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Abstract: In recent, large case series of fungal endophthalmitis (FE) that were published by Asian
authors, the most frequent etiologic agents for all types of FE are molds (usually Aspergillus species,
while Fusarium is the prevalent etiology in keratitis-related FE). Candida was the organism found in most
cases of endogenous FE. However, we must keep in mind that prevalence of fungal species varies with
the geographical area. Lately, polymerase chain reaction (PCR) was increasingly used for the diagnosis
of FE, allowing for very high diagnostic sensitivity, while the costs become more affordable with time.
The most important shortcoming of PCR—the limited number of pathogens that can be simultaneously
searched for—may be overcome by newer techniques, such as next-generation sequencing. There are
even hopes of searching for genetic sequences that codify resistance to antifungals. We must not forget
the potential of simpler tests (such as galactomannan and β-D-glucan) in orienting towards a diagnosis of
FE. There are few reports about the use of newer antifungals in FE. Echinocandins have low penetration
in the vitreous cavity, and may be of use in cases of fungal chorioretinitis (without vitritis), or injected
intravitreally as an off-label, salvage therapy.

Keywords: fungal endophthalmitis; polymerase chain reaction; next generation sequencing;
intravitreal injection; pars plana vitrectomy

1. Introduction

Endophthalmitis is a serious ophthalmic condition, carrying the risk of permanent vi-
sual loss. Knowledge of its diagnosis and treatment is of essence for every ophthalmologist.
In endophthalmitis the internal structures of the eye are invaded by replicating microor-
ganisms, resulting in an inflammatory response [1]. The term endophthalmitis is usually
reserved for bacterial or fungal infections, while inflammation of viral or parasitical cause
is considered a form of uveitis. The causative organism may be directly inoculated into
the eye (exogenous endophthalmitis, usually posttraumatic or post intraocular surgery) or
may enter through hematogenous spread from distant foci (endogenous endophthalmitis).
In fungal endophthalmitis (FE), the causative organism is either a mold or yeast.

The diagnosis and treatment of FE are challenging due to a series of particularities,
especially the difficult, time consuming etiological diagnosis and the problems of antifungal
therapy (availability, efficacy, potential toxicity). The relative rarity of the FE has led to the
fact that there is no level 1 evidence to guide its management [2]. This is why our most
useful information regarding this matter comes from case series (some of which, recently
published, are very large) [3].

Diagnostics 2022, 12, 679. https://doi.org/10.3390/diagnostics12030679 https://www.mdpi.com/journal/diagnostics

https://doi.org/10.3390/diagnostics12030679
https://doi.org/10.3390/diagnostics12030679
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com
https://orcid.org/0000-0003-2595-6319
https://doi.org/10.3390/diagnostics12030679
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com/article/10.3390/diagnostics12030679?type=check_update&version=2


Diagnostics 2022, 12, 679 2 of 15

This review aims to provide the reader with the latest published information regarding
FE, focusing on recent diagnostic techniques and on the advances in the use of antifungal
drugs in ophthalmology.

2. Epidemiology

Several authors have stated that FE has increased from 8.6% to 18.6% of culture-
positive cases over the last 20 years [4–6]. (Table 1) Due to the characteristics of fungal
growth, acute postoperative FE is considered a rarity, but fungi are considered responsible
for 16–27% of cases of delayed-onset postoperative endophthalmitis [7].

In the largest retrospective study of patients with fungal endophthalmitis, which
took place in India, 46.8% were postoperative cases, 35.6% posttraumatic and 17.5% en-
dogenous [3]. Another large study reported that 6.5% of post-traumatic endophthalmitis
cases had a fungal etiology (16.7% of culture-proven cases) [8]. Endogenous FE has the
particularity of being bilateral in many cases (27.2% of patients in a review) [9].

Table 1. The prevalence of fungal endophthalmitis.

Country Number of Studied Cases Percentage of Fungal
Etiology

Das et al. [3] India 3830 cases (culture proven endophthalmitis) 19.1
Schimel et al. [5] USA 448 cases 15.8

Long et al. [7] China 347 cases (culture proven post-traumatic
endophthalmitis) 16.8

Yang et al. [10] China 151 cases (culture-proven endophthalmitis associated
with intraocular foreign bodies-IOFB) 8

Yang et al. [10] China 256 cases (culture-proven post-traumatic
endophthalmitis) 15.6

Dave et al. [11] India 117 patients endogenous endophthalmitis (EE) 15
Regan et al. [12] USA 35 patients with EE
Pillai et al. [13] India 34 patients with EE 50
Cho et al. [14] USA 60 patients with EE 34.3

Korea 48 patients with EE 16.4
Kuo et al. [15] Taiwan 31 patients with EE 8
Kuo et al. [15] Taiwan 25 patients with EE and chronic dialysis 4

Silpa-archa et al. [16] Thailand 36 patients with EE 7.3
Modjtahedi et al. [17] USA 30 patients with intravenous drug abuse-related EE 59

Maitray et al. [18] India 53 pediatric patients with EE 6

In case series of endogenous endophthalmitis published in the last 5 years, 6% to 50%
were of fungal origin [9,11–16], while 59% of intravenous drug-abuse related cases had
fungal etiology [17]. In a USA national retrospective cross-study, 13.7% of patients with
endogenous endophthalmitis had a history of drug dependence. While the authors did not
provide information regarding the etiology, it was noted that 3.1% of all cases (and 4.6% of
the drug-using patients) had a diagnosis of fungemia [19].

Predisposing Medical Conditions

In several series of patients with endogenous FE, malignancies were a preexisting
condition in 21.45 to 69.7% of cases. Intravenous drug abuse was also a frequent risk factor,
present in 15.4% to 28.6% of fungal FE [9]. Patients who have recently suffered a general
surgery were also at risk (28.6% to 37.9% of all endogenous FE cases) [20,21]. Subjects
diagnosed with FE caused by mold species had in higher proportions a history of iatrogenic
immunosuppression, whole-organ transplantation, or an indwelling venous line [20,22].

3. Etiology and Pathogeny

In the largest retrospective study of patients with FE, which took place in India, 39.0%
were caused by Aspergillus species, 15.1% by Candida species, 15.9% by Fusarium species,
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and 30.0% by other fungi [3]. Another large retrospective review of endophthalmitis cases
from North India also found that Aspergillus was the predominant cause of FE (36.1%),
followed by Fusarium (26.4%) [23]. A classic scenario is an ocular trauma that took place in
a rural setting, perhaps involving contamination with soil or vegetal matter.

In a recent review of 59 articles, the most common etiology of post-cataract FE was
Aspergillus, followed by Fusarium. [6].

In a retrospective study of patients from South India diagnosed with Aspergillus en-
dophthalmitis, 46% of cases were associated with penetrating trauma, 33% were acute -onset
postoperative cases, 6.5% delayed-onset postoperative cases and 11% endogenous [24].
Aspergillus flavus was the commonest infecting species. Also, in retrospective series of
posttraumatic fungal endophthalmitis (patients from eastern China), 74.3% of cultures have
grown Aspergillus species [25].

In a large series of patients with fungal keratitis, 9.4% developed an endophthalmitis.
The risk factors for endophthalmitis were: topical steroid use, previous corneal laceration
suturing, large corneal ulcer size (≥10 mm diameter), hypopyon and aphakia, while the
advent of corneal perforation was not a significant risk factor. The most frequent etiologies
were Fusarium (40.5%) and Aspergillus (16.2%) [26]. In another series of patients from
northern China, 73.3% of FE associated with fungal keratitis were caused by Fusarium
species [27].

Endophthalmitis after intravitreal injections is a very rare occurrence (0.02 to 0.5%) [2],
and fungal etiology appears to be extremely rare [28]. There were reports of outbursts of FE
following intravitreal injections contaminated with Bipolaris hawaiiensis [29,30], but recently
there are fewer and fewer cases like that, probably due to the fact that ophthalmologists
have performed less compounding pharmacy-prepared intravitreal injections.

Recently, there have been a few reports of cases of FE in patients hospitalized for
COVID-19 pneumonia [31–33]. In a retrospective report of 24 patients from India, diagnosed
with COVID-19 and endogenous endophthalmitis, 78.5% were of fungal etiology [31].

In a review of several series of patients with endogenous FE, the predominant mi-
croorganisms were yeasts (71.4% to 76.1%), most frequently Candida species (50% to 65%),
while Aspergillus was the most frequent mold (in 11.7% to 16.4% of cases) [9]. However,
Aspergillus was the most prevalent (29.7%) and Candida species followed closely (26.6%)
in the largest retrospective study from India [3]. In cases of infantile endogenous endoph-
thalmitis, Candida species have been characterized as the primary responsible organisms
in multiple case series and reports in the United States [34]. The most common systemic
risk factors were: prematurity, respiratory disorders, intraventricular hemorrhage, birth
trauma, necrotizing enterocolitis, intrauterine hypoxia and birth asphyxia.

The pathogeny of endogenous endophthalmitis is hematogenous dissemination from
distant foci; it affects primarily the choroidal space, due to the comparatively large blood
flow, and then it spreads into the retina and vitreous [3].

In histopathology studies, Candida species seem to sequester preferentially in inflam-
matory nodules (another explanation for the fact that negative cultures should be inter-
preted with caution) [35]. There is, however, a clinicopathologic study of enucleated eyes
with endogenous FE where the primary focus of infection with Candida was the vitreous;
whereas subretinal or sub-retinal pigment epithelium infection (with invasion of retinal
and choroidal vessel walls) was noted in eyes with aspergillosis [36]. In a murine model
of fungal endophthalmitis, the infected retina exhibited induction of inflammatory medi-
ators (TNFα, IL-1β and IL 6) with increased polymorphonuclear neutrophil infiltration.
Histological analysis revealed heavy cellular infiltrates in the vitreous cavity, disruption of
normal retinal architecture and retinal cell death [37].

4. Diagnosis
4.1. Clinical Diagnosis

In most cases FE does not have an acute clinical presentation. In one study, the mean
latent periods were 7 days for post-traumatic FE, 20 days for postoperative and 30 days for
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endogenous FE [38]. In a retrospective series of posttraumatic FE (patients from eastern
China), the time from trauma to the diagnosis of endophthalmitis was 2–4 weeks in 37.1%
of patients and over 4 weeks in 42.9% [25]. Delayed diagnosis or initial misdiagnosis was
reported in 16% to 63% of cases [39], some cases being initially treated as non-infectious
uveitis. Eyelid edema, conjunctival injection, anterior chamber cells, flare or hypopyon,
vitreous inflammation and chorioretinitis are frequent but non-specific signs. Focal vitreous
opacities (“string of pearls”) are more suggestive for fungal etiology. Endogenous FE may
start as flat choroidal lesions that progress to the vitreous cavity and lead to “puff ball”
abscesses [3]. Vision loss can be mild in cases with peripheral vitreous lesions (“snowballs”,
“snowbanks”) and severe in extensive vitreous and/or anterior chamber inflammation [6].

4.2. Imaging

B-scan ultrasonography is mandatory in eyes where there is no visualization of the
posterior segment. While vitreous strands and membranes with reduced mobility are usual
findings in endophthalmitis, the presence of a choroidal mass projecting into the vitreous
(in the clinical context of an endophthalmitis) is suggestive for FE [3].

4.3. Laboratory Diagnosis

The ophthalmologist confronted with a possible diagnosis of endophthalmitis should
perform an anterior chamber and/or vitreous tap before initiating treatment. It is known
that anterior chamber tap has a lower diagnostic yield [9]. As often as possible, we prefer
to sample undiluted vitreous during the beginning of a vitrectomy, using the technique
described in the surgical management chapter. While the clinician may not initially suspect
fungi as the etiology in a case of endophthalmitis, it is good practice to ask the laboratory
to search for bacteria and fungi in the provided sample.

The usual workup includes direct microscopy (using stains as calcofluor white, Gram
and Giemsa) and cultures on media such as blood agar, brain heart infusion, thioglicollate
broth, potato dextrose agar and Sabouraud’s dextrose agar. It is necessary to incubate the
media for 2 weeks before reporting a culture as negative [3].

Kehrmann et al. compared culture techniques in patients with suspected endoph-
thalmitis and found that 100% of grown fungi were detected by blood culture bottles, while
broth solution recovered 64% and solid media 46% of grown fungi [40]. It is also our usual
practice to use blood culture bottles for immediate seeding of undiluted vitreous samples.

In cases of FE correlated with fungal keratitis, corneal scraping is also routinely
recommended [6]. In a case series of Fusarium endophthalmitis, isolates were initially
identified microscopically and the species subsequently confirmed by sequencing the
elongation factor alpha (EFα) and internal transcribed spacers [41].

In endogenous FE it is recommended to perform blood cultures, even if they have
a low diagnostic yield (9.2% to 25.6%) [9]. In order to maximize the yield, 3 consecutive
blood samples should be taken during fever spikes and before systemic treatment [9,42].

The main advantage of culture techniques is that they are available in any hospital
and the laboratories have extensive experience using them. Thus, microbiological culture
remains the gold standard for the diagnosis of most intraocular infections. However, fungi
may have a fastidious nature that makes them difficult to grow in culture (or, in some cases,
unculturable). The rate of positive cultures in presumed FE has varied largely, between
30% and 70% [9].

Galactomannan (GM) is a cell wall carbohydrate that is mostly specific for Aspergillus
species. While the manufacturer has only validated galactomannan detection in serum and
bronchoalveolar lavage fluid, Dupont et al., have reported detection in a vitreous sample,
suggesting that it might have a diagnostic role in cases with negative cultures and when
PCR is not available [43].

β-D-glucan (BDG) is a major constituent of most fungal cell walls, including Can-
dida and Aspergillus species. It can be detected in blood of patients with invasive fungal
infections such as invasive candidiasis [44]. Chen et al., reported the testing of BDG in
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samples of intraocular fluids as a meaning of raising a high suspicion of FE (although
the BDG concentrations in intraocular fluids of healthy individuals have not been estab-
lished) [45]. Ammar et al., chose to define serum BDG ≥ 80 pg/mL as test positive and
found a sensitivity of 66.7% for fungal chorioretinitis and 100% for endophthalmitis, while
specificity was 74.4% [46]. A combination of PCR and BDG testing in patients with culture
proven candidaemia and control patients revealed a sensitivity of 90% and a specificity of
79.5% [47].

The use of polimerase chain reaction (PCR) techniques has increased the yield of
detection (up to 100%) [48] and has reduced the time necessary for etiological diagnosis.
However the number of pathogens that can be simultaneously searched for is limited, due
to differences in amplification efficiencies of different primer sets and to the limited number
of fluorescent labels [49]. In a retrospective study on eyes suspected of endophthalmitis
or infectious uveitis, cultures of aqueous humor or vitreous had 17% sensitivity, while
PCR had 85% (remaining relatively inexpensive) [50]. It seems that PCR performed from
aqueous humor and vitreous samples have similar diagnostic yields, which may ease the
task of the first ophthalmologist who takes the patient into charge: it may be technically and
logistically easier to collect a sample of aqueous humor before the initiation of treatment.

To date, the T2Candida panel (from T2 Biosystems) is the only commercial PCR assay
platform with extensive clinical validation for the detection of Candida [51]. It detects the
five major pathogenic Candida species: C. albicans, C. tropicalis, C glabrata, C. krusei and C.
parapsilosis. We might observe that, with the advent of the COVID-19 pandemic, technology
and expertise to perform PCR assays has known an unprecedented boom, and we hope to
access it more frequently in the future for the diagnosis of other infectious diseases.

While authors were able to detect bacterial or fungal DNA in many cases of culture-
negative endophthalmitis, the results have to be regarded with caution, and the clinician
must balance the clinical and laboratory data while observing the response to therapy.
Prior antimicrobial therapy is frequently incriminated for culture-negative endophthalmitis
(while the microorganism may be dead, its DNA is still detectable). Other possible ex-
planations are: the presence of fastidious microorganisms, scant (undetectable) bacterial
pathogens or even true sterile endophthalmitis associated with antigenic response to a
non-infectious pathogen [49].

While PCR techniques impose a limit on the number of pathogens that can be simulta-
neously searched for, next-generation sequencing (NGS) does not target specific species;
it can detect all the different bacteria or fungi that are present in a sample, in one single
assay. In a proof of concept study of 34 eyes with presumed infectious endophthalmitis,
44.1% were positive by microbial culture, while 82.3% were positive by the NGS technique.
Among the culture negative endophthalmitis cases that showed presence of DNA of bac-
terial pathogens, 11 of 14 cases had polybacterial infections (4 had a bacterial and fungal
infection) [49].

NGS is an emerging technique and it currently has a turnaround time of around
4–5 days. However, once it would become a routine test, Desmukh et al. predicted that
a 48 h turnaround time would be feasible. The cost of NGS for metagenomics testing is
somewhat comparable to the cost of current microbiological cultures, while promising in
terms of reducing diagnostic time and (ultimately) hospitalization time [49].

While NGS, also termed high-throughput sequencing (HTS), has the potential to detect
simultaneously and sequence virtually all the DNA seque nces present in a sample, it results
in a large number of reads of both host and pathogen DNA. The detecting and interpreting
of millions of sequences in order to identify the pathogen is highly challenging [52].

Targeted NGS uses a selective amplification of specific regions of interest inside the
genome, prior to massive parallel sequencing. It provides easier downstream analysis and
lower cost by allowing more samples to be tested in one run. In a study on vitreous samples
from clinically presumed infectious endophthalmitis, Gandhi et al., used extraction and
amplification of 16S RNA for the detection of bacteria and ITS 2 region for the detection of
fungi. The rate of detection of fungal pathogens in culture-negative samples was 71.9%,
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again highlighting the prevalence of these pathogens in infectious endophthalmitis patients
from South India [52].

The nanopore sequencer is a third-generation sequencing platform that identifies DNA
from the change in electrical current resulting from a DNA strand being forced through a
nanometer sized pore embedded in a membrane. In another very recent proof-of-concept
study, Huang et al., have used nanopore targeted sequencing (NTS) in aqueous humor
and vitreous fluid samples from presumed cases of infectious endophthalmitis [53]. NTS
identified microorganisms in 94.4% of cases (half of which were culture-negative) [54].

A major critic for the use of genetic sequencing in the purpose of identifying pathogens
is the lack of information about susceptibility to antimicrobial treatments. However, know-
ing the causative species can be helpful for the clinician, narrowing his choice of antimicro-
bials. There are exciting perspectives for culture-independent, molecular-based identifica-
tion not only of pathogen fungi, but also of their antifungal resistance mechanisms [55]. To
the date, there are no commercial PCR tests to detect mutations associated with antifungal
resistance, but the latest developments in next-generation sequencing may allow in the
future the detection of selected genes or regions associated with resistance [56,57]. Table 2
lists the main advantages and disadvantages of available diagnostic techniques.

Table 2. Advantages and disadvantages of currently available diagnostic techniques.

Technique Advantages Disadvantages

Microbiological culture

- microscopy can rapidly
orient diagnosis (yeasts
versus molds)

- widely available,
extensive experience

- relatively low cost
- tests for susceptibility to

antifungals

- time consuming (up to 2
weeks)

- relatively low diagnostic
yield

Detection of fungal cell wall
constituents (galactomannan,

β-D-glucan)

- widely available
- relatively low cost
- fast results
- reportedly present in

vitreous (but not a
standardized technique)

- validated only for
detection in blood
(implying invasive
fungal infection)

Polymerase chain reaction
(PCR)

- fast results (several
hours)

- increased yield
(compared to cultures)

- extensive clinical
validation for the
detection of Candida
species

- apparently similar
sensitivity from aqueous
humor and vitreous
samples

- positive even if
antimicrobial treatment
has been started

- ever more widely
available

- limited number of
fluorescent labels (hence,
of pathogens that can be
simultaneously searched
for)

- no information about
antifungal susceptibility
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Table 2. Cont.

Technique Advantages Disadvantages

Next generation sequencing
(NGS)

- can detect all the
different organisms
present in a sample

- possible future detection
of genes associated with
antifungal resistance

- not widely available
today

- time consuming (several
days)

In summary, the clinician that suspects a diagnosis of FE should perform a vitreous
tap (or vitrectomy) and ask for microscopical examination and cultures for bacteria and
fungi (we prefer initial seeding on blood culture bottles). For suspected endogenous
endophthalmitis, blood cultures should be performed. If the endophthalmitis is keratitis-
related, corneal scraping is also helpful. Searching for galactomannan and β-D-glucan
in serum is fast and inexpensive. We should consult with the microbiologist and try to
make the best use of the facilities available (perhaps PCR for organisms that are the most
prevalent, considering the suspected mechanism of contamination).

4.4. Screening for Endogenous Endophthalmitis

As late as 2016, the Infectious Disease Society of America recommended a screening
ophthalmological examination of all patients with candidemia [58]. However, recent studies
have found that rates of ocular involvement in these patients were as low as 2.9% [59,60]. The
American Academy of Ophthalmology has very recently stated that a routine ophthalmologic
consultation after laboratory findings of systemic Candida septicemia appears to be a low-value
practice. They have recommended that an ophthalmologic consultation should be performed
in a patient with signs or symptoms suggestive of ocular infection, regardless of Candida
septicemia [61].

5. Therapy
5.1. Medical Therapy

Amphotericin B is a polyene that binds surface sterols in the cell membrane of fungi,
creating pores that alter the permeability, causing leakage of intracellular material and
subsequent fungal cell death [62]. Azoles (like voriconazole) act by depleting ergosterol, a
bioregulator of membrane integrity [6].

In suspected fungal endophthalmitis, initial treatment may be with intravenous
voriconazole, loading dose 400 mg BID for two doses, then intravenous 300 mg/day (or
oral 200 mg BID) AND intravitreal voriconazole 100 µg/0.1 mL. Voriconazole has excellent
susceptibility to Candida, Aspergillus and Fusarium [63]. Monitor aspartate-aminotransferase
(ASAT) and alanine-aminotransferase (ALAT) weekly for the first month. There are strong
recommendations for the monitoring of voriconazole serum-levels [64]. When the lab-
oratory has identified an etiologic agent, but its susceptibility to antifungals it yet to
be determined, the clinician may use the suggestions of antifungal therapy presented
in Table 3.

With the exception of purely chorioretinal fungal lesions (i.e., without vitritis), it is
usually recommended to associate intravitreal therapy with the same antifungal used in
intravenous or oral therapy, most frequently 100 µg/0.1 mL of voriconazole [63]. Another
widely used intravitreal therapy is amphotericin B, 5–10 µg/0.1 mL. Intravitreal injections
may be repeated after 72 h, depending on the clinical evolution [2]. Dave et al., reported
that they have repeated intravitreal injections every 48 h for amphotericin B and every
24 h for voriconazole [24]. If the surgeon chooses to use silicone oil endotamponade at the
conclusion of the vitrectomy, the dose of intravitreal anti-infection agents injected should
be 1

4 -1/10 of the usual intravitreal dose [65].
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Table 3. Suggested initial therapy in fungal endophthalmitis (FE) cases were an etiologic agent has
been identified, but antifungal susceptibility is yet unknown.

Etiology Suggested Initial Therapy

Candida
Intravenous/oral fluconazole OR

Intravenous voriconazole OR
Intravenous micafungin (only in chorioretinitis without vitritis) *

Aspergillus Intravenous voriconazole

Fusarium
Intravenous voriconazole OR

Oral posaconazole

Other etiologies Intravenous voriconazole OR
Intravenous amphotericin B associated with oral fluconazole

* Intravenous echinocandins (micafungin, anidulafungin, caspofungin) may be effective in chorioretinal fungal
infiltrates, but have low-moderate vitreous penetration.

The use of intravitreal corticosteroids in FE is controversial. An important concern
is that corticosteroids may impair the efficacy of antifungals and interfere with the im-
munogenic response. A small retrospective study suggested that steroids may be beneficial
in promoting faster clearance of inflammation in FE [66]. However, a review of the role
of intravitreal corticosteroids in infectious endophthalmitis concluded that there is a lack
of adequate experimental and human studies concerning steroids in FE [67]. Regarding
oral steroids, we have found only one paper that advocated the use of oral prednisone,
1 mg/kg body weight in tapering doses [6]. When the laboratory results regarding antifun-
gal susceptibility become available, the ophthalmologist may choose to change the therapy
accordingly (however, we believe that a treatment that results in clinical improvement
should not be changed based on laboratory findings). For susceptible Candida strains,
fluconazole may be preferable to voriconazole because it is less hepatotoxic [63]. The usual
antifungal doses are presented in Table 4. If effective, the systemic antifungal therapy
should be continued for 3–6 weeks [63]

Table 4. Antifungal treatment regimens for FE.

Antifungal Recommended Regimen

Voriconazole i.v. 400 mg BID, two doses, then 300 mg/day (or oral 200 mg BID)
Fluconazole i.v. /oral 800 mg loading dose, then 400–800 mg/day [2]

Liposomal amphotericin B i.v. 3–5 mg/kg/day
Flucytosine oral 25 mg/kg, QID

Ketoconazole oral 200 mg BID [3]
Posaconazole oral 200 mg QID
Itraconazole oral 100–200 mg BID [3,6]
Micafungin i.v. 100–300 mg/day

Anidulafungin i.v. 100–200 mg/day
Caspofungin * i.v. 70 mg loading dose, then 50 mg/day [62]

* Only in cases without vitritis.

Fluconazole is preferred to voriconazole in children, because it is difficult to attain
target voriconazole concentration and to monitor the serum levels. The loading dose is
12 mg/kg (intravenous or oral) fluconazole, followed by 6 mg/kg/day (or at 48 h for
younger children) [68].

For azole-resistant Candida species, a combination of choice is intravenous ampho-
tericin with oral flucytosine [58]. Liposomal amphotericin B may be less nephrotoxic and
has higher vitreous penetration compared to amphotericin B deoxycholate [2]. Candida
chorioretinitis without vitritis (which can occur in a setting of endogenous FE) can be
treated with systemic therapy, without intravitreal injections [58]. Systemic treatment with
echinocandins (micafungin, caspofungin, anidulafungin) may be effective in choroidal
infiltrates with azole-resistant Candida, but are not effective in case of vitritis (due to low-
moderate vitreous penetration) [4].
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The Infectious Disease Society of America recommendations for the treatment of As-
pergillus endophthalmitis are to combine oral or intravenous voriconazole with intravitreal
voriconazole or intravitreal amphotericin B deoxycholate [69]. Azole-resistant species of
Aspergillus may be treated with intravenous amphotericin B or intravenous anidulafungin.
Itraconazole has a low minimum inhibitory concentration for Aspergillus, with better vitre-
ous penetration than systemic amphotericin B (but the vitreous concentration remains a
fraction of the serum level) [6].

For endophthalmitis caused by fungi other than Candida or Aspergillus there are very
limited data regarding the immediate treatment, when the clinician has no information on
the antifungals susceptibility. In Fusarium endophthalmitis there have been a few reports
of successful treatment with systemic voriconazole (with or without amphotericin B) and
intravitreal voriconazole [70,71].

5.1.1. Alternative Antifungal Therapies

For cases of endophthalmitis caused by fungi that are resistant to usual antifungals,
Relhan et al., have proposed (based on limited knowledge of retinal toxicity in animal
studies): intravitreal miconazole 25 µg/0.1 mL, intravitreal caspofungin 50 µg/0.1 mL or
intravitreal micafungin 25 µg/0.1 mL [72]. There are a few reports of successful treatment
of FE using intravitreal injections of caspofungin [73–76].

Guest et al., studied the use of isavuconazole in treating Aspergillus fumigatus endoph-
thalmitis in an exogenous mouse model of the disease and concluded that it was as effective
after oral administration as it was after intravitreal administration [77]. Isavuconazole is
a second-generation broad-spectrum triazole, noninferior to voriconazole for invasive as-
pergillosis and suitable for stepdown therapy in cases of invasive candidiasis [78]. Recently,
oral isavuconazole was reportedly used in a case of Candida endophthalmitis unresponsive
to fluconazole [79].

5.1.2. Adverse Effects of Antifungal Treatment

Amphotericin B is nephrotoxic and may also be associated with variations of arterial
pressure, fever or vomiting. However, liposomal amphotericin B has probably a lower rate
of nephrotoxicity [2]. It should be used under the supervision of an internal medicine or
infectious disease specialist [62].

Azole derivatives are hepatotoxic and should be use with caution in patients with
pre-existing liver disease. Their risks include hepatic toxicity, cardia arrhythmias, fever and
hypertension. Clinicians are advised to monitor aspartate-aminotransferase (ASAT) and
alanine-aminotransferase (ALAT) weekly for the first month. There are strong recommen-
dations for the monitoring of voriconazole serum-levels [64].

Caspofungin is a lipopeptide antifungal (from the echinocandins class). Risks associ-
ated include hepatotoxicity, Stevens-Johnson syndrome and toxic epidermal necrolysis [62].

5.2. Surgical Management

In the setting of acute postoperative endophthalmitis it can be difficult to immediately
perform pars plana vitrectomy because of problems with operatory schedule. In those cases
many ophthalmologists perform a vitreous needle tap and intravitreal injection, typically
with antibiotics such as vancomycin and ceftazidime. However, most FE do not begin in
an acute manner. Moreover, an inadvertent empirical antibiotic therapy does not preclude
subsequent adequate identification of fungal etiological agents

There are no guidelines regarding the necessity and timing of pars plana vitrectomy in
fungal endophthalmitis. There are several papers pleading for early and complete vitrectomy
in bacterial endophthalmitis, and many surgeons have adopted this view [80–82]. Pars plana
vitrectomy has the advantages of drastically reducing the load of intraocular microorganisms,
providing a large sample for the microbiology laboratory and promoting the diffusion of
antimicrobial drugs in the vitreous cavity.
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Typically, after positioning the trocars, with the infusion cannula still closed, the
surgeon will place the tip of the vitrector behind the lens (or in the center of the vitreous
cavity). An assistant carefully aspires in a syringe coupled at the aspiration line of the
vitrector, while the surgeon may choose to active cutting function. After the first drops are
aspirated, the surgeon withdraws the vitrector and the assistant continues to draw all the
drops from the tubing into the syringe, while the infusion is turned on. This technique
usually provides at least 0.2 mL of undiluted vitreous that should be immediately sent for
culture seeding.

Removal of “sticky” hypopyon and repeated subsequent irrigation of anterior chamber
permits the visualization of vitreous cavity. After careful, patient removal of vitreous and
repeated lavage of floating debris, the retina may become visible and the surgeon may
attempt to remove fungal colonies from the retinal surface (bearing in mind that inflamed
retina is friable and easily teared).

In post-cataract surgery FE, especially in cases that present recurrence after a vitrec-
tomy, it is advisable to remove the intraocular lens and the capsular bag. Vinekar et al.,
have suggested that fungal spores sequestered in the capsular bag are responsible for the
recurrences [83]. Relimpio-Lopez et al., pleaded for extreme surgical maneuvers that may
help to salvage a globe with FE: “hot” penetrating keratoplasty (for perforated, infected
cornea), iridectomy of infiltrated iris regions, endodiathermy or endophotocoagulation
of chorioretinitis foci [84]. In a series of patients with posttraumatic FE, lensectomy was
performed in all cases, together with pars plana vitrectomy [25].

A recent review of several series of patients with endogenous FE found that vitrec-
tomy was performed in 24.2% to 56.9% of eyes [9]. In a retrospective cohort of 44 eyes
with endogenous Candida endophthalmitis, Sallam et al., found that performing an early
vitrectomy reduced significantly the risk of retinal detachment [85].

A more recent paper by Behera et al., studied the outcomes obtained in 66 consecutive
patients with FE, divided in two groups based on the timing of vitrectomy. The patients in
one group were subject to immediate vitrectomy, the others received a delayed diagnostic
vitrectomy (after an average of 18 days). Both groups also received intravitreal antifungals.
The authors concluded that the visual acuity improved significantly in the immediate
vitrectomy group [86]. However, William et al., found that 42% of eyes with endogenous
FE developed a retinal detachment. There was no association between the duration of
symptoms and the development of retinal detachment [87].

In one retrospective study, nearly significant difference in final visual acuity (p = 0.06)
was found in eyes that received intravitreal antifungals at the moment of the first vitrectomy,
compared to those who received intravitreal antibiotics initially [25]. However, most ophthalmol-
ogists prefer to treat endophthalmitis with intravitreal antibiotics while awaiting microbiological
diagnosis (simply because bacterial endophthalmitis is more prevalent that FE).

6. Prognosis

The visual prognosis in fungal endophthalmitis is poor, and exogenous FE has a worse
prognosis than endogenous FE [2]. In a large retrospective series of 388 eyes with culture-
positive endophthalmitis that were eviscerated, 35.3% were caused by fungi, suggesting
a worse prognosis of FE relative to endophthalmitis of all causes [88]. The eyes with
Aspergillus endophthalmitis present in a larger proportion with visual acuities inferior
to hand movement (compared to eyes with other fungal etiologies) and this trend is
maintained also when measuring the visual acuities at the end of the follow-up [3].

In a cohort of 342 patients with postoperative FE, 5.8% of eyes were eventually evis-
cerated and 13.7% of eyes had finally lost the light perception, while 30.1% of eyes gained
a visual acuity ≥ 20/400 [3]. Sen et al., reported that 35.3% obtained a visual acuity of
6/60 or better, corneal involvement in addition to endophthalmitis and the presence of
Aspergillus terreus being poor prognostic markers [89].

From 260 eyes with post-traumatic FE, 6.9% had no light perception at the end of
the follow-up and 5% were eviscerated, but 31.1% had a final visual acuity of 20/400 or
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better [3]. Similar outcomes were found by Zhuang et al., in a cohort of patients from
eastern China diagnosed with post-traumatic FE: 5.7% of eyes were finally enucleated,
while 34.3% achieved a visual acuity ≥ 20/400 [25].

In the cohort of fungal endogenous endophthalmitis cases (128 patients), only one
eye was eviscerated (0.8%). In 17.9% the final visual acuity was no light perception and in
10.9% of eyes it was ≥20/400. All patients were treated with vitreous surgery and at least
one intravitreal injection of antifungals [3]. In a review of several series of endogenous FE
cases (where primary vitrectomies were performed in 24.2% to 56.9% of eyes), intravitreal
antifungals were administered in 54% to 100% of eyes and were repeated in 33% to 50%.
All authors have reported high rates of anatomical success (75% to 100%). However,
functional success (defined as final visual acuity ≥ 20/400) was reported in only 33% (in
mold infections) to 56% of eyes (in yeast infections). Patients with mold infections had
worse visual acuities, both at the presentation and during the follow-up [9].

In a smaller series of patients with FE from North China, of which almost half were
diagnosed with Fusarium endophthalmitis, 56.4% obtained final visual acuity of 20/400 or
better [27].

In a retrospective study of eyes with Aspergillus endophtalmitis, 34% eyes obtained a
final visual acuity ≥ counting fingers (21.9% final VA ≥ 20/400). The factors associated
with better visual outcomes were: presenting vision greater than hand motions, absence of
corneal infiltrate, early vitrectomy and the use of intravitreal voriconazole (as compared to
intravitreal amphotericin B) [24].

7. Discussion

One challenge for the ophthalmologist who has to manage a case of endophthalmitis is
to bear in mind the potential fungal etiology. Patients that present the first symptoms weeks
after an ocular surgery or trauma (or have risk factors for endogenous endophthalmitis), a
clinical examination that reveals focal vitreous opacities or choroidal lesions, the prevalence
of fungal infections in a certain geographical area are factors that should increase the level
of suspicion, but fungi have to be taken into account as potential etiology in all cases.

FE has a particularly high prevalence in tropical regions, and today the best source
of information regarding this pathology is provided by authors from Asia. Molds (and in
particularly Aspergillus) are a common etiology for FE in southern Asia [3,24,25,90].

While benefitting from the experience published by many authors about this particular
etiology, clinicians from other geographical areas should be aware that other fungi may be
more prevalent in their area and that the antifungal susceptibilities may also be different.
Studies published by authors from other countries generally found a higher prevalence of
yeast infections.

Many presumed FE cases remain culture-negative, and there is a lot of interest in
the use of PCR assays to obtain etiological diagnosis. Emerging techniques such as next-
generation sequencing (also termed high-throughput sequencing) and nanopore targeted
sequencing come with the promise of detecting virtually all DNA sequences present in a
sample, and we hope that they will become more available (and the cost will decrease). In
the meantime, clinicians should remember the diagnostic potential of less expensive tests
such as those for galactomannan and β-D-glucan.

In endogenous FE, more than 1
4 of patients had a bilateral involvement. Blood samples

have a low diagnostic yield. Vitrectomy was performed in a low proportion of cases
(sometimes patients with a systemic infection cannot withstand a surgery due to the
severity of general status). Contrary to exogenous FE, an intravitreal injection was not
performed in all cases, some authors preferring to rely solely on intravenous therapy.
Anatomical success rate was high, but that of functional success was low (especially in
cases caused by molds) [3,9].

Regarding all types of FE, there is a concern about new etiologic agents being identified
and also about the prevalence of antifungal resistance, while newer antifungals are yet to
be tested in this particular pathology (or have low efficiency because of low penetration
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in the vitreous, as is the case of echinocandins). Several authors reported largely similar
outcomes in exogenous FE, with about 5% of eyes that were eventually enucleated, while
visual acuities ≥20/400 were obtained in about 1/3 of cases [3,25,89].

The recent publishing of large case series of patients with fungal endophthalmitis is
providing the ophthalmologists with a level of knowledge that is unprecedented in this
area, while the development of diagnostic techniques gives us hope to have an etiologic
diagnosis of eye infections in almost the totality of cases, and perhaps also information
about the presence of DNA sequences that codify antifungal resistance.

Author Contributions: Conceptualization, C.D. and V.P.; methodology, C.D., V.P., H.T.S., D.-M.D.
and R.-E.I.; validation, writing—original draft, writing—review and editing, C.D., V.P., H.T.S., D.-M.D.
and R.-E.I.; visualization, C.D.; supervision, V.P.; project administration, C.D. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Meredith, T.A.; Ulrich, J.N. Infectious endophthalmitis. In Ryan’s Retina, 6th ed.; Schachat, A., Ed.; Elsevier: Amsterdam,

The Netherlands, 2018; Volume 3, pp. 2266–2285.
2. Haseeb, A.A.; Elhusseiny, A.M.; Siddiqui, M.Z.; Ahmad, K.T.; Sallam, A.B. Fungal Endophthalmitis: A Comprehensive Review. J.

Fungi 2021, 7, 996. [CrossRef] [PubMed]
3. Das, T.; Agarwal, M.; Anand, A.R.; Behera, U.C.; Bhende, M.; Das, A.V.; Dasgupta, D.; Dave, V.P.; Gandhi, J.; Gunasekaran, R.;

et al. Fungal endophthalmitis: Analysis of 730 consecutive eyes from seven tertiary eye care centers in India. Ophthalmol. Retina
2021, 6, 243–251. [CrossRef] [PubMed]

4. Lupia, T.; Corcione, S.; Fea, A.M.; Reibaldi, M.; Fallico, M.; Petrillo, F.; Galdiero, M.; Scabini, S.; Polito, M.S.; Ciabatti, U.; et al.
Exogenous Fungal Endophthalmitis: Clues to Aspergillus Aetiology with a Pharmacological Perspective. Microorganisms 2020, 9,
74. [CrossRef] [PubMed]

5. Schimel, A.M.; Miller, D.; Flynn, H.W., Jr. Endophthalmitis isolates and antibiotic susceptibilities: A 10-year review of culture-
proven cases. Am. J. Ophthalmol. 2013, 156, 50–52.e1. [CrossRef]

6. Spadea, L.; Giannico, M.I. Diagnostic and Management Strategies of Aspergillus Endophthalmitis: Current Insights. Clin.
Ophthalmol. 2019, 13, 2573–2582. [CrossRef]

7. Vaziri, K.; Schwartz, S.G.; Kishor, K.; Flynn, H.W., Jr. Endophthalmitis: State of the art. Clin. Ophthalmol. 2015, 9, 95–108.
[CrossRef]

8. Long, C.; Liu, B.; Xu, C.; Jing, Y.; Yuan, Z.; Lin, X. Causative organisms of post-traumatic endophthalmitis: A 20-year retrospective
study. BMC Ophthalmol. 2014, 14, 34. [CrossRef]

9. Danielescu, C.; Anton, N.; Stanca, H.T.; Munteanu, M. Endogenous Endophthalmitis: A Review of Case Series Published between
2011 and 2020. J. Ophthalmol. 2020, 2020, 8869590. [CrossRef]

10. Yang, Y.; Mei, F.; Lin, J.; Liao, J.; Wu, K.; Duan, F. Comparison of causative microorganisms of posttraumatic endophthalmitis
with and without retained intraocular foreign bodies. BMC Ophthalmol. 2021, 21, 381. [CrossRef]

11. Dave, V.P.; Pathengay, A.; Panchal, B. Clinical presentations, microbiology and management outcomes of culture-proven
endogenous endophthalmitis in India. Indian J. Ophthalmol. 2020, 68, 834–839.

12. Regan, K.A.; Radhakrishnan, N.S.; Hammer, J.D.; Wilson, B.D.; Gadkowski, L.B.; Iyer, S.S.R. Endogenous Endophthalmitis: Yield
of the diagnostic evaluation. BMC Ophthalmol. 2020, 20, 138. [CrossRef]

13. Pillai, G.S.; Remadevi, K.K.; Anilkumar, V. Clinical Profile and Outcome of Endogenous Endophthalmitis at a Quaternary Referral
Centre in South India. Indian J. Ophthalmol. 2020, 68, 827–833. [PubMed]

14. Cho, H.; Shin, Y.U.; Siegel, N.H. Endogenous Endophthalmitis in the American and Korean Population: An 8-year Retrospective
Study. Ocul. Immunol. Inflamm. 2018, 26, 496–503. [CrossRef] [PubMed]

15. Kuo, G.; Lu, Y.A.; Sun, W.C. Epidemiology and outcomes of Endophthalmitis in chronic dialysis patients: A 13-year experience in
a tertiary referral center in Taiwan. BMC Nephrol. 2017, 18, 270. [CrossRef] [PubMed]

16. Silpa-Archa, S.; Ponwong, A.; Preble, J.M.; Foster, C.S. Culture-Positive Endogenous Endophthalmitis: An Eleven-Year Retrospec-
tive Study in the Central Region of Thailand. Ocul. Immunol. Inflamm. 2018, 26, 533–542. [CrossRef] [PubMed]

17. Modjtahedi, B.S.; Finn, A.P.; Papakostas, T.D.; Durand, M.; Husain, D.; Eliott, D. Intravenous Drug Use-Associated Endophthalmi-
tis. Ophthalmol. Retina 2017, 1, 192–199. [CrossRef]

http://doi.org/10.3390/jof7110996
http://www.ncbi.nlm.nih.gov/pubmed/34829283
http://doi.org/10.1016/j.oret.2021.09.006
http://www.ncbi.nlm.nih.gov/pubmed/34547530
http://doi.org/10.3390/microorganisms9010074
http://www.ncbi.nlm.nih.gov/pubmed/33396694
http://doi.org/10.1016/j.ajo.2013.01.027
http://doi.org/10.2147/OPTH.S219264
http://doi.org/10.2147/OPTH.S76406
http://doi.org/10.1186/1471-2415-14-34
http://doi.org/10.1155/2020/8869590
http://doi.org/10.1186/s12886-021-02130-y
http://doi.org/10.1186/s12886-020-01418-9
http://www.ncbi.nlm.nih.gov/pubmed/32317455
http://doi.org/10.1080/09273948.2016.1195000
http://www.ncbi.nlm.nih.gov/pubmed/27459423
http://doi.org/10.1186/s12882-017-0684-5
http://www.ncbi.nlm.nih.gov/pubmed/28814278
http://doi.org/10.1080/09273948.2017.1355469
http://www.ncbi.nlm.nih.gov/pubmed/29020471
http://doi.org/10.1016/j.oret.2016.10.013


Diagnostics 2022, 12, 679 13 of 15

18. Maitray, A.; Rishi, E.; Rishi, P. Endogenous endophthalmitis in children and adolescents: Case series and literature review. Indian
J. Ophthalmol. 2019, 67, 795–800.

19. Mir, T.A.; Papudesu, C.; Fang, W.; Hinkle, D.M. Incidence of Drug Use-Related Endogenous Endophthalmitis Hospitalizations in
the United States, 2003 to 2016. JAMA Ophthalmol. 2021, 139, 18–26. [CrossRef]

20. Sridhar, J.; Flynn, H.W., Jr.; Kuriyan, A.E.; Miller, D.; Albini, T. Endogenous fungal endophthalmitis: Risk factors, clinical features,
and treatment outcomes in mold and yeast infections. J. Ophthalmic Inflamm. Infect. 2013, 3, 60. [CrossRef]

21. Duan, F.; Yang, Y.; Yuan, Z.; Zheng, Y.; Cheng, Z.; Lin, X. Clinical Features and Visual Acuity Outcomes in Culture-Positive
Endogenous Fungal Endophthalmitis in Southern China. J. Ophthalmol. 2017, 2017, 3483497. [CrossRef]

22. Anisia, E.I.; Ciuntu, R.; Cantemir, A.; Anton, N.; Danielescu, C.; Negru, R.; Bogdanici, C.M. The importance of fluconazole
in treatment of endogenous endophthalmitis in patients prior treated using negative pressure therapy for wound closure
contaminated with methicillin-resistant Staphylococcus aureus. Rev. Chim. 2017, 68, 1598–1601.

23. Satpathy, G.; Nayak, N.; Wadhwani, M.; Venkwatesh, P.; Kumar, A.; Sharma, Y.; Sreenivas, V. Clinicomicrobiological profile of
endophthalmitis: A 10 year experience in a Tertiary Care Center in North India. Indian J. Pathol. Microbiol. 2017, 60, 214–220.
[CrossRef] [PubMed]

24. Dave, V.P.; Pappuru, R.R.; Pathengay, A.; Gupta, R.; Joseph, J.; Sharma, S.; Das, T. Aspergillus Endophthalmitis: Clinical
Presentations and Factors Determining Outcomes. Asia-Pac. J. Ophthalmol. 2020, 9, 9–13. [CrossRef] [PubMed]

25. Zhuang, H.; Ding, X.; Zhang, T.; Chang, Q.; Xu, G. Vitrectomy combined with intravitreal antifungal therapy for posttraumatic
fungal endophthalmitis in eastern China. BMC Ophthalmol. 2020, 20, 435. [CrossRef] [PubMed]

26. Wan, L.; Cheng, J.; Zhang, J.; Chen, N.; Gao, Y.; Xie, L.X. Risk Factors, Treatment Strategies, and Outcomes of Endophthalmitis
Associated with Severe Fungal Keratitis. Retina 2019, 39, 1076–1082. [CrossRef]

27. Liu, M.Y.; Zhang, L.; Yin, X.L.; Sun, S.Y. Endophthalmitis associated with fungal keratitis and penetrating injuries in North China.
Eur. J. Ophthalmol. 2020, 30, 455–461. [CrossRef]

28. Abdin, A.D.; Suffo, S.; Alnaggar, D.; Daas, L.; Seitz, B. Recurrent fungal endophthalmitis after intravitreal injections of beva-
cizumab. Am. J. Ophthalmol. Case Rep. 2020, 17, 100591. [CrossRef]

29. Small, K.W.; Tran, E.M.; Garabetian, C.A.; Avetisjan, J.; Walsh, T.J.; Shaya, F.S. Fungal Endophthalmitis after Intravitreal Injections
of Triamcinolone Contaminated by a Compounding Pharmacy: Five-Year Follow-Up of 23 Patients. Ophthalmol. Retina 2019, 3,
133–139. [CrossRef]

30. Sheyman, A.T.; Cohen, B.Z.; Friedman, A.H.; Ackert, J.M. An outbreak of fungal endophthalmitis after intravitreal injection of
compounded combined bevacizumab and triamcinolone. JAMA Ophthalmol. 2013, 131, 864–869. [CrossRef]

31. Nayak, S.; Das, T.; Parameswarappa, D.; Sharma, S.; Jakati, S.; Jalali, S. Sight-threatening intraocular infection in patients with
COVID-19 in India. Indian J. Ophthalmol. 2021, 69, 3664–3676. [CrossRef]

32. Shroff, D.; Narula, R.; Atri, N.; Chakravarti, A.; Gandhi, A.; Sapra, N.; Bhatia, G.; Pawar, S.R.; Narain, S. Endogenous fungal
endophthalmitis following intensive corticosteroid therapy in severe COVID-19 disease. Indian J. Ophthalmol. 2021, 69, 1909–1914.
[CrossRef]

33. Shah, K.K.; Venkatramani, D.; Majumder, P.D. A case series of presumed fungal endogenous endophthalmitis in post COVID-19
patients. Indian J. Ophthalmol. 2021, 69, 1322–1325. [PubMed]

34. Papudesu, C.; Mir, T.; Fang, W.; Thompson, J.; Hinkle, D.M. Trends in Infantile Endogenous Endophthalmitis Hospitalizations
in the United States: An Analysis from 2007 through 2014 Using the National Inpatient Sample. Ophthalmol. Retina 2020, 4,
1109–1117. [CrossRef] [PubMed]

35. Tirpack, A.R.; Duker, J.S.; Baumal, C.R. An Outbreak of Endogenous Fungal Endophthalmitis Among Intravenous Drug Abusers
in New England. JAMA Ophthalmol. 2017, 135, 534–540. [CrossRef] [PubMed]

36. Rao, N.A.; Hidayat, A. A comparative clinicopathologic study of endogenous mycotic endophthalmitis: Variations in clinical and
histopathologic changes in candidiasis compared to aspergillosis. Trans. Am. Ophthalmol. Soc. 2000, 98, 183–193.

37. Gupta, N.; Singh, P.K.; Revankar, S.G.; Chandrasekar, P.H.; Kumar, A. Pathobiology of Aspergillus Fumigatus Endophthalmitis in
Immunocompetent and Immunocompromised Mice. Microorganisms 2019, 7, 297. [CrossRef]

38. Chakrabarti, A.; Shivaprakash, M.R.; Singh, R.; Tarai, B.; George, V.K.; Fomda, B.A.; Gupta, A. Fungal endophthalmitis: Fourteen
years’ experience from a center in India. Retina 2008, 28, 1400–1407. [CrossRef]

39. Maling, S.; King, C.; Davies, N. A British Ophthalmological Surveillance Unit Study on metastatic endogenous endophthalmitis.
Eye 2018, 32, 743–748. [CrossRef]

40. Kehrmann, J.; Chapot, V.; Buer, J.; Rating, P.; Bornfeld, N.; Steinmann, J. Diagnostic performance of blood culture bottles for
vitreous culture compared to conventional microbiological cultures in patients with suspected endophthalmitis. Eur. J. Clin.
Microbiol. Infect. Dis. 2018, 37, 889–895. [CrossRef]

41. Barrios Andrés, J.L.; López-Soria, L.M.; Alastruey Izquierdo, A.; Echevarría Ecenarro, J.; Feijoó Lera, R.; Garrido Fierro, J.;
Cabrerizo Nuñez, F.J.; Canut Blasco, A. Endophthalmitis caused by Fusarium: An emerging problem in patients with corneal
trauma. A case series. Rev. Iberoam. Micol. 2018, 35, 92–96. [CrossRef]

42. Bjerrum, S.S.; la Cour, M. 59 eyes with endogenous endophthalmitis-causes, outcomes and mortality in a Danish population
between 2000 and 2016. Graefes Arch. Clin. Exp. Ophthalmol. 2017, 255, 2023–2027. [CrossRef] [PubMed]

43. Dupont, D.; Saison, J.; Miailhes, P.; Mouchel, R.; Wallon, M.; Persat, F. Aspergillus endophthalmitis: Potential role for vitreous
galactomannan testing? Int. J. Infect. Dis. 2020, 96, 151–153. [CrossRef] [PubMed]

http://doi.org/10.1001/jamaophthalmol.2020.4741
http://doi.org/10.1186/1869-5760-3-60
http://doi.org/10.1155/2017/3483497
http://doi.org/10.4103/IJPM.IJPM_794_15
http://www.ncbi.nlm.nih.gov/pubmed/28631638
http://doi.org/10.1097/01.APO.0000617928.43993.7e
http://www.ncbi.nlm.nih.gov/pubmed/31990739
http://doi.org/10.1186/s12886-020-01703-7
http://www.ncbi.nlm.nih.gov/pubmed/33143689
http://doi.org/10.1097/IAE.0000000000002112
http://doi.org/10.1177/1120672119833896
http://doi.org/10.1016/j.ajoc.2020.100591
http://doi.org/10.1016/j.oret.2018.09.009
http://doi.org/10.1001/jamaophthalmol.2013.88
http://doi.org/10.4103/ijo.IJO_1474_21
http://doi.org/10.4103/ijo.IJO_592_21
http://www.ncbi.nlm.nih.gov/pubmed/33913891
http://doi.org/10.1016/j.oret.2020.04.025
http://www.ncbi.nlm.nih.gov/pubmed/32387529
http://doi.org/10.1001/jamaophthalmol.2017.0650
http://www.ncbi.nlm.nih.gov/pubmed/28426852
http://doi.org/10.3390/microorganisms7090297
http://doi.org/10.1097/IAE.0b013e318185e943
http://doi.org/10.1038/eye.2017.284
http://doi.org/10.1007/s10096-017-3182-6
http://doi.org/10.1016/j.riam.2017.09.007
http://doi.org/10.1007/s00417-017-3760-4
http://www.ncbi.nlm.nih.gov/pubmed/28791473
http://doi.org/10.1016/j.ijid.2020.04.037
http://www.ncbi.nlm.nih.gov/pubmed/32339725


Diagnostics 2022, 12, 679 14 of 15

44. Dichtl, K.; Forster, J.; Ormanns, S.; Horns, H.; Suerbaum, S.; Seybold, U.; Wagener, J. Comparison of beta-D-Glucan and
Galactomannan in Serum for Detection of Invasive Aspergillosis: Retrospective Analysis with Focus on Early Diagnosis. J. Fungi
2020, 6, 253. [CrossRef] [PubMed]

45. Chen, L.; Tao, Y.; Hu, X. Utility of Intraocular Fluid beta-D-glucan Testing in Fungal Endophthalmitis: A Series of 5 Cases. Am. J.
Case Rep. 2020, 21, e921188. [CrossRef]

46. Ammar, M.J.; Carroll, R.; Kolomeyer, A.; Ying, G.S.; Whitehead, G.; Brucker, A.J.; Kim, B.J. Clinical utility of Beta-D-Glucan
testing for endogenous fungal chorioretinitis or endophthalmitis. Retina 2021, 41, 431–437. [CrossRef]

47. McKeating, C.; White, P.L.; Posso, R.; Palmer, M.; Johnson, E.; McMullan, R. Diagnostic accuracy of fungal PCR and beta-d-glucan
for detection of candidaemia: A preliminary evaluation. J. Clin. Pathol. 2018, 71, 420–424. [CrossRef]

48. Sowmya, P.; Madhavan, H.N. Diagnostic utility of polymerase chain reaction on intraocular specimens to establish the etiology of
infectious endophthalmitis. Eur. J. Ophthalmol. 2009, 19, 812–817. [CrossRef]

49. Deshmukh, D.; Joseph, J.; Chakrabarti, M.; Sharma, S.; Jayasudha, R.; Sama, K.C.; Sontam, B.; Tyagi, M.; Narayanan, R.; Shivaji, S.
New insights into culture negative endophthalmitis by unbiased next generation sequencing. Sci. Rep. 2019, 9, 844. [CrossRef]

50. Sandhu, H.S.; Hajrasouliha, A.; Kaplan, H.J.; Wang, W. Diagnostic Utility of Quantitative Polymerase Chain Reaction versus
Culture in Endophthalmitis and Uveitis. Ocul. Immunol. Inflamm. 2019, 27, 578–582. [CrossRef]

51. White, P.L.; Price, J.S.; Cordey, A.; Backx, M. Molecular Diagnosis of Yeast Infections. Curr. Fungal Infect. Rep. 2021, 18, 67–80.
[CrossRef]

52. Gandhi, J.; Jayasudha, R.; Naik, P.; Sharma, S.; Dave, V.P.; Joseph, J. Targeted High-Throughput Sequencing Identifies Predomi-
nantly Fungal Pathogens in Patients with Clinically Infectious, Culture-Negative Endophthalmitis in South India. Microorganisms
2019, 7, 411. [CrossRef] [PubMed]

53. Huang, Q.; Fu, A.; Wang, Y.; Zhang, J.; Zhao, W.; Cheng, Y. Microbiological diagnosis of endophthalmitis using nanopore targeted
sequencing. Clin. Exp. Ophthalmol. 2021, 49, 1060–1068. [CrossRef] [PubMed]

54. Tyler, A.D.; Mataseje, L.; Urfano, C.J.; Schmidt, L.; Antonation, K.S.; Mulvey, M.R.; Corbett, C.R. Evaluation of Oxford Nanopore’s
MinION Sequencing Device for Microbial Whole Genome Sequencing Applications. Sci. Rep. 2018, 8, 10931. [CrossRef] [PubMed]

55. Perlin, D.S.; Wiederhold, N.P. Culture-Independent Molecular Methods for Detection of Antifungal Resistance Mechanisms and
Fungal Identification. J. Infect. Dis. 2017, 216, S458–S465. [CrossRef] [PubMed]

56. Biswas, C.; Chen, S.C.; Halliday, C.; Martinez, E.; Rockett, R.J.; Wang, Q.; Timms, V.J.; Dhakal, R.; Sadsad, R.; Kennedy, K.J. Whole
Genome Sequencing of Candida glabrata for Detection of Markers of Antifungal Drug Resistance. J. Vis. Exp. 2017, 130, 56714.
[CrossRef] [PubMed]

57. Castanheira, M.; Deshpande, L.M.; Davis, A.P.; Rhomberg, P.R.; Pfaller, M.A. Monitoring Antifungal Resistance in a Global
Collection of Invasive Yeasts and Molds: Application of CLSI Epidemiological Cutoff Values and Whole-Genome Sequencing
Analysis for Detection of Azole Resistance in Candida albicans. Antimicrob. Agents Chemother. 2017, 61, e00906-17. [CrossRef]

58. Pappas, P.G.; Kauffman, C.A.; Andes, D.R.; Clancy, C.J.; Marr, K.A.; Ostrosky-Zeichner, L.; Reboli, A.C.; Schuster, M.G.; Vazquez,
J.A.; Walsh, T.J.; et al. Clinical Practice Guideline for the Management of Candidiasis: 2016 Update by the Infectious Diseases
Society of America. Clin. Infect. Dis. 2016, 62, e1–e50. [CrossRef]

59. Ueda, T.; Takesue, Y.; Tokimatsu, I.; Miyazaki, T.; Nakada-Motokawa, N. The incidence of endophthalmitis or macular involvement
and the necessity of a routine ophthalmic examination in patients with candidemia. PLoS ONE 2019, 14, e0216956. [CrossRef]

60. Vena, A.; Muñoz, P.; Padilla, B.; Valerio, M.; Sanchez, M.I.; Bouza, E. CANDIPOP Project, GEIH-GEMICOMED (SEIMC), and
REIPI. Is routine ophthalmoscopy really necessary in candidemic patients? PLoS ONE 2017, 12, e0183485. [CrossRef]

61. Breazzano, M.P.; Bond, J.B., 3rd; Bearelly, S.; Kim, D.H.; Donahue, S.P.; Lum, F.; Olsen, T.W.; American Academy of Ophthalmology.
American Academy of Ophthalmology Recommendations on Screening for Endogenous Candida Endophthalmitis. Ophthalmology
2022, 129, 73–76. [CrossRef]

62. Grzybowski, A.; Turczynowska, M.; Schwartz, S.G.; Relhan, N.; Flynn, H.W., Jr. The Role of Systemic Antimicrobials in the
Treatment of Endophthalmitis: A Review and an International Perspective. Ophthalmol. Ther. 2020, 9, 485–498. [CrossRef]
[PubMed]

63. Patel, T.P.; Zacks, D.N.; Dedania, V.S. Antimicrobial guide to posterior segment infections. Graefes Arch. Clin. Exp. Ophthalmol.
2021, 259, 2473–2501. [CrossRef] [PubMed]

64. Hanai, Y.; Hamada, Y.; Kimura, T.; Matsumoto, K.; Takahashi, Y.; Fujii, S.; Nishizawa, K.; Miyazaki, Y.; Takesue, Y. Favorable
Effects of Voriconazole Trough Concentrations Exceeding 1 mug/mL on Treatment Success and All-Cause Mortality: A Systematic
Review and Meta-Analysis. J. Fungi 2021, 7, 306. [CrossRef]

65. Luaces-Rodríguez, A.; González-Barcia, M.; Blanco-Teijeiro, M.J.; Gil-Martínez, M.; Gonzalez, F.; Gómez-Ulla, F.; Lamas, M.J.;
Otero-Espinar, F.J.; Fernández-Ferreiro, A. Review of Intraocular Pharmacokinetics of Anti-Infectives Commonly Used in the
Treatment of Infectious Endophthalmitis. Pharmaceutics 2018, 10, 66. [CrossRef] [PubMed]

66. Majji, A.B.; Jalali, S.; Das, T.; Gopinathan, U. Role of intravitreal dexamethasone in exogenous fungal endophthalmitis. Eye 1999,
13, 660–665. [CrossRef] [PubMed]

67. Ching Wen Ho, D.; Agarwal, A.; Lee, C.S.; Chhablani, J.; Gupta, V.; Khatri, M.; Nirmal, J.; Pavesio, C.; Agrawal, R. A Review of
the Role of Intravitreal Corticosteroids as an Adjuvant to Antibiotics in Infectious Endophthalmitis. Ocul. Immunol. Inflamm. 2018,
26, 461–468. [CrossRef]

http://doi.org/10.3390/jof6040253
http://www.ncbi.nlm.nih.gov/pubmed/33126428
http://doi.org/10.12659/AJCR.921188
http://doi.org/10.1097/IAE.0000000000002861
http://doi.org/10.1136/jclinpath-2017-204692
http://doi.org/10.1177/112067210901900520
http://doi.org/10.1038/s41598-018-37502-w
http://doi.org/10.1080/09273948.2018.1431291
http://doi.org/10.1007/s12281-021-00421-x
http://doi.org/10.3390/microorganisms7100411
http://www.ncbi.nlm.nih.gov/pubmed/31581465
http://doi.org/10.1111/ceo.13992
http://www.ncbi.nlm.nih.gov/pubmed/34463015
http://doi.org/10.1038/s41598-018-29334-5
http://www.ncbi.nlm.nih.gov/pubmed/30026559
http://doi.org/10.1093/infdis/jix121
http://www.ncbi.nlm.nih.gov/pubmed/28911041
http://doi.org/10.3791/56714
http://www.ncbi.nlm.nih.gov/pubmed/29364212
http://doi.org/10.1128/AAC.00906-17
http://doi.org/10.1093/cid/civ933
http://doi.org/10.1371/journal.pone.0216956
http://doi.org/10.1371/journal.pone.0183485
http://doi.org/10.1016/j.ophtha.2021.07.015
http://doi.org/10.1007/s40123-020-00270-w
http://www.ncbi.nlm.nih.gov/pubmed/32613591
http://doi.org/10.1007/s00417-020-04974-4
http://www.ncbi.nlm.nih.gov/pubmed/33156370
http://doi.org/10.3390/jof7040306
http://doi.org/10.3390/pharmaceutics10020066
http://www.ncbi.nlm.nih.gov/pubmed/29844284
http://doi.org/10.1038/eye.1999.179
http://www.ncbi.nlm.nih.gov/pubmed/10696322
http://doi.org/10.1080/09273948.2016.1245758


Diagnostics 2022, 12, 679 15 of 15

68. Boast, A.; Curtis, N.; Cranswick, N.; Gwee, A. Voriconazole dosing and therapeutic drug monitoring in children: Experience from
a paediatric tertiary care centre. J. Antimicrob. Chemother. 2016, 71, 2031–2036. [CrossRef]

69. Patterson, T.F.; Thompson, G.R.; Denning, D.W.; Fishman, J.A.; Hadley, S.; Herbrecht, R.; Kontoyiannis, D.P. Practice Guidelines
for the Diagnosis and Management of Aspergillosis: 2016 Update by the Infectious Diseases Society of America. Clin. Infect. Dis.
2016, 63, e1–e60. [CrossRef]

70. Rizzello, I.; Castagnetti, F.; Toschi, P.G.; Bertaccini, P.; Primavera, L.; Paolucci, M.; Faccioli, L.; Spinardi, L.; Lewis, R.E.; Cavo, M.
Successful treatment of bilateral endogenous Fusarium solani endophthalmitis in a patient with acute lymphocytic leukaemia.
Mycoses 2018, 61, 53–60. [CrossRef]

71. Yoshida, M.; Kiyota, N.; Maruyama, K.; Kunikata, H.; Toyokawa, M.; Hagiwara, S.; Makimura, K.; Sato, N.; Taniuchi, S.;
Nakazawa, T. Endogenous Fusarium Endophthalmitis During Treatment for Acute Myeloid Leukemia, Successfully Treated with
25-Gauge Vitrectomy and Antifungal Medications. Mycopathologia 2018, 183, 451–457. [CrossRef]

72. Relhan, N.; Pathengay, A.; Schwartz, S.G.; Flynn, H.W., Jr. Emerging Worldwide Antimicrobial Resistance, Antibiotic Stewardship
and Alternative Intravitreal Agents for the Treatment of Endophthalmitis. Retina 2017, 37, 811–818. [CrossRef] [PubMed]

73. Nakhwa, C. Endogenous fungal endopthalmitis treated with intravitreal caspofungin in a COVID-19 recovered patient: A case
report. Indian J. Ophthalmol. 2021, 69, 3759–3761. [CrossRef]

74. Von Jagow, B.; Kurzai, O.; Kakkassery, V. Case Report: Beyond the Blood-retina Barrier: Intravitreal Caspofungin for Fungal
Endophthalmitis. Optom. Vis. Sci. 2020, 97, 473–476. [CrossRef] [PubMed]

75. Yadav, H.M.; Thomas, B.; Thampy, C.; Panaknti, T.K. Management of a case of Candida albicans endogenous endophthalmitis
with intravitreal caspofungin. Indian J. Ophthalmol. 2017, 65, 529–531. [CrossRef] [PubMed]

76. Danielescu, C.; Cantemir, A.; Chiselita, D. Successful treatment of fungal endophthalmitis using intravitreal caspofungin. Arq.
Bras. Oftalmol. 2017, 80, 196–198. [CrossRef]

77. Guest, J.M.; Singh, P.K.; Revankar, S.G.; Chandrasekar, P.H.; Kumar, A. Isavuconazole for treatment of experimental fungal
endophthalmitis caused by Aspergillus fumigatus. Antimicrob. Agents Chemother. 2018, 62, e01537-18. [CrossRef]

78. Ellsworth, M.; Ostrosky-Zeichner, L. Isavuconazole: Mechanism of Action, Clinical Efficacy, and Resistance. J. Fungi 2020, 6, 324.
[CrossRef]

79. Sng, E.C.Y.; Tan, A.L.; Zhou, P.Y.; Tan, T.J.; Waduthantri, S.; Chee, S.P.; Tan, B.H. Candida Endophthalmitis Treated Successfully
with Isavuconazole: A Case Report. Open Forum Infect. Dis. 2021, 8, ofab516. [CrossRef]

80. Dib, B.; Morris, R.E.; Oltmanns, M.H.; Sapp, M.R.; Glover, J.P.; Kuhn, F. Complete and Early Vitrectomy for Endophthalmitis
After Cataract Surgery: An Alternative Treatment Paradigm. Clin. Ophthalmol. 2020, 14, 1945–1954. [CrossRef]

81. Grzybowski, A.; Turczynowska, M.; Kuhn, F. The treatment of postoperative endophthalmitis: Should we still follow the
endophthalmitis vitrectomy study more than two decades after its publication? Acta Ophthalmol. 2018, 96, e651–e654. [CrossRef]

82. Tabatabaei, S.A.; Aminzade, S.; Ahmadraji, A.; Soleimani, M.; Sefidan, B.B.; Kasaee, A.; Cheraqpour, K. Early and complete
vitrectomy versus tap and inject in acute post cataract surgery endophthalmitis presenting with hand motion vision; a quasi-
experimental study. BMC Ophthalmol. 2022, 22, 16. [CrossRef] [PubMed]

83. Vinekar, A.; Dogra, M.R.; Avadhani, K.; Gupta, V.; Gupta, A.; Chakrabarti, A. Management of recurrent postoperative fungal
endophthalmitis. Indian J. Ophthalmol. 2014, 62, 136–140. [CrossRef] [PubMed]

84. Relimpio-López, M.I.; Gessa-Sorroche, M.; Garrido-Hermosilla, A.M.; Díaz-Ruiz, C.; Montero-Iruzubieta, J.; Etxebarría-Ecenarro,
J.; Ruiz-Casas, D.; Rodríguez-de-la-Rúa-Franch, E. Extreme Surgical Maneuvers in Fungal Endophthalmitis. Ophthalmologica 2018,
239, 233. [CrossRef] [PubMed]

85. Sallam, A.; Taylor, S.R.; Khan, A.; McCluskey, P.; Lynn, W.A.; Manku, K.; Pacheco, P.A.; Lightman, S. Factors determining visual
outcome in endogenous Candida endophthalmitis. Retina 2012, 32, 1129–1134. [CrossRef]

86. Behera, U.C.; Budhwani, M.; Das, T.; Basu, S.; Padhi, T.R.; Barik, M.R.; Sharma, S. Role of early vitrectomy in the treatment of
fungal endophthalmitis. Retina 2018, 38, 1385–1392. [CrossRef] [PubMed]

87. William, A.; Spitzer, M.S.; Deuter, C.; Blumenstock, G.; Partsch, M.; Voykov, B.; Ziemssen, F.; Bartz-Schmidt, K.U.; Doycheva, D.
Outcomes of Primary Transconjunctival 23-Gauge Vitrectomy in the Diagnosis and Treatment of Presumed Endogenous Fungal
Endophthalmitis. Ocul. Immunol. Inflamm. 2017, 25, 239–245. [CrossRef] [PubMed]

88. Dave, T.V.; Dave, V.P.; Sharma, S.; Karolia, R.; Joseph, J.; Pathengay, A.; Pappuru, R.R.; Das, T. Infectious endophthalmitis leading
to evisceration: Spectrum of bacterial and fungal pathogens and antibacterial susceptibility profile. J. Ophthalmic Inflamm. Infect.
2019, 9, 9. [CrossRef]

89. Sen, S.; Lalitha, P.; Mishra, C.; Parida, H.; Rameshkumar, G.; Kannan, N.B.; Ramasamy, K. Post-cataract Surgery Fungal
Endophthalmitis: Management Outcomes and Prognostic Factors. Ocul. Immunol. Inflamm. 2021, 29, 1530–1536. [CrossRef]

90. Dimacali, V.G.; Lim Bon Siong, R. Infectious endophthalmitis at a Philippine tertiary hospital: A ten-year retrospective study. J.
Ophthalmic Inflamm. Infect. 2020, 10, 19. [CrossRef]

http://doi.org/10.1093/jac/dkw056
http://doi.org/10.1093/cid/ciw326
http://doi.org/10.1111/myc.12697
http://doi.org/10.1007/s11046-017-0221-x
http://doi.org/10.1097/IAE.0000000000001603
http://www.ncbi.nlm.nih.gov/pubmed/28338559
http://doi.org/10.4103/ijo.IJO_1192_21
http://doi.org/10.1097/OPX.0000000000001532
http://www.ncbi.nlm.nih.gov/pubmed/32697551
http://doi.org/10.4103/ijo.IJO_781_16
http://www.ncbi.nlm.nih.gov/pubmed/28643723
http://doi.org/10.5935/0004-2749.20170048
http://doi.org/10.1128/AAC.01537-18
http://doi.org/10.3390/jof6040324
http://doi.org/10.1093/ofid/ofab516
http://doi.org/10.2147/OPTH.S253228
http://doi.org/10.1111/aos.13623
http://doi.org/10.1186/s12886-022-02247-8
http://www.ncbi.nlm.nih.gov/pubmed/34998363
http://doi.org/10.4103/0301-4738.128588
http://www.ncbi.nlm.nih.gov/pubmed/24618484
http://doi.org/10.1159/000484575
http://www.ncbi.nlm.nih.gov/pubmed/29190624
http://doi.org/10.1097/IAE.0b013e31822d3a34
http://doi.org/10.1097/IAE.0000000000001727
http://www.ncbi.nlm.nih.gov/pubmed/28541964
http://doi.org/10.3109/09273948.2015.1115080
http://www.ncbi.nlm.nih.gov/pubmed/26829468
http://doi.org/10.1186/s12348-019-0174-y
http://doi.org/10.1080/09273948.2020.1737143
http://doi.org/10.1186/s12348-020-00208-0

	Introduction 
	Epidemiology 
	Etiology and Pathogeny 
	Diagnosis 
	Clinical Diagnosis 
	Imaging 
	Laboratory Diagnosis 
	Screening for Endogenous Endophthalmitis 

	Therapy 
	Medical Therapy 
	Alternative Antifungal Therapies 
	Adverse Effects of Antifungal Treatment 

	Surgical Management 

	Prognosis 
	Discussion 
	References

