonstrated higher percentage of cases with a RAPD (50% vs. 26%, p = 0.15)
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and a lower percentage of eyes with fibrin in the anterior chamber (38% vs. 64%, 

p = 0.13). The presence of hypopyon was noted at presentation in 88% of post- 

traumatic eyes vs. 67% post-surgical cases p = 0.23).

Samples from five of eight eyes were culture positive (3 cases o f coagulase -negative 

staphylococci, 1 case each of alpha-haemolytic Streptococci and Enterohacter 

cloacae). Culture positive eyes were associated with a worse visual outcome. Despite 

the small number of cases this finding nearly reached statistical significance 

(independent samples t-test, p = 0.06)

6.3.4 Post-keratitis cases
The three patients who developed endophthalmitis secondary to keratitis presented 

with a mean time of 1.6 days from onset of keratitis symptoms. All three eyes 

presented with severe ocular inflammation, and very poor visual acuity. All three 

cases had ocular surface disease with compromised defensive barriers. Two of the 

three eyes proved culture positive for Pseudomonas spp. Both these eyes were 

eviscerated. The eye which was culture negative was not eviscerated and had a visual 

acuity no different at 6 months follow-up than at presentation.

6.4 Sampling and Treatment
Anterior chamber and vitreous taps were undertaken in 100% of all eyes. Patients 

received intravitreal amikacin and vancomycin immediately after the samples had 

been collected. Systemic ciprofloxacin and clarithromycin were administered in 

100% of patients. Systemic steroids were commenced in 79% of patients after 24 

hours. Treatment with topical antibiotics was variable with 53%, 37%, 15% and 8% 

of patients receiving topical ofloxacin, chloramphenicol, cefuroxime, and / or
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gentamicin, respectively. Topical steroids were administered to 88% patients after 

sampling was complete.

Overall 5 patients had capsulectomy and culture of capsule remnants carried out at a 

later date. Removal of the lOL was performed in only 4 of these cases. A further 2 

cases were managed with lOL removal in the absence of capsulectomy.

Two o f the eight post-traumatic patients underwent vitrectomy and removal of 

intraocular foreign body (lOFB). Six patients presented post-penetrating / perforating 

injuries and for these cases vitreous samples were collected as taps.

6.5 Final visual outcome
Final visual outcome was assessed 6 months after presentation (Table 6.3). 

Comparing initial and final visual acuities, 56/84 (66%) patients showed an 

improvement in their vision with 13% demonstrating no change in visual acuity and 

20% a reduction of vision. Overall 37/73 (51%) post-surgical patients, 5/8 (63%) 

post-traumatic cases, and none of the post-keratitis cases had a final visual acuity of 

6/36 or better, with 27/73 (37%) post-surgical eyes and 3/8 (38%) post-traumatic 

cases achieving 6/12 or better, respectively.

P o s t - s u r g i c a l  c a s e s  

n  -  7 3

P o s t - t r a u m a t i c  c a s e s  

n  =  8

P o s t - k e r a t i t i s  c a s e s  

n  =  3

c u l t u r e c u l t u r e A l l c u l t u r e c u l t u r e a l l c u l t u r e C u l t u r e a l l

+ - + - + -

6 / 5  -  6 / 1 2 1 0 1 7 2 7 1 2 3 0 0 0

6 / 1 8 - 6 / 3 6 6 4 1 0 1 1 2 0 0 0

6 / 6 0  -  N P L 2 5 1 0 3 5 3 0 3 0 1 1

E n u c l e a t i o n 1 0 1 0 0 0 2 0 2

T o t a l 4 2 3 1 7 3 5 3 8 2 1 3

Table 6.3: Final visual outcome of all patients by type of endophthalmitis 
and culture.
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As compared to culture positive cases, culture negative cases were associated with a 

higher percentage of cases with a final visual acuity o f 6/12 or better (19/35 culture

negative cases vs 11/49 culture positive cases, n = 84, p = 0.0026) and a smaller 

proportion with vision of 6/60 or less (11/35 culture negative cases vs 31/49 culture

positive cases, n = 84, p = 0.004). There was no statistically significant correlation 

between time to presentation (from onset of symptoms) and final visual acuity better 

than 6/60 for all eyes, for post-surgical cases, post-traumatic cases or post-keratitis 

cases.

As compared to patients receiving the standard protocol but without clarithromycin 

(Table 6.4) (101), a greater number o f culture negative cases demonstrated an 

improvement in vision of >+6 Snellen lines (2/19 from our previous study vs. 14/35 

from this study, p = 0.023). A comparison was made between eyes in which a 

medical device had been implanted and those which had developed endophthalmitis 

in the absence of an intraocular implant. Analysis of data revealed a total o f 24 eyes 

with no intraocular implants and 60 eyes which contained intraocular lenses or 

Molteno tubes. For eyes which were treated with clarithromycin, no statistically 

significant difference was noted in final visual outcome for eyes with or without

intraocular implants (n = 84, multiple analyses, ^  P>0.42). Further analysis o f this 

data with emphasis on culture negative cases, also revealed no statistically 

significant difference between the two groups (n = 35, multiple analyses, % p>0.13).
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Case
no.

Age/ 
Sex / 
Eye

time from 
operation 
or trauma 
to first 
symptoms

time from 
presentation 
to first 
sampling

AC
TAP

VIT
TAP

VITY VAO VA6 Outcome Microbiology
Results

Post-surgical cases : culture positive
1. 62/F/R 5 days 1 day N N Y PL PHTHYSIS 3 coagulase- negative 

Staphylococcus spp.
2. 82/F/L 3 weeks 21 months Y Y N HM NPL 3 coagulase -negative 

Staphylococcus spp. and 
Staphylococcus aureus

3. 80/F/R 4.8 months <lday N N Y 6/60 6/12 1 coagulase-negative 
Staphylococcus spp.

4. 69/F/R 8 months Iday V Y N PL 6/18 2 coagulase-negative 
Staphylococcus spp.

5. 52/M/R 14.8 years 4days Y N Y HM 6/12 1 coagulase-negative 
Staphylococcus spp.

6. 51/M/R 2 months 6 weeks N N Y HM 6/60 3 Propionobacterium acnes
7. 69/F/L 6 months 18 months Y Y N . 6/24 6/36 2 Propionobacterium acnes
8. 76/L/M 5 days <lday Y Y N PL CF 3 Proteus morgagni
9. 62/M/L 2.7 years 8 days N N Y HM PHTHYSIS 3 Neisseria spp.
10. 66/M/L 11.6 years 7 days N Y N HM CF 3 Haemophilus spp.

Post-surgical cases : culture negative
11. 19/F/R 1 day 6 months N N Y HM 6/12 1 No growth
12. 42/M/R 1 day 8 days Y Y N HM PL 3 No growth
13. 35/M/L 2 days <lday Y Y N 6/60 6/60 2 No growth
14. 84/F/L 3 days <lday N Y Y PL NPL 4 No growth
15. 50/M/L 5 days 2 days N Y N HM 6/60 3 No growth
16. 81/F/R 8 days 2 weeks Y Y N HM 6/9 1 No growth
17. 80/F/L 9 days 42 days Y N Y 6/36 6/9 1 No growth
18. 79/M/L 10 days <lday Y Y N 6/60 6/9 1 No growth
19. 76/M/L 1 month 14 days Y N Y 6/60 6/18 2 No growth
20. 71/F/L 2 months 12 months Y N Y 6/36 6/9 1 No growth
21. 58/F/R 2 months 9.6 years Y N Y CF CF 3 No growth
22. 51/M/L 3 months 9 months Y Y N 6/60 6/12 1 No growth
23. 87/F/R 3 months 11 months N N Y PL CF 3 No growth
24. 72/F/R 5 months 3 weeks N N Y 6/60 6/18 2 No growth
25. 78/M/L 12 months 8 days N Y N PL HM 3 No grow th, moraxella 

keratitis
26. 71/F/R 20 months 2 days N Y N PL 6/60 3 No growth
27. 70/F/L 2.2 years <lday Y Y N PL PL 3 No growth

Post-traumatic cases : culture positive
28. 35/M/L <1 day <lday Y Y N PL 6/60 3 coagulase-negative 

Staphylococcus spp.
29. 33/M/L <1 day 2 days N N Y 6/5 6/12 1 coagulase-negative 

Staphylococcus spp.
30. 40/M/L 5 days <lday Y Y Y 6/36 6/9 1 coagulase-negative 

Staphylococcus spp.
Post-traumatic cases : culture negative

31. 20/M/L <1 day 4 days Y Y Y HM 6/36 2 No growth
32. 40/M/R 1 day 1 day N N Y HM CF 3 No growth

Table 6.4: Patient details of earlier 1997 study.
Abbreviations: AC TAP; Anterior chamber tap. VIT TAP; vitreous humour tap 
or biopsy, VITY; Vitrectomy. VAO; visual acuity at presentation, VA6; visual 
acuity at 6 months follow-up. Outcome = 1 = 6/5 - 6/12, 2 = 6/18 - 6/36 , 3 = 
6/60 - NPL / Phthysis, 4 = enucleation. CF = patient is only able to count fingers 
at 1 meter, HM = patient is only able to detect movements of a waving hand but 
is unable to count fingers, PL = perception of light only, NPL = No perception of 
light, PHTH = Phthysis: shrinkage of the eyeball associated with disorganised 
intraocular contents, very low intraocular pressure and usually accompanied by 
extensive calcification of the cornea (Bowman’s membrane), lens, and retina.
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6.6 Microbiological results and antibiotic sensitivities
Intraocular cultures were positive in 49/84 (58%) o f all eyes respectively. In the 

post-surgical subgroup of patients 42/73 (58%) had positive intraocular cultures. In 

14 eyes aqueous fluid was culture positive in the absence o f a culture positive sample 

o f vitreous, both aqueous and vitreous samples were positive in 15 eyes, and in a 

further 18 eyes the vitreous sample was positive in the absence of a culture positive 

aqueous sample. When both aqueous and vitreous samples were culture positive 

from the same eye, the same organism was identified in every case.

Gram positive organisms accounted for 40/49 (82%) culture positive eyes (Table 

6.5), 36/42 (86%) culture positive post-surgical and 4/5 (80%) culture positive post- 

traumatic cases of endophthalmitis. The antibiotic sensitivity data was collected for 

vancomycin, amikacin and ciprofloxacin (Table 6.5). Although clarithromycin was 

used as an ‘anti-biofilm’ agent and not as an ‘antibiotic’ in this setting, for purposes 

of completeness, the data for this group of drugs is also included.
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Type Organism cultured Final
va

Change
0-6

Aq
+

Vit
+

Cap
+

CSB
+

Vanc Amk Cip C ia /
E

Gram positive bacteria
1. 1 coagulase-negative staphylococci 6/5 +8 N Y na na S S s S
2 1 coagulase-negative staphylococci 6/6 +7 N Y na na S S s S
3. coagulase-negative staphylococci 6/9 +7 Y N na na S S s S
4. 1 coagulase-negative staphylococci 6/12 +6 V Y na na S S R R
5. 1 coagulase-negative staphylococci 6/12 +6 N Y na na S S S S
6 1 coagulase-negative staphylococci 6/12 +6 N Y na na S S s s
7. coagulase-negative staphylococci 6/36 +3 N Y na na S S s R
& 1 coagulase-negative staphylococci 6/36 -2 N Y na na s S s S
9. 1 coagulase-negative staphylococci 6/60 +3 Y Y na na s S s s
10. 1 coagulase-negative staphylococci 6/60 +2 N Y na na R S s s
11. 1 coagulase-negative staphylococci 6/60 +3 Y N na na S S s R
12 1 coagulase-negative staphylococci CF + 1 Y na na na s S s S
13. 1 coagulase-negative staphylococci HM 0 Y Y na na R S s s
14. coagulase-negative staphylococci NPL -2 N Y na na S S s s
15. 1 coagulase-negative staphylococci NPL -1 Y Y na na s R R s
16. 1 coagulase-negative staphylococci PHTH -2 N Y na na s S S s
17. 1 staphylococci CF 0 N Y na na nk nk nk nk
18. 1 Staphylococcus aureus 6/12 +2 Y N na na nk nk nk nk
19. 1 Staphylococcus aureus 6/18 +4 Y N na Y S S S S
20. 1 Staphylococcus aureus 6/36 +2 N Y na N nk S nk R
21. 1 Staphylococcus aureus CF + 1 N Y na na S S S S
22 1 Staphylococcus aureus CF + 1 N Y na na S S S S
23. 1 Staphylococcus aureus CF +2 N Y na na S S PR S
24, 1 Staphylococcus aureus NPL -1 N Y N na S S S s
25. 1 Staphylococcus aureus NPL 0 Y na na na S S S s
26. 1 Streptococcus pneumoniae 6/36 +4 Y N na na S S S R
27. 1 Streptococcus pneumoniae HM + 1 Y N na na s R nk nk
28. 1 Streptococcus pneumoniae PHTH -2 Y Y na na s R S R
29. 1 alpha-haemolytic streptococci 6/9 +4 Y N na na s R R R
30. 1 alpha-haemolytic streptococci 6/9 +7 Y N na na s S S S
31. 1 alpha-haemolytic streptococci 6/60 +3 N Y na na s R S S
32 alpha-haemolytic streptococci CF +2 na Y na na nk S nk nk
33. 1 alpha-haemolytic streptococci POL 0 Y Y na na S R S S
3A. 1 alpha-haemolytic streptococci NPL -2 N Y na Y nk nk nk nk
35. 1 alpha-haemolytic streptococci PHTH -3 Y Y na Y S R S S
36. 1 beta-haemolytic streptococci CF + 1 Y Y na na S nk R S
37. 1 Streptococcus spp. group F 6/60 +3 Y N na na S PR nk S
38. 1 Streptococcus spp. group D POL 0 Y Y na na R S S S
39. 1 Propionibacterium acnes 6/6 +6 Y N na na S S S nk
40. 1 Diphtheroids 6/9 + 1 N Y Y na nk nk nk nk

Gram negative bacteria
41. 1 Pseudomonas aeruginosa 6/36 +3 Y N na na R S S R
42. Pseudomonas aeruginosa ENU -3 Y Y na Y nk S S nk
43. Pseudomonas aeruginosa ENU -2 na" Y na N R S S nk
44. 1 Enterohacter cloacae HM 0 Y N na na R S S R
45. 1 Enterohacter cloacae NPL -1 Y Y na na R S S R
46. 1 Enterohacter cloacae PHTH -2 Y N na na R s S R
47. Enterohacter cloacae PHTH -1 Y Y na na nk s S nk
48. 1 Citrohacter freundii ENU -4 Y N na Y R s S R
49. 1 Gram negative rod 6/18 +5 N Y na na R s R S

Table 6.5: The final visual acuity by microbiological results for culture 
positive eves.
In cases where multiple samples from the same eye were positive, the same 
organism was cultured from each sample. Abbreviations: type = type of 
endophthalmitis (1 = post-surgical, 2 = post-traumatic, 3 = post-keratitis) AQ+ = 
aqueous sample culture positive / ocular fluid from the anterior chamber of the 
eye culture positive, Vit+ = vitreous sample culture positive / intraocular fluid
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from the vitreous cavity culture positive, CAP+ = capsule biopsy culture 
positive, CSB = external ocular sample culture positive e.g. Cornea, Sclera, or 
Bleb, Y = yes, N = no, na = not applicable, V = vancomycin sensitivity, A = 
amikacin sensitivity, C = ciprofloxacin sensitivity, Cla/E = sensitivity to 
erythromycin was taken to indicate sensitivity to clarithromycin. Final VA = 
final Snellen visual acuity at 6 meters 6/5-6/60, CF = patient is only able to 
count fingers at 1 meter, HM = patient is only able to detect movements o f a 
waving hand but is unable to count fingers, POL = perception o f light only, NPL 
= No perception of light, PHTH = Phthisical: shrinkage of the eyeball associated 
with disorganised intraocular contents, very low intraocular pressure and usually 
accompanied by extensive calcification of the cornea (Bowman’s membrane), 
lens, and retina. ENU = enucleation of the eye/ effectively the surgical removal 
o f the eyeball. Change 0 - 6 = change in visual acuity at 6  months follow-up 
compared with that at presentation with endophthalmitis (determined by the 
number of Snellen lines improvement in visual acuity, positive numbers indicate 
an improvement in vision, negative numbers indicate a loss of vision), S = fully 
sensitive, R = resistant, PR = partially resistant, nk = sensitivity test not 
performed/ no result available), a = the absence of a lens in this eye removes the 
distinction between aqueous and vitreous fluids as the boundary between the 
anterior chamber and the vitreous cavity has been removed and the eye 
effectively has only one intraocular chamber.

All the bacteria isolated were sensitive to at least one of the three antibiotics used 

except for 4 isolates for which no antibiotic sensitivities could be traced (cases 17, 

18, 34, and 40, Table 6.5). Excluding these four eyes, and a further two cases where 

sensitivity to vancomycin was not assessed, 31/34 (91%) Gram positive organisms 

were found to be sensitive to vancomycin. Two isolates of coagulase-negative 

staphylococci were found to be resistant to ciprofloxacin, one of which was also 

resistant to amikacin. Overall this accounts for 4/16 (25%) isolates of coagulase- 

negative staphylococci which were found to be resistant to one or more antibiotics. 

Considering only those isolates for which the sensitivities were determined, 35/44 

(80%) were found to be sensitive to amikacin, 35/41(85%) to ciprofloxacin and 

28/39 (72%) to clarithromycin/ erythromycin.
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6.7 Assessment of ocular penetration of oral clarithromycin
The study ‘Assessment of ocular penetration of oral clarithromycin’ was approved

by the Ethical Committee of Moorfields Eye Hospital. Patients undergoing routine 

cataract surgery were invited to take part in this study. Aqueous samples were 

collected from 2 groups of patients; group 1 consisted of ‘normal’ eyes undergoing 

cataract surgery (with intact blood-aqueous barrier), and group 2  consisted of uveitic 

+/- diabetic eyes undergoing cataract surgery (with likely disturbance of the blood- 

aqueous barrier). The nature and purpose of the study was explained to each patient, 

informed consent was obtained, and details of the study and a copy o f the signed 

consent form was forwarded to the patients general practitioner. Exclusion criteria 

included severe renal impairment, severe hepatic impairment, known allergy to 

macrolide antibiotics, concomitant anti-allergic treatment with astemizole or 

terfenadine, pregnancy, age less than 12 years, and ocular surgery involving 

combined procedures. Adverse effects of clarithromycin were monitored whilst an 

inpatient and recorded on forms provided by Abbott Laboratories (based on reported 

adverse effects of this drug during clinical trials).

From each patient aqueous was collected in addition to three blood samples. Blood 

was collected prior to administration of 1000 mg oral clarithromycin, 2-3 hours post

dose and at the time of ocular sampling. Serum was separated from each blood 

sample by centrifugation at 2500g for ten minutes. All ocular and serum samples 

were and stored at -20  °C until HPLC analysis according to published method (243) 

(Prof. F. Kees, Lehrstuhl fur Pharmakologie der Universitat Regensburg, 

UniversitatsstraBe 31-93053, Regensburg, Germany, with financial support towards 

HPLC analysis from Abbott Laboratories Ltd, Abbott House, Norden Road,
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Maidenhead, Berkshire, United Kingdom).Only those patients from whom all 

samples were collected at the correct time points were included for HPLC assay.

6.7.1 Results
Blood and ocular samples were collected from 6  patients who fulfilled the enrolment 

criteria. Both clarithromycin and its active metabolite 14-hydroxy clarithromycin 

were assayed using HPLC (Table 6 .6 ). The lowest limit of detection for this assay 

was 7-lOng/ml for SOOpl of ocular sample and 30ng/ml for SOOpl of serum. Valid 

results were obtained from 2/3 patients in each group. No adverse effects attributable 

to clarithromycin were noted during the period of this study. All serum samples prior 

to dosing were negative by HPLC. All serum samples taken at the time of ocular 

sampling were within 30 minutes of the sample taken 2-3 hours post-dose. 

Therefore, the mean concentration in these serum samples was used in subsequent 

calculations (Table 6.7).

The concentrations of both parent and active metabolite were higher in the anterior 

chamber o f inflamed eyes than non-inflamed eyes. The levels of clarithromycin in 

the aqueous of inflamed eyes was noted to be 5% of serum levels. The 

concentrations obtained in inflamed eyes were adequate to surpass the MICjq of S. 

aureus, P. acnes, S. pyogenes, S. pneumoniae, S. agalactiae, and S. viridans. 

Interestingly, the MIC90 of P. acnes was exceeded in both inflamed and non-inflamed 

eyes by the concentrations o f the parent compound clarithromycin but not the active 

metabolite. The ratio o f clarithromycin and 14 hydroxy-clarithromycin were higher 

in inflamed as compared to non-inflamed eyes in the presence o f similar ratios in the 

serum in all patients (Tables 6 .6  and 6.7).
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p a t i e n t

n u m b e r

A g e

/

s e x

U v D M v o l A q u e o u s

n g / m l

s e r u m -

p r e - d o s e

n g / m l

S e r u m -  

a t  t i m e  o f  o c u l a r  

s a m p l i n g  

n g / m l

s e r u m -  

2 - 3  h o u r s  p o s t 

d o s e  

n g / m l

C l a O H C l a C l a O H C l a C l a O H C l a C l a O H C l a

1. 5 4 / F Y Y 7 0 5 6 1 9 8 0 0 9 8 5 5 1 8 9 7 2 6 3 2 7 0

2. 6 2 / F V Y 5 0 5 9 1 4 9 0 0 9 1 1 3 0 0 5 1 0 1 5 2 9 8 1

3 . 5 8 / M V N 3 0 0 <10 5 7 a 0 0 1 1 6 1 0 2 7 121 1 1 2 5

4 . 7 6 / F N N 2 5 0 2 3 3 3 0 0 4 6 3 8 4 9 4 3 7 7 9 6

5 . 6 4 / M N N 200 6 3 4 0 8 a 0 0 9 9 2 4 6 4 3 8 3 9 3 7 6 9

1 6. 8 1 / F N N 200 3 4 68 0 0 4 4 8 9 9 4 4 3 8 9 6 6

Table 6.6: Details of the six patients from whom aqueous and serum 
samples were collected to assess the penetration of oral clarithromycin into 
the anterior chamber.
Abbreviations: Uv = Uveitis, DM = patient was diabetic, vol = volume of 
intraocular sample available for HPLC, ClaOH = 14-hydroxy clarithromycin, 
Cla = clarithromycin, a : Values not reliable as co-eluting substance detected 
during analysis o f ocular sample which was not present in serum samples.

patient
number

Mean serum cone 
(2nd + 3rd sample) ng/ml

ratio of  
Cla: ClaOH in 

serum

ratio o f  
Cla: ClaOH in 

aqueous

ratio 
serum : aqueous

ClaOH Cla ClaOHiCla ClaOH:Cla ClaOH Cla
1 871 4230 1:4.9 1:3.5 15:1 21:1
2 963 2993 1:3.1 1:2.5 16:1 20:1
4 450 823 1:1.8 1:1.4 19:1 25:1
6 443 980 1:2.2 1:2 13:1 14:1

Table 6.7; Ratios of clarithromycin to 14-hvdroxv clarithromycin in serum 
and aqueous humour.
Abbreviations: ClaOH = 14-hydroxy clarithromycin, Cla = clarithromycin
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6.8 Assessment of pH
As clarithromycin is more active at basic pH (2^4) the pH of ocular samples was 

examined. A total of 23 samples were tested and included 'normal' aqueous from 

non-diabetic patients with no evidence of uveitis/infection (n = 3), aqueous from a 

case with acute anterior uveitis (n = 1), vitreous from diabetic patients (n = 5), 

vitreous from a non-diabetic patient undergoing vitrectomy for ERM (n = 1), and 

vitreous from a case of retinal detachment (n = 1). Samples collected from five 

patients presenting with acute presumed bacterial endophthalmitis (n = 4, aqueous 

and vitreous, time from surgery to onset 18 hours, 1 day, 4 days and 9 days) and one 

case o f chronic bacterial endophthalmitis (n = 1, time from cataract surgery to 

sampling 7 months) were also assessed. To measure the pH, 0.5p,l o f ocular fluid was 

placed onto a pH indicator strip (pH 6.5 - 10.0, BDH Ltd., Dorset, UK). The colour 

change was assessed after 1 minute, whilst the strip was still moist.

6.8.1 Results
All intraocular samples were noted to have a pH more basic than physiological pH 

(Table 6 .8 ). Vitreous from eyes with intact blood retina barriers (‘normal vitreous’) 

was found to be more basic than aqueous from eyes with intact blood-aqueous 

barriers (‘normal aqueous’) (Mann Whitney U test corrected for ties p = 0.026). In 

the presence o f infection the pH of vitreous was noted to become less basic (Mann 

Whitney U test corrected for ties p = 0.047). The same change in aqueous was not 

found to be statistically significant.
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aq/vit Sample n mean
pH

median
pH

mode
pH

range pH

Aqueous samples
Aq ‘normal’(no disturbance of blood- 

aqueous barrier)
3 8.9 9.0 9.0 8.7-9.0

Aq Acute anterior uveitis 1 9.0 9.0 9.0 9.0
Aq Acute post-surgical presumed 

bacterial endophthalmitis
4 8.8 8.8 9.0 8.5-9.0

aq Chronic post-surgical presumed 
bacterial endophthalmitis

1 9.0 9.0 9.0 9.0

Vitreous samples
vit ‘normal’ (no disturbance of blood- 

retina barrier)
3 9.8 10.0 10.0 9.5-10.0

vit non-diabetic, surgery for ERM (no 
disturbance of blood-retina barrier)

1 9.0 9.0 9.0 9.0

vit Diabetic, no uveitis 4 9.3 9.5 9.5 9.0-9.5
vit Diabetes and uveitis 1 9.5 9.5 9.5 9.5
vit Retinal detachment surgery, non

diabetic, no uveitis
1 9.5 9.5 9.5 9.5

vit Acute post-surgical presumed 
bacterial endophthalmitis

4 8.8 8.7 8.3 8.3-9.5

Ail samples
ALL aq all samples 9 8.9 9.0 9.0 8.5-9.0
ALL vit all samples 14 9.3 9.5 9.5 8.3-10.0
ALL all samples 23 9.1 9.0 9.0 8.3-10.0

Table 6.8; pH of intraocular fluids from inflamed and non-inflamed eves.
Abbreviations: aq = aqueous, vit = vitreous
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6,9 Discussion
The role of biofilms in infective disease has been well established and it is clear that 

the presence of biofilms may not necessarily be associated with the presence of a 

medical device. (120-125) Comparing the results obtained in this study with that of 

our previous study, a greater number of culture negative cases demonstrated an 

improvement in vision of > + 6  Snellen lines. Inclusion of all cases presenting with 

clinical signs of bacterial endophthalmitis irrespective of aetiology, allowed analysis 

of data comparing eyes with and without intraocular implants. The beneficial effects 

o f clarithromycin were seen in all culture negative cases, not just cases in which 

lenses and Molteno tubes had been implanted, supporting the hypothesis that 

biofilms do play a role in the pathogenesis of disease in all infected eyes not just 

those with implanted devices. Culture negative cases are traditionally associated with 

a better visual outcome which may be a reflection o f the lower bacterial load in these 

cases. Conversely, a worse prognosis is associated with culture positive samples, a 

finding which may be a reflection of the larger numbers of bacteria present. It is also 

well understood that in cases of bacterial endophthalmitis, the inflammatory reaction 

in response to infection is the cause of much destructive damage to ocular structures 

with subsequent poor visual outcome. The inflammatory response, as judged by 

ocular signs and presenting visual acuity, is often worse in culture positive cases and 

acute presentations, whereas culture negative cases and chronic disease is often 

associated with a lesser inflammatory response. Perhaps in the presence of fewer 

numbers of bacteria, as judged by the less severe ocular signs and culture negative 

samples, clarithromycin is able to demonstrate its beneficial effects. These effects
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may be lost in the face of the severe inflammatory response and destructive damage 

seen in the more severe culture positive cases.

For the purposes of this study, a standard antibiotic regimen of vancomycin, 

amikacin and ciprofloxacin was chosen for the treatment of patients presenting with 

presumed bacterial endophthalmitis. Ciprofloxacin has been used in the treatment of 

endophthalmitis as it achieves intravitreal concentrations higher than the minimum 

inhibitory concentration (MIC90) of most causative organisms except Staphylococcus 

aureus. Pseudomonas spp. and Streptococcus spp. Amikacin was chosen 

for the treatment of Gram negative infections and because it is less frequently 

associated with retinal toxicity and macular infarction seen with the use o f 

gentamicin. Aminoglycosides were chosen in preference to ceftazidime because 

they demonstrate a concentration dependent bactericidal action, which increases with 

bacterial load and unlike ceftazidime show synergistic activity with vancomycin 

against staphylococci, streptococci and enterococci. Vancomycin has

excellent coverage of Gram positive organisms and its use for endophthalmitis 

caused by Gram positive organisms has been advocated as no organisms were found 

to be resistant. (1^2 118) However, recently two intraocular isolates o f coagulase- 

negative staphylococci were reported, one of which was partially resistant and 

another fully resistant to vancomycin on MIC testing. (1^0 The present series of 

patients also includes two isolates o f coagulase-negative staphylococci which were 

found to be fully resistant to vancomycin. Fortunately, both these isolates were 

sensitive to amikacin and ciprofloxacin. Both patients, however, had a poor final 

visual outcome (Table 6.5; cases 10 and 13).
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The use of this treatment regimen in patients with presumed bacterial 

endophthalmitis has been described under section. 1.2.2. Results indicated that 

despite adequate antibiotic cover, the final visual outcome for patients presenting 

with presumed bacterial endophthalmitis remains poor. In the search for other 

treatment modalities to aid in the management of these cases, the use of 

clarithromycin was investigated. Despite the knowledge that penetration of the drug 

into the CSF is poor and the drug is highly protein bound in the plasma, it was also 

noted that recent studies had demonstrated the potentials of this drug to act as an 

anti-biofilm agent at concentrations much lower than the MIC for bacteria. It has 

been shown the time to achieve peak blood concentrations is approximately 3 

hours.(l32) Ocular samples, therefore, were collected at this time. In order to ensure 

adequate gastrointestinal absorption, serum samples were also collected from these 

patients. In the present study, the levels of 14-hydroxy clarithromycin in serum 

samples was in the range noted by others after single-dose oral administration of 

clarithromycin (0.34 - 1.43 mg/^), suggesting adequate gastrointestinal

a b s o r p t i o n . ( l 3 2 )  Despite adequate plasma levels, however, penetration of 

clarithromycin into the eye is much less than in lung, bronchial secretions, tonsils 

and nasal mucosa, even in the presence of disturbed blood ocular barriers.(^^^) In our 

study, the levels of clarithromycin in the aqueous was noted to be 5% of serum levels 

in inflamed eyes. This is much lower than the 15% achieved after oral administration 

of ciprofloxacin an antibiotic commonly used because of its excellent 

penetration of ocular tissues. However, the concentrations required are not as high as 

that for ciprofloxacin which is acting as an antibiotic. These low concentrations of 

clarithromycin may be sufficient to play a role in the drug’s activity against biofilms
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and allow a synergistic effect with other antibiotics. Also, it is interesting to note that 

the levels of clarithromycin and its active metabolite 14-hydroxy clarithromycin 

achieved in the aqueous of inflamed eyes exceeds the MIC90 o f P. acnes, and the 

MIC50 of S. aureus, and Streptococcus sppX^^^ Although the MIC50 o f other 

bacteria are not exceeded, the levels present are sufficient to exhibit the ‘sub- 

inhibitory effect’ of clarithromycin which has been shown to be present at 1 /2  to 

1/16th of the MIC level. At these low concentrations (0.12 - 0.015|ag/ml) 

clarithromycin was noted to reduce the adhesion of S. aureus to human mucosal 

cells, an effect which may also reduce colonisation of medical devices.(i^^ 1^ )̂ Also, 

Fernandes et al. 1986, have reported increased activity of clarithromycin at basic pH 

with the MICs of S  aureus, E. faecalis, S. epidermidis, and Enterococcus faecium, 2 

to 3 log2 dilutions lower at pH 8.0 than at pH All ocular samples tested had

a pH more basic than 8.0 (Table 6 .8 ). Assuming that anti-biofilm activity occurs at 

levels much less than the MIC and given that the MIC’s are lower at pH 8.0 than at 

pH 7.3, it is likely that the drug levels achieved in the ocular tissues are sufficient to 

allow the anti-biofilm activity of clarithromycin. Even in the case of P. aeruginosa 

which has a MIC of >100 pg/ml for clarithromycin, Yasuda et al. 1993, have 

reported the eradication of biofilms following treatment with clarithromycin.(  ̂̂ ()) 

Treatment of biofilms for 5 days with a concentration of 1-10 pg/ml markedly 

reduced the biofilm coverage and enhanced the bactericidal effects of ofloxacin. 

Although the drug levels reached in inflamed aqueous is ten fold lower than the 

minimum level reported to be effective in their study, even at these low doses an 

effect is still clearly visible from the data presented.C^^®) Study o f the ocular 

penetration of clarithromycin was hampered by the difficulties of HPLC analysis of
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such small volumes of sample. The number of patients tested was also small. 

Although the data obtained can not be used reliably for statistical analysis, the data is 

suggestive of improved clarithromycin penetration in the presence of inflammation 

to concentrations which may be high enough to allow anti-biofilm activity. The 

MIC90 o f P. acnes was exceeded by clarithromycin in both inflamed and un-inflamed 

eyes. It would be interesting to study the effects of clarithromycin in a population of 

patients with typical P. acnes- type endophthalmitis.

The visual acuity data obtained in this study suggests the use of clarithromycin is 

associated with an improvement of vision in eyes in whom intraocular cultures have 

proved negative. This conclusion has been reached by comparing the visual acuity 

results with that obtained after a previous study in which the patients were treated in 

exactly the same manner except that clarithromycin was not included in the 

treatment protocol.(l®^The use of historical controls is not ideal but may be justified 

in the study of rare c o n d i t i o n s . A  randomised controlled trial however, would be 

a much more powerful study in the assessment of the beneficial visual effects of 

clarithromycin in this disease. In order to be able to compare the data obtained in our 

two studies the two populations were analysed for the presence of any confounding 

factors. The age of these two populations were similar with a mean age in the current 

study of 64 years (range 12.4 - 90.4 years) as compared to our previous study of 61 

years (range 19 - 91). Disease severity was assessed using the presenting visual 

acuity which is a good reflection of the severity of the disease in cases of bacterial 

endophthalmitis. The range of visual acuity at presentation in the previous study was 

6/5 to POL with 27/32 (84%) eyes 6/60 or less. In the current study the range was 

noted to be similar 6 /6  to NPL with 73/84 (87%) of cases 6/60 or less. In the 1997
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study, all eyes with post-surgical endophthalmitis had a visual acuity of 6/24 or less 

with 24/27 (89%) 6/60 or less (range 6/24 - POL, mode = median = HM). In the 

current study all eyes with post-surgical endophthalmitis had a visual acuity in the 

range 6 /6  to NPL which suggests that a few patients had milder disease but further 

detailed analysis revealed that a similar percentage of cases had vision of 6/60 or less 

(62/73, 85%) with the mode and median visual acuities the same at HM. The time 

from onset of symptoms to sampling and treatment may also be a confounding 

factor, as those presenting with acute endophthalmitis tend to have a poorer visual 

prognosis as compared to cases with chronic disease. In the 1997 study, 59% of 

cases presented >1 month post-surgery as compared to 40% of post-surgical cases in 

the current study, suggesting that the 1997 study had a higher proportion o f chronic 

endophthalmitis cases. In 1997, 40% of samples were culture positive, as compared 

to 58% of samples in the current study. These findings suggest that with a higher 

proportion of acute and culture positive cases in the current study, final visual 

outcome would be expected to be worse than that in the 1997 study. This has not 

been found to be the case. Taking into account all eyes post-cataract surgery, for 

example, the mean improvement in visual acuity (number of Snellen lines 

improvement comparing visual acuity at presentation to that at 6  months follow-up) 

was +4.2 lines in the current study vs. +3.5 lines in 1997 in eyes which demonstrated 

an improvement and +2.9 lines vs. +2.0 lines for all eyes post cataract surgery 

(irrespective o f whether they demonstrated an improvement or not). Although a 

definite trend is seen for improvement in all groups, these findings were not found to 

be statistically significant owing to small sample numbers.
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In line with other studies, the culture positive rate in our study was 58% (40 - 75% 

reported in the published press) and Gram positive organisms were reported to be the 

causative agents in the majority of casesX^^ Coagulase-

negative staphylococci are the major group of Gram positive bacteria causing this 

disease and the reported resistance to antibiotics, especially to vancomycin, which 

has appeared in recent years is alarming. Fortunately, none of the isolates were 

resistant to all three antibiotics. To the best of our knowledge, this is the first report 

of isolates o f coagulase-negative staphylococci obtained from cases of presumed 

bacterial endophthalmitis which have demonstrated resistance to ciprofloxacin. 

Interestingly, as compared to the review of data in 1997, the use of topical ofloxacin 

has increased dramatically in the treatment of these cases (0% to 53%), but in this 

hospital, the drug is not used for routine first line treatment or as prophylaxis prior to 

ocular surgery.

6.10 In conclusion
The ocular penetration of clarithromycin into the anterior chamber of inflamed eyes 

appears sufficient to allow anti-biofilm activity against bacteria at the basic pH 

encountered in eyes with endophthalmitis and antibiotic activity against a selected 

few. The use of clarithromycin has demonstrated beneficial effects on visual 

outcome in culture negative eyes with clinical signs highly suggestive of bacterial 

endophthalmitis. The absence of a correlation with the presence o f a intraocular 

implant suggests that biofilms play a role in the pathogenesis of disease in all 

infected eyes, not just those with implanted devices.
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General Discussion
Clinical judgement has always been and should always remain the gold standard 

against which all clinical tests are measured. The presence of bacterial DNA in all 

intraocular samples, from cases, which have clinical signs highly suggestive of 

infection, has been confirmed using PGR based techniques. The analysis o f both 

culture positive and culture negative cases has increased our understanding of this 

disease. Gram negative organisms have been isolated from culture negative cases and 

seem to play a much more prominent role in the pathogenesis of this disease that 

previously thought, suggesting that that current culture techniques do not address the 

needs o f these organisms. The significance of bacterial DNA detected in intraocular 

samples has been associated with clinical and laboratory signs of inflammation. 

Although patients routinely develop mild post-operative inflammation, the clinical 

signs apparent in each of the eyes studied were out of all proportion to that which 

would be expected. PGR has, therefore, confirmed what was suspected clinically. 

Over the past few years the application of molecular biological techniques has 

revolutionised the diagnosis of infectious disease. Nucleic acid techniques such as 

polymerase chain reaction (PGR) based DNA amplification, generation of restriction 

fragment length polymorphisms (RFLPs), detection o f plasmids (plasmid profiling) 

and DNA sequencing have become established in the investigation o f infectious 

disease with more and more publications encouraging their use in the diagnostic 

clinical laboratory.(^^9-251) The rate of detection of organisms which are difficult to 

cultivate (1^2 252) or for which current laboratory tests have poor sensitivity (253)̂  has 

much improved using these techniques. The determination of viral load (254)̂  the 

discovery of bacterial causes o f auto-immune disease (^^8) and the direct detection of
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antibiotic resistance genes or gene mutations responsible for drug resistance 

(256 257) i^ave aided the monitoring and management o f patientsX^^^)

The lack of ability to quantify target sequences has, until recently, been a problem in 

the ability to attach significance to some PCR results. In Quantitative Competitive 

PGR (QC-PCR) two templates are co-amplified: the test sequence and a control 

sequence of known concentration and different size. Co-amplification of 

exogenously added template and target sequence is performed with serial dilutions of 

exogenously added template. When co-amplification of exogenous and endogenous 

target sequence show equal amounts of amplified DNA, the quantity of exogenous 

DNA can be accurately assigned. The test assumes both templates will be amplified 

with the same efficiency. QC-PCR has recently been modified for use as a 

microplate form at.(259)

PCR analysis has been useful in detection of DNA sequences form HSV, varicella 

zoster virus (VZV) and HCMV in both aqueous and vitreous s a m p l e s . (260-262) 

confirmed the diagnosis of infection by detection of all three of these viral genomes 

in the vitreous sample of one eye with clinical signs suggestive of intraocular 

lymphoma in a patient with documented disseminated systemic lymphoma (Richter 

syndrome).(260) Similar studies have detected and identified these three viral 

genomes in tear film samples in the differential diagnosis of viral 

keratoconjunctivitis.(263) Herpes viruses have also been suggested as a possible 

aetiological agents for iridocorneal endothelial (ICE) and Posner - Schlossman 

syndromes.(264 265) Detection of VZV DNA in aqueous (266) and vitreous (267) from 

cases with suspected acute retinal necrosis has been documented. VZV DNA has 

been diagnosed as the aetiological agent of a recalcitrant comeal ulcer both by PCR
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and by electron microscopy (268)̂  and detected in the cornea 51 years following 

herpes zoster o p h t h a l m i c u s In all these studies, the presence of viral D N A  in 

samples from eyes with disease and the absence of PCR amplifiable D N A  from 

‘control’ samples has been used as evidence of a true correlation with disease. 

However, increasingly, investigators are using PCR to amplify LAT genes, or the 

R N A  derived therefrom, as conclusive evidence of the usefulness o f PCR in the 

diagnosis of active viral infection. In support of this, in the report by Mori et al. 

1998, investigating the usefulness of clinical signs, PCR, RT-PCR, and viral culture 

in the diagnosis of HSV-1 comeal infection, the presence of clinical signs was much 

better correlated with the ability to detect R N A  (RT-PCR) as compared to D N A . ( 2 7 0 )  

Studies in the detection of Candida species in blood have reported the correct 

identification and spéciation of Candida albicans, C. krusei, C. parapsilosis, C. 

tropicalis, or C. glabrata in 73 culture positive specimens These included 3 samples 

which revealed mixed candidaemia by both culture and PCR and 3 which revealed 

mixed candidaemia by PCR only. The level of detection was one cell per 2p,l sample. 

Most importantly, culture negative samples were PCR negative.f^^) Application of 

PCR to the detection of Candida albicans in blood, sputum, urine and wound fluid 

has been successful.(^^^) Whilst the presence of D N A  in CSF or peritoneal fluid may 

indicate infection the significance o f D N A  in urine or wound fluid is more difficult 

to determine as these latter sites are generally n o n - s t e r i l e . ( i ^ 9  2 7 1 )  p Q R  primers for 

the detection of Fusarium spp. and Aspergillus spp. have also been reported with 

specific application to ocular and CSF s a m p l e s . ( 2 7 2 - 2 7 4 )  results described herein

have demonstrated great potential in detecting minute amounts o f Candida albicans 

D N A  but with an unidentified difficulty in detecting this level of D N A  in clinical
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samples. Work needs to continue, however, using freshly collected samples with 

emphasis on handling and storage requirements.

Future work
The significance of detection of bacterial DNA in culture negative clinical samples is

currently the subject of some discussion.(275) in the presence of adequate PCR

reaction and sampling contamination controls and the absence of DNA in samples

from patients with no detectable clinical disease, the finding of bacterial DNA is

considered to be a ‘true’ correlation with disease. Repeated PCR identifications of

the same aetiological agent in different patients with the same disease and by

different laboratories lends weight to the a s s o c i a t i o n . ( ^ ^ 2 )  The strength of evidence

has rested on reproducibility (from different patients), on the quantity of DNA found

at the infected site and on corroboration by other findings (clinical signs,

microscopy, serological studies, inflammatory markers or evaluation of the response

to antibiotics). Reiman et al. 1990, have reasoned that a true infectious agent will be

found at the site of infection in multiple patients with a given infectious d ise a se .(276)

However, the presence of DNA from any single bacterial species may simply

indicate presence of bacteria with no causative relationship with disease. In samples

which yield several bacterial rDNA sequences, there is no indication as to which one

has acted as the trigger for the inflammatory process or whether it is the presence of

a number of different species which has resulted in the severe destructive

inflammatory response seen in endophthalmitis. It is also possible that bacterial

DNA in ocular samples from inflamed eyes may have entered the eye inside

phagocytic cells of the immune system.(277) However, if  the theory of ‘bacterial

translocation’ were significant in the case of ocular inflammatory disease, then our

single copy bacterial PCR would successfully amplify this DNA in the multitude of
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cells present in ocular samples from cases of idiopathic uveitis or presumed fungal 

endophthalmitis, which has not been the case. Investigation of the true nature of 

disease will in the first instance require the re-establishment of what is a ‘normal’ 

finding using PCR techniques on samples from healthy eyes (qualitative and 

quantitative data) and subsequently the amplification of cellular RNA in the 

assessment of bacterial cellular metabolism / protein synthesis / pathogenic markers 

in disease states. In the work done so far, multiple organisms were present in 50% of 

eyes; much more often than currently suspected. Their presence may in part explain 

the difficulty in successful treatment and the poor visual prognosis of these patients 

and warrants further investigation. Further investigation of the unusual bacteria 

found to be present would necessarily involve PCR amplification of different genes 

and larger segments of the ribosomal genes in order to aid in phylogenetic analysis 

and identification of the species present. A few of the bacterial species identified by 

PCR from culture negative samples are obtainable as reference strains and could be 

further investigated in their ability to produce clinical signs of endophthalmitis in an 

animal model, although it is highly unlikely that the clinical picture would be species 

specific. It is highly likely that any bacterium (or any number of bacteria) will be 

able to produce an inflammatory response typical of endophthalmitis if  introduced 

into the eye in sufficient numbers.

PCR may reveal a previously unexpected degree of intrinsic microbial presence at 

many anatomic sites.(275) The intrinsic flora of the eye have only been documented 

using culture techniques and since they are the source of bacteria in cases of 

exogenous bacterial endophthalmitis (278)̂  it would seem prudent to include the 

extraocular environment in our studies. Perhaps PCR analysis o f the external ocular
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environment might reveal the presence of agents which have so far eluded detection 

by culture. The numbers of organisms which may be isolated using PCR based 

techniques on samples from normal tissue is a figure for speculation. Although in 

some instances, 70 - 90% of the microscopic count can be grown on culture (e.g. 

human colonic flora), it seems certain that even here not all species have been 

cultured or identified. In the natural environment, most bacterial species present have 

never been cultured and it is thought that perhaps this could equally apply to human 

bacterial flora / pathogens.(l^^) PCR studies of samples from nine cases of presumed 

bacterial endophthalmitis, have not only revealed the presence of bacteria which 

have been unreported as causative agents of endophthalmitis (e.g. Comamonas spp.) 

but also revealed the presence of 9 currently unidentifiable rDNA sequences. The 

markedly alkaline pH of ocular fluids would be is support of findings that 7 of these 

9 sequences have sequence similarity to marine alkaliphiles. These findings may 

suggest a possible correlation with disease which warrants further investigation.

The presence of organism(s) in the eye immediately following cataract surgery 

(especially in the anterior chamber) does not necessarily correlate with infection, as 

it is well known that the anterior chamber is able to clear a large number of bacteria 

without development of any signs of in fec tio n .(2 l9  220) p c R  studies of ocular fluids 

at the end of ocular surgery are as yet unreported. A more detailed analysis of the 

organism(s) present in the eye which would not only involve spéciation but also 

quantification would aid in the understanding of this disease process and the 

correlation of laboratory with clinical findings. A study o f the number of genome 

copies present in the anterior chamber after routine uncomplicated cataract surgery 

(in eyes which do not develop any post-operative inflammation or infection) as

2 0 1



compared to the numbers in eyes which develop clinical signs of endophthalmitis 

should go some way in addressing these issues. Shaarawy et al. 1995, have 

demonstrated that 12/22 eyes with bacterial endophthalmitis were persistently 

culture positive 3-8 days following initial antibiotic therapy and that this finding was 

associated with a worse visual o u t c o m e . (^79) Investigation of pathogenic markers in 

culture negative samples would aid in the diagnosis of persistent infection in eyes 

with clinically evident deterioration. Studies assessing the rate of clearance of 

bacteria DNA from treated eyes with endophthalmitis are currently unreported. The 

persistence of bacterial DNA a few days following intravitreal antibiotics is probably 

in itself insufficient evidence of persistent infection. Just as the number of viable 

organisms decline with therapy and time, the amount of DNA/RNA present would 

also be expected to decline. Evidence of gene expression and increasing DNA levels 

would have to be sought to identify persistent infection and active pathogenicity. A 

study analysing the quantitative decline of bacterial nucleic acids in treated eyes of 

patients with endophthalmitis would aid in the assessment o f the degree of success of 

antibiotic therapy and whether further therapy is required.

An important factor in allowing more widespread use of PCR based technologies has 

been the application of a variety of detection methods in order the eliminate the 

needs for gel electrophoresis detection of amplified PCR products. To this end 

several molecular modifications have been reported. Microtitration plate enzyme 

immunoassay (EIA), for example, has been reported for the detection of PCR 

amplified DNA from Candida species. DNA was amplified with pan-fungal primers 

and detected using species-specific probes labelled with digoxigenin, a biotinylated 

capture probe and streptavidin-coated microtitration plates.(^^ ^80) QC-PCR for
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HCMV has recently been modified for use as a microplate format using a similar 

process. Only one of the pair of primers was biotinylated. QC-PCR products were 

bound to streptavidin coated plates, denatured and probed with a digoxigenin probe 

((Dig)-labelled, test or control sequence probes) The hybridised (Dig)-labelled 

probes were detected with an ‘anti-Dig’ antibody conjugated to detector molecules 

for luminometry (aequorin) or optical densitometry ( p e r o x i d a s e ) . ( 2 5 9 )  The direct 

incorporation of a digoxigenin label into the PCR product during amplification has 

also been reported for the detection of bacterial species.(^^l) These detection systems 

will be investigated.

Like culture techniques, PCR has the advantage o f selective or non-selective 

approach to detection of organisms. PCR can, however, be designed to detect all 

organisms whereas culture may be more selective in the organisms it reveals.(^^) 

Also time to identification is markedly reduced using molecular tools. In the analysis 

of blood samples, for example, the identification time was reduced from 3.5 days 

(routine phenotypic methods) to 7 hours (PCR-EIA) for Candida spp.(^^) This ability 

of rapid diagnosis is potentially important in the presence of drug resistant organisms 

in a rapidly progressive and devastating infective disease. A standard antibiotic 

regimen of vancomycin, amikacin and ciprofloxacin is used for the treatment of 

cases with presumed bacterial endophthalmitis but recently several vancomycin and/ 

or ciprofloxacin resistant ocular isolates have been discovered.(l^l Increasingly, 

resistance o f Gram-positive organisms to vancomycin and ciprofloxacin are cause for 

concern. This resistance has appeared in the absence of a background of low- 

exposure to antibiotics known to induce resistance in other reported cases.
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Fluoroquinolones target two enzymes: DNA gyrase, which is an A2B2 complex, 

encoded for by the gyrA and gyrB genes, (responsible for ATP-dependent DNA 

supercoiling) and DNA topo-isomerase IV which is a C2E2 complex that is encoded 

for by genes parC  and parE  (essential for chromosome partitioning). The relative 

importance of these two targets is different in different bacteria but mutations in each 

have been described with different combinations providing different levels of 

fluoroquinolone r e s i s t a n c e . ( 2 8 2 )  Mutations in the gyrA subunit of DNA gyrase and 

the parC  subunit of DNA topo-isomerase IV have been associated with high level 

resistance to quinolone antibiotics in S. epidermidis (208)̂  viridans group streptococci 

( 2 0 9 )  and C. jejuni (^lO) amongst others. Mutations resulting in amino acid changes at 

Ser-84 and Glu-88 in GyrA and at Ser-80 and Glu-84 in ParC  o f S. epidermidis were 

uniformly associated with high MIC’s for norfloxacin, ofloxacin and ciprofloxacin at 

>12.5, >1.56, and >1.56 pg/ml, respectively, in 12 i s o l a t e s . ( 2 0 8 )  These workers have 

reported PCR primers for detection and identification o f resistant isolates. 

Glycopeptide antibiotics, including vancomycin and teicoplanin, inhibit bacterial cell 

wall peptidoglycan synthesis. They prevent the correct alignment of two enzymes 

and as such have a unique mechanism of a c t i o n . ( 2 8 3 )  This dual effect also renders 

acquisition of resistance to this group of compounds more difficult, and goes some 

way in explaining the lack of reported cases o f resistance since their introduction 

almost 30 years a g o . ( 2 84) The mechanisms of vancomycin resistance have been 

studied in isolates which have been prepared by the passage o f organisms in broth 

containing increasing concentrations of vancomycin. In these isolates, the 

mechanism of vancomycin resistance appears to be a gradual selection process due to 

treatment pressure but may also be secondary to changed affinity of glycopeptide -
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peptidoglycan binding or impairment of glycopeptide access to its cell wall 

target.(285 286) p ^ R  analysis of 12 staphylococcal isolates with reduced sensitivity to 

vancomycin revealed that none of these isolates contained known vancomycin 

resistance genes, but all the isolates tested had developed resistance in the presence 

of long-term low-dose exposure to the drugX^^^) To date, the testing of clinical 

isolates for vanA, vanB, vanC or vanD genes, from patients previously un-exposed to 

low levels of glycopeptide antibiotics such as patients with intraocular infection, has 

not been reported.

The development of antibiotic resistance may be secondary to chromosomal 

mutation or the acquisition of resistance g e n e s . ( 2 8 V  2 8 8 )  Recently investigators have 

realised that many bacterial pathogens carry large inserts of DNA, termed 

pathogenicity islands, that are not found in non-pathogenic members o f comparable 

g e n e r a . ( 2 8 9 )  Evidence of horizontal DNA transfer mechanisms exist as closely 

related plasmids, elements and / or genes have been detected in several hosts e.g. 

coagulase-negative staphylococci and enterococci. The acquisition and dissemination 

of staphylococcal antimicrobial resistance, and multi-resistance in particular, is 

dependent on the accessibility of this genetic reservoir o f information. Staphylococci 

isolated from clinical specimens usually carry one or more plasmids. These vary in 

size and complexity from small replicons which contain a single resistance gene to 

larger episomes that possess several resistance genes and encode systems which 

mediate their own transmission as well as the mobilisation of other p l a s m i d s . ( 2 8 7  2 8 8 )  

A recent study investigating the emerging ciprofloxacin resistance amongst comeal 

isolates from cases of presumed bacterial keratitis has demonstrated a statistically 

significant increase in resistance from 1991 to 1997 with 30.7% of all isolates and
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32.5% of Gram positive isolates not sensitive to c i p r o f l o x a c i n . ( 2 9 0 )  xhis study was 

performed in India where, according to the authors, “ciprofloxacin is widely 

available and used even without prescription”. However, the level o f clinical 

ciprofloxacin resistance may have been over-estimated as the study used MIC 

determination analysis based on the levels of the drug attainable in serum (Kirby- 

Bauer method) and not cornea and no correlation was made between laboratory MIC 

levels and clinical progression. Interestingly, only 43% and 37% of clinical isolates 

of S. epidermidis not sensitive to ciprofloxacin, were sensitive to chloramphenicol 

and gentamicin, respectively, with 87% sensitive to c e f a z o l i n . ( 2 9 0 )  No data was 

available for vancomycin. At a University Hospital in Japan, 850 isolates from 

patients attending the ‘Ocular Infection Clinic’ from 1992-1995, were reviewed. 

Coagulase-negative staphylococci remain the predominant Gram positive organism 

isolated from these samples. Their results show the multiple antibiotic resistance 

profile of staphylococci in 27% of S. aureus isolates and 6.7% of coagulase-negative 

staphylococcal isolates, with cross-resistance to ofloxacin and erythromycin amongst 

others. No vancomycin resistant strains were detected on the ocular surface amongst 

this group of p a t i e n t s . ( ^ 9 1 )

It was in 1988 when high-level vancomycin resistance in enterococci was 

reported .(292) These isolates also proved to be resistant to beta-lactams and 

aminoglycosides, leaving very few therapeutic options. In 1992, Noble et al. 

demonstrated the transferability o f the vanA operon between enterococci and 

staphylococci (293), raising concern that many pathogens would soon be able to 

obtain genes which would enable them also to resist the action of these antibiotics. 

Glycopeptide resistance amongst staphylococci is currently a cause of concern but
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remains a rare finding (^^4 295) the majority of isolates being susceptible.(^96 

297) Reports also indicate that glycopeptide antibiotics lose their effectiveness 

against S. epidermidis organisms embedded in the biofilm on the surface of medical 

devices (such as intraocular lenses used in cataract surgery or tubes in glaucoma 

surgery).(298) Vancomycin resistance amongst ocular isolates was unknown until 

recently when 4 vancomycin resistant isolates of CNS were reported from cases of 

bacterial endophthalmitis.(l^l 119) xhe first reported isolate of ciprofloxacin-resistant 

coagulase-negative Staphylococcus spp. was also discovered during this same period. 

Isolates of coagulase-negative Staphylococcus spp. which are resistant to one or 

more of the 3 antibiotics used (vancomycin, amikacin, and ciprofloxacin) comprise 

25% of all CNS isolated from cases o f bacterial endophthalmitis at this unit 

(unpublished observations), but in addition to these a large number o f cases remain 

culture negative: cases in which bacteria have been detected in the ocular samples 

using PCR/RFLP. Future work aims to investigate the mechanisms of antibiotic 

resistance in these isolates using DNA/RNA based techniques.
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In Conclusion
Pasteur and Koch are widely recognised as being the founders of modem 

microbiology and it was their senior colleague Cohn who first published a book 

attempting a taxonomic classification of bacteria.(^) Cohn advocated Koch’s 

postulates as the sine qua non in unequivocally demonstrating the association 

between a bacterium and a specific disease. Koch’s postulates state (i) the organism 

should be found in all patients with the disease in question and its distribution in the 

body should correspond to the lesions observed; (ii) the organism should be 

cultivated outside the body of the host in pure culture for several generations; and 

(iii) the organism so isolated should produce disease in other a n i m a l s . ( 2 9 9 )  These 

postulates were clearly intended to persuade the scientific community that 

Mycobacterium tuberculosis could produce all of the observed symptoms of a 

disease, in a time when the relationship between microorganisms and disease was 

universally denied.(^^®)

Perhaps it is time to re-assess Koch’s postulates.
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Polymerase Chain Reaction and Restriction Fragment 
Length Polymorphism Mediated Detection and 
Spéciation of Candida spp Causing 
Intraocular Infection

Narciss Okhravi,^ Peter Adamson,^ Rebecca Mant,^ Melville M. Matheson,^
Gillian Midgley,^ Hamish M. A. Towler,"  ̂and Susan Lightman^

P u r p o s e . To determ ine the usefulness o f  polym erase chain reaction (PCR) and restriction fragment 
length polym orphism  (RFLP) analysis in  the identification and spéciation o f  Candida  spp that 
causes ocular infection.

M e th o d s .  O ligonucleotide primers based on  the cytochrom e P 450 dem ethylase gene w ere  
used  to successfully amplify by PCR a single 1.0-kb and a single 500-bp DNA fragment from  C. 
albicans, C. tropicalis, C. krusei, C. glabrata, C. parapsilosis,  and C. pelliculosa  genom ic DNA. 
RFLPs w ithin  the PCR product w ere identified after restriction enzym e digestion.

R e s u l t s .  The sensitivity o f  the amplification reaction after tw o  rounds o f  PCR w as 10 fg genom ic  
C. albicans  DNA or one copy  o f the gene. N o amplification product w as obtained w h en  DNA from  
C. guillierm ondii, Aspergillus fum igatus, Fusarium solani, human leukocytes, or 10 species o f  
bacteria w as used as a template. Experiments w ith  spiked normal vitreous dem onstrated equal 
sensitivity as long as the volum e o f  vitreous did not ex cee d  20% o f the total PCR volum e. RFLP 
analysis o f  the PCR product generated from each species obtained from the first- and second-round  
amplification products enabled species identification after digestion w ith  specific endonucleases. 
Application o f  the technique to four clinical sam ples w as successful.

C o n c lu s io n s .  It is exp ected  that the sim plicity o f the DNA extraction technique allied w ith  the 
broad specificity o f  the outer primers for all ophthalm ically relevant Candida  spp and the  
sensitivity o f  the second-round PCR w ill aid in the detection  o f  fungal DNA in small intraocular 
samples. PCR-RFLP analysis has great potential in the rapid detection  and identification o f  Candida 
spp and in the provision o f  a useful laboratory tool for the future. (Invest Ophthalmol Vis Sci. 1998; 
3 9 :8 5 9 -8 6 6 )

In recent years, polymerase chain reaction (PCR) technol
ogy has show n great potential in detecting and identifying 

lo w  copy  numbers o f  DNA in clinical samples. It also holds 

great prom ise in allowing the identification o f small numbers o f  

organisms in small sam ple volum es, as is usually the case w ith  

intraocular sam ples from patients w ith  endophthalm itis. W e 

have assessed PCR-based techniques to determ ine a reliable 

and effective protocol for the detection  o f  Candida  spp DNA 
in  ocular samples w ith  the aim o f significantly increasing the
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num ber o f intraocular sam ples from w h ich  a confirm ed diag
nosis is m ade and reducing the tim e to m ycologie diagnosis.

A lthough C. a lb icans  is th e  causative agent in  the ma
jority o f  cases o f  culture-proven fungal endophthalm itis, C. 
tropicalis, C. krusei, C. g la bra ta ,  and C. pa ra p silo sis  are 
increasingly recogn ized  as capable o f  causing endophthalm i
tis.^"^ B ecause som e o f  th ese  iso lates, nam ely, C. g la b ra ta  
and C. krusei, dem onstrate inherent resistance or reduced  
susceptibiU ty to  azole antifungal drugs, it is im portant to  
determ ine th e  causative sp ec ie s  at the  first available op p or
tunity to tailor treatm ent to the in fectin g  organism . To 
determ ine the p resen ce  o f  fungal in fection  in  cases o f  en 
dophthalm itis, to  sp ec ia te  th e  causative organism , and to  

study drug resistance m echanism s, w e  have ch o sen  the  

cytoch rom e P 450 Lj A  ̂ dem ethylase g en e  w h ich  is the  
target enzym e for azole antifungal drugs.

M aterials a n d  M ethods

Unless otherw ise stated, all chem icals used w ere purchased  
from Sigma Chemical (Poole, UK) and w ere o f  the highest 
grade available.
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gels and w ere visualized after ethidium  brom ide staining under ultraviolet illumination.
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T a b le  1 .  Iso la te  an d  Strain D eta ils  o f  O rgan ism s U se d  in  th is  S tudy

O rganism Clin ical Strains*
M ycology
L abora tory^ NCPFi^

T ota l N u m ber o f  
S tra in s T ested

C. albicans 6 E K 3619 3710, 3645 9
C. glabrata 0 3863, 3897 2
C. krusei 0 3900 1
C. tropicalis 0 3895, 3906 2
C. parapsilosis 1 EK 6021 3902, 3894 4
C. guillierm ondii 0 EL 402 1
C. pelliculosa 1 1
Aspergillus fum igatus 2 2109, 2140 4

Fusarium solani 0 2584, 2618 2

* Ocular isolates obtained from the Department of Pathology, The Institute of Ophthalmology, London, UK.
t Ocular isolates obtained from the Department of Medical Mycology, St Johns Institute of Dermatology, St Thomas’ Hospital, London, UK. 
i: Isolates obtained from the National Collection of Pathogenic Fungi (NCPF), PELS Laboratory, Bristol, UK. All NCPF Candida spp strains were 

blood isolates, except for NCPF 3645 , which was cultured from ocular samples of a patient with endophthalmitis.

Samples, Microscopy, and Culture
Clinical and standard isolates obtained from the National Col
lection o f Pathogenic Fungi, (PHLS Laboratory, Bristol, UK) 
w ere used in this study (Table 1). For purposes o f  com pletion  
and com parison all Candida, Aspergillus, and Fusarium  spe
cies isolated from clinical ocular samples collected  at Moor
fields Eye Hospital (City Road, London, UK), w hether from  
cases o f  keratitis or endophthalmitis, w ere included. A total o f  
26 fungal isolates w ere included.

Procedure for Endophthalmitis Cases
Intraocular sampling is routinely imdertaken on all patients 
w ith  suspected fungal endophthalmitis. The extraocular envi
ronment w as sterilized w ith  5% povidone iodine solution be
fore surgery. Approximately 100 to 200 jul aqueous fluid w as  
withdrawn using a 27^auge (0.33 m m) needle w ith  a limbal 
paracentesis. Vitreous samples (200 -  400 ju,l) w ere taken at the 
time o f a three port pars plana vitrectomy. These samples w ere  
transported to the m icrobiology laboratory for immediate pro
cessing. Ocular samples w ere exam ined by Gram and periodic  
acid-Schiff staining, and they w ere cultured on  blood agar, 
Sabouraud’s dextrose agar (Difco Laboratories, East Molesey, 
Surrey, UK), brain-heart infusion, and Robertson’s cooked  
m eat broth. Cultures w ere incubated in aerobic and anaerobic 
conditions, and all cultures w ere maintained for 14 days. Fun
gal isolates w ere subcultured onto Sabouraud’s agar slopes and 
w ere maintained at 4°C.

Procedure for Keratitis Cases
Com eal scrapes w ere performed at the slit lamp using topical 
anesthesia. Sterile 27-gauge needles w ere used to scrape off 
sections o f com eal epithelium  and anterior stroma in the re
gion o f  the leading edge o f  the com eal ulcer. Samples w ere  
placed on a slide for Grant and periodic acid-Schiff staining and 
also w ere plated immediately on blood and Sabouraud’s agar 
before transport to  the m icrobiology laboratory. Plates w ere  
incubated in aerobic conditions at 37°C. The cultures w ere  
transferred to a 30°C incubator if no grow th w as apparent after 
48 hours at 37°C.

Identification o f Isolates
Fungal isolates w ere identified using standard m ycologie m eth
ods o f germ-tube formation in serum: carbohydrate assimila

tion tests using the API20C kit (BioMerieux, Vitek Systems, 
H azelwood, MO) and m orphology on  com m eal agar.

Normal Vitreous

Vitreous w as collected  by sterile technique at the time of  
vitrectom y during planned surgical procedures in patients w ith  
no evidence o f intraocular infection or inflammation. These 
samples w ere divided into aliquots in a sterile manner and 
w ere stored at -2 0 ° C  until used.

DNA Extraction: Fungi

Several experim ents w ere performed to test and compare the 
sensitivity o f  DNA extraction and detection using a full-extrac- 
tion protocol (M ethod 1, as described b elow ) and an abbrevi
ated m ethod o f DNA extraction (M ethod 2) by cellular lysis. 
Negative (ddHgO and vitreous) and positive DNA controls w ere  
used in each experim ent.

M eth od  1: F u ll E xtra ctio n  P ro ced u re . DNA was ex
tracted by a method that was modified from that described by 
Buchman et al.  ̂ and was applied to aU fungi tested. DNA extrac
tion tubes w ere prepared as follows: Each tube contained 5 jul 
neat vitreous, 100 /xl 0.05m ol/l Tris (pH 7.5), 0.01 mol/1 EDTA,
0.028 mol/1 ]&-mercaptoethanol (Bio-Rad Laboratories, Hemel, 
Hempstead Hertfordshire, UK) containing 0.3 mg/ml zymolase 
(ICN Biomedicals, Aurora, OH), and 5 jrl required dilution of C. 
albicans in water. Samples w ere incubated for 30 minutes at 
37°C, followed by the addition o f 0.1% sodium dodecyl sulfate 
and 15 pg/m l proteinase K. Incubation continued for a further 5 
minutes. The mixture w as heated subsequently to 95°C for 5 
minutes and w as cooled on ice for 15 minutes. Samples were 
extracted w ith phenol-chloroform- isoamyl alcohol (25:24:1, pH 
8.0) and chloroform and w ere precipitated with 2.5 volumes of 
ethanol in the presence o f 300 mM sodium acetate. The DNA was 
pelleted at l4 ,000g  for 20 minutes, w as washed with ice-cold 80% 
vol/vol ethanol, was air dried at 65°C for 10 minutes, and was 
resuspended in 25 /a1 sterile Tris-EDTA (TE) buffer (10 mM Tris, 1 
mM EDTA, pH 8.0).

M eth od  2: H eat a n d  P o ly m era se  C h ain  R eaction . The 
DNA extraction tubes w ere prepared as follows: Each tube con
tained 5 /a1 neat vitreous and 5 jtl o f the required dilution of C. 
albicans in water. Samples w ere incubated at 95°C for 20 min
utes, and subsequently the entire volume was used in the PCR.
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T a b le  2 .  Specifications of the Four Main Primers Used for PCR Amplification of the Cytochrome P450 LjAi 
Demethylase Gene

P r im e r  N am e P r im e r  Sequence
P o s itio n  on  th e  G ene Sequence  
o f  C. a lb icans^

LF 5'AAGGGGTTATTTATGATTGTCC3' 5 3 0 -5 2 2
LR 5'CCAATACATCTATGTCTACC3' 1 5 4 0 -1 5 6 0
NLF 5'ATTGGTATTCTTATGGGTGG3' 1 0 5 1 -1 0 7 0
NLR 5TTTCAGGGATTCTTAATGGG3' 1 3 0 2 - 1 3 2 1

F, forward primer; R, reverse primer; L, long; N, nested.

DNA Extraction: Bacteria
O ne clinical isolate each  o f  Pseudom onas aeruginosa, Kleb
siella pn eum on iae, Escherichia coli, Serratia marcescens, 
Proteus spp, Streptococcus pneum on iae . Streptococcus p y o 
genes, Staphylococcus aureus, Propionibacterium  acnes. Ba
cillus cereus, and four isolates o f  coagulase-negative staphylo
co cc i obtained from a culture o f  ocular sam ples from  patients 
w ith  endophthalm itis or keratitis w ere  co llected . DNA extrac
tion w as perform ed as described by Hykin e t al.^ The DNA w as  
diluted to  a w orking concentration  o f  10 ng/jal and w as stored  
at -2 0 °C .

DNA Extraction: Human Leukocytes
DNA w as extracted from on e 10-ml hum an w hole-b lood  sam
p le w ith  the M achery-N agel nucleospin-blood  DNA extraction  
kit (B iogene, K imbolton, Cambridge, UK) fo llow in g  the man
ufacturer’s instructions. T he DNA w as diluted to a w orking  
concentration o f  10 ng/pJ and w as stored at -2 0 ° C .

Polymerase Chain Reaction Assay
Primers w ere  designed  using the published  sequ en ce o f  the 
C ytochrom e P 450 Lj Aj dem ethylase g en e  in C. albicans.^ 
Eight primers w ere  tested, tw o  o f  w h ich  (SF -t- SR) have b een  
reported previously by Buchm an et al.^ Details o f  the primers 
used  for the main part o f  this study appear in  Table 2. The  
sequ en ces o f  the other prim ers tested  (w ith  their position  on  
the published gen e sequ en ce) included  SF (1 3 7 -1 5 7 )  5'CATA- 
ACTCAATATGGCTATT3', SR (3 6 1 -3 8 1 )  5'CTTTTGACGACAT- 
GATTCGA3', NSF ( 1 9 9 - 2 1 9 )  5'AGTGTTACACAACAGAT- 
C A G 3', and NSR ( 3 3 5 -3 5 5 )  5' CATAAGGTTGTTGACC- 
ATATG3'.

Optimal Polymerase Chain Reaction Conditions
First-round and second-round reactions each  contained  100 
ju,M dNTP (Pharmacia-Biotech, St. Albans, Hertfordshire, UK), 
200 jitM each  primer, 2.5  mM m agnesium  chloride, 1 U Ampli- 
Taq DNA polym erase (Perkin-Elm er, Beaconsfield, Bucking
hamshire, UK), 100 mM Tris-HCl (pH  8.3), 500 mM KCl, 15 mM 
MgCl2 , and 0.001% w t/v o l gelatin in a 50-p.l reaction. Cycling 
conditions w ere  identical for both  rounds e x cep t for th e  an
nealing temperature, w h ich  w as found to b e  optim al at 51.5 °C 
for the first round (primers LF 4- LR), 56°C for n ested  primers 
I (NLF 4- NLR), and 58°C for sem inested  prim ers H (NLF 4- LR). 
PCR cycling w as perform ed at 95 °C for 10 m inutes for on e  
cycle , fo llow ed  by 30 cycles at 94°C  for 1 m inute, annealing 
tem perature as stated above for 1 m inute, and ex ten sion  at 
72°C  for 1 m inute. The final cycle  w as fo llow ed  by 10 m inutes 
at 72°C.

Electrophoresis and Imaging
PCR products w ere  resolved  o n a  1% to  2% agarose Tris-Borate- 
EDTA gel according to  the  predicted  size o f  the fragment and 
w ere  visualized using ethidium  brom ide under ultraviolet illu
m ination. A m olecular w eigh t ladder w as included  in each  run 
(1.0-kb ladder. Cat. N o. 1 5 6 1 5 -0 1 6 ; G ibco BRL, Paisley, Scot
land).

DNA Sequencing and Restriction Maps
Am plified DNA from  PCRs w ere  purified on  agarose-TBE gels, 
w ere excised , and w ere  recovered  into solution. PCR frag
m ents w ere  directly cycle  sequ en ced  in both  directions (using  
primers LF 4- LR) o n  a prism-automated DNA sequencer (m od
el 377, version 2.1.1; A pplied Biosystem s, Warrington, 
Cheshire, UK). Cycle sequencing w as repeated three tim es for 
each  product using the sam e DNA and PCR protoco l but 
different PCR reactions. Sequences w ere  aligned and scanned  
manually and w ith  the aid o f  GCG and REBASE programs 
provided b y  the Human G enom e M apping Project (UK HGMP 
R esource Centre, H inxton, Cambridgeshire, UK) com puter  
center. A search w as m ade for a total o f  204 restriction endo
nuclease sites.

Restriction Fragment Length Polym orphism  
Analysis
After PCR am plification, products w ere  subjected  to  p h en o l/ 
chloroform /isoam yl a lcohol (25:24:1, pH 8 .0 ) fo llow ed  by  
chloroform  extraction and ethanol precipitation. Precipitated  
DNA w as resuspended  in  25 ju-1 ddH^O before d igestion  w ith  
restriction endonuclease enzym es. The concentration  o f  DNA  
present w as estim ated using gel electrophoresis.

Restriction enzym e com binations w ere  used  that yielded  
fragm ents that a llow ed  the easy identification o f  sp ec ies after 
the separation o f  d igested  DNA on  polyacrylam ide-TBE gels.

R estriction  en zym e d ig estio n  w a s perform ed  w ith  2 ju,g 
DNA at 37  °C for 2 hours in  buffer con ta in in g  6  mM Tris-HCl, 
6  mM Mg CI2 , 1 5 0  mM NaCl at pH  7 .9 , and 10 U each  
en zym e. T he resu ltant fragm ents w e r e  reso lved  su b se
q u en tly  o n  4% to  8% polyacrylam ide g e ls  sta in ed  w ith  
eth id iu m  brom ide and w e r e  v isu a lized  under u ltraviolet il
lum ination .

R esults

specificity

The specificity  o f  all o f  th e  prim er com binations is sum m arized  
in  Table 3. For the rem ainder o f  the study, prim ers LF 4- LR 4-

gels and were visualized after ethidium bromide staining under ultraviolet illumination.
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T a b le  3 .  D ifferent Prim er C om binations A m plify D N A  from  a Variety o f  G en o m ic  Fungal Sources

P rim ers S ize /b p

Annealing
T em perature
C C) CA CT CG CK CP Cpell Cgul

LF + LR 
NLF + NLR 
NLF + LR 
LF + NLR 
SF + SR 
NSF + NSR 
SF +  NSR 
NSF +  SR 
SF +  NLR 
NSF + NLR 
SF + LR

1030
270
509
791
244
156
218
182

1184
1122
1423

51.5 
56 
58 
58 
52 
52 
52 
52 
54 
52
51.5

DNA extractions w ere carried out according to Method 1. All extracted DNA w as diluted to a working concentration o f 10 ng//xl. In each case 
the polymerase chain reaction product obtained resolved on agarose/TBE to the size predicted from the gen e sequence. CA, C. albicans; CT, C. 
tropicalis; CG, C. glabrata; CK, C. krusei; CP, C. parapsilosis; Cpell, C. pelliculosa; Cgul, C guilliermondii.

NLF + NLR were chosen because the specificity o f these in 
different combinations allowed the detection of a range of 
Candida  spp by the first-round PCR reaction and either C. 
albicans only (NLF +  NLR) or the full range again (NLF -f LR) 
by nested PCR. The specificity o f the outer primer pair LF -f LR 
and seminested primers NLF +  LR was demonstrated by the 
amplification of a single 1.0-kb and 500-bp fragment, respec
tively, from all C andida  spp tested except C. gu illie rm on dii 
(Fig. 1). The specificit)' o f the nested primer pair NLF +  NLR 
was demonstrated by the amplification of a single 270-bp 

^  fragment from C andida a lb icans only. No amplification prod
uct was obtained with genom ic DNA isolated from Aspergillus 
fu m iga tu s, Fusarium  solani, human leukocytes, or 13 species 

: of bacteria (data not shown). The reduction of the annealing
[ temperature to below  50°C or the increase o f the magnesium
' concentration to 4.0 mM allowed the detection of other fungal

DNA (C. gu illierm ondii, A. fum iga tu s, and F. so lan i) but also 
yielded a signal with bacterial DNA (coagulase negative staph
ylococci or E. coli). No human DNA was detected using any of 
the experimental conditions tested.

Sensitivity

The sensitivity o f the first-round PCR was found routinely to be 
30 to 300 pg from dilutions o f DNA from C. albicans, starting

from a concentration of 10 ng/p.1 (Fig. 2A). Assuming a total 
DNA content of 37 fg per organism^ and tw o copies of the 
gene per diploid genom e, the total is equivalent to 800 to 8000  
C. a lb icans organisms. The second round o f PCR markedly 
improves this sensitivity to 10 fg, which is equivalent to less 
than one gene copy (Figs. 2A, 2B).

Using live organisms, the results obtained from Methods 1 
and 2 were identical. Using Method 2, after first-round PCR 
(with primers LF + LR) only the control positive was found to 
have been amplified to such an extent that the 1.0-kb product 
could be detected by ethidium bromide staining of agarose gels 
after electrophoresis. Subsequent nested PCR reactions, how
ever, demonstrated clear amplification products of the pre
dicted size from all dilutions. Control negatives were included 
in each protocol, and the first-round negative/s were included 
as test samples in the nested PCR reaction. Control negative 
samples from both rounds o f PCR w ere consistently negative 
after tw o rounds of amplification.

Restriction Fragment Length Polymorphism  
Analysis
The combination of A lu ’26 I  -I- S pel successfully differentiated 
betw een the 1.0-kb PCR-amplified products from all six yeasts. 
The use o f Æ'coRl-H B stX l+ X b a l+  N del in combination sue-

1.0kb-> <-500bp

F ig u re  1 . LF 4- LR (A) and NLF -F LR (B) each amplify DNA from all C andida  spp tested, except C. guillierm ondii. All extracted 
genom ic DNA was derived from clinical samples unless otherwise stated and was diluted to a working concentration of 10 ng/jal. 
(A) Lane 1, C. glabrata'. Lane 2, C krusev. Lane 3, C. tropiccdis; Lane 4, C. parapsilosis'. Lane 5, C. pelliculosa'. Lane 6, C. 
guillierm ondii'. Lane 7, C. albicans', and Lane 8 , control negative. (B) Lcme I, C. g labra ta  (NCPF 3863); Lane 2, C. krusei (NCPF 
3900); Ixine 3, C. parapsilosis (NCPF 3894); I.ane 4, C. guillierm ondii'. Lane 5, C. pellicidosa; Lane 6, C. albicans'. Lane 7, C. 
tropiccdis', and Lane 8, control negative.
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1 2 3 4  5 6 7  8 9

1.0kb->

1 2 3 4  5 6 7 7 8

< -27 0b p  SOObp-»

Figure 2. (A) The sensitivity o f the first-round polymerase chain reaction (PUR) using LF +  LR is 30 pg with C. a lb ican s genom ic  
DNA. Lane / ,  30 ng DNA; Lane 2, 3 ng DNA; Lane j ,  300 pg DNA; Lane 4, 30 pg DNA; Lane 5 , 3 pg DNA; Lane 6, 300 fg; Lane  
7, 3 fg; Lane 8, control negative (ddH^O); and Lane 9 , control negative (Tris-EDTA buffer). (B) The sensitivity o f the nested  
second-round PUR using nested primers 1 (NLP + NLR) is less than one organism (10 fg). iM ne 1, 10 pg DNA; Lane 2, 1 pg DNA; 
Lane 3, 100 fg DNA; Lane 4, 30 fg DNA; Lane 5, 10 fg DNA; Lane 6, ddH^O negative from first-round PUR; Lane 7, control positive; 
and Lane 8, control ddH^O negative for second-round PUR. (C) The sensitivity o f the nested second-round PUR using nested  
primers II (NLF LR) is less than one organism (10 fg). Lane 1, 1 pg DNA; Lane 2, 100 fg DNA; Lane 3 , 30 fg DNA; Lane 4, 10 
fg DNA; Lane 5, 1 fg DNA; Lane 6, control positive; Lane 7, control ddH^O negative from first-round PUR; and Lane A, control 
ddH^O negative for second-round PUR.

cessfully differentiated betw een the 500-bp PUR-amplified 
products from all yeasts. The 500-bp fragment amplified from  
C. para p silo sis  remained undigested (Fig. 3).

DNA Amplification o f C. albicans from Spiked 
Vitreous and from Four Patients with Presumed 
Fungal Endophthalmitis
The detection of first-round P(]R product was successful by 
ethidium bromide staining o f agarose gels in the presence o f  
vitreous if the concentration of vitreous did not exceed  20% of  
the total reaction volume. Higher concentrations o f vitreous

inhibit the reaction, as judged by an absence o f detectable 
product after tw o rounds o f PUR.

Intraocular samples from four cases o f presumed fungal 
endophthalmitis w ere collected  at the time o f  vitrectomy and 
w ere stored at -2 0 °U . For tw o cases, aqueous samples also 
w ere available. Five microliters o f each sample was processed  
using Method 2, described above, and w as PUR amplified (Fig. 
4). Three vitreous samples w ere found to be PUR positive for 
C. albicans-, tw o subsequently proved culture positive for C. 
albicans, and one w as negative on culture. The culture-nega
tive vitreous sample that produced a positive PUR amplification

<-500bp

<-300bp

<-100bp

1.0kb->

400bp-^

200bp->

Figure 3- RFLP analysis o f the 1.0-kb fragment amplified using LF +  LR (Fig. 3A) and NLF +  LR (Fig. 3B) from C. a lb ican s (UA, 
Lane I), C  trop ica lis (UT, Lane 2), C. g la b ra ta  (UG, Lane  3), C. kru sei (UK, Lane 4), C. p a ra p s ilo s is  (UP, L.ane 5), and C. 
pellicu losa  (Upe, Lane 6) resulted in species-specific DNA digestion patterns. Digestions w ere resolved in 6% polyacr) lamide/TBE 
gels and w ere visualized after ethidium bromide staining under ultraviolet illumination.
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270 bp->

Normal Vitreous 
(̂ 1)

15 20 25

+ + —  —

+ + -  +

Patient samples 
Vitreous Culture 
Vitreous Microscopy 
Vitreous PCR

F ig u r e  4. Nested polymerase chain reaction (PCR) results demonstrate the detection of C. a lb ican s  DNA in spiked normal 
vitreous {Lanes 1 -7 )  and in four samples from patients w ith presumed fungal endophthalmitis (Lanes 1 0 -1 3 ). Lanes 1 -7  
demonstrate the inhibition of the PCR reaction w hen the volume of vitreous exceeded  20%. Lanes 1 to 7, 50-p.l PCR reaction 
(primers NLF + NLR) with 10 ng C  alb icans DNA per reaction and an increasing volume of normal vitreous (indicated below  each  
lane); Lane 8, control negative ddH^O (no DNA or vitreous); Lane 9 , control negative vitreous (no DNA); and Lanes 10  to 13, 
patient samples. Positive PCR reactions w ere obtained from three quarters o f the patients. The one patient w ho w as negative by 
PCR was subsequently show n to be culture negative. The results o f culture, microscopy (Gram staining), and PCR o f the vitreous 
sample for each patient is indicated below  each lane.

product for C  a lb ican s was obtained from a patient w ho had 
a suggestive clinical history and definitive clinical signs of 

fungal endophthalmitis, and w h o responded to treatment with  
antifungal agents. One vitreous sample proved culture negative 
and PCR negative, and it was retested with added C  a lbicans  

DNA to test for PCR inhibition by inflammatory vitreous com 

ponents. The vitreous sample did not prove to be inhibitor}' to 

PCR amplification. The patient from w hom  this sample had 

been collected did not respond to antifungal therapy. The tw o  

aqueous samples were negative by culture and PCR. One was 

associated with a positive vitreous culture and PCR.

DNA Sequencing

Comparison o f  the DNA sequences obtained with the full and 

partial sequences o f the gene already published"'" dem on
strated that they were derived from the fungal cytochrom e 

P450 L, A, demethylase gene. The sequence o f the gene from 

C  pellicu losa  appears in Figure 5. The sequence from C  

para p silo sis  also appears there because it covers a larger area 

of the gene than that previously published. ' ' GenBank acces

sion numbers are AFO19902 and AFO19903 for C parapsilo sis  

and C. pellicu losa , respectively.

A
1
101
201
301
401
501
601
701
801
901

AGAATTTGTCAAAGGTGCCTTAACTAGAGATGCTTTCAAATCTTATGTTCCTCAAATTAGAGAAGAAATTATCCATTATTTCCAAAACTCCAAAAATTTC
AAATTTGGTGAAAGAAAACATGGTATTTCCAACGTTATGGCAACTCAACCTGAAATCACTATCTTCACTGCTTCAAGATCCCTAATGGGTAAACAAATGA
GAGAAAGATTTGATGAAAGTTTTGCAGGTTATTACAGTGATTTAGATAAAGGGTTCACTCCAATCAATTTTGTTTTCCCAAACTTACCATTACCAAGTTA

TAGACGTAGAGATTATGCTCAACAAAAAATCTCCTCAACTTACATGGGTTTAATTAAGGAAAGAAGAGAAAACAATGATATTAAAGACAGAGATTTGATT

GATACTTTGATGAAAACTTCAACTTATAAAGATGGTGTCAAGATGACTGATCAAGAAATTGCAAACTTGTTAATTGGTGTTTTGATGGGTGGTCAACATA
CTTCTGCTGCTACTTCTGCTTGGTTCTTATTACATCTTGCTGAAAAACCAGAATTACAAGAGGAAATTTATCAAGAAATTATGAAAGTTACCGGCGGTGA

AGATGTTACTTATGATGATTTACAAGAAATGCCATTAGTTAACAATGTTATTAAAGAAACTTTAAGAATGCATATGCCATTACACTCAATTTTCAGAAAG
GTTAAAAACCCATTACCAGTTCCAGGTACTTCATATGTCGTTCCAAAAGGTCATCACGTTCTAGTCTCACCAGGTTTTGCCATGACTAATGAAAACTATT

TCCCACAACCAGAAGTTTACAATCCACATAGATGGGATGAAGATTCAACTTCAAAAGCTGCACAAGATTCAAGTACTGTTGATTACGGTTTCGGTGCTGT

TTCCAAAGGTGTCAGCTCTCCATATTTACCA

B
1
101
201
301
401
501
601

TGCTCAATTGTATGCTGATTTAGATAAAGGATTCACCCCAATCAATTTTGTTTTCCCACACTTGCCATTACCTCATTATTGGAAACGTGATGCTGCGCAA
CAAAAGATTTCTGAAACGTATATGACAGAGATTGCTAGAAGAAGAGAGACGGGTGACATTGATGAAAATCGTGATTTAATCGATTCTTTATTGGTAAACT
CTACATACAAAGATGGTGTTAAAATGACTGATCAGGAAATTGCTAACTTGTTGATTGGTGTTTTGATGGGAGGACAGCATACTAGTGCCACTACATCTGC
TTGGTTTTTGTTGCATTTGGCTGAGAAGCCACAATTACTAGATGAATTGTATCAAGAGGTTCTTAATGCCTTATCTGGTAAAGGTGGCAACTTGGATGAT
TTATCGTATGAGGATTTGCAACAAATGCCATTGGTTAACAACACCATCAAGGAAACCCTCAGATTACACATGCCATTACATTCCATATTCAGAAAAGTTG
TTTCTCCCTTGGTTGTGCCAAACACAAAGTATATTGTCCCTAGAGGACACCACGTATTGGTGTCACCAGGTTATGCTCATACAAACGAAAGATTTTACAA

GGACGCATCTGATTTCAACCCTCACAGATGGGATGAATCAGCATCCACCAATGACGCAGGTGAAGTTGATTATGGAT

F ig u r e  5. Partial sequences o f the cytochrom e P450 L, A, demethylase gene amplified using primers LF -I- LR. (A) C. pelliculosa. 
(B) C. parapsilosis.
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D iscussion

PCR tech n o logy  has b een  applied to  the d etection  o f  m edically  
im portant fungi. Primers based in  the IBS rRNA gen e, actin  
gene, small subunit rRNA gene, heat sh ock  protein  90  gene, 
and cytochrom e Lj Aj dem ethylase gen e have all b een  
used  w ith  good  effect.^”’^̂ "̂  ̂ In this study, the C a n d id a  gen e  
cod ing for cytochrom e P450  A  ̂ dem ethylase w as ch o sen  for 
PCR am plification b ecau se its product catalyzes an essential 
step  in  the conversion  o f  lanosterol to  ergosterol. This enzym e  
is the site o f  action and is inhibited by the azole family o f  
antifungal drugs (nam ely, fluconazole and econazo le), w h ich  
are drugs routinely used  in  the treatm ent o f  ocular fungal 
disease. The d etection  and identification o f  fungi by m eans o f  
this gen e also w ill subsequently a llow  m ore detailed analysis o f  
the active site region by DNA sequencing o f  resistant and 
susceptib le  strains. It ultim ately w ill a llow  the design  o f  prim
ers to  detect the presence o f  specific  m utations and, therefore, 
may further aid in the identification o f  drug-resistant variants o f  
th ese  pathogens.

DNA Extraction

Standard DNA extraction m ethods are time consum ing and in
volve multiple tube transfers w herein  organisms and DNA may be  
lost. For the purposes o f  application to ophthalmic samples, in 
w hich  the sample volum e is usually small and the num ber o f  
organisms grow n from a culture o f  such a sample is also small, 
modifications to the extraction procedure w ere made to reduce 
the potential loss o f  organisms and DNA in transfer. Compared 
w ith  published methods^^"^^ the tw o techniques described here 
not only reduce the com plexity o f  DNA extraction (and thereby  
the time) and the number o f  tube changes, they also achieve 
sensitivity, as judged by subsequent PCR, in the detection o f  just 
one viable organism. M ethod 2, in  particular, show s great poten
tial, because the technique is not only foim d to be reliable and 
reproducible, but simple and rapid.

Specificity

O f all o f  the primers d esigned  only tw o  pairs w ere  able to  
am plify DNA from  a range o f  n on -a lb ican s sp ec ies. Published  
results from  other groups using the sam e g en e  target have 
indicated successfu l am plification from  n on -a lb ican s DNA us
ing different prim ers designed  to detect C. a l b i c a n s In 
som e cases the am plification o f  alternative fragm ents has al
low ed  sp ec ies  identification. Morace et al.“  have reported  
specificity for fungi and the  ability to  detect seven  C a n d id a  
spp w ith  the sam e set o f  prim ers. The PCR reaction, how ever, 
occurs at a lo w  annealing tem perature o f  49°C, at w h ich  
temperature the prim ers u sed  for this study w ere  found to  
amplify bacterial DNA and all o f  the  fungi tested, including C. 
g u illie rm o n d ii, A sperg illu s fu m ig a tu s , and F u sa riu m  so la n i. 
T he prim ers designed by Buchm an et al.^ w ere  tested  for their 
ability to  amplify DNA from  a variety o f  ^ g a l  sources. In this 
laboratory, DNA from n on -a lb ican s targets w ere  am plified, but 
the results w ere not reliably reproducible.^ In addition, sp e
cies-specific prim ers w ere  able to  am plify the  different C an
d id a  spp.^° In our study w e  have opted  for the h ighest anneal
ing tem perature possib le w ithou t reducing product yield, to  
ensure specificity, because the p resen ce o f  bacterial and hu
m an cells in  ocular sam ples is h ighly likely. This m ay have  
reduced  the sensitivity o f  the  reaction, but the u se  o f  a second-

round n ested  approach im proved the sensitivity and main
tained the specificity  o f  PCR detection .

Sensitivity o f  the Polymerase Chain Reaction

The sensitivity ach ieved  after first-round PCR is p oo r  w h en  
com pared w ith  other published  studies using prim ers based on  
the cytochrom e P450  A  ̂ dem ethylase gene.^'^° "  Buchm an  
et al.^ reported a first-roimd sensitivity o f  1 0  to  1 2  yeasts in  
100-/rl sam ples, and Morace et al.^  ̂ have reported a sensitivity  
o f  200  fg C. a lb ic a n s  DNA after just on e round o f  PCR. In the  
latter study, the lo w  armealing tem perature undoubtedly w ill 
have had a role to  play in this, but the sam e cannot b e  said to  
b e true o f  the study b y Buchm an et al.^ in  w h ich  the annealing 
tem perature w as 55°C .“  Bergener-Kairuz et al.‘® reported a 
sensitivity o f  1 0  to  2 0  cells per 1 0 0 -p-l sam ple after tw o  rounds 
o f  PCR fo llow ed  by Southern b lot analysis. In this study a 
sensitivity o f  on e  g en e  co p y  can  b e  obtained in  spiked vitreous 
sam ples w ith  tw o  roim ds o f  PCR and w ithou t the n eed  for 
Southern b lot analysis.

Clinical Application

Using M ethod 2, PCR o f  organisms spiked into normal vitreous 
samples has revealed an inhibition o f  PCR that occurs w h en  the 
volum e o f  vitreous m the final PCR m ix exceeds 20%. This inhi
bition is com plete because no product can be obtained even  after 
a second round o f PCR. (Fig. 4). The etiology o f  PCR inhibition as 
a result o f the constituents o f  vitreous presently are unknown, but 
it is likely to be o f  protein origin because inhibition has been  
reported to be rem oved after organic extraction.^® In this study, 
the volum e o f  normal vitreous that may be used, w ithout any 
previous organic extraction, seem s to be considerably higher than 
that suggested by other authors.^®

The technique has proven applicable to clinical samples. N o  
PCR inhibitory efiects have been  w itnessed, although the number 
o f samples tested is small. The patient samples included in this 
study w ere those o f  cases clinically judged to have a diagnosis o f  
fungal endophthalmitis. One patient, how ever, proved to be PCR 
and culture negative. This patient did not respond to antifungal 
treatment. In contrast, one patient proved to be culture negative 
but PCR positive. This patient had a strong clinical history, had 
bilateral ocular signs suggestive o f  fungal endophthalmitis, and 
responded w ell to  treatment.

Because the majority o f  the patient sample w as necessarily 
used for routine m icrobiology and m ycology and therefore, the  
sam ple volum es available for PCR analysis w ere small (10  -2 5  pi), 
no testing could be carried out to determ ine h o w  higher concen
trations o f  patient vitreous w ould  have affected the PCR reaction. 
The simple addition o f  C. a lb ica n s DNA to 5 p i o f  the patient 
sample, how ever, determined that the lack o f  signal w as not 
caused by inhibitory com ponents in the patients vitreous sample.

Analysis o f  Polym orphic Sequences Using 
Restriction Fragment Length Polym orphism

RFLP analysis o f  PCR products from  each  o f  th e  six  sp ec ies  o f  
C a n d id a  w as successfu l in allow ing differentiation. A lthough  
the num ber o f  strains tested  w as small, the m ethod  enabled  
clear and unam biguous identification o f  species. H ow ever, 
m ore strains w ou ld  n eed  to b e  tested  before this m ethod  could  
b e applied to clinical sam ples. The RFLP analysis o f  PCR- 
am plified fungal DNA also has b een  perform ed o n  am plified  
fragments o f  the  fungal ribosom al DNA gene,^® the small ribo-
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som al subunit 18S rRNA,^’ and the intergenic spacer regions o f  

ribosom al DNA in C andida  spp.^^ H opfer et al.'^ tested  42  

sp ec ie s  o f  fungi. Each y ield ed  the required 310-bp am plifica

tion  product. T he PCR sensitivity has b een  reported as 15 cells. 

HaelW  digestion  o f  the PCR product differentiated the fungi 

in to  five broad groups. H ow ever, all o f  the C andida  sp p  tested  

gave the sam e restriction pattern a f te r //« e ll l  digestion. M orace 

et a l."  have reported  the use o f  RFLP analysis in the differen

tiation o f  PCR products, but in that study each  restriction  

enzym e w as u sed  separately and the results w ere  com pared. 

T he develop m en t o f  a restriction enzym e cocktail w ou ld  yield  

sp ecies-sp ecific  RFLP patterns and w ou ld  significantly reduce  

the  tim e involved.

Path o f  Identification

M ycologie d iagnosis o f  th e  sp ec ies present is p ossib le  from  

cultures o f  organism s and from  patient sam ples. In the case o f  

intraocular sam ples the h ighest sensitivity is required to  ensure  

su ccessfu l d iagnosis, even  if only on e gen e co p y  rem ains in  

PCR-amplifiable form. Therefore, the  path to d iagnosis n e c e s

sarily involves tw o  rounds o f  a specific  PCR reaction. O nce the  

first round is com p lete , second-round PCR reactions can b e  

se tu p  using tw o  different pairs o f  prim ers. This w o u ld  a llow  

th e  identification o f  C. a lbicans  im m ediately after the  secon d  

round o f  PCR (prim ers NLF +  NLR) because o f a unique 270-bp  

fragm ent on ly  am plifiable w ith  C. alb icans  DNA. H ow ever, the  

diagnosis o f  non-albicans C andida  spp  (prim ers NLF +  LR) 
w o u ld  require restriction end on u clease d igestion  to b e  under

taken. Because C. alb icans  rem ains the m ost com m on  caus

ative organism  o f  fungal endophthalm itis and b ecau se both  

second-round prim ers d etect C. a lbicans  DNA, this m ethod  has 

the  added advantage o f  doub le check in g  the d iagnosis o f  alb i
cans  versus non-albicans  species.

The p rocess o f  identification for a sam ple containing C  
albicans  is co m p lete  in 7 hours. The identification o f  C. tropi
calis, C krusei, C. parapsilosis, C. g labra ta ,  and C. pellicu losa  
w o u ld  require 1 1  hours in total, using am plification w ith  the  

outer prim ers fo llo w ed  by PCR w ith  sem inested  prim ers II and  

restriction en d on u clease digestion. Restriction enzym e d iges

tion  could  b e  perform ed overnight, allow ing an answ er to be  

available early o n  the n ext w orking day.

Alternatively, to hasten the identification o f  cultured organ

isms, one round o f  PCR w ith primers LF -t- LR or NLF +  LR could  

be perform ed on  extracted DNA follow ed by restriction endonu

clease digestion, allowing species identification in 8  hours.

C o nclusio n

It is e x p e c te d  that the sim plicity o f  the DNA extraction  tech 

n ique allied w ith  the broad specificity  o f  the  outer prim ers for  

all ophthalm ically relevant C andida  spp  and the sensitivity o f  

the  second-round PCR, w ill aid in th e  d etection  o f  fungal DNA  

in small intraocular sam ples. PCR-RFLP analysis has potentia l in 

the  rapid d etection  and identification o f  C andida  spp  and the  

provision  o f  a useful laboratory too l for the future.
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T h e  i n c i d e n c e  o f  f a l s e  p o s i t i v e s  d u e  t o  t h e  p r e s e n c e  o f  b a c t e r i a l  D N A  i n  Taq D N A  p o l y m e r a s e  i s  a n  o b s t a c l e  

t o  t h e  u s e  o f  P C R  i n  t h e  d i a g n o s i s  o f  i n f e c t i o n .  W e  d e s c r i b e  a  m e t h o d  t h a t  u s e s  a  r e s t r i c t i o n  e n z y m e  t o  d e s t r o y  

t h e  a b i l i t y  o f  c o n t a m i n a t i n g  s e q u e n c e s  t o  a c t  a s  t e m p l a t e s  f o r  a  n e s t e d  P C R  w h i c h  u s e s  p r i m e r s  b a s e d  o n  t h e  

1 6 S  r R N A  g e n e s .  T h e  m e t h o d  w a s  u s e d  p r i o r  t o  a  P C R  t h a t  a m p l i f i e d  1 0  f g  o f  b a c t e r i a l  D N A .  T h i s  m e t h o d  c a n  

b e  r e a d i l y  a d a p t e d  t o  s u i t  o t h e r  s e n s i t i v e  P C R s  r e q u i r e d  f o r  c l i n i c a l  a p p l i c a t i o n s .

D u e  to its ability to exponentially  am plify regions o f  D N A , 
the P C R  has the potentia l to  be used  as a d iagnostic tool. It has 
been  used  in the detection  and identification o f a w ide range o f  
bacterial species using o ligon u cleotid e prim ers based on  the 
conserved regions o f  rR N A  sequences. T he d etection  o f  or
ganism s which are difficult to  cultivate has b een  im proved by 
the u se  o f  this technique (1, 5, 8 ), as it relies on the presence  
o f  D N A  and n o t the v iab ility  o f  the  organism . T h e d isa d 
van tage o f  prim ers w ith broad specific ity  is th e  con co m ita n t  
am plification  o f  con tam in ating  D N A , w hich  g ives r ise  to  
fa lse-positive results. T he elim ination o f  fa lse  positives is an 
essentia l prerequisite to the d evelopm ent o f  P C R  p rotocols for 
use in a clinical setting. T his objective has b een  partly achieved  
by rendering PC R  am plicons unsuitable for ream plification  
and also by the elim ination  o f  contam inating tem plate D N A  in 
PC R  reagents. T he presence o f  bacterial D N A  in preparations 
o f  Taq D N A  polym erase is w ell established (3, 4). Several 
m ethods have b een  used  to eradicate this contam ination (6 , 7,
9), but none w ere found to be 100% effective. D iagn osis by 
culture is especially  difficult with clinical sam ples w hen a lim 
ited volum e is available. A  set o f  nested  prim ers was developed  
for the  detection  o f  bacteria which w ere capable o f detecting  
10 fg o f  bacterial D N A  (unpublished observation). H ow ever, 
these prim ers w ere found to b e  o f lim ited use, as every reagent 
control which was subjected to two rounds o f  am plification  
gave rise to a product o f  the size expected for a bacterial 
tem plate, although non e was added. In this paper, a m ethod  is 
outlined  for the rem oval o f  contam inating D N A  sequ en ces  
from  Taq D N A  polym erase preparations which can b e  easily  
applied to other P C R  assays.

P r e t r e a t m e n t  o f  Taq D N A  p o l y m e r a s e  t o  r e m o v e  c o n t a m i 

n a t i n g  b a c t e r i a l  D N A .  Prior to P C R  am plification, the w ater, 
buffer, M gC lj and Taq D N A  polym erase com ponents w ere  
m ixed and incubated for 30  m in at 37°C with 1.0 U  o f  5au 3A I  
(B oehringer M annheim ) per U  o f  Taq D N A  polym erase. T he  
restriction enzym e was inactivated by incubation at 95°C for 2 
min, follow ing w hich the deoxynucleoside triphosphates, prim 
ers, and tem plate D N A  w ere added and P C R  am plification  
com m enced . Taq D N A  polym erase for the second round of

* Corresponding author. Mailing address: Department of Clinical 
Ophthalmology, The Institute of Ophthalmology, Bath St., London 
EC lV  9EL, United Kingdom. Phone: 0171-608-6872. Fax: 0171-608- 
6931. E-mail: nokhravi@menu.hgmp.mrc.ac.uk.

t  Present address: Department of Medical Biochemistry, University 
of Stellenbosch, Tygerberg 7505, South Africa.

am plification was used  as supplied. D eta ils o f  the two prim er 
pairs used in this study appear in T ab le 1. P C R  m ixtures 
contained 60 p M  each  deoxynucleoside triphosphate (Pharm a
cia), 0.3 p M  each prim er, 3.0  m M  Mg^"^, and 1 U  o f  various 
Taq D N A  polym erases in 25 pi. First-round am plifications 
w ere conducted  with 2.5 pm ol each  o f  prim ers 16SF and 16SR, 
with an initial dénaturation at 95°C (3 m in) and cycling as 
follow s: 95°C for 10 s, 54.2°C for 10 s, and 7 2 ° C  for 15 s for 30  
cycles (G en ius T herm al Cycler; T E C H N E ). T he second-round  
am plification was carried out as was the first, except that the 
Mg-"  ̂ concentration was 2.5 m M  and 5 pm ol o f  each prim er 
w as used. O ne m icroliter o f  the product from  th e first-round  
am plification was am plified w ith prim ers N F  and N R  as fo l
lows: dénaturation at 95°C (3 m in) and cycling at 95®C for 7 s, 
60°C for 7 s, and 72°C for 10 s (30 cycles). R eagent controls  
from  the first round w ere always subjected to a second round  
o f  am plification to control for contam ination.

A m plicons w ere resolved on  a 1% agarose-T ris-acetate- 
E D T A  gel, visualized by using eth idium  brom ide under U V  
illum ination, and recorded by using the U V P  gel docum enta
tion system (U V P  Ltd.). Sam ples for Southern analysis w ere  
purified by using Q iaquik P C R  purification kits (Q iagen) and  
slot b lotted  on to  H ybond N"̂  (A m ersham ). Probes for South
ern hybridizations w ere 3' labelled  and detected by using the 
E C L  3' labelling kit (A m ersham ).

C ontam inating sequ en ces in Taq D N A  polym erase are 
readily am plified by using universal bacterial prim ers based  on  
ribosom al genes. A ll assays to check for D N A  in  Taq D N A  
polym erase w ere carried out by using fresh reagents to rule out 
the possibility o f  exogenous contam ination. T he level o f  con
tam ination was insufficient to  give a detectable product after 
o n e round o f  PC R  but was easily d etected  in all preparations 
after two rou n d s o f  am plification  (F ig . 1). A m p litaq  L D

primers used in this study

Primer Sequence

Position 
on E. coli 

rRNA gene 
sequence

16SF
16SR
NF
NR

5' TTGGAGAGTTTGATCCTGGCTC 3'
5' ACGTCATCCCCACCnTCCTC 3'
5' GGCGGCAKGCCTAAYACATGCAAGT 3' 
5' GACGACAGCCATGCASCACCTGT 3'

4-25
1174-1194
42-66
1044-1067

3402
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FIG. 1. Nested PCRs using primer pairs 16F plus 16R and NR plus NF 
amplify a product in the absence of an added template. Lanes 1 to 5 were 
amplified by using Amplitaq LD (Perkin-Elmer, Cheshire, United Kingdom), 
lanes 6 to 10 were amplified with Amplitaq (Perkin-Elmer), and lanes 11 to 15 
were amplified with Taq DNA polymerase (Stratagene, Amsterdam, I he Neth
erlands). Lanes 1, 6, and 11 were positive controls for the outer PCRs; lanes 2. 
7, and 12 were reagent controls for the outer reaction; lanes 3, 8, and 13 were 
positive controls for the nested reaction; lanes 4, 9, and 14 contained 1 \i.\ of the 
first-round reagent control amplified with the nested primers; and lanes 5. 10, 
and 15 were reagent controls for the nested PCR. Lane 16 contained the mo
lecular size marker (Promega, Wis.).

routinely demonstrated the least PCR product production fol
lowing nested amplification. Prior to first-round PCR amplifi
cation, Amplitaq LD was treated with 5«u3AI as already de
scribed. It can be seen from Fig. 2 that use of very high levels 
of 5ûü3Al (4 U /U of Taq DNA polymerase) as a pretreatment 
resulted in reduced product formation from 20 ng of template 
DNA. Lower levels of Sau3Al achieved the aim of avoiding 
false positives while maintaining an acceptable level of sensi
tivity after two rounds of PCR amplification. Treatment of the 
Amplitaq LD prior to the second round of amplification was 
not performed, as the subsequent sensitivity of detection was 
compromised (data not shown). Southern hybridization of the 
negative controls in Fig. 2B showed that the untreated neg
ative control was the only sample that gave a positive signal 
(data not shown). As can be seen in Fig. 3, inclusion of 1 U of 
5aw3AI/U of Amplitaq LD allowed the amplification of 10 fg 
of bacterial DNA, illustrating that this method does not com
promise the sensitivity or specificity of this PCR.

Taq DNA polymerase is contaminated with bacterial DNA  
(3, 7). Amplitaq LD from Perkin-Elmer, an ultrapure prepa-

B

1 2 3 4 56  7 8 9 10 11 12 13 1415 1 2 3 4 5 6 7 8  9 10

FIG. 2. Effect on product amplification of treating Taq DNA polymerase 
with decreasing amounts of 5au3Al. Positive reactions contained 20 ng of E sch
erichia coli NTCC 11151 DNA. Negative reaction mixtures contained no added 
template. (A) First round of amplification with primers I6F and 16R. Dines 1, 3. 
5, 7, 9, II, and 13 were positive reaction mixtures treated with 4, 2, 1. 0.5, 0.25, 
0.13. and 0 U of Sa(/3AI, respectively. Lanes 2, 4, 6, 8, 10, 12, and 14 were 
negative reaction mixtures treated with 4 ,2 ,1 , 0.5, 0.25, 0.13, and 0 U of 5«(f3AI. 
respectively. Lane 15 contained the molecular size marker (GItiCO. Paisley. 
Scotland). (B) Second round of amplification with primers NF and NR. Lanes I 
to 7 contained 1 pi of the negative reaction mixtures from round I that had been 
treated with 4, 2, 1, 0.5, 0.25, 0.13, and 0 U of 5au3AI. respectively. Lane 8 
contained the positive control for the amplification, and lane 9 contained the 
reagent control. Lane 10 contained the molecular size marker (GIBCO).

FIG. 3. Sensitivity of nested PCR amplification o f E .  coli NTCC 11151 DNA 
using primer pairs 16F plus I6R and NF plus NR. The template was E. coli 
NTCC 11151 DNA purified as described in the text. Lanes 1 to 8 contained the 
products of the amplification of 10 ng, I ng, 100 pg, 10 pg, 1 pg, 100 fg, and 10 
fg of DNA or no DNA using primers 16F and 16SR and Amplitaq LD that had 
been pretreated with Sa ii3 A l. Lane 9 contained the 1-kb size marker (Promega). 
Lanes 10 to 17 contain the products of the amplification of 1 pi of each of the 
first-round samples with primers NF and NR. Lane 18 contains a reagent control 
for the second round of amplification.

ration, is guaranteed to contain less than 10 copies of bacterial 
16S rRNA gene sequences per 2.5-fxl aliquot, which was suf
ficient to produce a false-positive result under our conditions 
of amplification. To eliminate this source of contamination, a 
pretreatment protocol was developed which successfully ren
dered this DNA unamplifiable while maintaining the sensitivity 
of the reaction. Additional criteria for choosing 5aw3Al were 
its ease of inactivation by heat and its wide availability. Several 
investigators have reported methods for reducing or eliminat
ing the amplification of contaminating DNA sequences in Taq 
DNA polymerase. These included pretreatment of Taq DNA  
polymerase with DNase I or purification on a CsClj density 
gradient ( 1-6). DeFilippes (2) reported that false positivity was 
reduced by the use of restriction endonucleases but did not 
address the question of contamination of the Taq DNA poly
merase itself. The large amounts of enzyme used and the long 
incubation time made his procedure unwieldy, expensive, and 
impractical for routine use.

The method described in this paper can be easily incorpo
rated into current PCR protocols, as it utilizes an enzyme that 
is active in the PCR buffer, reducing the amount of sample 
handling and opportunities for sample contamination. In ad
dition, the short reaction time merely extends the total time 
required for the PCR by 30 min. In a clinical context, this 
protocol will allow confident reporting of positive results and 
its extreme sensitivity will also allow the use of negative PCR 
results. This is significant, as clinical diagnoses are often com
plicated by immune-mediated processes which can appear in
distinguishable from infection. However, as this technique is 
used to remove contaminating sequences only from Taq DNA  
polymerase, it is no substitute for general cleanliness and the 
usual precautions in the PCR laboratory, i.e., separation of 
pre- and post-PCR areas.
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C o r r e s p o n d e n c e

P o l y m e r a s e  c h a i n  r e a c t i o n  i n  t h e  d i a g n o s i s  o f  

b a c t e r i a l  e n d o p h t h a l m i t i s

EDITOR,The paper by Therese et al. ' raises several issues 
which require clarification. The contamination of Taq 
polymerase by bacterial DNA is now well established in the 
published press. Taq DNA polymerase is known to be 
contaminated with low levels of bacterial DNA not originating 
from either Thermus aquaticus or
Escherichia coli and is easily amplified using universal bacterial 
primers based on ribosomal gene sequences.^"* Although this 
level of contamination is insufficient to give a detectable 
amplification product after just one round of polymerase chain 
reaction (PCR), it is easily detected following nested 
amplification. The specific Taq used in the study (AmpliTaq 
DNA polymerase) is well known for being unsuitable for 
bacterial PCR using pan-bacterial primers such that the 
company itself (Perkin-Elmer) has more recently introduced a 
"low DNA" Taq (Amplitaq LD) in order to reduce the size of 
the problem. The reduced level of contamination in this Taq is 
still sufficient to yield positive "negative controls" after two 
rounds of PCR with eubacterial primers. Therefore, before first 
round amplification, it is of paramount importance to pretreat 
the Taq polymerase with restriction enzymes (unpublished 
observations), and to include the first round negative control as 
a test sample in the nested PCR reaction. The levels of DNA  
contamination are easily detectable at the sensitivity (40 fg) for 
the second round PCR reported by this group of authors and 
neither in the text nor in the figures is there any mention of a 
first round negative control as a test sample in the nested PCR 
reaction. The results submitted by Professor Madhavan's group 
reflect PCR in the absence of adequate negative controls and 
are, therefore, meaningless.

It is also well known that 22-43% of anterior chamber cultures 
are positive immediately after cataract surgery in patients that 
subsequently do not develop endophthalmitis.^'^ Not only has 
no attempt been made to provide clinical data about the cases 
with endophthalmitis but also no information is provided about 
whether these samples were from cases of acute / chronic / 
delayed endophthalmitis cases. With the high sensitivity of PCR 
and the ability to detect non-viable organisms, a higher yield of 
positive results is only to be expected. But, for example, a 
positive PCR result in the absence of a positive culture result a 
few days postoperatively is not necessarily evidence of 
infection sufficient to cause endophthalmitis. Also, in the 
absence of spéciation no information is obtained regarding the 
virulence of the organism. All "PCR" based techniques for 
investigation of cases of presumed bacterial endophthalmitis 
should, therefore, be accompanied by clinical data to allow 
readers to judge for themselves whether the results obtained are 
truly applicable to the clinical setting.

The contamination-free method of collection of samples is 
always critical but especially so if the detection method 
involves PCR techniques. No details of the pre-operative / pre
sampling preparation method are provided and no information 
is given as to whether the procedure was standardised and how 
many surgeons were involved in the collection process.

The only sensitivity data reported are from extracted dilutions 
of DNA and not from live organisms. As the ability to extract 
DNA from intact cells is an integral step in any DNA 
amplification method this is another major flaw in this study.

It is not surprising that Madhavan et al. had little success in 
culturing P acnes since the technique used was incorrect: 
cultures should be maintained for up to 14 days instead of only
10.®

The statement that "PCR showed 100% correlation with smear 
and culture results" is erroneous and misleading as this can not 
be verified in the absence of spéciation techniques to identify 
the PCR product/s amplified. The final paragraph begins 
"Further studies are needed to identify the specific eubacterial 
strains ...". The presence of different strains is irrelevant as 
treatment is identical. We suggest Madhavan's group first 
attempt to identify the bacterial species present. Any new 
diagnostic test should be evaluated in terms of its clinical 
specificity as well as sensitivity: Therese et al. have not 
addressed the specificity of PCR in the detection of disease so 
no comments on its clinical usefulness are warranted. Their 
suggestion that "Hence, the anterior chamber tap could be the 
method of choice in the diagnosis of endophthalmitis when a 
highly sensitive technique such as PCR is applied" has no basis 
and is likely to lead to mismanagement. The anterior chamber is 
the site of entry of organisms in the majority of cases. The 
presence of a positive PCR does not always correlate with 
established infection and the presence of a variety o f bacteria 
from the patients own eyelid flora is only to be expected. Also, 
mixed infections have been reported in the published press.

NARCISS OKHRAVI, PETER ADAMSON, SUSAN  
LIGHTMAN
Department of Clinical Ophthalmology, Institute of 
Ophthalmology, 11-43 Bath Street, London E C lV  9EL
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M e m b e r s  o f  t h e  g e n u s  Enterobacter a r e  c o m m e n s a l  o r g a n i s m s  o f  t h e  g a s t r o i n t e s t i n a l  t r a c t  a n d  a r e  c o n s i d 

e r e d  p a t h o g e n i c  o n l y  f o r  p a t i e n t s  w i t h  l o w e r e d  r e s i s t a n c e  t o  i n f e c t i o n  ( e . g . ,  c h r o n i c  i n f e c t i o n ,  c a n c e r ,  o r  

d i a b e t e s  m e l l i t u s )  o r  t h o s e  w i t h  i m p a i r e d  i m m u n i t y  ( c o n g e n i t a l ,  a c q u i r e d ,  o r  i m p a i r e d  i m m u n i t y  s e c o n d a r y  t o  

t h e r a p y ) .  W e  r e p o r t  o n  f o u r  c a s e s  o f  e n d o p h t h a l m i t i s  c a u s e d  \iy Enterobacter cloacae: t w o  i n  p a t i e n t s  w i t h  a c u t e  

p o s t o p e r a t i v e  e n d o p h t h a l m i t i s ,  o n e  i n  a  p a t i e n t  w i t h  d e l a y e d  b l e b - r e l a t e d  e n d o p h t h a l m i t i s ,  a n d  o n e  i n  a  p a t i e n t  

p r e s e n t i n g  w i t h  p r e s u m e d  p o s t t r a u m a t i c  e n d o p h t h a l m i t i s .  E a c h  p a t i e n t  p r e s e n t e d  w i t h  s e v e r e  d i s e a s e  m a n y  

d a y s  a f t e r  t h e  o n s e t  o f  o c u l a r  s y m p t o m s ,  a n d  t w o  p a t i e n t s  h a d  s y s t e m i c  r i s k  f a c t o r s  a c c o n n t i n g  f o r  a  r e d u c e d  

r e s i s t a n c e  t o  i n f e c t i o n .  E n d o p h t h a l m i t i s  c a u s e d  b y  g r a m - n e g a t i v e  b a c i l l i  i s  c h a r a c t e r i z e d  b y  a c u t e  o n s e t ,  r a p i d  

p r o g r e s s i o n ,  a n d  p o o r  f i n a l  v i s u a l  o u t c o m e .  E a c h  o f  t h e s e  p a t i e n t s  w a s  t r e a t e d  b y  a  s t a n d a r d  p r o t o c o l  w i t h  

i n t r a v i t r e a l ,  s y s t e m i c ,  a n d  t o p i c a l  a n t i b i o t i c s  a n d  s y s t e m i c  s t e r o i d s .  D e s p i t e  t r e a t m e n t ,  t h e  f i n a l  v i s u a l  o u t 

c o m e s  f o r  t h r e e  o f  t h e s e  p a t i e n t s  w a s  n o  p e r c e p t i o n  o f  l i g h t ,  a n d  t h a t  f o r  o n e  p a t i e n t  r e m a i n e d  p e r c e p t i o n  o f  

h a n d  m o v e m e n t s  o n l y .  I n  c o n u n o n  w i t h  e n d o p h t h a l m i t i s  c a u s e d  b y  o t h e r  g r a m - n e g a t i v e  o r g a n i s m s ,  i n t r a o c u l a r  

i n f e c t i o n  s e c o n d a r y  t o  Enterobacter cloacae i n f e c t i o n  i s  a  d e v a s t a t i n g  d i s e a s e  w h i c h ,  d e s p i t e  t r e a t m e n t ,  r e s u l t s  

i n  e x t e n s i v e  o c u l a r  d a m a g e  a n d  s e v e r e  v i s u a l  l o s s .  S i n c e  1 9 6 6 ,  o n l y  f o u r  c a s e s  o f  e n d o p h t h a l m i t i s  s e c o n d a r y  t o  

i n f e c t i o n  w i t h  m e m b e r s  o f  t h i s  g e n u s  h a v e  b e e n  r e p o r t e d .  T h i s  r e p o r t  p r e s e n t s  f o u r  c a s e s  w h i c h  o c c u r r e d  o v e r  

a  p e r i o d  o f  1 4  m o n t h s  a n d ,  t o  t h e  b e s t  o f  o u r  k n o w l e d g e ,  t h e  f i r s t  c a s e  o f  b l e b - r e l a t e d  e n d o p h t h a l m i t i s  

s e c o n d a r y  t o  E. cloacae i n f e c t i o n .

Gram-negative organisms are the causes of 16 to 18.5% of 
all cases of culture-proven postsurgical endophthalmitis (1, 3, 
4, 11) and of up to 30% of posttraumatic cases in rural areas 
(2). A variety of gram-negative bacilli have been reported to 
cause postsurgical endophthalmitis; the most common include 
Pseudomonas spp., Haemophilus influenzae, Proteus spp., Ser- 
ratia marcescens, Morganella morganii, Citrobacter spp., Esche
richia coli, and Klebsiella pneumoniae.

The earliest case reports of postsurgical endophthalmitis 
caused by Enterobacter cloacae were published in 1966 (12) and 
1975 (5). Other than these two cases, only two other separate 
cases of postsurgical endophthalmitis secondary to E. cloacae 
infection have been reported, and those were in 1992 (4) and 
1993 (6). E. cloacae has more commonly been reported as a 
causative agent of posttraumatic endophthalmitis, often as part 
of a mixed infection (2, 11). Irrespective of the etiology, the 
clinical picture at presentation is usually that of a severe, rap
idly progressive disease with acute onset which results in a poor 
final visual outcome and often loss of the eye. We report on 
four cases of endophthalmitis in patients treated at Moorfields 
Eye Hospital between June 1995 and August 1996.

C A S E  R E P O R T S

The patients’ clinical details are presented in Table 1. The 
details of the standard treatment protocol have been reported 
previously (8), and brief descriptions are provided in Table 1.

* Corresponding author. Mailing address: Departm ent o f Clinical 
Ophthalmology, The Institute o f Ophthalmology, 11-43 Bath St., Lon
don E C lV  9EL, U nited Kingdom. Phone: 0171-608-6872. Fax: 0171- 
608-6931. E-mail: nokhravi@menu.hgmp.mrc.ac.uk. [Reprint requests 
to S. Lightman, Department o f  Clinical Ophthalmology, Moorfields 
Eye Hospital, City Road, London E C lV  2FD, U nited Kingdom. 
Phone: 0171-253-3411, extension 2266. Fax: 0171-566-2456.]

Patient 1. An 89-year-old lady underwent uncomplicated 
cataract surgery and was admitted 3 days later with a clinical 
picture of endophthalmitis. She was treated with intensive top
ical gentamicin, cefuroxime, and dexamethasone hourly, and 
she received one subconjunctival injection of gentamicin and 
cefuroxime and intravenous flucoxacillin and ciprofloxacin 
over the next 5 days. At 10 days postsurgery, clinical deterio
ration was evidenced by the visual acuity in the left eye, which 
was perception of light and the presence of a dense relative 
afferent pupillary defect (RAPD). Examination revealed pus in 
the anterior chamber and a dense fibrin plaque over the pupil. 
No fundal details or red reflex was visible.

Gram staining and microscopy were not performed because 
the sample volume obtained was small. Two days later culture 
of aqueous fluid in cooked meat broth revealed gram-negative 
bacilli identified as E. cloacae by using the Analytical Profile 
Index Biochemical Identification System for members of the 
family Enterobacteriaceae (API 20 E system; Biomerieux Vitek 
Products Incorporated). Culture of the vitreous fluid sample 
was negative.

Over the next 4 weeks the inflammation continued to settle, 
but despite this, the visual acuity remained perception of light. 
Two weeks later, the patient presented with a painful red eye 
and a visual acuity of no perception of light and was treated 
symptomatically.

Patient 2. A 50-year-old man with poorly controlled insulin- 
dependent diabetes was referred for management of recurrent 
and persistent vitreous hemorrhage in his left eye. Vitrectomy 
with delamination and endolaser treatment were undertaken 
on 25 May 1996. At the end of surgery Betamethasone (0.1%) 
and cefuroxime were injected subconjunctivally. The patient 
was then seen 1 week later with a clinical picture suggestive of 
endophthalmitis, but he had in fact suffered ocular pain and 
rigors since the first postoperative day. Ocular examination 
revealed visual acuity of poor perception of light, evidence of 
intraocular inflammation, no kndal view, or a RAPD. Ultra-

mailto:nokhravi@menu.hgmp.mrc.ac.uk
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T A B L E  1. C lin ica l an d  m ic r o b io lo g ic a l details®

Characteristic Patient 1 Patient 2 Patient 3 Patient 4

C linical details
A ge (yr)/sex 89/F 50/M 24/M 70/M
D iab etes m ellitus N Y N Y
R ecen t travel abroad N N Y Y
D a te  o f  adm ission  (day/m o/yr) 11/7/1995 5/6/1995 22/6/1996 16/8/1996
O peration E C C E  +  lO L V itrectom y T raum a +  surgical repair E C C E  +  lO L  +  trabecu lectom y +  M M C
U ncom plicated  surgery Y Y N A Y
E ye operation  perform ed at M oorfield s E ye H osp ita l N Y N Y
Initial sym ptom s reported O cular pain and reduced  

vision
R igors and ocular pain O cular pain , d ischarge, 

h ead ach e
R ed uced  visual acuity, head ach e, and  

p hotophobia
T im e o f  on se t o f  sym ptom s postsurgery or posttraum a 2  days 1 day 2  m o 35 m o
T im e from  on se t o f  sym ptom s to  p resen tation 5 days 7 days 2 m o and 17 days 35 m o and 10 days
T im e from  presen tation  to  treatm ent S am e day Sam e day Sam e day Sam e day
A ntib iotic treatm ent (system ic and intraocular) A , V , Cl, C, A , V , Cl, C, A , V , Cl, C, A , V , Cl, C,
D uration  o f  oral p red n iso lon e treatm ent 1 wk 24 days 4 w k 3 wk
Final visual ou tcom e N PL , phthisical N P L N P L , phthisical H M

M icrobiology
Growth aq, 1/3 broths; vit, n o  growth aq, 2/3 broths; vit, 1/3 broths aq, 1/3 broths; vit, 1/3 broths aq, 2/3 broths; vit, 2 /3  broths
A queous C M B only B H I and C M B B H I only B H I and CM B
V itreous N A C M B only B H I only B H I and C M B
T im e (days) from  sam pling to  A P I iden tification  o f  £ .  c lo a c a e 2 2 2 5

" Explanation o f  terminology: aqueous fluid, ocular fluid from the anterior chamber o f  the eye; vitreous fluid, intraocular fluid from the vitreous cavity; phthisical, shrinkage o f  the eyeball associated with disorganized  
intraocular contents and very low intraocular pressure and usually accompanied by extensive calcification o f the cornea (Bowm an’s m em brane), lens, and retina; m itomycin C, used in glaucoma surgery for its antiscarring 
properties. Abbreviations: Y , yes; N , no; F, fem ale; M, male; ECCE, extracapsular cataract extraction; lO L, intraocular lens implantation; M M C, m itomycin C; NPL, no perception o f  light vision; H M , hand m ovem ents 
vision; aq, aqueous fluid culture; vit, vitreous fluid culture; N A , not applicable; A , intraocular injection o f amikacin (0.4 mg in 0.1 m l); V , intraocular injection o f  vancomycin (2.0 mg in 0.1 ml); C, oral ciprofloxacin (750  
m g twice daily for 10 days); Cl, oral clarithromycin (500 m g once daily for 14 days).
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oral hypoglycemic medication, with a random glucose level of 
17 mmol and 2% glycosuria.

Two days prior to admission he had arrived back from Ni
geria, where he had been treated with topical medication for 
the previous few days for ocular infection. On presentation, the 
visual acuity of the left eye was hand movements. Advanced 
glaucomatous cupping and optic neuropathy in the fellow eye 
precluded the accurate assessment for a RAPD. Ocular exam
ination revealed a thin avascular bleb inside which a fluid level 
of pus could clearly be distinguished, as could evidence of 
severe intraocular inflammation occluding the view of the in
traocular lens, red reflex, and fundus. Ultrasound examination 
revealed no evidence of retinal detachment. The patient was 
treated by the standard protocol. Topical treatment with ceta- 
zidime and gentamicin (1.5%) was also instituted every alter
nating half hour. Gram staining and microscopy of the ocular 
samples did not reveal the presence of any organisms. Oral 
prednisolone was reduced gradually over the next 3 weeks. 
Broth culture of both aqueous and vitreous samples yielded 
gram-negative bacilli later identified as E. cloacae by using the 
API system for members of the family Enterobacteriaceae. 
Staphylococcus aureus was isolated from broth cultures of con
junctival swabs taken before treatment. The patient attended 
one follow-up appointment only 3 weeks later, at which time 
his eye was comfortable, but he had a visual acuity of hand 
movements only.

MATERIALS AND METHODS

Methods. The methodology for the sampling of intraocular fluids has been 
reported previously (8). Briefly, at the time of admission intraocular fluids (aque
ous and vitreous fluids) were collected under sterile conditions and were pro
cessed immediately. Intraocular samples were examined by Gram and Giemsa 
staining and were cultured on blood agar, in brain heart infusion broth, and in 
Robertson’s cooked meat broth. Because the volumes of the samples obtained 
were often small, Gram staining was performed only if the volume of the in
traocular fluids obtained was greater than 100 pi for aqueous fluid and 200 pi for 
vitreous fluid. The fluids were cultured under both aerobic and anaerobic con
ditions. No aerobic organism was thought to be responsible for causing endoph
thalmitis unless it was isolated from an intraocular sample with heavy growth on 
one solid medium or the same organism was isolated from more than one 
medium. Anaerobic growth on any anaerobic medium was considered significant. 
All cultures were maintained for 14 days. If no organism was grown, the sample 
was considered culture negative even in the presence o f organisms seen on Gram 
staining.

RESULTS AND DISCUSSION
Antibiotic susceptibilities. The antibiotic susceptibilities of 

the isolates obtained from the cultures of aqueous and vitreous 
fluid from patients 2, 3, and 4 were identical. Each of seven 
isolates obtained from these four patients demonstrated resis
tance to ampicillin, erythromycin, and vancomycin. Each of these 
isolates was found to be sensitive to chloramphenicol, cefu
roxime, cefotaxime, ciprofloxacin, ofloxacin, amikacin, genta- 
mycin, tobramycin, ticarcillin, mezlocillin, and tetracycline.

Discussion. Between 11% (postoperative) (15) and 30% 
(posttraumatic) (2) of culture-positive cases of bacterial en
dophthalmitis are caused by gram-negative bacilli. The disease 
usually has an acute onset and is rapidly progressive. Gram- 
negative organisms are highly virulent, their toxins and pro
teases cause extensive damage to ocular tissues, and ocular 
infections with these organisms result in a poor final visual 
outcome for the majority of patients (4-7,13). The damage is 
compounded by the sequelae of intraocular inflammation and 
the host’s subsequent healing response. All four patients de
scribed here were seen in a 14-month period, and all infections 
were caused by E. cloacae, which is not considered a common 
cause of gram-negative endophthalmitis (1,11,15). The infec
tions were characterized by a delay in intraocular sampling and

treatment, because the patients themselves did not seek atten
tion in the early stages of the infection. Earlier presentation 
may have resulted in a better final visual outcome.

Members of the genus Enterobacter are commensal organ
isms of the gastrointestinal tract and are considered patho
genic only for patients with lowered resistance to infection 
(e.g., chronic infection, cancer, or diabetes mellitus) or those 
with impaired immunity (congenital, acquired, or impaired 
immunity secondary to therapy). Patients with diabetes melli
tus are also known to have a higher incidence of postoperative 
endophthalmitis secondary to infection with gram-negative or
ganisms than patients who are not diabetic (10), and it is 
interesting that two of our three postoperative patients (pa
tients 2 and 4) were diabetic. Although for each patient the 
diabetes was deemed under control at the time of surgery, at 
the time of admission for endophthalmitis, these patients were 
poorly controlled on their medication for diabetes, and may 
therefore have been more prone to infection.

In 1994, Mirza et al. (7) reported an epidemic of postsurgical 
E. cloacae endophthalmitis in seven patients, all of whom de
veloped the disease 1 day after surgery. The disease was traced 
to contaminated cotton swabs. The consequences of infection 
with a large inoculum of this organism were reflected in the 
final visual outcomes for the patients: four of the seven pa
tients required evisceration, two of the seven patients devel
oped phthisis, and only one retained any vision (reported as 
9/10). In the case of the four patients under our care, it is not 
possible to accurately judge the size of the infecting inoculum, 
because in all cases growth was obtained only in broth cultures 
and not on plates where the colonies could be counted. The 
absence of growth on solid medium would suggest low num
bers, and the possibility of contaminated broth cultures or 
collection vessels, or both, was considered. The ocular samples 
from all the patients had, however, been dealt with by different 
members of staff at different locations. Only the surgery per
formed on patients 2 and 4 was carried out at Moorfields Eye 
Hospital, and these were performed by different surgeons and 
were performed 18 months apart. Because isolates with iden
tical antibiotic susceptibilities were obtained from all patients, 
from multiple broth culture bottles (patients 2 and 4), and 
from both aqueous and vitreous samples for three patients 
(patients 2, 3, and 4) and because the infections in all four 
patients progressed in a manner characteristic of gram-nega
tive endophthalmitis, it is unlikely that the isolated organisms 
were contaminants. The occurrence of four cases of £. cloacae 
endophthalmitis in such a short time span at different centers 
may indicate an increasing incidence of this disease or may 
indicate improved microbiological techniques and species-spe
cific diagnosis. Patient 3 demonstrated persistent endophthal
mitis 2 days after ocular and systemic antibiotic treatment had 
commenced. Shaarawy et al. (14) have reported that one of five 
patients from whom repeat intraocular samples were taken 3 to 
8 days after initial therapy was found to be persistently culture 
positive for gram-negative organisms {Serratia spp.). TTie visual 
outcomes for all five of these patients were less than 20/300, 
and only two patients showed any improvement in visual acuity 
after treatment (both patients were culture negative on repeat 
sampling) (14). Of the four antibiotics used in the emergency 
treatment of the patients described here, two (ciprofloxacin 
and amikacin) were likely to be effective. Despite treatment, 
the final visual outcomes for all these patients presenting late 
in the course of the infection were very poor. Perhaps in the 
presence of severe infection with virulent organisms a second 
intravitreal injection of antibiotics should be considered. In 
patient 3, it is likely that the organism gained entry via the 
corneal wound, although the patient denied any history of
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trauma. Although E. cloacae was not isolated in conjunction 
with other organisms, as is usually the case for intraocular 
samples from patients with posttraumatic endophthalmitis (2, 
11), Enterobacter spp. have previously been reported to be the 
sole species causing disease in such patients (1).

Patient 4 had a case of delayed postoperative endophthalmi
tis secondary to bleb infection. This was the eye to which 
5-fluorouracil as well as intraoperative mitomycin C had been 
applied postoperatively (9, 16), resulting in an avascular con
junctiva which may have been more vulnerable to infection. To 
our knowledge, E. cloacae has not previously been reported to 
be a cause of this type of endophthalmitis.

No common factor could be found to explain the increased 
frequency of isolation of £. cloacae from samples from patients 
with endophthalmitis. Interestingly, the onset of ocular symp
toms (patients 3 and 4) and time of surgery (patients 1 and 2) 
for all four patients was between late May and early August 
1995, and patients 3 and 4 had both recently returned from 
Nigeria. These observations may indicate a possible climatic or 
geographic risk to infection with this organism.

In conclusion, patients should be made aware of the need to 
seek medical attention should problems arise in the days fol
lowing intraocular surgery, and clinicians should be aware of 
the devastating effects of endophthalmitis, especially when it is 
caused by virulent organisms such as E. cloacae, and should 
promptly treat all cases of postoperative inflammation as in
fective endophthalmitis until proven otherwise.
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Paedlomyces liladnus Endophthalmitis 
With Secondary Keratitis
A Case Report and Literature Review

N ardss Okhravi, FRCOphth; John K. Dart, FRCS; Hamish M. Towler, FRCOphih; Susan Lightman, FRCOphth

A case o f endogenous fungous endophthalm itis w ith  secondary pupillary block glau
coma and corneal invasion requiring penetrating keratoplasty is reported. Initially Pae
d lom yces liladnus was isolated from a vitreous and a lens aspirate, but a second  vit
reous tap revealed Aspergillus fumigatus and P liladnus. This case highlights the difficulty 

o f d iagnosing endogenous fungous endophthalm itis presenting w ithout risk factors and the diffi
culties of m anaging su ch  cases using the antifungous agents available. To our know ledge, this is 
the first case report docum enting a progression to strom al keratitis from endogenous endophthal
m itis secondary to P liladnus. Arch Ophthalmol. 1997;115:1320-1324

Fungous endophthalmitis is a rare ocular 
disease that has a poor visual outcome. * Di
agnosis is made difficult by an absence of 
typical clinical signs and predisposing fac
tors. In this case, a delay in diagnosis and 
eradication of the organisms was associated 
with progression of disease and corneal in
vasion, ultimately requiring keratoplasty.

Paedlomyces species are a rare cause 
of ocular infection, commonly present as 
saprophytes in soil and in decomposing veg
etation, and are common laboratory con
taminants. They are economically impor
tant because they cause damage to canned 
food and are remarkably resistant to all 
methods of sterilization.  ̂The most com
mon site of human infection is the eye, and 
the most common human pathogen of this 
genus is Paedlomyces liladnus.^

R E P O R T  O F  A  C A S E

A 34-year-old man with a 4-month his
tory of severe unrelenting anterior uve
itis only affecting his left eye was referred 
to us. Ocular symptoms commenced while 
he was on holiday in Ecuador after 2 days 
of severe diarrhea. Two weeks later, back 
in England, a diagnosis of left-sided con-

Froin the  D e p a r t m e n t s  o f  C l in ica l  O p h t h a l m o l o g y  ( D rs  O k h r a v i  a n d  L i g h t m a n )  a n d  
E x ter n a l  D i s e a s e  ( D r  D a r t ) ,  M o o rf ie ld s  E y e  H os p i ta l ;  a n d  D e p a r t m e n t  o f  
Cl in ic a l  O p h th a lm o lo g y ,  Ins t i tu te  o f  O p h t h a l m o l o g y  ( D rs  O k h r a v i ,  T o w le r ,  a n d  
L ig h tm a n ) ,  Lon don ,  En glan d .

junctivitis was made and treated. The red
ness, pain, photophobia, and blurred vi
sion continued; the patient was seen by an 
ophthalmologist after 10 days, when an ocu
lar examination revealed the presence of 
conjunctivitis and anterior uveitis in the left 
eye with hypopyon, a discrete focus of in
flammation on the iris, and no corneal or 
posterior segment involvement. The pa
tient was not diabetic or immunosup- 
pressed, had not undergone any surgery at 
any time, was not an intravenous drug 
abuser, and was not at risk for occult pen
etrating eye injury. The results of exten
sive investigations at this stage were either 
negative or normal, except for the full blood 
cell count, which revealed neutrophilia with 
a normal eosinophil count, and the eryth
rocyte sedimentation rate, which was found 
to be increased to 41 mm/h.

Treatment during the next 6 weeks 
with increasing topical, subconjunctival, 
and oral corticosteroid therapy did not 
achieve resolution but dampened the in
traocular inflammation that was noted to 
increase on any reduction of this medica
tion. Oral ciprofloxacin hydrochloride 
therapy was added 10 weeks after onset 
to treat the presumed bacterial agents but 
was ineffectual; the patient was referred 
for further diagnosis and management. •

On ocular examination at this time, 
the visual acuity of the left eye was light 
perception with poor projection; a left rela-
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T a b le  1 .  T h e  M i n i m u m  I n h ib i t o r y  C o n c e n t r a t i o n  (M I C )  o f  t h e  F u n g o u s  I s o l a t e *

F u n g o u s  I s o la t e

MIC, p g /m L
f ■ ■
A m p h o te r ic in  B C lo tr im a z o le 1 M ic o n a z o le E c o n a z o le K e to c o n a z o le

1
I tr a c o n a z o le

Paecilom yces lllacinus-\ > 6 4 . 0 8 .0 3 2 .0 2 .0 1 6 .0 > 6 4 . 0
P  llla c in u s t > 6 4 . 0 8 .0 3 2 .0 2 .0 1 6 .0 > 6 4 . 0
Asperg illus fum igatus  t 2 .0 < 0 . 2 5 2 .0 < 0 . 2 5 2 .0 < 0 . 2 5

* The M IC  o f  fluconazole a n d  flucytosine w as n o t obtained.
\  Fungous isolate from  the first v itreous tap and  lens aspirate, 
t  Fungous Isolate  from  the second vitreous tap.

live afferent pupillary defect was 
noted. The anterior segm ent was 
markedly inflamed with a large (8X 5  
mm) inflammatory mass of fibrin in 
the anterior chamber, overlying the 
iris and partially occluding the pu
pil. The cornea was not visibly in
volved and the anterior chamber was 
deep with normal intraocular pres
sure, but the lens was sw ollen and 
tilted anteriorly with a ruptured an
terior lens capsule. U ltrasonogra
phy revealed appearances sugges
tive of posterior capsular thickening 
or a retrolenticular inflam m atory 
membrane, a clear vitreous, and no 
evidence of retinal detachment. The 
right eye was com pletely normal. 
During the next few days, an in 
crease in the size o f the inflamma
tory mass was noted, associated with 
a flat anterior chamber (in the ab
sence of corneal perforation), cor
neal edema, and an intraocular pres
sure o f 56 mm Hg. A queous and 
vitreous samples were taken; the lens 
and vitreous were removed; and ami
kacin sulfate, 0.4 mg, and vancom y
cin hydrochloride, 2.0 mg, were in
jected into the vitreous cavity. On 
postoperative day 1, the anterior 
chamber, which had been cleared at 
surgery, once again contained large 
aggregates of fibrin. The results of 
Gram and periodic acid-Schiff stain
ing of the ocular fluid samples per
formed on the previous day were 
negative for bacteria and fungi, but 
periodic acid-Schiff staining of the 
lens aspirate revealed the presence 
of septate fungous elements. The di
agnosis of fungous endophthalm i
tis with secondary pupillary block 
glaucoma'* was then made, and in
travitreal am photericin B, 5 pg/0.1 
niL, was administered; a regimen of 
fluconazole, 200 mg, twice daily was 
started after a loading dose of 400  
mg, and the rapid tapering of oral

Fungous keratitis  secondary  to P a e c ilo m y c e s  l ila c in u s . Inset, P osterior corneal s trom a show ing  m any  
septate-branchlng hyphae with occasional b lun t-ending conid ia  and  fungous elem ents traversing  the 
D escem et m em b ran e  (a rro w ) (G ro c o tt-G o m o rl m ethen am in e -s llver, x  1965).

corticosteroid medication was im 
mediately com m enced. Culture re
sults available 6 days later revealed 
the presence of P lilacinus in the pa
tient’s vitreous sample and lens as
pirate. The minimum inhibitory con
centrations (MlCs) for this organism 
are provided in Table 1.

The patient’s oral m edication  
was initially changed from flucona
zole to itraconazole, as there was no 
clinical improvement, and then to ke- 
tocon azo le  w hen  the MICs were 
availab le; a m on th  later, it was 
changed back to itraconazole as there 
was further clinical evidence of de
terioration with ketoconazole. Dur
ing this time, the ocular inflamma
tion seemed to be settling when, some 
5 weeks postoperatively, 5 months af
ter the onset of the disease, and after 
4 weeks of itraconazole (MIC > 6 4  
pg/mL for P lilacinus) therapy, the 
first signs of corneal endothelial dis
ease appeared. This initially local

ized area of endoth elia l deposits  
overlying the rem aining sm all in 
flammatory mass on the iris at the 2- 
o’clock position slowly increased in 
size and intensity and came to in
volve the deep corneal stroma dur
ing the following 4 weeks. The MICs 
demonstrated the greatest sensitiv
ity to econazole, clotrimazole, and ke
toconazole, so econazole was used 
topically. Because neither econ a
zole nor clotrimazole are available as 
oral preparations, ketoconazole was 
administered systemically.

Two months after the first signs 
o f corneal involvem ent appeared, a 
dense endothelial plaque (3X 2 mm) 
was underlying an area of deep stro
mal opacity with surrounding kera- 
titic precipitates. The patient’s v i
sual acuity in the left eye was hand 
m ovem ents only, with a left rela
tive afferent pupillary defect and 
marked persistent anterior cham 
ber activity. Because of the clinical
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Table 2. R eview  of the  L iteratu re: C ases  of E ndoph thalm itis and  K era titis  S eco nd ary  to Paecilomyces lilacinus*

S o u r c e ,  y
N o . o f  

P a t ie n t s T y p e  o f  I n fe c t io n

U n d e r ly in g  D i s e a s e  a n d  
P r e d i s p o s in g  C o n d it io n  

o r  R is k  F a c to r s I n it ia lly  T r e a te d  a s

J o n e s ,' '  1 9 7 5 1 (C a s e  2 1 ) E n d o p h th a lm it is  3  w e e k s  a fte r  
c a ta r a c t  s u r g e r y

N o n e A b a c te r ia l in fe c t io n , b u t a l s o  
w ith  o ra l p r e d n is o lo n e ,
6 0  m g

P e tt it  e t a l , M 9 8 0 1 3 E n d o p h th a lm it is  1 - 5  w e e k s  a fter  
c a ta r a c t  s u r g e r y

U s e  o f  LOT 1 2 8  n e u tr a liz in g  
s o lu t io n  to  r in s e  lO L s b e fo r e  
s u r g e r y

A  b a c te r ia l in fe c t io n  (to p ic a l  
c o r t ic o s t e r o id s  w e r e  g iv e n  
p o s to p e r a t iv e ly )

L evin  e t  a!," ’ 1 9 8 7 1 E n d o p h th a lm it is  3  w e e k s  a fte r  
c a ta r a c t  s u r g e r y

N o n e In f la m m a tio n , th e n  a  b a c ter ia l  
In fec tio n

O h k u b o  e t  a l ,"  1 9 9 4 1 E n d o p h th a lm it is  a fte r  c a ta r a c t  
s u r g e r y

D ia b e te s  m e l li tu s I n fla m m a tio n  (o ra l a n d  to p ic a l  ’ 
c o r t ic o s t e r o id s  w e r e  g iv e n )

P f lu g fe ld e r  e t  al,'^ 1 9 8 8 2 ( C a s e s  2 C a s e  2 , p o s to p e r a t iv e C a s e s  2  a n d  1 1 ,  to p ic a l N o  in fo r m a tio n
a n d  1 1 ) e n d o p h th a lm it is :  c a s e  1 1 ,  

e n d o p h th a lm it is  a fter  
c o r n e o s c le r a l  la c e r a tio n

c o r t ic o s t e r o id s

R o d r ig u e z  a n d 1 E n d o p h th a lm it is  a fter N o n e A b a c te r ia l in fe c t io n
M a cL eo d ,'^  1 9 7 5 p e n e tr a t in g  tr a u m a

K o za rsk y  e t a l , ' M 9 8 4 3 E n d o p h th a lm it is  a fter  k era titis C a se  1 , c o r n e a l  a b r a s io n  p lu s  
to p ic a l  c o r t ic o s t e r o id s  fo r  
c h r o n ic  iritis; c a s e  2 , 
t r e a tm e n t  fo r  HZO w ith  
to p ic a l  c o r t ic o s te r o id s ;  
c a s e  3 ,  c h r o n ic  ly m p h o m a ,  
o ld  PK, e r o s io n ,  c o n ta c t  i e n s ,  
to p ic a l  c o r t ic o s t e r o id s ,  
a n d  a n tib io t ic s

C a s e  1 , in itia lly  tr e a te d  a s  , 
Fusariu m  ; c a s e  2 , a  b a c ter ia l 
in fe c t io n ;  c a s e  3 , a  b a c te r ia l  
In fe c t io n

G o r d o n  a n d  N o r t o n , 9 8 5 1 E n d o p h th a lm it is  a fte r  k era titis EW CL a n d  c o r n e a l  u lc e r  a fte r  PK A  b a c te r ia l in fe c t io n

D ’M e llo w  e ta l,®  1 9 9 1 1 P o s tt r a u m a t ic  k era tit is  w ith  
in tr a le n tic u la r  in fe c t io n

N o n e In fla m m a tio n

H irst e t  a l , ' 1 9 9 2 3 N o n tr a u m a t ic  k e r a tit is , p o s s ib ly  
e n d o g e n o u s

C a s e  1 , to p ic a l  c o r t ic o s te r o id s ;  
c a s e  2 , r h e u m a to id  a r th r itis , 
to p ic a l  c o r t ic o s t e r o id s  fo r  
e p is c le r it is ;  c a s e  3 , fo p ic a l  
c o r t ic o s t e r o id s  a s  p a r t o f  ' 
t r e a tm e n t  fo r  HSK

T w o  c a s e s  o f  In fla m m a tio n  a n d  
1 c a s e  o f  a  b a c te r ia l in fe c t io n

S ta r r ,"  1 9 8 7 2 K eratitis A p h a k ic  c o n ta c t  le n s  w e a r  ' C a s e  1 , in f la m m a tio n ;  c a s e  2 , 
in f la m m a tio n , th e n  a  b a c ter ia l  
a n d  v ira l in fe c t io n

M iz u n o y a  a n d  
W a ta n b e ,"  1 9 9 4

1 K eratitis D ia b e te s  m e l li tu s , to p ic a l  
c o r t ic o s t e r o id s  .

A f u n g o u s  in fe c t io n

O kh ravi e t a l ,  1 9 9 7 1 M e ta s ta t ic  e n d o p h th a lm it is  w ith  
s e c o n d a r y  k era tit is

N o n e I n f la m m a tio n , th e n  a  b a cter ia l  
in fe c t io n

*C F in d ic a te s  c ou ntin g  fingers; EW CL, ex ten d e d -w ea r con ta c t lens; HSK, h e r p e s  s im p le x  keratitis ; HZO, h e r p e s  z o s t e r  o ph th a lm icu s ; lO L, in trao cu la r iens; 
LP. lig h t p ercep tio n ; NLP, no  lig h t p ercep tio n ; PK, p en etra tin g  keratop lasty; a n d  VA, v isua l acuity.

deterioration, a further vitreous bi
opsy, and anterior chamber wash
out, aqueous and vitreous sam
pling followed by injection of 
intravitreal amphotericin B, 5 pg/ 
0.1 mL, was performed. The results 
of a culture of this vitreous sample 
revealed P lilacinus and Aspergillus 
fum igatus from solid- and liquid- 
phase media. The MICs of these or
ganisms are given in Table 1. Treat
ment was, therefore, continued with 
topical econazole.

One month later, the signs of 
ocular inflammation were subsid
ing and the patient’s corrected vi
sual acuity had improved to 20/200 
OS, but the inflammation and cor
neal involvement then increased 
during the following 4 weeks as the 
patient was weaned off oral pred
nisolone therapy. Further intraocu
lar sampling was performed 4 weeks 
later, with an intracameral injec
tion of miconazole, 0.01 mg. Persis
tent anterior uveitis, increasing cor

neal stromal involvement, and 
endothelialitis, resistant to increas
ing doses of topical corticosteroids, 
prompted a posterior larnellar cor
neal excision biopsy and the intra
ocular injection of miconazole, 0.01 
mg, 1 month later (Figure). At the 
time of surgery, all the clinically in
volved tissue was excised but histo- 
pathological staining of the speci
men revealed fungous elements to 
the edges of the lamellar biopsy 
specimen. The culture results of the
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A g g r e s s iv e  C o r n e a l D i s e a s e T im e  F ro m  t h e  O n s e t M e th o d  b y W h ic h  th e
W ith  O e s c e m e t o c e l e o f  S y m p t o m s  to P a e c ilo m y c e s  C u ltu re

F o r m a t io n  or  P e r fo r a tio n C u ltu re  D ia g n o s is W a s  O b ta in e d F in a l O u tc o m e

K eratitis d e v e io p e d  a fter 1 w e e k A n a q u e o u s  ta p N o  in fo rm a tio n
1 0 /7 ;  p e r fo r a tio n  7  d a y s
iater

O e s c e m e t o c e le  d e v e io p e d  in 2 - 6  w e e k s A n a q u e o u s  ta p , 4 /1 3 ;  a v itr e o u s 8 /1 3 ,  e n u c le a te d ;  2 /1 3 ,  a  VA o f
1 p a tie n t  5  d a y s  a fter t a p ,3 /1 3 ; a c o r n e a i  sc r a p e . NLP; 1 /1 3 ,  a VA o f  LP; 1 /1 3 ,  a
b e g in n in g  to p ica l 1 /1 3 ;  iOL, 1 /1 3 ;  a n  a q u e o u s  tap VA o f  2 0 /8 0 ;  1 /1 3 ,  a  VA o f
c o r t ic o s te r o id  th era p y a n d  IOL, 2 /1 3 ;  an a q u e o u s  tap 2 0 /2 5

a n d  v itr e o u s  ta p , 1 /1 3 ;
1 p a tien t  d e c lin e d  s a m p lin g

N o t o d a y s A n in tra o cu ia r  tap  a n d  iOL cu itu r e A  VA o f  2 0 /2 0  e ig h t  m o n th s  iater

N o S e v e r a l m o n th s A  v itr e c to m y  s p e c im e n A V A o f C F

C a se  2 , n o  in fo rm a tio n ; c a s e N o in fo rm a tio n N o  in fo rm a tio n C a s e  2 , a  VA o f  3 / 2 0 0  s ix  w e e k s
1 1 , n o ta p p iic a b le iater; c a s e  1 1 ,  a  VA o f  2 0 /2 0 0

s ix  m o n th s  ia ter

N o t a p p iic a b ie 8  d a y s A c o r n e a l s c r a p e E n u c lea tio n  4  w e e k s  a fter o n s e t

C a se  1, n o ; c a s e  2 , y e s ;  c a s e C a se  1 , 6  m o n th s ; C a s e s  1 a n d  2 , an  e x c is e d  c o r n e a ; C a s e s  1 an d  2 , e n u c le a tio n ; c a s e
3 , y e s c a s e  2 , 2  d a y s; c a s e  3 , a  c o r n e a l s c r a p e 3 , n o  in fo rm a tio n  reg a rd in g

c a s e  3 , 2  w e e k s

-,

v isu a l a c u ity  b u t graft c lea r

Y e s , “a f e w  d a y s"  a fter 4  w e e k s A  c o r n e a l s c r a p e A  VA o f  2 0 / 7 0  e ig h te e n
sta r t in g  to p ic a i m o n th s  la ter

; c o r t ic o s te r o id  th era p y
N o 6  w e e k s L e n s  a sp ir a te A VA o f  2 0 / 2 0  n in e  m o n th s  iater

I
1 C a s e  1 , p e r fo r a tio n  o c c u r r e d 1 - 4  m o n th s C a s e s  1 a n d  2 , a q u e o u s  a n d T w o y e a r s  iater: e a s e l ,  a  VA

a t th e  t im e  o f  c o m e a l c o r n e a l b io p sy ;  c a s e  3 , s ta in in g o f  6 /2 4 0 ;  c a s e  2 , a  VA p f LP;
j b io p sy ;  c a s e s  2  a n d  3 , no o f  c o r n e a l b io p s y  b u t cu ltu re c a s e  3 , a VÂ o f  2 0 /2 0

n e g a t iv e

i t

C a se  1, y e s ,  2  w e e k s  a fter C a se  1 ,1  w eek ; B o th  c a s e s ,  a c o r n e a l s c r a p e C a se  1 , a  VA o f  2 0 /8 0  th r e e
'  f . o n s e t;  c a s e  2 , y e s ,  4 c a s e  2 , 3  w e e k s . m o n th s  later (P K  3  w e e k sI w e e k s  a fte r  o n s e t a fte r  o n s e t) ;  c a s e  2 , a  VA o f

2 0 /4 0  f iv e  m o n th s  later
(PK  2  m o n th s  a fter  o n s e t )

I Y es, 1 6  d a y s  a fter o n s e t 5  d a y s A c o r n e a l s c r a p e . A VA o f  2 0 / 8 0  o n e  y e a r  later

! N o 4  m o n th s ■ A v itr e o u s  tap  a n d  th e  le n s A VA o f  CF a t  2  y e a r s  w ith  an
o p a q u e  g raft

intraocular samples and corneal bi
opsy specimen obtained at this time 
were negative. To eradicate the or
ganism from the cornea, a decen
tered corneoscleral therapeutic pen
etrating keratoplasty, 11.0 mm, was 
performed, preserving some lim- 
bus inferiorly. The patient was sub
sequently treated with hourly topi
cal econazole day and night, topical 
corticosteroid and 0.5% chloram
phenicol eyedrops, and systemic ke
toconazole, 200 mg, twice daily. His-

topathological staining revealed no 
fungous elements to the edges of the 
specimen but numerous numbers in 
the posterior stroma forming large 
masses on the posterior surface of a 
discontinuous Descemet mem
brane.

Postoperative complications 
in the short-term involved an 
increased intraocular pressure and 
graft edema, which resolved on 
medical treatment. For approxi
mately 6 months, the patient’s

best-corrected visual acuity varied 
between 20/200 and counting fin
gers OS in the presence of mild 
anterior uveitis and a clear graft; 
at the end of this time, the first 
signs of graft rejection appeared. 
Two years after the onset of the 
disease, the patient has an opaque 
corneal graft with a visual acuity 
of counting fingers in the left eye 
and a comfortable eye; the patient 
does not want further surgical 
intervention.
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PATHOLOGY

Paecilomyces lilacinus has morpho
logical characteristics similar to Péni
cillium species, and initial diagnosis 
maybe difficult. In our case, typical 
colonies were seen after 5 days in vit
reous and lens aspirate cultures and 
in liquid- and solid-phase media. Nu
merous septate hyphae, branching co
nidia, whorls ofphialides, and chains 
of conidia that are characteristic of 
this organism helped to confirm the 
diagnosis of P lilacinus infection.

A histopathological examina
tion of the cornea after posterior la
mellar keratoplasty, with periodic 
acid-Schiff and Grocott-Gomori me- 
thenamine-silver staining, revealed 
acute severe stromal keratitis with 
septate hyphae in the extreme poste
rior stroma and penetrating Desce
met membrane (Figure). Attenua
tion of the corneal endothelium and 
a marked giant cell response were evi
dent on microscopy, as was the pres
ence of fungi at the margin of surgi
cal resection. An examination of the 
comeal button revealed similar find
ings, but no organisms were seen at 
the margin of resection.

COMMENT

The diagnosis of fungous ocular in
fection is facilitated by the presence 
of predisposing factors and typical 
clinical signs.̂ '̂  Once the diagnosis is 
established by microscopy and cul
ture of intraocular samples, treat
ment relies on a limited range of an
tifungous agents that can be 
administered via ocular or systemic 
routes or both. However, the results 
of culture and antifungous suscepti
bility testing usually require days to 
obtain. In vitro MIC data do not al
ways correlate with in vivo re
sponses, and this fact is well demon
strated in this case. For this reason, 
MICs are only useful as a guideline 
and treatment based on them does not 
guarantee success. The common first- 
line treatment with intraocular am
photericin B is adequate for most cases 
of fungous intraocular infection, and 
repeated intraocular injections with 
amphotericin B have been used suc
cessfully in the past with no evi
dence of retinal toxic effects.^

The isolation of P lilacinus from 
2 ocular samples taken at the same

time, and the isolation of the same 
organism with identical MICs on 2 
different occasions, made it un
likely that this organism was a labo
ratory contaminant. Two organ
isms were isolated from the second 
vitreous sample, namely, P lilaci
nus and A fumigatus. Possible rea
sons for this are too few Aspergillus 
organisms in the first sample to be 
recognized as a causative pathogen 
or contamination of the second 
sample in the laboratory.

Treatment with a range of anti
fungous agents did not halt the pro
gression of the disease. Clinical evi
dence of deterioration was seen while 
the patient was being treated by agents 
to which the organism(s) were 
thought likely to he susceptible. As the 
disease progressed, invasion of the 
corneal endothelium occurred and 
was followed by stromal involve
ment. Although staining and micros
copy revealed the presence of fun
gous elements, no organisms were 
cultured from the corneal biopsy 
specimen. This is perhaps explained 
by the mechanism of action of the 
azole drugs, which is not fungicidal.

Hirst et al* reported 3 cases of 
nontraumatic mycotic keratitis pro
gressing to endophthalmitis, second
ary to P lilacinus, and hypothesized 
that these comeal infections are not 
exogenously derived. Although the 
culture results for 2 of the 3 cases de
scribed were positive for P lilacinus, 
from an aqueous tap at the time of 
keratitis, there was no documented 
anterior uveitis before corneal in
volvement in these cases. A more de
tailed review of case reports in the lit
erature demonstrates a variable delay 
to diagnosis from 2 days to 4 months 
and the aggressive nature of P lilaci
nus infection in the cornea; 9 of 13 
cases proceeded to perforation. The 
likelihood of a good visual outcome 
is poor, with 23 of 31 cases having a 
final visual acuity of counting fin
gers or less and only 8 of 31 cases 
achieving a visual acuity of 20/80 or 
better (Table 2 ).
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Abstract
Aims—The aim of this prospective study 
was, firstly, to judge the effect of early 
aggressive treatment with a standardised 
regimen of high dose broad spectrum 
intraocular and systemic antibiotics on 
visual outcome and, secondly, to assess the 
sensitivity of isolated organisms to the 
treatment regimen utilised.
Methods—Thirty two consecutive patients 
presenting with presumed bacterial endo
phthalmitis were treated and completed 
follow up. In every case, intraocular sam
pling was undertaken and treatment with 
intraocular vancomycin, amikacin, and 
systemic ciprofloxacin was commenced 
immediately, followed by systemic ster
oids 1 day later.
Results—In 69% of patients vision im
proved with 47% achieving a final visual 
acuity of 6/36 or better and 31% achieving 
6/12 or better. Of the intraocular samples 
taken from post-surgical and post
traumatic cases, 10/27 (37%) and 3/5 (60%) 
were culture positive, respectively. All the 
bacteria isolated were sensitive to at least 
one of the three antibiotics used. 
Conclusions—The study demonstrated 
that the combination of vancomycin, ami
kacin, and ciprofloxacin is adequate as a 
standard regimen for the treatment of 
most patients with suspected bacterial 
endophthalmitis. The prognosis for a good 
visual outcome, however, remains poor 
with 15/27 (55%) post-surgical and 2/5 
(40%) post-traumatic cases achieving a 
final acuity of 6/60 or less.
{BrJ Ophthalmol 1997;81:719-725)

E n d o p h t h a l m i t i s  i s  a  d e v a s t a t i n g  o c u l a r  d i s 

e a s e ,  t h e  i n c i d e n c e  o f  w h i c h  h a s  b e e n  r e p o r t e d  

a s  0 . 1 - 0 . 3 %  a f t e r  i n t r a o c u l a r  s u r g e r y ,  a n d  2 . 0 -  

3 . 0 %  a f t e r  p e n e t r a t i n g  o c u l a r  t r a u m a . '  C u r 

r e n t l y ,  c o n f i r m a t i o n  o f  t h e  d i a g n o s i s  o f  b a c t e 

r i a l  e n d o p h t h a l m i t i s  i s  d e p e n d e n t  o n  

m i c r o b i o l o g i c a l  i s o l a t i o n  o f  o r g a n i s m s  a n d  a s  

t i m e  t o  m i c r o b i o l o g i c a l  d i a g n o s i s  c a n  v a r y  

b e t w e e n  2  a n d  1 2  d a y s ,^  t h e  i n i t i a l  t r e a t m e n t  o f  

t h i s  d i s e a s e  n e c e s s a r i l y  r e q u i r e s  t h e  u s e  o f

b r o a d  s p e c t r u m  a n t i b i o t i c s  t o  c o v e r  t h e  f u l l  

r a n g e  o f  p o t e n t i a l  b a c t e r i a l  p a t h o g e n s .  T h e  u s e  

o f  i n t r a o c u l a r  a n t i b i o t i c s  i n  c o n j u n c t i o n  w i t h  

s y s t e m i c  a n t i m i c r o b i a l s  k n o w n  t o  p e n e t r a t e  t h e  

b l o o d - o c u l a r  b a r r i e r ,  h a s  g a i n e d  w i d e  a c c e p t 

a n c e  f o r  t h e  t r e a t m e n t  o f  s u s p e c t e d  b a c t e r i a l  

e n d o p h t h a l m i t i s . '   ̂ C o m m o n l y  a c c e p t e d  t r e a t 

m e n t  r e g i m e n s  i n c l u d e  t h e  u s e  o f  i n t r a o c u l a r  

v a n c o m y c i n  a n d  e i t h e r  a m i k a c i n  o r  c e f t a z i d i m e  

w i t h  s y s t e m i c  c i p r o f l o x a c i n  ( a d m i n i s t e r e d  b y  

e i t h e r  t h e  i n t r a v e n o u s  o r  o r a l  r o u t e s ) .  T h e  a i m  

o f  t h i s  p r o s p e c t i v e  s t u d y  w a s ,  f i r s t l y ,  t o  j u d g e  

t h e  c l i n i c a l  e f f e c t  o f  e a r l y  a g g r e s s i v e  t r e a t m e n t  

w i t h  a  s t a n d a r d  r e g i m e n  o f  h i g h  d o s e  b r o a d  

s p e c t r u m  i n t r a o c u l a r  a n d  s y s t e m i c  a n t i b i o t i c s  

o n  v i s u a l  o u t c o m e  a n d ,  s e c o n d l y ,  t o  a s s e s s  t h e  

s e n s i t i v i t y  o f  i s o l a t e d  o r g a n i s m s  t o  t h e  t r e a t 

m e n t  r e g i m e n  u t i l i s e d .

Materials and methods
A l l  c a s e s  o f  s u s p e c t e d  p o s t - s u r g i c a l  a n d  

p o s t - t r a u m a t i c  b a c t e r i a l  e n d o p h t h a l m i t i s  p r e 

s e n t i n g  t o  M o o r f i e l d s  E y e  H o s p i t a l  w e r e  

e l i g i b l e  f o r  t h i s  p r o s p e c t i v e  s t u d y .  A  t o t a l  o f  3 9  

e y e s  o f  3 9  p a t i e n t s  w e r e  e x a m i n e d  b e t w e e n  

M a r c h  1 9 9 1  a n d  J a n u a r y  1 9 9 3  a n d  c o n s i d e r e d  

f o r  e n r o l m e n t .  O f  t h e  3 9  p a t i e n t s  w h o  f u l f i l l e d  

t h e  e n r o l l m e n t  c r i t e r i a ,  3 2  w e r e  i n c l u d e d  i n  t h e  

f i n a l  a n a l y s i s .  T h e s e  c o n s i s t e d  o f  2 7  p o s t 

s u r g i c a l  a n d  f i v e  p o s t - t r a u m a t i c  c a s e s  a n d  

e x c l u d e d  f i v e  p a t i e n t s  w h o  u l t i m a t e l y  p r o v e d  t o  

h a v e  Streptococcus a n d  Fusarium  s p e c i e s  a s  t h e i r  

c a u s a t i v e  a g e n t s  o f  d i s e a s e  ( a s  t h e s e  p a t i e n t s  

w o u l d  r e q u i r e  a d d i t i o n a l  a n d  a l t e r n a t i v e  

t h e r a p y ,  r e s p e c t i v e l y ) ,  a n d  t w o  p a t i e n t s  w h o  

d i d  n o t  r e c e i v e  s y s t e m i c  t r e a t m e n t .  A  d e t a i l e d  

p r o t o c o l  w a s  f o l l o w e d  f o r  e v e r y  p a t i e n t  w h i c h  

i n c l u d e d  t h e  c o m p l e t i o n  o f  a  q u e s t i o n n a i r e  

( T a b l e  1 ) .

I n t r a o c u l a r  ( a q u e o u s  a n d / o r  v i t r e o u s )  s a m 

p l i n g  w a s  u n d e r t a k e n  o n  e v e r y  p a t i e n t .  A q u e 

o u s  s a m p l i n g  w a s  u n d e r t a k e n  u n d e r  t o p i c a l  

a n a e s t h e s i a  a t  a  s l i t  l a m p ,  u s i n g  a  2 7  g a u g e  

( 0 . 3 3  m m )  n e e d l e  a n d  1 0 0 - 2 0 0  p i  a s p i r a t e d .  

V i t r e o u s  s a m p l i n g  w a s  u n d e r t a k e n  u n d e r  s t e r 

i l e  c o n d i t i o n s  a c c o r d i n g  t o  o p e r a t o r  p r e f e r 

e n c e ,  e i t h e r  a s  a  b i o p s y  t h r o u g h  t h e  p a r s  p l a n a  

o r  w i t h  a  v i t r e o u s  c u t t e r  u n d e r  t h e  o p e r a t i n g  

m i c r o s c o p e ,  a t  t h e  t i m e  o f  v i t r e c t o m y .  A f t e r  

s u b c o n j u n c t i v a l  i n j e c t i o n  o f  a n a e s t h e t i c ,  2 0 0 -



720 Okhravi, Towler, H ykin, Matheson, Lightman

Table 1 Details o f questionnaires completed for every 
patient

Patient dem ographics
D ate o f  presentation, and duration o f symptoms 
Past ocular history:
Details of past ocular history: blepharitis, dacryocystitis, atopy.

Surgery:
date:
type: (cataract (ECCE, ICCE, or phaco), glaucoma, corneal, 

vitreoretinal, secondary lens implantation) 
peroperative complications: (capsule rupture plus/minus 

vitreous loss)
postoperative complications: (immediate and late: wound 

dehiscence or leak, broken or infected sutures, corneal 
oedema, raised lOP, uveitis)

Trauma: 
date and mechanism:
surgery at referring hospital: primary repair plus/minus 

removal of intraocular foreign body plus/minus intravitreal 
antibiotics

Treatment so far in particular antibiotics (systemic, 
subconjunctival and/or topical) and steroid treatment 
(systemic and topical)

Past m edical history in reference to recent 
surgery/illness/systemic disease (diabetes, immune 
deficiency)

Details o f  ocidar examination:
Eye (R/L): Visual acuity:
Anterior chamber activity and flare (0-5):
Intraocular pressure (lOP): Binocular indirect 

ophthalmoscopy grade (BIO 0-5):
Corneal examination (normal/ulcer/abscess):
Lens (norm ai/cataract/aphakic/pseudoph akic posterior 

chamber or anterior chamber intraocular lens/other): 
Posterior capsule (clear/opacified/abscess/not applicable/no 

view):
Vitreous abscess (yes/no/no view):
Fundal examination (choroiditis/retinitis/cystoid macular 

oedema/retinal detachment/no view):
Other tests—for example, ultrasound examination 
D etails o f  sam ples taken:
Culture: lids, conjunctiva, cornea, aqueous, vitreous, capsule, 

foreign body
D etails o f treatment both surgical and medical:
Samples: AC tap, vitreous tap, intraocular foreign body, 

capsule
Procedures: vitrectomy/intraocular lens removal/capsulectomy/ 

intraocular foreign body removal/lensectomy/retinal 
detachment repair 

Intracameral injections: vancomycin, amikacin, steroid 
Systemic administration: ciprofloxacin, cefuroxime, 

gentamicin, steroid (with date of commencement)
Topical therapy: cefuroxime, gentamicin forte, steroid, other 
Other therapy: for example, subconjunctival 
Follow up at 1, 3, and 6 m onth  
Ocular examination:
Eye (R/L): Visual acuity:
Anterior chamber activity and flare (0-5): 
lOP: BIO (0-5):
Fundal examination; (cystoid macular oedema/retinal 

detachment/epiretinal membrane/macular 
hole/retinitis/choroiditis/no view):

Treatment: systemic/topical steroids/antibiotics, other 
Results o f  m icrobiology with antibiotic sensitivities: 
Gram stain of intraocular sample 
Extraocular and intraocular culture of specimens 
Sensitivities to vancomycin, amikacin, ciprofloxacin, penicillin, 

gentamicin, other 
Outcome: 1 = 6/5-6/12, 2 = 6/18-6/36, 3 = 6/60-NPL, 4 = 

enucleation 
Last recorded visual acuity with date:

40 0  pj o f  vitreous was aspirated using a 23  
gauge n eed le w hich was inserted through the  
pars plana 3 m m  behind the lim bus in aphakic 
eyes and 4  m m  behind  the lim bus in  phakic 
eyes.

All sam ples w ere plated im m ediately, after 
on e drop had b een  p laced  on  a glass slide for 
G ram  staining and m icroscopy. O n ce the 
vitreous sam ple had b een  taken, vancom ycin  
(2 .0  m g in  0.1 m l) and am ikacin  (0 .4  m g in  
0 . 1  m l) w ere injected  separately in to  the vitre
ous cavity through the sam e injection  site. 
Intravenous ciprofloxacin (2 0 0  m g tw ice

daily) was com m en ced  and changed to oral 
therapy (7 5 0  m g tw ice daily) after 2  days. Oral 
p red n iso lon e (60  m g per day) was started 1 

day after intracam eral antibiotics had  b een  
given and o n ce  the presence o f  fungi had b een  
exclu d ed  on  m icroscopy.

Intraocular sam ples were exam ined b y Gram  
and period ic acid S ch iff staining, and cultured  
on  b lood  agar, chocolate b lood  agar, and in  
R obertson’s cooked  m eat broth, brain heart 
in fusion  broth, and thioglycolate broth. For  
aerobic bacteria, only heavy grow th from  one  
solid m ed ium  or isolation o f  the sam e organ
ism  from  m ore than  one type o f  m ed ium  was 
considered  significant and n ot a contam inant. 
A naerobic growth on  any m ed ium  incubated  
anaerobically, was considered significant. C ul
tures were m aintained for 14 days. I f  n o  organ
ism  was isolated the case was considered  
culture negative even i f  organism s were  
thought to b e  present on  the smear.

Patients were seen  regularly according to  
clinical n eed  but were routinely seen  at 1, 3 , 
and 6  m onth  intervals and the data recorded.

Results
T w enty seven  post-surgical cases and five post
traum atic cases were enrolled in  the study  
(total 32  patients). T h e  average age was 6 8  

years for the post-surgical cases (range 19-91  
years) and 33 years for the post-traum atic  
cases (range 2 0 -4 0  years). All the post
traum atic cases were m ale b u t am ong the post
surgical cases 15 patients were fem ale and 1 2  

m ale (%̂  p < 0 .0 0 1 )  (Table 2).

POST-SURGICAL CASES AT PRESENTATION
T h e visual acuity at presentation w as 6 /24  or 
less in all patients with 24 /27  (89% ) patients at 
6/60 or less (range 6 /2 4 -P O L , m od e H M , 
m edian H M  ). T h e  left eye was affected in  56%  
and the right eye in  44%  o f  patients. T h e  surgi
cal procedures and associated com plications 
are described  in  Table 3. T h e  majority o f  
patients had undergone routine extracapsular 
cataract surgery (20 /27 ) w hich  had proceeded  
w ithout intraoperative or postoperative com 
plications (1 4 /2 0 ). Four patients had  had a 
trabeculectom y perform ed and tim e from  
operation to presentation w ith endophthalm itis  
secondary to b leb abscess form ation was 
recorded as betw een  19.5  m onths and  14.8  
years.

POST-TRAUMATIC CASES AT PRESENTATION 

T h e five post-traum atic patients presented  
w ith three penetrating injuries (tw o ferrous 
m etal and one glass foreign body) and two  
retained intraocular foreign bodies (both  fer
rous m etal). T h e  left eye was affected in 4/5  
cases. Four patients presented w ithin  2 4  hours  
o f  the event. O ne patient presented w ithin  24  
hours o f  developing sym ptom s, 5 days post
trauma.

TIME TO PRESENTATION

O f the 27  post-surgical patients 10  presented  
in  the early postoperative period— that is, the 
first 10 days postoperatively (m ean 4 .9  days.



Table 2 Patient details

Case no Agelsexleye

TYwje yrom 
operation or 
traum a to fir s t  
sym ptom s

Tim e fro m  
presentation to firs t 
sam pling P re-R x A C  tap

V it tap or 
biopsy Vity

In itia l visitai 
acuity F in a l v isua l acuity Outcome M icrobiology results

P o s t-su rg ica l cases: 
C u ltu re  positive  cases 
1 6 2 /F /R 5 days 1 day Y N N Y P L P h th y sis 3 C o ag u lase  nega tive  Staphylococcus  sp p
2 8 2 /F /L 3 w eeks 21 m o n th s N Y Y N H M N P L 3 C o ag u lase  neg a tiv e  Staphylococcus  sp p  a n d

3 8 0 /F /R 4 .8  m o n th s < ld a y N N N Y 6/60 6/12 1
Staphylococcus aureus 

C o ag u lase  n ega tive  Staphylococcus  spp
4 6 9 /F /R 8 m o n th s 1 day N Y Y N P L 6/18 2 C o ag u lase  neg a tiv e  Staphylococcus  spp
5 5 2 /M /R 1 4 .8  years 4  days Y Y N Y H M 6/12 1 C o ag u lase  nega tive  Staphylococcus spp
6 5 1 /M /R 2 m o n th s 6 w eeks Y N N Y H M 6/60 3 Propionibacterium acnes
7 6 9 /F /L 6 m o n th s 18 m o n th s Y Y Y N 6/24 6/36 2 Propionibacterium acnes
8 7 6 /I7 M 5 days <1 day Y Y Y N P L C F 3 Proteus morgagni
9 6 2 /M /L 2 .7  years 8 days N N N Y H M P hthysis 3 Neisseria  sp p
10 6 6 /M /L 11 .6  years 7 days N N Y N H M C F 3 Haem ophilus  sp p
C u ltu re  negative cases 
11 1 9 /F /R 1 d ay 6 m o n th s N N N Y H M 6/12 1 N o  g ro w th
12 4 2 /M /R 1 day B days N Y Y N H M P L 3 N o  g ro w th
13 3 5 /M /L 2 days < 1 day N Y Y N 6/60 6/60 2 N o  g ro w th
14 8 4 /F /L 3 days <1 day Y N Y Y P L N P L 4 N o  g ro w th
15 5 0 /M /L 5 days 2 days Y N Y N H M 6/60 3 N o  g ro w th
16 8 1 /F /R 8 days 2 w eeks Y Y Y N H M 6/9 1 N o  g ro w th
17 8 0 /F /L 9 days 42  days Y Y N Y 6/36 6/9 1 N o  g ro w th
18 7 9 /M /L 10 days < ld a y Y Y Y N 6/6 0 6/9 1 N o  g ro w th
19 7 6 /M /L 1 m o n th 14 days Y Y N Y 6/60 6/18 2 N o  g ro w th
20 7 1 /F /L 2  m o n th s 12 m o n th s Y Y N Y 6/36 6/9 1 N o  g ro w th
21 5 8 /F /R 2  m o n th s 9 .6  years N Y N Y C F C F 3 N o  g ro w th
22 5 1 /M /L 3 m o n th s 9 m o n th s N Y Y N 6 /60 6 /12 1 N o  g ro w th
23 8 7 /F /R 3 m o n th s 11 m o n th s Y N N Y P L C F 3 N o  g ro w th
24 7 2 /F /R 5 m o n th s 3 w eeks N N N Y 6/60 6/18 2 N o  g ro w th
25 7 8 /M /L 12 m o n th s 8 days Y N Y N P L H M 3 N o  g ro w th , MoraxeUa  keratitis
26 7 1 /F /R 20  m o n th s 2 days Y N Y N P L 6/60 3 N o  g ro w th
27 7 0 /F /L 2 .2  years < ld a y N Y Y N P L P L 3 N o  g ro w th

P o s t- tra u m a tic  cases 
C u l tu re  po sitiv e  cases 
28 3 5 /M /L <1 day < ld a y Y Y Y N P L 6/6 0 3 C o ag u lase  n eg a tiv e  Staphylococcus sp p
29 33/M Æ . < 1  d ay 2 days N N N Y 6/5 6/12 1 C o ag u lase  n eg a tiv e  Staphylococcus sp p
30 4 0 /M /L 5 days < ld a y Y Y Y Y 6/36 6/9 1 C o ag u lase  n ega tive  Staphylococcus sp p
C u l tu re  n ega tive  cases 
31 2 0 /M /L <1 d ay 4  days Y Y Y Y H M 6/36 2 N o  g ro w th
32 4 0 /M /R 1 d ay 1 d ay Y N N Y H M C F 3 N o  g ro w th

P re -R x  =  a n tib io tic  t re a tm e n t  a t  p re se n ta tio n ; A C  ta p  =  a n te r io r  c h a m b e r  ta p ;  V it ta p  =  v itre o u s  h u m o u r  ta p  o r  b iopsy ; V ity  =  vitrectom y. O u tc o m e : 1 =  6 /5 —6 /1 2 ; 2 =  6 /1 8 -6 /3 6 ;  3 — 6 /6 0 —N P L /p h th y s is ; 4  — e n u c le a tio n .



722 Okhravi, Towler, Hykin, Matheson, Lightman

Table 3 Operative procedures and complications 
associated with cases o f post-surgical endophthalmitis in 
this series

N o of 
patients

Operation:
Extracapsular cataract extraction and intraocular

lens implant 20
Trabeculectomy 4
Corneal surgery 2
Vitreoretinal surgery 1
Intracapsular cataract extraction 1
Total: 28*

Complications:
No complications 20
1, 2, or 3 complications n

Peroperative:
Vitreous loss 0
Capsule rupture 0

Postoperative:
Raised intraocular pressure 1
Wound or bleb leak 1
Broken sutures I
Corneal oedema 1
Uveitis 5

*One patient underwent penetrating keratoplasty and trab
eculectomy within 10 days of the first procedure.
•fOne patient suffered two peroperative and postoperative com
plications and another suffered three.

m ode 1 day, range 1 - 1 0  days) and 17 patients 
(63% ) presented after 11 days, the range vary
ing w idely betw een  21 days and 14.8 years. 
Overall, 59% o f  all patients presented m ore 
than 1 m onth  after surgery. T here was n o  sta
tistically significant correlation betw een tim e to  
presentation from onset o f  sym ptom s and final 
visual acuity better than 6 /60  for those patients 
presenting at 1 day or less, at 1 week, and 
greater than 1 m onth  after onset o f  sym ptom s 
(p =  0 .3 3 , 0 .3 0 , and 0 .67  respectively).

SAMPUNG AND TREATMENT
C ulture o f  vitreous hum our was undertaken in 
all patients (15  by vitreous tap only, 14 by vit
rectom y, and three by vitreous tap follow ed by  
vitrectom y). Anterior cham ber (AC) tap and 
culture was perform ed on 56% o f  all patients. 
A n A C  tap was always accom panied  by 
vitreous sam pling.

All patients received intravitreal am ikacin  
and vancom ycin im m ediately after the sam ples 
had been  collected . System ic ciprofloxacin was 
adm inistered in 97%  o f  patients. O ne patient 
w ith delayed onset endophthalm itis secondary  
to  Propionibacterium acnes, did n ot receive 
ciprofloxacin as this had already been  adm inis
tered at the referring hospital and ± e  organism  
was fully sensitive to vancom ycin and am i
kacin. System ic steroids were com m enced  in 
78%  o f  patients after 24  hours. T reatm ent with  
topical antibiotics was variable w ith 55% , 44% , 
and 41%  o f  patients receiving topical ceftiro- 
x im e, gentam icin , and/or chloram phenicol, 
respectively. Topical steroids were adm inis-

Table 4 Final visual outcome o f all patients

Post-surgical patients (%) Post-traumatic patients (%)

Culture + Culture - AU Culture + Culture - A ll

1 = 6/5-6/12 2 6 8 2 0 2
2 = 6/18-6/36 2 2 4 0 1 1
3 = 6/60-NPL 6 8 14 1 I 2
4 = enucleation 0 1 1 0 0 0
Total 10 18 27 3 3 5

tered to all patients after sam pling was 
com plete.

O verall, seven  patients had capsulectom y  
and culture o f  capsule rem nants. R em oval o f  
the IO L  was perform ed in  on ly tw o o f  these  
cases b ut a further four cases were treated with  
IO L  rem oval in  the absence o f  capsulectom y.

Four o f  the five post-traum atic patients 
underw ent vitrectomy. T h e  one patient w ho  
did  n o t undergo vitrectom y after adm ission  
had already undergone vitrectom y and removal 
o f  intraocular foreign body at the referring  
hospital.

COMPUCATIONS AT PRESENTATION AND 
POST-SAMPLING
A t presentation tw o post-surgical endoph
thalm itis patients (cases 1 and 6 ) w ere n oted  to  
have retinal detachm ents (0 .07% ). B oth o f  
these cases w ere culture positive and had poor  
final visual outcom es.

A dvanced  ophthalm ic conditions in  exist
ence before presentation and contributing to 
poor final visual ou tcom e were n oted  and 
include advanced glaucom a (tw o cases), 
B ehçet’s disease (one case), and h igh  m yopia  
w ith longstanding nystagm us (one case). C om 
plications o f  endophthalm itis and its treatm ent 
include cystoid  m acular oedem a (three cases), 
m acular h o le (tw o cases), epiretinal m em brane  
(two cases), retinal detachm ent (two cases b oth  
at 1 m onth , one vitrectom y, on e tap), decom 
pensated  corneal graft (three cases). Patient 21 
underw ent vitrectom y for a w orsening clinical 
picture, and later rem oval o f  IO L  and capsule 
w hich was com plicated  by expulsive haem or
rhage and the eye was enucleated  shortly after
wards.

FINAL VISUAL OUTCOME
Final visual ou tcom e was assessed after at least 
6  m onths, and categorised as in  Table 4. C om 
paring initial and final visual acuities, 22 /3 2  
(69% ) patients show ed an im provem ent in  
their vision. Overall, 12/27 (44% ) post-surgical 
patients and 3/5 (60% ) post-traum atic cases 
had a final visual acuity o f  6 /36  or better, w ith  
8/27 (29% ) and 2/5 (40% ) achieving 6 /12 or 
better, respectively. C om pared w ith culture 
positive cases, culture negative cases w ere asso
ciated w ith a higher percentage o f  cases w ith a 
final visual acuity o f  6 /12  or better (35%  (6/17)  
V 2 0 % (2 / 1 0 ))  and a sm aller proportion with  
vision  o f  6 /60  or less (52%  (9 /17 ) v  60%  
(6 /1 0 )) (x^ p =  0 .1 6 ). T h e  prognosis for a good  
visual outcom e, how ever, remains poor with  
15/27 (57% ) post-surgical and 2/5 (40% ) post
traum atic cases achieving a final acuity o f  6 /60  
or less.

MICROBIOLOGICAL RESULTS AND ANTIBIOTIC 

SENSITIVITIES
Intraocular and extraocular cultures w ere p osi
tive in 13/32 (40% ) and 20 /32  (58% ) o f  all 
patients respectively. In the post-surgical sub
group o f  patients 10/27 (37% ) had positive 
intraocular and 19/27  (70% ) positive extraocu
lar cultures. In on e case aqueous fluid was cul
ture positive in  the absence o f  a culture positive  
sam ple o f  vitreous and in  one other, sam ples
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Table 5 Comparison o f final visual acuity post-treatment 
o f presumed bacterial endophthalmitis (NA= not 
available)

Reference

Vision 6160 (201200) or less

Culture positive Culture negative

Post-surgical cases only:
Bohigan 1985'' 77% (39/51) 48% (15/31)
Driebe 1986’ 60% (41/67) 27% (5/18)
Rattan 1990’ 56% (14/25) 40% (2/5)
Heaven 1992’ 25% (6/20) 8% (1/12)
Doft 1994® 22% (13/60) 17% (1/6)
Okhravi 1997 60% (6/10) 53% (9/17)

Post-traumatic cases
only:
Peyman 1979’ 33% (4/12) NA
Alfaro 1994“’ 81% (17/21) 87% (13/15)
Okhravi 1997 33% (1/3) 50%

from  the posterior capsule were culture p osi
tive in  the  absence o f  a culture positive aqueous 
or vitreous. N in e o f  the 11 culture positive  
patients w ere also culture positive from an 
extraocular site but this was reflected in only  
12 ou t o f  21 culture negative cases (%' p =  0 .4 ).

In only three post-surgical patients and in one  
post-traum atic case did a positive culture from  
the extraocular surface correspond to the sam e 
species o f  organism grown from  the intraocular 
sam ples. All four o f  these were culture positive 
for coagulase negative staphylococci.

C ulture o f  the posterior capsule was positive  
in  tw o cases and in a third, m icroscopy  
confirm ed the presence o f  organism s consist
ent w ith  P  acnes already grown from  the vitre
ou s sam ple (Table 6  case 7 ). In one case lens 
capsule culture was positive in the absence o f  a 
positive culture from  either aqueous or vitreous 
and revealed a m ixture o f  causative organism s, 
nam ely coagulase negative Staphylococcus spe
cies and Staphylococcus aureus.

G ram  positive organism s accounted  for 7 /10  
(70% ) culture positive post-surgical and 3/3  
G  0 0 %) post-traum atic cases o f  endophthalm i
tis. All the bacteria isolated were sensitive to at

Table 6 Final visual acuity by microbiological results

least on e  o f  the three antibiotics u sed  (Table 
6 ). In  four cases sensitivities w ere only  
available to  gentam icin  (patients 2 , 4 , 5, and
10). In  these cases organism s sensitive to gen
tam icin  w ere judged sensitive to amikacin. 
O nly on e o f  the tw o isolates o f  P  acnes was 
resistant to  gentam icin  and partially resistant 
to am ikacin (patient 7 ). C onsidering the  
isolates o f  coagulase negative Staphylococcus^ 
one w as found to be partially resistant and 
another fully resistant to  vancom ycin.

Discussion
FINAL VISUAL ACUITY
T h e final ou tcom e results for v ision  w orse than  
6/60  varies from  22-77%  in  the literature 
(Table 5).'̂ *® C om parison  o f  these reports is, 
however, confounded  by the u se  o f  w idely dif
fering m anagem ent regim ens at different cen 
tres. It is clear, however, ± a t  culture negative 
cases are associated w ith  a low er percentage o f  
cases w ith final visual ou tcom e o f  6 /6 0  or less. 
In  this series, desp ite adequate antibiotic  
coverage o f  the pathogens responsible with at 
least on e antibiotic in  every case, final visual 
ou tcom e results rem ain unsatisfactory. Perhaps 
a com bination  o f  this antibiotic regim en w ith a 
m ore aggressive surgical approach w ould  be o f  
m ore benefit. T h e recent publication  o f  the  
Endophthalm itis V itrectom y Study (E V S )“ 
has high lighted  the benefits o f  vitrectom y in  
patients w ho present with a visual acuity o f  
perception o f  light. T h e  results o f  this study  
cannot, unfortunately, be applied globally to  all 
cases o f  severe endophthalm itis, as m any  
patients w ere excluded from  th e trial, notable  
am ong them  those with corneal oedem a, n o  
view  o f  iris, no  perception o f  light v ision  at 
presentation, prior intraocular surgery other  
than lens related (five post-cataract cases in  
this series), retinal detachm ent at presentation  
(two cases in  this series), previous injection o f

Case
number

Final
visual
outcome

Culture positive samples Antibiotic sensitivities

Aetiology Organism/s isolated AQ + Vit+ Cap+ V A C

1 Post-surgical 3 Coagulase negative 
Staphylococcus spp

NA Y NA Y Y Y

2 Post-surgical 3 Coagulase negative 
Staphylococcus spp and 
Staphylococcus aureus

N N Y NK Y(G) Y

3 Post-surgical 1 Coagulase negative 
Staphylococcus spp

NA Y Y NK Y(G) NK

4 Post-surgical 2 Coagulase negative 
Staphylococcus spp

N Y N N(PR) Y Y

5 Post-surgical 1 Coagulase negative 
Staphylococcus spp

NI NI NA NK Y(G) NK

6 Post-surgical 3 Propionibacterium acnes NA Y NA Y Y NK
7 Post-surgical 2 Propionibacterium acnes N Y Ya Y N(PR) Y
8 Post-surgical 3 Proteus morgagni Y N NA N Y Y
9 Post-surgical 3 Neisseria spp NA Y NA N Y N
10 Post-surgical 3 Haemophilus spp (3 NA N NA N Y(G) N
29 Post-traumatic 3 Coagulase negative 

Staphylococcus spp
N Y Na Y Y Y

30 Post-traumatic 1 Coagulase negative 
Staphylococcus spp

NA Y NA NK Y NK

31 Post-traumatic 1 Coagulase negative 
Staphylococcus spp

Y Y NA N Y Y

AQ+ = aqueous sample culture positive; Vit+ = vitreous sample culture positive; CAP+ = capsule biopsy culture positive; Y = yes; 
N  = no; NA = not applicable; NI = no information from referring hospital; V =vancomycin sensitivity; A = amikacin sensitivity; C 
= ciprofloxacin sensitivity; Y = fully sensitive; N  = resistant; (G) = sensitive to gentamicin; test was not performed for amikacin; PR 
= partially resistant; NK = sensitivity test not performed/no result available.
a = Organisms compatible with P  acnes were seen on microscopy of the capsule fragment but this sample was culture negative.
P = Haemophilus isolated from cultures of sutures and plomb removed at the time of surgery.
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intravitreal antibiotic (eight cases in this 
series), and know n previous ocular disease  
know n to reduce visual acuity to less than  
2 0 /1 0 0  (eight cases in this series). T w enty o f  27  
o f  the patients in our study had endophthalm i
tis secondary to cataract surgery or secondary  
IO L  insertion. Overall 9 /20  (45% ) o f  this sub
group o f  patients w ould  be excluded if  the EVS  
criteria were to be used: 4 /9  o f  w hom  had P O L , 
and 3/9 had hand m ovem ents v ision  at presen
tation. Four o f  n ine o f  these patients were 
treated w ith vitrectomy. I f  one w ere to exclude  
from  the analysis the patients w ho did n ot ful
fil the E V S criteria, the final visual outcom e  
figures w ould  be very similar to those obtained  
by the EV S group: 7/11 (64% ) w ould  have a 
final visual acuity o f  6 / 1 2  or better and only  
2 / 1 1  (18% ) w ould  have a final visual acuity o f  
counting fingers or w orse in our series, 
com pared w i±  53%  w ith final acuity o f  2 0 /40  
or better and 15% w ith visual ou tcom e o f  
5/2 0 0  or w orse as reported in the EVS. Perhaps 
the patients to  w hom  the EVS conclusions  
apply are those currently judged less severe in  
relation to the full spectrum  o f  disease and who  
should  be treated m ore aggressively w hen pre
senting w ith P O L  vision.

ANTIBIOTIC SENSITIVITY
For the purposes o f  this study, a standard anti
b iotic regim en o f  vancom ycin, am ikacin, and 
ciprofloxacin was chosen  for the treatm ent o f  
patients presenting w ith presum ed bacterial 
endophthalm itis. A m ikacin is useful for the 
treatm ent o f  Gram  negative infections and is 
less frequently associated w ith retinal toxicity  
and m acular infarction seen  w ith  ± e  use o f  
gentamicin.'^ A m inoglycosides w ere chosen  in 
preference to ceftazidim e because they dem on 
strate a concentration dependent bactericidal 
action, w hich  increases w ith  bacterial load and, 
unlike ceftazidim e, show  synergistic activity  
w ith vancom ycin against Staphylococcus, Strep
tococcus, and Enterococcus species.'^

Vancom ycin has excellent coverage o f  Gram  
positive organism s and is especially useful in 
the treatm ent o f  d isease secondary to Strepto
coccus and m ethicillin  resistant isolates o f  
Staphylococcus. Its use has been  advocated for 
therapy o f  severe ocular infection  and discour
aged for prophylaxis o f  endophthalm itis as 
concern  is grow ing regarding em erging resist
ance in  Staphylococcus, Enterococcus, and Pneu
mococcus s p e c i e s . I t s  use for endophthalm itis 
caused by Gram  positive organism s has been  
advocated as no organism s were found  to be 
resistant.^ In this group o f  ocular isolates, 
however, on e isolate o f  coagulase negative Sta
phylococcus was partially resistant and another  
was fully resistant to  vancom ycin  on  M IC  test
ing. B oth  these isolates w ere frilly susceptible to 
am ikacin and ciprofloxacin (Table 6 ).

Ciprofloxacin is useful system ically, both  
after oral and intravenous adm inistration, 
achieving intravitreal concentrations higher 
than  the m inim um  inhibitory concentration  
(M IC,o) o f  m ost causative organism s except 
Staphybcoccus aureus. Pseudomonas spp,'^ and 
Streptococcus spp.'® K owalski et al have, how 
ever, n o ted  fliat the m inim um  intraocular

levels expected  after system ic adm inistration  
are sufficient to treat on ly 60%  o f  the ocular  
organism s i s o l a t e d .A l l  isolates sensitive to  
ciprofloxacin, however, w ere also sensitive to  at 
least on e o f  the other tw o agents w hich had  
b een  adm inistered via direct injection.

B ased on m icrobiological sensitivity profiles 
from  culture positive cases, the com bination o f  
vancom ycin, amikacin, and ciprofloxacin ap
pears adequate for the treatment o f  patients w ith  
suspected bacterial endophthalm itis. T h e  
em erging resistance to vancom ycin is o f  con 
cern, however, and needs careful m onitoring.

CULTURE POSITIVE RATE

T h e culture positive rate in several studies has 
been  reported and varies w idely  from  
5 1 -7 5 % ,“ ’  ̂ and seem s m uch higher than  
that found in  our study. O ur figure o f  40%  m ay  
be a reflection o f  the high percentage o f  cases  
already com m enced  on  b oth  topical and  
intraocular antibiotics w hich are referred to  
this centre.

T h e  im portance o f  undertaking b oth  aque
ous and vitreous sam pling is h ighlighted by the  
culture positivity o f  aqueous in  the absence o f  a 
positive culture from  vitreous in  one o f  our  
patients. A lthough vitreous sam ples are o f  
greater benefit the value o f  aqueous and  
capsu le/IO L  culm re should  n o t be underesti
m ated. K en t et al found aqueous sam ples to  be  
positive by culture in  eight cases w hen  culture  
o f  vitreous proved unhelpfuE“ and B usin  et al 
used  scanning electron m icroscopy and d e
tected  bacteria on  all rem oved lenses in  1 1  

patients in  w hom  cultures w ere negative before  
IO L  rem oval, five o f  w hich were culture  
positive from  sam ples taken at the tim e o f  IO L  
removal.^®

In com m on  w ith  other reports o f  culture 
positive post-traum atic endophthalm itis the  
vitreous sam ple was positive in  all cases and the  
aqueous sam ple in  very few.“

COAGULASE NEGATIVE STAPHYLOCOCCI 
C oagulase negative staphylococci includ ing  
Staphybcoccus epidermidis account for 2 7 .5 -  
61% o f  culture positive cases o f  endophthalm i
tis in m any series,^ “  and have b een  grown  
from  44%  o f  aqueous aspirates from  routine  
surgical cases w hich did not develop  
endophthalmitis,^^ In this series o f  patients, 
overall 8 /15  (53% ) o f  the patients w ere culture 
positive for this organism  (this figure includes  
isolates o f  streptococci). C oagulase negative  
staphylococci have traditionally b een  associ
ated w ith  a less v irulent course o f  d isease and a 
good  visual ou tcom e. In  our series o f  patients, 
how ever, 2 /5 post-surgical and 1/3 p ost
traum atic cases had a final visual acuity o f  6 /6 0  
or less. Increasingly the possibihty o f  a poor  
visual ou tcom e secondary to in fection  w ith  this 
organism  is being recognised.^“ “

E xclud ing the case o f  b leb associated  en d o
phthalm itis (patient 5) the tim e to presentation  
was variable w ith  a range o f  1 day to 8  m onths. 
T h is range is m uch greater than the 2 -1 8  days 
reported previously.^’ T here was no correla
tion, how ever, betw een  final visual ou tcom e
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better then  6 /60  and tim e to presentation or 
treatm ent (p=  0 .2 ).

DELAYED POSTOPERATIVE ENDOPHTHALMITIS
O lson  et al reported 35 /4 0  cases (87% ) as pre
senting in the first 6 weeks postoperatively.^® In  
this series on ly 41%  o f  cases presented w ithin  
the first 6 weeks. T h is m ay be a reflection o f  the 
use o f  this hospital as a tertiary referral centre 
for cases o f  unresponsive uveitis. Seven o f  10 
cases o f  delayed on set uveitis so referred were 
found  to  be culture positive. In keeping with  
other reports coagulase negative staphylococci 
and P  acnes were the organism s m ost fre
quently isolated.

POST-TRAUMATIC ENDOPHTHALMITIS
T h e  culture positive rate o f  60% seen in  this 
sm all series reflects that reported by other 
in v e st ig a to r s .C o a g u la se  negative staphyloco
cci are often  the m ost com m on  causative agent 
in  cases o f  post-traum atic en d op h ± a lm itis .’ 
In  this series 60%  o f  patients achieved a final 
visual acuity o f  6 /36  or better with 40%  achiev
ing 6 /12 or better.

Conclusion
F ull coverage o f  all possib le pathogens is m an
datory in the treatm ent o f  presum ed bacterial 
endophthalm itis and has been  achieved by  
using a com bination  o f  vancom ycin, am ikacin, 
and ciprofloxacin. D esp ite  this coverage, how 
ever, the prognosis for a good  visual ou tcom e  
rem ains poor, w ith  55% o f  post-surgical and 
40%  o f  post-traum atic cases achieving a final 
visual acuity o f  6 /60  or less. T h e em erging  
resistance to vancom ycin is o f  concern  and 
should  be carefully m onitored.
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