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PURPOSE. To assess the usefulness of polymerase chain reaction (PCR) in detection of bacteria in
ocular samples.

METHODS. Thirty-seven samples (aqueous and vitreous) were collected from 25 eyes showing typical
symptoms and clinical signs of bacterial endophthalmitis. Ocular samples were also collected from
38 eyes that underwent routine surgery and from 15 eyes with intraocular inflammation due to
nonbacterial causes. Panbacterial PCR was performed with a nested pair of 16S rRNA gene primers.
Subsequent bacterial identification was completed for 18 paired samples (nine eyes) using restric-
tion fragment length polymorphism (RFLP) and DNA sequencing.

RESULTS. A 100% concordance was obtained between PCR and culture-positive samples. A PCR
product was amplified from all 37 intraocular samples from eyes with suspected infection, whereas
only 15 of 22 vitreous samples and 5 of 15 aqueous samples were culture positive. Culture-negative
PCR-positive samples contained a preponderance of gram-negative bacterial sequences. Cloning
and DNA analysis revealed 30 DNA sequences and included eight bacterial 16S rDNA, which
currently remain unidentifiable. The presence of bacterial DNA was associated with an inflamma-
tory response suggestive of infection and not colonization. All 15 samples from inflamed eyes with
diverse uveitis diagnoses were PCR negative. The false-positive rate, due to contamination during
sampling, was 5%.

CONCLUSIONS. Bacterial DNA was detected in all patients with typical clinical signs of endophthalmi-
tis. Gram-negative organisms seem to play a much more important role in the pathogenesis of this
disease than previously thought. PCR-based techniques have great value in the confirmation of the
diagnosis of bacterial endophthalmitis especially in culture-negative eyes. (Invest Ophthalmol Vis
Sci. 2000;41:3474–3479)

Ideally, infective endophthalmitis would be verified by cul-
ture in all cases. Currently, confirmation of the diagnosis of
bacterial endophthalmitis is dependent on microbiologic

isolation of organisms, but many cultures are negative (21%–
63% in the published literature).1–6 Several reasons have been
postulated for this, including small sample size, sequestration
of bacteria on solid surfaces (e.g., on intraocular lens, lens
remnants, and lens capsule), prior use of antibiotics, and the
fastidious nature of some of the organisms that cause intraoc-
ular infection.1,7,8 These observations suggest that with a more
sensitive and specific detection strategy, a microbiologic diag-
nosis may be obtained in more cases.9A sensitive and rapid

diagnostic test would not only allow confident verification of
the diagnosis (noninfective inflammation vs. infection) but also
allow early commencement of specific and appropriate treat-
ment.

Several investigators have reported the use of panbacterial
polymerase chain reaction (PCR) in the analysis of ocular
samples from clinical cases with suspected intraocular infec-
tion.9–12 The main drawback of studies, using nested PCR for
the detection of bacteria using panbacterial 16S rDNA gene
primers, has been the coamplification of small amounts of the
bacterial DNA that contaminate the purest commercial prepa-
rations of Taq DNA polymerase.13,14 Several methods have
been used to eradicate this, but none were found to be 100%
effective in removing contaminating templates.14–17 Our pre-
vious studies have demonstrated that the efficient elimination
of this DNA from participation in the amplification reaction is
reliably achieved by pretreatment of the polymerase with a
restriction endonuclease, before first-round PCR amplifica-
tion.9,18–20

METHODS

The purpose of this study was to determine the ability of PCR
to detect bacteria in samples collected from patients with
presumed bacterial endophthalmitis. This study adhered to
guidelines in the Declaration of Helsinki for research involving
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human subjects. Thirty-seven ocular samples (aqueous and
vitreous) were collected from 25 eyes of 25 patients with
typical clinical symptoms and signs of endophthalmitis (clinical
samples). Uninfected ocular samples were also collected from
38 eyes that underwent routine surgery (control samples) and
15 eyes with ocular inflammation secondary to nonbacterial
causes (inflamed samples). For nine eyes for which data and
paired samples were available, PCR was followed by digestion
with restriction endonucleases, DNA sequencing, and/or clon-
ing to identify the bacteria present.

Preoperative Cleaning Procedure

All eyes were sampled in an identical manner. When the
patients arrived in the operating theater, 1 drop of 5% aqueous
povidone iodine solution was instilled in the conjunctival sac
after topical anesthesia. The eye and surrounding tissues were
prepared for surgery, and once the lid speculum was in place
1 drop of 5% aqueous povidone iodine was instilled into the
conjunctival sac for 5 minutes. The conjunctival sac was sub-
sequently washed with 20 ml of sterile saline before sampling.

Samples from Clinical Cases of Endophthalmitis

Intraocular sampling was performed as previously de-
scribed.1,9 The sample for PCR (5–50 ml) was separated from
that to be sent for microbiologic assessment at the time of
sampling and handled under aseptic conditions. All samples
were collected into microcentrifuge tubes and stored at 270°C
until analysis.

Microbiology

Intraocular samples were examined by gram stain, and imme-
diately cultured as previously described.1 After isolation by
culture, a biochemical identification system (API Analytab,
New York, New York) was used. Organisms were subse-
quently stored on beads (Mast Diagnostics, Bootle, UK) at
270°C.

Aqueous and Vitreous Samples from Cases with
No Evidence of Intraocular Infection

Samples were collected from patients who underwent routine
cataract (aqueous samples only) and vitreoretinal surgery (vit-
reous samples only) to test the contamination rate at the time
of sampling. Collection of normal and inflamed intraocular
samples were also undertaken during planned surgical proce-
dures in patients with no evidence of intraocular infection or
inflammation or medical history of uveitis and/or diabetes
mellitus (normal vitreous) or from patients with other causes
of posterior segment inflammation not associated with bacte-
rial infection (inflamed vitreous). Samples were aliquoted in a
sterile manner and stored at 220°C.

DNA Extraction

For specificity testing, genomic bacterial DNA was extracted as
previously described.9 For direct PCR, bacteria were sus-
pended in the distilled water component of the PCR mix and
used directly in PCR reactions.

Protocol for Analysis of Clinical Samples

Five microliters of the ocular sample was added directly to the
PCR reaction. If the PCR reaction was found to be negative,
inhibition of the PCR reaction by the ocular sample was con-

sidered. The identity of PCR inhibitors in ocular samples is
currently unknown. The only group that has addressed this
issue to date studied the effect of vitreous from uninflamed
eyes21 (called normal vitreous in this article) for which no
inhibitory effect has been noted by us.9 Results in the analysis
of clinical samples from patients with presumed bacterial en-
dophthalmitis demonstrated variable inhibition of the PCR re-
action. Fortunately, in all cases the dilution of ocular samples
was sufficient to remove the effect of the inhibitors without
sacrificing sensitivity. Therefore, if the PCR was found to be
negative, the vitreous sample was diluted with sterile water to
50% (1:2), 20% (1:5), 10% (1:10), and 5% (1:20) and three
experiments were run in parallel. The first was direct PCR of
the diluted vitreous (using 5 ml of the sample at the required
dilution), and the second and third involved spiking the dilute
vitreous with approximately 600 and 1–5 live organisms, re-
spectively, followed by direct PCR.

Experimental Conditions

Oligonucleotide primers, PCR reagents, cycling conditions,
and restriction fragment length polymorphism (RFLP) analysis
were identical with that previously described.9 Before first-
round PCR amplification, the polymerase (Replitherm Taq;
Cambio, Cambridge, UK) was pretreated with AluI restriction
endonuclease (ratio of 3:1 units of Taq: AluI; Promega,
Southampton, UK) as reported previously.9,18

DNA Sequencing

DNA sequencing was performed on all PCR-positive samples.
PCR fragments were directly cycle sequenced in both direc-
tions using an automated DNA sequencer (model 377 version
2.1.1, ABI Prism; ABI, Foster City, CA). Sequences were ana-
lyzed both manually and using database and software programs
available through the HGMP computer center (http://www.
hgmp.mrc.ac.uk), the National Collection of Biotechnical In-
formation (NCBI) and the Ribosomal Database Project (RDP;
http://www.cme.msu.edu/RDP/html/index.html) Web sites.

Cloning of PCR Products

Amplified DNA from PCR reactions were directly cloned into
pCR II (Invitrogen, Leek, The Netherlands) to aid sequencing
and to establish the identity of individual PCR products in
samples with mixed populations of 16S rDNA that yielded
combined patterns after RFLP analysis.

Protein Assay

Because high protein levels are expected in inflamed eyes and
have been proposed to be a cause of PCR inhibition by intraoc-
ular samples,21 a protein assay was undertaken. Each sample
was diluted 1:4 and 1:200, assayed for protein using BCA
reagent (Pierce, Chester, UK), and compared with bovine se-
rum albumin standards (0–0.6 mg/ml).

Statistical Analysis

All statistical analysis was undertaken by computer (SPSS for
Windows, ver. 6.0; SPSS, Chicago, IL).

RESULTS

PCR Amplification of Clinical Samples

Ninety ocular samples from 78 eyes were tested using nested
bacterial PCR. Thirty-seven samples (22 vitreous and 15 aque-
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ous) were collected from 25 eyes with unambiguous clinical
signs of intraocular infection. Results of PCR analysis appear in
Table 1. Of the vitreous and aqueous samples 15 (68%) of 22
and 5 (33%) of 15 samples were culture positive, respectively.
PCR, however, detected the presence of bacterial DNA in 100%
of samples from eyes with clinically suspected presence of
infection. In only three eyes were both the aqueous and vitre-
ous from the same eye culture positive.

PCR Amplification of 16S rDNA Genes from
Control Ocular Samples

The sampling contamination rate using this preoperative clean-
ing procedure was 5% for both aqueous and vitreous sampling
(Table 1). One each of 19 aqueous and 19 vitreous samples was
PCR positive in the presence of adequate PCR reaction con-
trols. None of the patients tested showed any clinical signs of
infection or inflammation up to 7 months after surgery.

PCR Amplification of 16S rDNA Genes from
Inflamed Ocular Samples

Fifteen intraocular samples from 15 eyes with diverse uveitis
diagnoses were analyzed and repeatedly were negative for the
presence of bacterial DNA using this nested PCR technique
(Table 1).

Patient Data and Analysis of 18 Paired Clinical
Samples from Nine Eyes

Eighteen paired samples (aqueous and vitreous) collected from
nine patients with typical signs of bacterial endophthalmitis
were analyzed in much greater detail.

Visual acuity at the occurrence of initial examination var-
ied from hand movements to no perception of light. Endoph-
thalmitis developed in two patients within 24 hours of cataract
surgery (patients 2 and 9), and a further four in the first 5 days
postoperatively (patients 3, 4, 6, and 7). Disease developed in
one patient 20 days after glaucoma surgery (patient 8), in
another 7 days after systemic symptoms secondary to gram-
negative septicemia (patient 1), and in another secondary to
keratitis (patient 5). The average age at occurrence of disease
was 63 years (range, 39–88 years), and five of the nine patients
were men.

An infective organism was identified by culture in 5 (55%)
of 9 eyes. Culture-positive intraocular samples included 5
(55%) of 9 vitreous samples and 1 (9%) of 9 aqueous samples.

The most commonly cultured organisms were coagulase-nega-
tive staphylococci (Table 2).

All intraocular samples from patients with presumed bac-
terial endophthalmitis were found to be PCR positive (Table 2).
The level of PCR inhibition was found to be variable, with
aqueous samples requiring dilution more often than vitreous
samples. Dilution of the sample was required in the analysis of
eight intraocular samples (five aqueous and three vitreous).
Fifty-five percent of samples (10/18) did not require dilution
and therefore required only one PCR run (6/9 undiluted vitre-
ous and 4/9 undiluted aqueous). Thirty percent required two
runs, and in 10%, three or four runs were necessary to obtain
a result. In six of the nine patients, one or both intraocular
samples had to be diluted.

The results from culture-positive samples demonstrated
100% concordance with PCR-RFLP sequencing results in all
(5/5) vitreous but not in the one culture-positive aqueous
sample (Table 2, sample 6). Four aqueous (samples 6, 8, 14,
and 16) and three vitreous (samples 3, 11, and 13) samples
were cloned because some ambiguity existed in the identity of
the pathogen (Table 2, column 8). Nineteen cloned sequences
were obtained from these seven ocular samples from six pa-
tients. These included 10 16S rDNA sequences from proteobac-
teria, 1 Propionibacterium acnes rDNA sequence, and 8 uni-
dentifiable bacterial 16S rDNA sequences.

Protein Assay

A protein assay was performed on 17 of 18 paired samples. In
addition, two samples from patients with culture-verified bac-
terial endophthalmitis collected at a later date, seven control
samples, and two inflamed vitreous samples were also assayed.
Results indicated that in the samples from patients with pre-
sumed bacterial endophthalmitis, protein levels varied from
2.5 to 130 mg/ml. Analysis of uninflamed PCR-negative vitreous
and aqueous samples yielded results in the range of 0 to
0.8 mg/ml (n 5 7). Inflamed PCR-negative vitreous samples
yielded a protein assay measurement of 3.0 mg/ml (n 5 2).
Comparison between control PCR-negative ocular samples (n
5 7; mean, 0.34 mg/ml), and PCR-positive samples from pa-
tients with bacterial endophthalmitis (n 5 19; mean, 15.9
mg/ml) indicated a difference that was statistically significant
(independent samples t-test assuming unequal variance, P 5
0.03).

TABLE 1. Comparison of Culture and PCR Results for All Samples Tested

Culture Positive Culture Negative

Total
Bacterial PCR

Positive
Bacterial PCR

Negative
Bacterial PCR

Positive
Bacterial PCR

Negative

Clinical samples 20 (15 vitreous,
5 aqueous)

0 17 (7 vitreous,
10 aqueous)

0 37 samples from 25 eyes

Inflamed samples 0 0 0 15 15 samples from 15 eyes
Control samples 0 0 2 36 38 samples from 38 eyes
Total 20 0 19 51 90 samples from 78 eyes

Clinical samples were those collected from eyes with suspected intraocular infection and treated as bacterial endophthalmitis. Inflamed
samples were collected from 15 eyes with ocular inflammation secondary to nonbacterial causes. Control samples were uninfected ocular samples
collected from 38 eyes that underwent routine intraocular surgery. One of 19 control aqueous and 1 of 19 control vitreous samples were PCR
positive but culture negative. These two patients did not show signs of postoperative inflammation up to 7 months after surgery, suggesting
contamination at the time of sample collection.
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For 17 samples it was possible to determine an association
with either gram-positive or gram-negative bacteria (both PCR
and culture results agreed). The mean protein level was found
to be higher for samples associated with gram-negative organ-
isms (n 5 8; mean, 27.4 mg/ml) than gram-positive (n 5 9;
mean, 7.9 mg/ml), but this finding failed to reach statistical
significance. Of note, for all samples that contained gram-
negative sequences indicated by PCR, the protein levels in
culture-positive samples were very similar to those in culture-
negative samples. The same was true for all samples that
contained gram-positive sequences as indicated by PCR.

For seven of eight eyes with bacterial endophthalmitis for
which paired results were available, the protein level in the
aqueous sample was found to be on average 57.6% higher than
in the vitreous (range, 0%–166%). The mean protein levels
were higher in the presence of hypopyon-fibrin but, due to the
very small sample without these clinical findings, the results
were not amenable to valid statistical analysis. No correlation
was found between protein levels and culture or PCR result
(positive or negative) of an undiluted sample. However, the
mean protein level was higher in those patients who had a
poor visual outcome of perception of light or worse at 6-month

follow-up (n 5 17; mean protein level for those with vision of
perception of light [POL] or worse at 6 months, 36.6 mg/ml [n
5 6] versus mean protein in samples from eyes with final visual
acuity better than POL, 6.6 mg/ml [n 5 11]; independent
samples t-test assuming equal variance P 5 0.05).

DISCUSSION

In this study we applied molecular biologic techniques to the
detection and identification of bacteria in ocular samples. Bac-
terial DNA was successfully detected using PCR and identified
using RFLP, DNA sequencing, and cloning techniques. This
study has demonstrated that by using PCR-based techniques,
bacterial DNA can be found in 100% of samples from patients
with typical clinical signs of bacterial endophthalmitis,
whereas routine microbiologic analysis yielded positive results
in only 68% of eyes. Vitreous was shown to be the sample of
choice for both PCR and microbiologic analysis. Although PCR
techniques cannot recover organisms for subsequent analysis
(e.g., antibiotic testing), the molecular diagnosis of antibiotic
resistance is increasingly becoming a reality.22 Also, in the

TABLE 2. RFLP, DNA Sequencing, and Cloning Results for Intraocular Samples from Patients with Presumed Bacterial Endophthalmitis

Sample
Number

Patient
Number Sample

Dilution
(%)* PCR RFLP Sequencing

Proceed
to Clone

Identification of Bacterial
rDNA Isolated

Culture
Results

1 1 Vit None 1 EC/SM† Escherichia coli E. coli E. coli
2 1 Aq 50 1 CNStaph‡ CNStaph CNStaph NG§
3 2 PM¶-Vit 10 1 Mixed pattern of

infection (?)
Poor sequence

quality
u Two alpha proteobacteria:

Afipia spp,
Methylobacterium spp

NG

4 2 Aq 50 1 Bacillus cereus B. cereus B. cereus NG
5 3 Vit None 1 CNStaph CNStaph CNStaph CNStaph
6 3 Aq 20 1 CNStaph (?) Poor sequence

quality
u Three sequences: Gamma

proteobacterium/
Comamonas spp,
unidentified bacterial rDNA
(2 species)

CNStaph

7 4 Vit None 1 CNStaph CNStaph CNStaph CNStaph
8 4 PM-Aq None 1 Mixed pattern of

infection (?)
Poor sequence

quality
u Unidentified bacterial rDNA

(2 species)
NG

9 5 Vit None 1 Pseudomonas
aeruginosa

Pseudomonas spp Pseudomonas spp Pseudomonas spp

10 5 Aq None 1 P. aeruginosa Pseudomonas spp Pseudomonas spp NG
11 6 Vit 50 1 EC/SM† Poor sequence

quality
u 6 sequences: Proteus spp,

Propionibacterium acnes,
alpha proteobacteria: 4
sequences

NG

12 6 Aq 50 1 Not determined# Aeromonas spp Aeromonas spp NG
13 7 Vit 50 1 Pseudomonas

aeruginosa
Pseudomonas spp

but poor
sequence
quality

u Pseudomonas spp NG

14 7 Aq None 1 Proteus
mirabilis

Staphylococcus
epidermidis

u Unidentified bacterial rDNA: 3
sequences

NG

15 8 Vit None 1 Streptococcus
faecalis

S. faecalis S. faecalis NG

16 8 Aq 50 1 CNStaph Pseudomonas spp u Pseudomonas spp unidentified
bacterial 16S rDNA: 1
sequence

NG

17 9 Vit None 1 S. faecalis S. faecalis S. faecalis b-hemolytic
streptococci
group Da

18 9 Aq None 1 S. aureus S. faecalis S. faecalis Streptococci seen
on smear but
NG

* Sample dilution required before nested PCR amplification was no longer inhibited.
† EC/SM, the RFLP pattern obtained by Escherichia coli and Serratia marcescens is identical.
‡ CNStaph is coagulase negative staphylococci.
§ NG, no growth by culture.
¶ PM, small sample volume meant none was available for PCR prior to processing in the microbiology department.
# The RFLP pattern did not conform to any known standard patterns. a, b-hemolytic on blood agar; Vit, vitreous; Aq, aqueous.
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analysis of culture-negative samples it is only by the use of PCR
that a microbiologic diagnosis can be obtained.

In our study of ocular samples, the presence of infection
was associated with a higher sample protein level suggestive of
a reactive immune response. The higher protein levels in
samples from eyes with gram-negative infection reflected the
greater inflammatory response triggered by these organisms
and the greater degree of ocular inflammation seen clinically in
these patients. The higher protein levels in infected eyes and
the similarity of protein levels between culture-positive and
culture-negative samples containing similar bacterial se-
quences suggests that the bacterial sequences identified by
PCR are significant markers of infection and not indicators of
colonization. The protein assay was not only useful in assessing
the relevance of detected bacterial sequences but also demon-
strated prognostic significance for visual outcome. Similar re-
sults have reported in the study by Druel et al.,23 in which
cerebrospinal fluid (CSF) obtained from all patients after cra-
niotomy, who showed clinical signs of meningitis, was com-
pared with CSF from patients who underwent craniotomy and
had no clinical evidence of infection. PCR confirmed the clin-
ical suspicion, and results indicated that the inflammatory
markers in the CSF were similar in all PCR-positive patients
(whether culture positive or negative) and greater than for all
PCR-negative patients, suggesting a true correlation with clin-
ical disease.23

Infection with multiple organisms is considered a rare
finding in postsurgical endophthalmitis. Very few reported
cases of infection with multiple organisms exist, with most
publications reporting none. However, in a few publications,
mixed bacterial infections have been reported with an inci-
dence of 54% (n 5 13),24 29% (n 5 47),25 19% (n 5 36),26 and
3% (n 5 78)27 of culture-positive patients. Multiple bacterial
16S rRNA sequences have also been PCR amplified from indi-
vidual samples collected from the joints of patients with arthri-
tis,28 from CSF,23 from prostatic biopsy specimens,29 and from
the blood of patients with suspected septicemia.30,31 Dickey et
al.32 have also reported 13 of 30 patients with positive cultures
at the end of routine cataract surgery; three of the cultures
grew multiple organisms. In this study, samples that yielded
poor sequence data and mixed RFLP patterns were likely to
contain mixtures of organisms and were likely to be from the
anterior chamber of the eye. Multiple organisms were present
in 6 (66%) of 9 eyes tested, only one of which was culture
positive and only for one organism.

The percentage of false-positive results (i.e., cultures that
were PCR-positive because of contamination at the time of
sampling) was 5%. The collection protocol for PCR samples,
however, was much stricter than that routinely used for col-
lection of samples for microbiologic analysis. To the best of our
knowledge, however, the number of samples that indicate
contamination by culture is not published. Often, the growth
of just a few colonies in vitro suggests contamination and not
infection. Recently, however, several investigators have re-
ported quantitative PCR data addressing this issue more
closely. Quantitative PCR analysis of CSF samples from patients
with suspected bacterial meningitis, for example, has demon-
strated that the number of bacteria in culture-negative, PCR-
positive samples is smaller than the number of bacteria in
culture-positive, PCR-positive samples.23 These samples were
taken from patients with classic symptoms and signs of men-
ingitis, and, especially important, with CSF laboratory test

results indicative of infection (e.g., reduced CSF glucose). The
results suggest that infected samples containing fewer bacteria
are more likely to be culture negative. The number of organ-
isms detected by PCR are far greater than that witnessed in our
clinical microbiology laboratory for culture-positive samples,
and although culture-negative samples contain fewer bacteria,
these still numbered 1000 colony-forming units/ml.

Comparison of the inhibition caused by ocular samples
and that caused by samples from other body sites has not been
productive, because much larger sample volumes (200 to 500
ml) have been used in work reported on synovial fluid and CSF,
and therefore concentration of the DNA before PCR amplifica-
tion is necessary, a process that removes all PCR inhibitors.30,31

Fortunately, in all cases, the effects of inhibitors were elimi-
nated by dilution of the ocular sample. In this study, 45% of
samples required some dilution, but given the high sensitivity
of this approach, routine dilution of all samples should be
considered, thereby not only reducing the overall number of
runs required but also allowing sufficient sample for retesting
should it be required.

In the present study, six of seven samples that were
cloned revealed multiple sequences, five of which contained
sequences that were unidentifiable using the sequence data
currently available (n 5 8 DNA sequences, five eyes). For the
eight unidentifiable sequences, the possibility of chimeric am-
plification products was considered and excluded using the
chimera-check program available through the RDP Web site
and using the NIX program available through the HGMP Web
site.33 Because 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.34

Analysis of cloned sequences from culture-negative sam-
ples has revealed the presence of eight proteobacteria. To date,
Comamonas spp. have not been reported as a cause of intraoc-
ular infection. As well as from ocular samples, sequences bear-
ing their closest similarity to gram-negative proteobacteria
have been isolated from culture-negative prostate, CSF, and
bladder samples, in each case in the presence of a host inflam-
matory response.23,29,35 These results, obtained by four differ-
ent groups of workers, seem to suggest that these sequences
may be significant findings. Gram-negative proteobacteria
seem to play a much more important role in the pathogenesis
of this disease than was previously thought. Of note, in 50% of
cases, gram-positive and gram-negative organisms were iso-
lated from the same eye, justifying the current use of broad-
spectrum antibiotics that cover both sets of organisms. Intraoc-
ular infection with gram-negative bacteria has traditionally
been associated with a poor visual outcome.36 In this series of
nine eyes, however, the presence of gram-negative infection
was not necessarily associated with a poor visual prognosis,
suggesting that perhaps the infective load is a more important
prognostic factor than the gram status of the bacterium
present. Our results revealed the presence of gram-negative
bacteria that require specific culture techniques for successful
isolation.37 Perhaps current culture techniques should be mod-
ified, keeping in mind the specific needs of these organisms.
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