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Abstract

Background Endophthalmitis is a clinical diagnosis but identification of the disease-causing agent or agents allows
for a more tailored treatment. This is routinely done through intraocular fluid cultures and staining. However, culture-
negative endophthalmitis is a relatively common occurrence, and a causative organism cannot be identified. Thus,

further diagnostic testing, such as pan-bacterial and pan-fungal polymerase chain reactions (PCRs), may be required.

Body There are now newer, other testing modalities, specifically pan-bacterial and pan-fungal PCRs, that may allow
ophthalmologists to isolate a causative agent when quantitative PCRs and cultures remain negative. We present

a case report in which pan-fungal PCR was the only test, amongst quantitative PCRs, cultures, and biopsies, that
was able to identify a pathogen in endophthalmitis. Pan-PCR has unique advantages over quantitative PCR in that

it does not have a propensity for false-positive results due to contamination. Conversely, pan-PCR has drawbacks,
including its inability to detect viruses and parasites and its increased turnaround time and cost. Based on two large
retrospective studies, pan-PCR was determined not to be recommended in routine cases of systemic infection as

it does not typically add value to the diagnostic workup and does not change the treatment course in most cases.
However, in cases like the one presented, pan-bacterial and pan-fungal PCRs may be considered if empiric treatment
fails or if the infective organism cannot be isolated. If pan-PCR remains negative or endophthalmitis continues to
persist, an even newer form of testing, next-generation sequencing, may aid in the diagnostic workup of culture-
negative endophthalmitis.

Conclusion Pan-bacterial and pan-fungal PCR testing is a relatively new diagnostic tool with unique advantages and
drawbacks compared to traditional culturing and PCR methods. Similar to the tests' use in non-ophthalmic systemic
infections, pan-bacterial and pan-fungal PCRs are unlikely to become the initial diagnosis test and completely replace
culture methods. However, they can provide useful diagnostic information if an infectious agent is unable to be
identified with traditional methods or if empiric treatment of endophthalmitis continues to fail.
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Background

Endophthalmitis is an intraocular infection that results
in considerable inflammation of intraocular structures
and can result in permanent vision loss if not promptly
treated. It is a clinical diagnosis, but intraocular fluid cul-
tures are routinely Gram-stained and cultured to guide
and tailor treatment. Since culture-negative endophthal-
mitis is common, pan-polymerase chain reaction (PCR)
may offer an alternative diagnostic tool. Pan-PCR uses
genome sequence as an input and returns the primers
for a PCR assay capable of distinguishing the strains of
interest.

Next-generation sequencing (NGS) is another
emerging diagnostic tool that can be used. NGS, also
called high-throughput or massively parallel sequenc-
ing, of microorganisms generally falls into one of two
approaches. The first approach, targeted amplicon
sequencing, employs target-specific primers for PCR
amplification, which enables genomic regions of inter-
est to be expanded and selectively sequenced using
previously documented genomic references. The other
strategy, whole-genome sequencing, depends on non-
targeted library preparation and is typically employed
when the microorganism is unknown. It can be applied to
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specimens for culture-independent pathogen identifica-
tion and use in future NGS studies.

In this manuscript, we present a case where pan-PCR
was able to identify a causative organism in the setting
of endophthalmitis and review recent literature regard-
ing pan-PCR in the diagnosis of intraocular infections,
including endophthalmitis and infectious chorioretinitis.

Main text

Case report

A 70-year-old male with a past medical history signifi-
cant for relapsed acute myeloid leukemia presented to
the clinic with blurry vision in his left eye and reported
loss of central vision in the left eye. Visual acuity was
20/30-1 in the right eye and counting fingers in the
left eye. Intraocular pressure was 12 mmHg in the right
eye and 8 mmHg in the left eye. Anterior segment was
significant for 1+cells in the anterior chamber, and
2+nuclear sclerosis in both eyes. On dilated examina-
tion of the right eye, a whitish subretinal lesion inferior
to the macula with overlying hemorrhage was observed
(Fig. 1A-B). Ocular coherence tomography (OCT) of
the lesion showed sub-retinal pigment epithelium (RPE)
infiltrates (Fig. 1C). Examination of the left eye revealed

Fig. 1 Widefield pseudocolor imaging (A) and fundus autofluorescence (B) of the right eye show subretinal infiltrates along the inferior arcade and
inferior periphery. OCT B-scan through the lesion demonstrates sub-RPE infiltrates along the inferior arcade (C). Widefield pseudocolor imaging (D) and
fundus autofluorescence (E) of the left eye show submacular infiltrates, with another patch in the nasal mid periphery. OCT B-scan through the macula

arcade highlights sub-RPE infiltrates (F)
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a similar whitish lesion over the macula with edema and
hemorrhage noted (Fig. 1D-E). OCT of the left eye lesion
displayed similar sub-RPE infiltrates (Fig. 1F). Quanti-
tative PCR of the anterior chamber fluid of the left eye
was negative for cytomegalovirus, herpes simplex virus
1 and 2, varicella-zoster virus, and Toxoplasmosis gon-
dii. Magnetic resonance imaging (MRI) revealed chronic
right centrum semiovale lacunar infarct and mild inflam-
mation and enhancement along the posterior bilateral
globes, concerning for an infectious or inflammatory
etiology.

The patient had elevated beta-glucan levels (>300 pico-
grams per milliliter) and was started on vancomycin,
ceftazidime, 300 milligrams, voriconazole twice daily, and
amphotericin B (4 milligrams per kilogram) for potential
fungal infection. In the following days, cytology revealed
possible fungal elements in cerebrospinal fluid. A dilated
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fundus exam and Optos retinal imaging exam showed an
enlargement of lesions in the right eye (Fig. 2A-B) and an
enlargement of lesions with an additional area of hemor-
rhage in the left eye (Fig. 2E-F).

Nine days after the initial presentation, the patient
underwent pars plana vitrectomy, vitreous biopsy, and a
subretinal biopsy in the left eye. Biopsies were negative
for neoplastic cells and did not have fungal elements with
periodic acid shift plus diastase staining. Fungal and bac-
terial cultures, smears, and Gram stains of vitreous fluid
were negative. Post-operatively, the lesion in the right eye
(Fig. 2C-D) and the left eye (Fig. 2G-H) regressed in size
with the formation of retinal scarring. Intravitreal injec-
tion of 0.1 milligrams/0.1 cc of voriconazole was admin-
istered, and lesion size was observed to decrease further
in the left eye. Vision in the right eye began to improve at
this time as well.

Fig. 2 Widefield pseudocolorimaging (A) and fundus autofluorescence (B) of the right eye at the time of lesion enlargement and widefield pseudocolor
imaging (C) and fundus autofluorescence (D) following treatment. Widefield pseudocolor imaging (E) and fundus autofluorescence (F) of the left eye at
the time of lesion enlargement and widefield pseudocolor imaging (G) and fundus autofluorescence (H) following treatment. The lesions in both eyes
show signs of regression with overlying RPE and retinal scarring after treatment
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One week later, the patient received a stem cell trans-
plantation. A dilated fundus exam at this time revealed
that the macular chorioretinal lesion had increased in
size. The patient received another 0.1 milligrams/0.1 cc
of voriconazole intravitreal injection, and a vitreous fluid
sample was sent to an outside reference laboratory for
pan-fungal and pan-bacterial PCR. The post-transplant
course was complicated by progressive renal failure and
fluid overload, Enterobacter and Enterococcus faecium
bacteremia, respiratory distress, and atrial fibrillation
with rapid ventricular response. The patient’s white blood
cell count dropped to 10 cells per microliter. The patient
was discharged to hospice six weeks after the initial pre-
sentation. Following the patient’s death, results from
the pan-fungal PCR revealed the detection of Fusarium
solani in the vitreous sample.

Review of recent literature

Gram-positive cocci are the most commonly implicated
microorganism in endophthalmitis, being the attrib-
uted cause in about 90% of cases, with Staphylococcus
epidermidis being the most common of the Gram-pos-
itive cocci. [1] While it is a clinical diagnosis, vitreous
and aqueous samples are routinely cultured and Gram-
stained to assist in categorizing the inciting organism
and allowing for a more tailored approach to treatment.
However, culture-negative endophthalmitis using aque-
ous and vitreous samples are relatively common, ranging
from 40 to 70% in recent studies. [2] Another diagnos-
tic challenge lies in the fact that aqueous samples from
the anterior chamber are much easier to attain but have
a much lower culture-positive rate at 22.5% than that of
vitreous samples with a 54.9% culture-positive rate in the
Endophthalmitis Vitrectomy Study conducted in 1997.
[3] An additional pitfall of culture-based techniques in
endophthalmitis is the fact that the microorganism that
grows on the culture may not always be the disease-caus-
ing agent and a further, more comprehensive workup is
still warranted even with a positive culture. [4]

Real-time PCR assays, also called quantitative PCRs,
have been utilized as an adjunct to cultures to assist in
the diagnosis of endophthalmitis. [1, 5, 6] PCR use pres-
ents unique challenges to physicians as the practitioner
needs to have a clinical suspicion of a microorganism to
determine the correct PCR test to administer. Further-
more, real-time PCR is very sensitive to contamination
and may result in false positives. Additionally, it does not
provide microorganism sensitivities like cultures do. [5]
Yang et al. [7] have since purported that pan-PCR test-
ing may have the ability to assist in the diagnosis of bac-
terial infections and provide an extra surveillance tool.
Pan-PCR uses genome sequences as an input and returns
the primers for a PCR assay capable of distinguishing the
strains of interest. In such tests, computerized software
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utilizes existing genome sequences to identify a set of
genes where the presence or absence of the genes pro-
vides the highest discrimination between species. Micro-
organisms’ unstable elements subject to rapid evolution
(e.g., prophages and transposons) are filtered out by the
algorithm, allowing for more reliability over time. The
conserved sequences commonly tested in pan-bacterial
PCR are the 16 S ribosomal subunit and the 5.8 S, 18 S, or
28 S ribosomal subunits in pan-fungal PCR. [8]

Pan-PCR techniques have been useful in recent stud-
ies with reported positive predictive values of 63.2% and
87.5% in diagnosing nontuberculous mycobacteria in sus-
pected pulmonary or extra-pulmonary infections using
pulmonary specimens and extra-pulmonary specimens,
respectively, and 92.3% in diagnosing invasive fungal
infections in patients with febrile neutropenia with blood
samples. [9, 10] However, two large-scale prospective
studies determined that routine use for diagnosis was not
recommended, and the clinical utility of pan-PCR is gen-
erally low. Tkadlec et al. [11] reported in a retrospective
study consisting of 1370 samples (75 heart valves, 151
joint tissue samples, 230 joint aspirates, 848 whole blood
samples, and 66 cerebrospinal fluid samples) that about
70% of pan-PCR results were identical to culture results
and that pan-PCR testing added value to the workup
to only 173 cases. In another retrospective study of 585
samples by Khoury et al. [12], pan-PCR influenced man-
agement in only 27 cases.

While pan-PCR testing may not be recommended in
other routine infectious etiologies, it may prove to be
a valuable diagnostic test that can be used to aid in the
treatment of endophthalmitis due to its relatively com-
mon culture-negativity. Unlike real-time PCR, pan-PCR
testing does not have a propensity for false-positive
results and is considered rare in such testing. [13] A pro-
spective multicenter study consisting of 153 patients with
clinically diagnosed acute and delayed-onset endophthal-
mitis evaluated the use and results of ocular fluid pan-
bacterial PCR compared to culture. [1] In the study, 6 out
of 22 culture-negative aqueous humor samples were pos-
itive with pan-bacterial PCR. Six out of 17 culture-neg-
ative vitreous samples had a positive pan-bacterial PCR.
Additionally, the study showed that the positivity rates of
pan-bacterial PCR and culture were not statistically dif-
ferent with both aqueous and vitreous samples (P=0.6).
After one dose of intravitreal 1 milligram of vancomycin
and 2.25 milligrams of ceftazidime, 2 of 25 culture-neg-
ative aqueous samples were pan-bacterial PCR positive,
and 16 of 27 culture-negative vitreous samples were
pan-bacterial PCR positive. The increased positivity of
pan-PCR compared to culture after intravitreal antibiot-
ics may reflect the pan-PCR detecting DNA that persists
after the organism has been killed. [8]
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Pan-PCR’s clinical utility can be demonstrated in the
case report presented within the manuscript. As stated
in the patient’s clinical course, pan-fungal PCR was the
only testing modality that was able to adequately identify
a causative organism.

Although pan-PCR can be useful, it has a lower sensi-
tivity and specificity than species-specific PCR and has
a longer turnaround time, taking around 2-3 days for
species identification compared to 2-3 h when using
real-time PCR. [1] Additionally, the cost of pan-PCR
averaged $133 and $616.08 for pan-fungal and pan-bacte-
rial PCR, respectively, per test in 2020. [14—19] Further-
more, because of the increased turnaround time, bacteria
associated with endophthalmitis with poorer prognoses
(Staphylococcus aureus and Streptococcus pneumoniae)
may be better identified using species-specific PCR
before pan-PCR to enable earlier diagnosis and treatment
initiation. [1] This conclusion is furthered by a study
conducted by Cornut et al. [20] where Staphylococcus-
specific PCR was positive in 7 negative pan-PCR cases.
However, as previously stated, specific PCR is more
prone to false positives, and thus, the 7 cases in which
specific PCR was positive with a negative pan-PCR may
reflect possible contamination as Staphylococcus aureus
is a member of normal skin flora. The article does not
mention if the PCR was positive for methicillin-sensitive
or methicillin-resistant Staphylococcus.

Another drawback of pan-PCR testing lies in its inabil-
ity to detect viruses and parasites. [21] Therefore, pan-
PCR testing will unlikely be able to completely replace
traditional culture and PCR methods, and further diag-
nostic testing may remain indicated if the physician is
concerned about possible viral or parasitic etiologies of
endophthalmitis despite negative pan-PCR.

An additional emerging tool that may provide useful-
ness in the diagnosis and treatment of endophthalmitis
when other traditional methods fail is next-generation
sequencing (NGS), also termed high-throughput or mas-
sively parallel sequencing. NGS for microorganisms gen-
erally falls into one of two approaches. The first approach,
targeted amplicon sequencing, employs target-specific
primers for PCR amplification, which enables genomic
regions of interest to be expanded and selectively
sequenced using previously documented genomic refer-
ence databases. [22] The other strategy, whole-genome
sequencing, depends on nontargeted library prepara-
tion and is typically employed when the microorgan-
ism is unknown. It can be applied to specimens for
culture-independent pathogen identification and use
in future NGS studies. [22] A retrospective study of 83
patients done by Cao et al. [23] reported a positive pre-
dictive value of 92.19% in diagnosing patients with NGS
in cases of sepsis with an indeterminate site of infection
or in patients for which it was difficult to get accurate
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pathogens. NGS is of particular interest as it has rela-
tively high sensitivity and is capable of detecting all
microorganisms within a sample, as exemplified in a
reported case of chorioretinitis due to rhinovirus. [24,
25] An added benefit of NGS, compared to pan-PCR, is
its ability to detect viruses and parasites in a given sam-
ple. [26] Going forward, NGS can be a useful tool for iso-
lating pathogens that have not been previously associated
with endophthalmitis or chorioretinitis and may be uti-
lized when other diagnostic methods are non-revealing.
However, NGS has its downfalls preventing routine use
in microbiology, such as the improvement of reference
databases, standardization of technical protocols, and
reduction of cost ($1269-$2058 per test between years
2016-2019) and relatively slow turnaround time (about
2 weeks). [22, 27, 28] A graphic comparing quantitative
PCR, pan-PCR, and NGS is displayed in Fig. 3.

Conclusions

In conclusion, there are limitations to the use of pan-PCR
as an initial testing modality in patients with endophthal-
mitis and chorioretinitis. Similar to systemic infections,
pan-PCR may be unwarranted as an initial diagnostic test
in endophthalmitis as the test may have low clinical util-
ity and the test does not change treatment in a majority
of cases when traditional methods are able to isolate a
causative organism, as evidenced by two large prospec-
tive studies. Additionally, pan-PCR is unable to detect
viruses and parasites that may be inciting endophthalmi-
tis and, therefore, will not be able to replace traditional
culture and PCR tests completely. Compared to real-time
PCR, pan-PCR has a slightly longer turnaround time and
is more expensive. Though the turnaround time is not
significantly prolonged, the 2—3 days on average it takes
to result may be more important when dealing with bac-
terial endophthalmitis associated with poorer outcomes
and may be better utilized when such etiologies have
been ruled out with traditional methods. Conversely,
pan-PCR can provide useful insight into the inciting
pathogen if initial cultures and PCR methods are nega-
tive or if empiric treatment of endophthalmitis continues
to fail. Another advantage of pan-PCR is that it is less
susceptible to contamination when compared to real-
time PCR.

An additional testing modality that may be helpful in
the future in determining the cause of endophthalmitis is
next-generation sequencing. It can identify all intraocu-
lar pathogens within a sample and may have more clinical
relevance, once its limitations, such as cost and turn-
around time, are overcome.
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Fig. 3 lllustration comparing real-time PCR, pan-PCR, and next-generation sequencing based on the item being measured, cost, turnaround time, sensi-
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