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Abstract

Purpose—To test the hypothesis that uncultured organisms may be present in cases of culture-
negative endophthalmitis, by use of deep DNA sequencing of vitreous biopsies.

Design—Single center consecutive prospective observational study.

Participants and Controls—Adqueous or vitreous biopsies from 21 consecutive patients
presenting with presumed infectious endophthalmitis, and seven vitreous samples from patients
undergoing surgery for non-infectious retinal disorders.

Methods—Traditional bacterial and fungal culture, 16S quantitative polymerase chain reaction
(gPCR) and a representational deep-sequencing method (Biome Representational in Silico
Karyotyping [BRiSK]) were applied in parallel to samples to identify DNA sequences
corresponding to potential pathogens.

Main Outcome Measures—Presence of potential pathogen DNA in ocular samples.

Results—None of 7 control eyes undergoing routine vitreous surgery yielded positive results for
bacteria or virus by culture or 16S PCR. Fourteen of the 21 samples (66.7%) from eyes harboring
suspected infectious endophthalmitis were culture-positive, the most common being
Saphylococcal and Streptococcal species. There was good agreement among culture, 16S
bacterial PCR, and BRiSK methodologies for culture-positive cases (Fleiss’ kappa of 0.621). 16S
PCR did not yield a recognizable pathogen sequence in any culture-negative sample, while BRiSK
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suggested presence of Steptococcus in one culture-negative sample. Surprisingly, using BRiSK,
57.1% of culture-positive and 100% of culture-negative samples demonstrated presence of Torque
Teno Virus (TTV) sequences, compared to none in the controls (Fisher exact, p = 0.0005).
Presence of TTV viral DNA was confirmed in seven cases by qPCR. No other known viruses or
potential pathogens were identified in these samples.

Conclusion—cCulture, 16S gPCR, and BRiSK provide complementary information in presumed
infectious endophthalmitis. The majority of culture-negative endophthalmitis samples did not
contain significant levels of bacterial DNA. “culture-negativity’ does not appear to be due to
failure of growth of fastidious bacteria. The small DNA virus TTV was unexpectedly found in all
culture-negative samples and some culture-positive samples. The current study cannot distinguish
whether TTV is a direct intraocular pathogen, an adjuvant for inflammation, a general marker of
inflammation, or a commensal virus, but provides a testable hypothesis for a pathogenic
mechanism in culture-negative endophthalmitis.

Introduction

Infectious endophthalmitis is among the most serious post-surgical complications of
ophthalmic surgery. Although a rare complication of cataract surgery or intravitreal
injection, with an incidence of 0.05% to 0.3%,1~7 endophthalmitis often leads to poor visual
outcomes. 3 8 9 Because of the high volume of current and anticipated cataract surgery
worldwide (with VISION2020 goals of 32 million cataract surgeries per year), and the large
and increasing number of intravitreal injections performed, endophthalmitis will continue to
affect tens of thousands of individuals annually worldwide.

The standard technique for diagnosing endophthalmitis is microbial culture. Surprisingly,
despite the unambiguous presentation of most cases of post-operative endophthalmitis,
microbial culture has a yield of only ~70%. ® More recent studies examining
endophthalmitis following intravitreal injection have found less than 50% of cases to be
culture-positive. 10: 11 In recent years several studies have examined the utility of bacterial
ribosomal 16S polymerase chain reaction (PCR) and sequencing in identifying bacterial
pathogens in endophthalmitis.12-18 In this technique, a set of DNA primers that recognize
the conserved 16S ribosomal gene found in nearly all bacteria are used to detect the presence
of bacterial DNA. PCR products can then be sequenced to determine the genus of bacteria
present. These studies have shown that 16S PCR is more sensitive and specific than
traditional culture techniques. However 16S PCR has significant limitations: its sensitivity is
sufficiently high that false-positive and artefactual products may be produced, 1° and
determination of the causative organism requires subsequent sequencing or further analysis
of PCR products. These limitations can be overcome by employing quantitation via
quantitative PCR (gPCR) combined with sequencing of product; however, this approach has
rarely employed to date in the study of endophthalmitis. 14 Additionally, 16S amplification
is limited to bacteria, and cannot detect fungi (which require separate fungal rDNA
ribosomal PCR), parasites, or viruses.

With the advent of massively parallel DNA sequencing platforms, the availability of the
complete sequence of the human genome, and with increasing computational capacities, it is
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becoming possible to sequence all DNA in a biopsy sample and identify all non-human
DNA present in order to detect potential occult or novel pathogens. At present, it remains
prohibitively labor- and cost-intensive to completely sequence all genomes present in
routine biopsy samples. However, it is possible to purify a defined fraction of all DNA
present in a sample and sequence this to near saturation. One technique for achieving this is
Biome Representational in Silico Karyotyping (BRiSK). 20 This technique is capable of
identifying most known bacteria, as well as identifying phage, viruses, and previously
unknown organisms. We report here the first application of deep DNA sequencing to
vitreous and aqueous biopsies from patients with endophthalmitis, and compare results from
this technique to traditional culture and 16S gPCR. We find that BRiSK has sensitivity and
specificity comparable to the culture and gPCR techniques. Unexpectedly, we have
identified DNA from a known anellovirus (Torque Teno Virus, TTV) in a majority of
endophthalmitis cases, including in all culture-negative endophthalmitis cases.

This prospective study was approved by the Wills Eye Hospital Institutional Review Board
and the University of Washington Human Studies Division Institutional Review Board.
Research adhered to the tenets of the Declaration of Helsinki and was conducted in
accordance with Health Insurance Portability and Accountability Act regulations. Written
informed consent was obtained from all subjects for testing of samples. All participants were
enrolled from the clinical offices of the Retina Service of the Wills Eye Hospital. In a
prospective fashion, 21 consecutive patients diagnosed with infectious endophthalmitis
based on clinical history and examination by a retina specialist (SG) at Wills Eye Hospital
were enrolled. Sample size for this pilot study was chosen to provide at least 5 culture-
negative samples for analysis, and limited by cost of deep DNA sequencing (at ~$1,000/
sequencing run). The clinical diagnosis of endophthalmitis was made based on a
combination of ocular pain, conjunctival injection, anterior chamber cellular reaction, and
posterior vitritis. Vitreous tap or aqueous tap was obtained in standard clinical fashion
following povidone-iondine antisepsis. As a control group, 7 consecutive patients with
uninflamed eyes undergoing vitrectomy for non-infectious retinal disorders (epiretinal
membrane or and macular hole) were consented for vitreous tap done during the procedure.
Briefly, the vitreous samples in the control group were obtained as follows: Patients with
epiretinal membranes and/or full thickness macular holes were included. After informed
consent was obtained, patients were prepped and draped in the usual sterile fashion for
intraocular surgery. A 23-gauge vitrectomy system (Constellation, Alcon, Fort Worth,
Texas) was used in all cases. The cannulas were placed 3.5-4mm posterior to the limbus in a
beveled fashion. The infusion line was affixed to the inferotemporal quadrant but not turned
on. The vitrectomy instrument was introduced, and using proportional vitrectomy at 5000
CPM with manual aspiration, approximately 0.25 mL of vitreous was removed and included
in the study. In all cases, approximately 0.2 to 0.3 mL of vitreous sample was sent for
standard microbiological culture (including blood agar, chocolate agar, Sabaraud’s medium,
and thioglycolate broth) and the remaining 0.05 to 0.10 mL were immediately frozen for
subsequent analysis by 16S PCR and BRiSK.
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DNA purification

Genomic DNA (gDNA) was isolated from 20-50 pL of vitreous or aqueous fluid using the
DNeasy Blood & tissue kit (Qiagen, Inc) as per protocol. The DNA was eluted in the kit
elution buffer and stored at —20°C. DNA was quantified using the NanoDrop ND-1000
Spectrophotometer (Thermo Scientific, Wilmington, DE). Phi29 amplification of the gDNA
was performed by the Repli-g midi kit (Qiagen, Inc) as per instructions. The Phi amplified
gDNA was also stored at —20°C.

16S bacterial, TTV, and actin gPCR

Pan bacterial PCR was performed using 16S rRNA universal primers (Integrated DNA
Technologies IDT, San Diego, CA). The sequences of the primers were: 5'-
GAGGAAGGTGGGGATGACGT-3 and 5-AGGCCCGGGAACGTATTCAC-3'.
HotStarTag plus DNA polymerase was used for the PCR reactions. For each reaction 100 ng
of genomic DNA was used. The master mix containing 10x Buffer, Taq polymerase, dNTP
mix and the primers was treated with 8-methoxypsoralen (25pug/mL) and UV nicked for 5
min (Bio-Rad GS gene linker, UV chamber) to bind any contaminating DNA. PCR
amplification was performed in a MasterCycler gradient (Eppendorf, Hamburg, Germany).
Cycling conditions were 10-minute denaturation at 94°C, followed by 30 cycles of 45-
second denaturation at 94°C, 30 second annealing at 58°C and one minute extension at
72°C. Elongation step was for 10 minutes at 72°C.

The primer pairs for TTV PCR were 5-AGGTGAGTTTACACACCGCAGTCA-3 and 5'-
AATGAAGACCCTAAGAGCCTTGCC-3'. The primers for p-Actin were 5/-
TGCTCCTCCTGAGCGCAAG-3 and 5’-GCCGGACTCGTCATACTCC-3'. Cycling
conditions for the TTV primers were ten-minute denaturation at 95°C, followed by 25 cycles
of 30 second denaturation at 95°C, 15 second annealing at 58°C and one minute extension at
72°C. Final elongation was for 10 minutes at 72°C.

gPCR assay was performed on the Applied Biosystems 7500 Fast Real-Time PCR system
platform (Applied Biosystems, Foster City, CA). The final PCR mix contained 0.8 L each
of forward and reverse primers (final concentration of each 0.4 pM), 10 pL of the Absolute
Blue gPCR SYBR low ROX Mix (Thermo Fisher Scientific) and 1 ul of unamplified gDNA.
For 16S DNA PCR, the master mix without the template was treated with 8-
methoxypsoralen and UV-treated for 5 minutes. The final reaction volume was 20 pL. For
standard curve, a plasmid cDNA of the cloned gene of interest (e.g., the target sequence for
16S, TTV, or actin) was serially diluted ten-fold to obtain copy numbers ranging from 1x10!
to 108 copy/mL. gPCR routinely was able to detect 10 copies/mL of each control cDNA.
The run consisted of initial holding stages at 50°C for 2 minutes, at 95°C for 10 minutes
followed by cycling stage (25-28 cycles) at 95°C for 15 seconds and 60°C for 1 minute.

Copy number of experimental samples were calculated by interpolation of delta Ct+ number
against the standard curve derived from the cloned product.
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BRISK is a representational deep DNA sequencing technique. 20 Briefly, total DNA from a
biopsy is digested with the Type 11B DNA restriction enzyme BsaXIl, which cuts a 33 bp
fragment surrounding the DNA sequence ACNNNNNCTCC (which occurs randomly once
every 4096 bp on average). These 33-mer fragments are sequenced in multiplex on a
massively parallel DNA sequencing platform, typically yielding > 3 x 107 bp per sample or
greater than 1 x 108 sequence ‘tags’. Each tag is compared against a database containing all
known BsaXIl sites in the National Library of Medicine NCBI ‘non-redundant’ dataset.
Human sequences are identified, mapped, and quantified. Non-human sequences are then
compared against a database containing all known bacterial, fungal, parasitic, and viral
sequences.

BRiSK was performed as described. 20 3 ug of extracted DNA samples were digested by
BsaX1 to create 33-mer tags, which were ligated to lllumina sequencing primers and
purified on a biotin-streptavidin column. The resulting tags were submitted to a massively
parallel deep-sequencing platform (Illumina HiSeq 750) and the sequenced tags were
matched against a database constructed of 27-mer tags (the double-stranded portion of the
33 bp BsaX1 digestion product) virtually digested by BsaX1 from the NIH Genbank. A one
edit-distance Levenshtein permutation matching heuristic was performed to account for
sequencing errors and polymorphisms. Only tags that matched to a unique organism were
included for further analysis.

Statistical Analysis

Results

Fisher exact testing was performed for categorical variables and Student’s t-test was
performed for continuous variables. The Fleiss kappa test was used to test for concordance
among the different diagnostic techniques. The Kruskal-Wallis test was performed to
compare the distribution of tag recovery rates with adjustment for multiple comparisons by
Dunn’s test. All statistical tests were performed with R (http://www.r-project.org).

A total of 21 consecutive infectious endophthalmitis biopsies (18 vitreous and 3 aqueous)
and 7 vitreous control samples were collected by aqueous or vitreous tap. Baseline
characteristics of enrolled subjects are given in Table I. The most common procedure linked
with presumed infectious endophthalmitis was cataract surgery (52.4%) followed by
intravitreal injection (19.0%).

Bacterial culture results

A total of 14 of the 21 samples were positive by microbial culture (Table 2). Seven samples
were positive for coagulase-negative Staphyl ococcus (one was read as ‘light growth’), and
four were positive for Sreptococcus species (one read as ‘light growth’). The remaining
three culture-positive samples grew Moraxella, Bacillus (light growth), and Prevotella.
None of the 7 control samples yielded growth.
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Analysis of DNA revealed high quality amplification for human actin in all samples (Figure
1). 16S PCR yielded strong signals on gel electrophoresis for 10 of the 21 samples. None of
the 7 negative control samples yielded visible 16S PCR products. Quantitation of 16S levels
revealed a nearly 4-log range of 16S copies/human actin copy, ranging from ~0.005 to 35
bacteria per human genome copy (Figure 1). Of the 10 samples with less than 0.1 16S
bacterial DNA copy per human actin copy, all were either read as culture-negative or ‘light
growth’. Sequencing results were only analyzed for samples that showed visible band to be
cloned on PCR. Sequencing of DNA products revealed five sequences matching
Saphylococcus, four matching Sreptococcus, and one matching Moraxella. Sequencing of
extremely faint PCR bands yielded unusual organisms not associated with human disease
including Acidovorax caeni, Variovorax paradoxus, Citrobacter youngae, Geobacter
argillaceus, Chryseobacterium hominis, Hyphomicrobium sulfonivorans which were taken
to be artifact. None of these organisms were detected by culture or BRiSK in any sample.

Bacterial BRiSK results

A mean of 2.2 x 10% sequence tags were recovered from each sample. All endophthalmitis
samples yielded a majority of high quality human sequences (mean 97% human sequence).
Bacterial sequences were detected in 12 of the 21 samples. Five samples were positive for
Saphylococcus, five for Streptococcus species, and one each for Moraxella and
Pseudomonas.

Concordance between pathogen detection techniques

Because some cultures were read as genera without speciation (for instance, ‘coagulase-
negative Staphylococcus’), concordance analysis between methods was performed at the
genus level (Table 2). Overall traditional culture, bacterial 16S RT-PCR, and BRiSK
showed good agreement among the three different methodologies with complete agreement
in 21/28 cases and controls (Fleiss’ kappa = 0.621), including 14/21 endophthalmitis cases
and 7/7 negative controls. Bacterial 16S and BRiSK had kappa values of 0.605 and 0.624
respectively when compared to traditional culture, while bacterial 16S gPCR and BRiSK
had a higher agreement, with kappa of 0.793.

Discrepancies between methods included four culture-positive samples that were negative
for recognizable pathogens by 16S PCR and BRiSK. Two of these grew coagulase-negative
Saphylococcus, one was ‘light growth Streptococcus’, and one grew Bacillus in broth only.
These samples had four of the five lowest 16S/actin ratios, with levels less than 0.02
bacterial 16S sequences/human actin sequence, suggesting presence of less than one
bacterium per 50 human cells. One sample was positive with Prevotella (a bacteriodes
bactrerium) by culture, but Streptococcus by 16S and BRIiSK, suggesting this bacterium may
have been misidentified in culture. Two samples yielded bacterial sequences (for
Pseudomonas and Streptococcus) by BRiSK but were culture-negative and did not yield
these pathogens by 16S PCR.

Bacterial speciation by BRiSK and 16S were in concordance, and showed all cases of
coagulase-negative Saphylococus to be Saphylococcus epidermidis. Speciation of
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Sreptococcocal species was also in agreement between 16S PCR and BRiSK in the four
positive Sreptococcocal cases, and included two cases of Streptococcus mitis, and one case
each of Sreptococcus agalactiae and Streptococcus gordonii.

Non-bacterial sequences

BRIiSK revealed presence of sequences belonging to TTV in numerous endophthalmitis
samples. 8/14 (57.1%) of the culture-positive and 7/7 (100.0%) of culture-negative samples
contained sequences specific for TTV. In contrast, none of the negative control samples
were positive for TTV (Table 3) (p = 0.0005 by Fisher Exact test). The number of tags
recovered ranged from 1 to greater than 3,000 per sample (Figure 2). The median number of
tags recovered was higher in culture-negative than culture-positive samples (mean 26 vs. 2
tags per sample) but was not statistically significant. Quantitation of tags in BRiSK
suggested multiplicity of infection ranging from less than one copy per human genome to
greater than 200 copies. TTV presence was verified by qPCR in seven endophthalmitis
samples (five culture-negative and two culture-positive, Figure 1). g°PCR copy numbers for
TTV ranged from 581 to greater than 400,000 per mL.

Discussion

To understand the genesis of culture-negative endophthalmitis, and to compare multiple
methods for diagnosing infectious endophthalmitis, we applied three techniques (traditional
culture, 16S gPCR, and representational deep DNA sequencing [BRiSK]) for detection of
potential pathogens in 21 samples of presumed infectious endophthalmitis, and seven
control cases without inflammation or sign of infection. Consistent with previous results,
approximately one-third of the studied cases were culture-negative. We found perfect
concordance amongst the three techniques for the 12 cases that were both culture-positive
and showed high levels of bacterial DNA by 16S qPCR. Remarkably, only one culture-
negative case yielded evidence of bacterial infection by either molecular technique, and this
case (which was positive for BRiSK for Pseudomonas aeruginosa) was negative for
bacterial pathogens by 16S. Although the sample size was small, this suggests that culture-
negative cases of presumed infectious endophthalmitis are indeed largely devoid of
abundant fastidious or novel bacteria.

A number of previous studies have examined the use of 16S PCR in the diagnosis of
endophthalmitis. 12-18. 21-25 The majority of these studies have suggested superior
sensitivity and specificity for PCR-based techniques. Although we could detect bacteria by
high cycle-number PCR in the majority of cases, they were associated with cloned
fragments belonging to unusual organisms which, in most cases, have not been associated
with human disease, and these results were not corroborated by deep representational DNA
sequencing, While it is possible that BRiSK may have detected unannotated sequences
associated with these organisms, an alternative explanation is that these sequences represent
very low level contaminants present in either the ocular sample or in reagents used for
PCR. 26-28

The etiologic basis of culture-negative endophthalmitis thus remains unclear. Possibilities
for this condition include: 1) acute infection with non-bacterial pathogens, 2) strong
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immunological reaction to scant (undetectable) bacteria, or 3) true “sterile” endophthalmitis
associated with antigenic response to a non-infectious antigen. 2° The unexpected finding of
copious sequence tags associated with TTV is potentially consistent with the first
hypothesis.

TTV is a human anellovirus discovered approximately 15 years ago from the serum of a
patient with post-transfusion hepatitis3°. Exposure to TTV is nearly universal. 31 32 While
TTV has not been definitively linked to any specific human disease, high titers of TTV in
the serum have been associated with multiple sclerosis, systemic lupus erythematosis,
hepatitis, rheumatic diseases, asthma, and fever of unknown origin (reviewed in 33). In two
previous survey studies, TTV was isolated from the tears of 59% 34 and 66% 3° of subjects.
Recently Smits et al. 36 described recovery of TTV from the vitreous of children affected
seasonal hyperacute panuveitis (SHAPU), a severe form of panuveitis that resembles
endophthalmitis, which is endemic to Nepal. 37 The authors reported that TTV was found
in~90% of vitreous samples from SHAPU patients, as well as ~50% of endophthalmitis
samples, but not in vitreous samples recovered from retinal detachment surgery. SHAPU is
associated with the eclosion of the Tussock moth, and it is thought that migration of moth
‘hairs’ into the vitreous leads may track infection into the vitreous cavity. 37 However,
SHAPU cases have been bacterial culture-negative to date. Given the presence of TTV on
the ocular surface, it is possible that recovery of TTV in these samples may represent a
similar inoculation route to that of post-operative endophthalmitis.

The presence of TTV in the vitreous of patients with endophthalmitis could be consistent
with any of four hypotheses. First, TTV could be a bystander or marker of generalized
inflammation or leukocytic infiltration. TTV may infect leukocytes.38 Thus, any condition
causing a severe vitritis could be associated with recovery of TTV. TTV also can be
detected in the serum and breakdown of the blood-retinal barrier due to endophthalmitis
might allow TTV to enter the eye from the serum. Arguing against this, Smits et al. found
~9 fold higher incidence of TTV recovery from vitreous in SHAPU patients than in patients
with other forms of uveitis. 37 Additionally, in the present study, BRiSK tag recovery of
TTV was sometimes on the order of 100’s to 1000’s of copies per human genome,
suggesting active replication. Second, TTV could be replicating in the eye in a facultative
manner, but not be involved in the pathogenesis of disease. While this hypothesis cannot be
excluded from the present experiments, it is known that TTV activates the innate immune
system via toll-like receptor-9 signaling, 39 as well as generating both serologic and T-cell
mediated responses (reviewed in 49). Third, TTV could be a factor influencing pathogenesis
of endophthalmitis but not directly causative of disease. The finding of TTV in a majority of
cases of culture-positive endophthalmitis could be consistent with this hypothesis. The
immune response to TTV might be additive in this model to the response to bacterial
infection. TTV is known to encode a microRNA that renders infected lymphocytes resistant
to immunomodulation by endogenous interferon. 41 Finally, in the fourth model, TTV could
itself by a pathogen causing endophthalmitis. These models are not mutually exclusive; for
instance, TTV could be sufficient to cause endophthalmitis, but could also be an adjunct to
pathogenesis for bacterial endophthalmitis.
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Experimental discrimination between these models is hampered by lack of a robust in vitro
system for viral replication 42 and the absence of small animal models of TTV. There is a
TTV species endemic to pigs 43 44 but it has not yet been established whether this virus is
found in eye or in eye disease in these animals. Additionally, the very high sequence
variation in TTV also creates challenges for understanding viral pathogenesis. At least 50
molecular variants have been documented. 33 No single set of PCR primers can detect all
viral strains; this may account for the lower number of samples positive for PCR than by
BRIiSK in the present experiment. Whether different strains of virus (which can vary
substantially in sequence) display differential pathologies is presently unknown. 33
Nonetheless, correlative data on the prevalence, strain types, and dynamic behavior TTV on
the ocular surface, in larger series of endophthalmitis, and in other forms of ocular
inflammation would provide data that may constrain these models.

In conclusion, we find no single technique sufficient for complete analysis of
endophthalmitis for infectious pathogens. Bacterial culture and quantitative 16S PCR are
comparable and complementary; but PCR is subject to potential false positive results, while
speciation may be inexact using traditional culture techniques. Both molecular methods
suggest that, at least in this relatively small series, culture-negative cases truly have limited
bacterial loads. Deep DNA sequencing offers an additional method for analysis of ocular
fluids. In addition to good corroboration with both other methods, this technique has allowed
identification of significant levels of viral DNA in culture-negative and culture-positive
cases. The pathologic significance of this finding remains to be elucidated.
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Figure 1.
Results of RT-PCR analysis of universal bacterial 16S ribosomal primers (16S), universal

set of primers for Torque Teno Virus (TTV), and p-Actin in (A) endophthalmitis samples
with negative control (NC) and quantitative results for 16S and (B) normal uninflamed
vitreous samples with positive control (PC). Bar graph shows bacterial RT-PCR quantitation
16S copies per mL fluid.
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Figure 2.

(A) Box-whisker plot of tag recovery of Torque Teno Virus (TTV) by BRiSK in culture
positive (Cx +), culture negative (Cx —), and control samples (p values are adjusted for
multiple comparisons). (B) Correlation between TTV tag recovery by BRiSK and RT-PCR
(r2 =0.96).
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Clinical characteristics of Infectious Endophthalmitis Cases and Controls.

Table 1

Cases (n=21)

Controls (n=7)

Age (mean, SD) 65.7

Gender (n, %)
Male 9
Female 12
Tap location (n, %)
Anterior chamber 3
Vitreous 18

Etiology (n, %)

Cataract 11
Intravitreal Injection 4
Bleb-associated 3
10L exchange 2
Endogenous 1

Retained Lens Fragment -
Proliferative Retinopathy -

Vitreomacular Traction -

17.8

42.9
57.1

14.3
85.7

52.4
19.0
14.3
9.5
4.8

775

8.17

143

85.7

100.0

42.8
28.6
28.6
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Table 2

Page 15

Bacterial Genus Results of Traditional Culture, Bacterial 16S Ribosomal PCR, and Biome Representational
in-Silico Karyotyping (BRiSK)

Culture 16S PCR BRiSK
Coagulase negative Staphylococcus ~ Staphylococcus epidermidis ~ Staphylococcus epidermidis
Coagulase negative Saphylococcus ~ Staphylococcus epidermidis ~ Staphylococcus epidermidis
Coagulase negative Saphylococcus ~ Staphylococcus epidermidis ~ Staphylococcus epidermidis
Coagulase negative Saphylococcus ~ Staphylococcus epidermidis ~ Staphylococcus epidermidis
Coagulase negative Saphylococcus ~ Staphylococcus epidermidis ~ Saphylococcus epidermidis
Coagulase negative Staphylococcus - -
Coagulase negative Staphylococcus - -
Sreptococcus intermedius Streptococcus gordonii Streptococcus gordonii

Beta hemolytic Streptococcus
Streptococcus viridans
‘Light growth Streptococcus’
Moraxella catarhallis
Prevotella melaninogenica

Bacillus (broth only)

Streptococcus agalactiae
Sreptococcus mitis
Moraxella catarhallis

Sreptococcus mitis

Streptococcus agalactiae
Sreptococcus mitis
Moraxella catarhallis
Streptococcus species
Pseudomonas aeruginosa

Streptococcus parasanguinus
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