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Female, 68-year-old ¢ Female, 60-year-old ¢ Male, 36-year-old  Male, 49-year-old * Male, 3-year-old
Fungal endophthalmitis

Blurred vision e fatty keratic precipitates e floater cells ¢ hypopyon

An intravitreal injection of 10 pg of amphotericin B

Infectious Diseases

Challenging differential diagnosis

In clinical practice, the presentation of fungal endophthalmitis is often occult and confusing, so it is difficult to
make an early diagnosis. The aim of this study was to evaluate the utility of B-d-glucan (BDG) testing in diag-
nosis, management, and prognosis of fungal endophthalmitis.

We present a retrospective, observational case series of 5 fungal endophthalmitis cases, 3 of which were en-
dogenous and 2 exogenous. There were significantly elevated BDG levels in all cases, which was consistent
with the pathological diagnosis. Four cases were diagnosed as fungal endophthalmitis through smear or cul-
ture and gene chip analysis of intraocular fluid.

Fungal endophthalmitis is rare, and its diagnosis is difficult because of its occult nature. Therefore, BDG testing
may be required as an auxiliary examination for the early diagnosis of fungal endophthalmitis. Compared to
cultures and smears, intraocular fluid BDG testing has a higher sensitivity for detecting fungal endophthalmitis.

Aqueous Humor ¢ Endophthalmitis e Intravitreal Injections
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Background

Fungal endophthalmitis is a relatively rare, sight-threatening
disease, which is divided into exogenous and endogenous in-
fections. Exogenous endophthalmitis is often the result of direct
inoculation of a pathogen during intraocular surgery or from a
penetrating trauma [1]. Generally, the risk factors for endoge-
nous fungal endophthalmitis (EFE) include systemic diseases
(e.g., diabetes, liver cirrhosis, neutropenia, malignant tumors,
and acquired immunodeficiency syndrome), solid-organ or stem
cell transplantations, catheter-related factors (e.g., intravenous
hyperalimentation), and/or the presence of an infectious le-
sion (e.g., liver abscesses, meningitis, and lung abscesses) [2].

Although blood cultures, tissue cultures, and histological test-
ing are the criterion standards for diagnosing systemic inva-
sive fungal infections, up to 13% of all cases of ocular candidi-
asis may be missed during the initial evaluation [3]. Moreover,
fungal organisms do not always grow in blood cultures, and
this tissue is difficult to obtain safely for pathological testing
and culturing. Therefore, there are quite a few challenges in
the diagnosis of fungal endophthalmitis.

B-D-glucan (BDG) is a polysaccharide cell wall component
found in many fungal species, and it is released into the blood-
stream during an invasive fungal infection [4]. Many research-
ers have reported that serum BDG testing has a higher sensi-
tivity for detecting an invasive fungal infection compared to
a blood culture [5], and it can identify such an infection prior
to the appearance of clinical symptoms and prior to obtaining
radiological findings and positive culture results [6]. Although
serum BDG testing has been used primarily in immunocom-
promised individuals who are at a high risk for invasive fungal
infections, it can help monitor clinical responses to systemic
antifungal therapy [7]. However, BDG testing has seldom been
mentioned in the ophthalmological literature [8-11], and it may
be clinically underused in suspected fungal endophthalmitis
cases. In this series of case reports, we discuss the utility of
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BDG testing and its potential future applications in the field of
ophthalmology. We performed B-D-glucan quantification using
a fungal (1-3)-B-D-Glucan assay kit (Zhanjiang A&C Biological,
China) and LKM Kinetic Tube Reader equipment (Labkinetics
LLC, USA) by spectrophotometry.

Case Report

Case 1

A 68-year-old woman presented with photophobia and blurred
vision 4 months after undergoing cataract surgery in her right
eye. She appeared to be healthy, without a history of immuno-
suppression, autoimmune disease, or animal exposure. Upon
presentation, her visual acuities and intraocular pressures (IOPs)
were finger counting/20 cm and 18 mmHg for the right eye and
100/200 and 15 mmHg for the left eye. Fatty keratic precipi-
tates (KPs), floater cells in the anterior chamber (Figure 1A, 1B),
and severe vitreous opacity were observed in the right eye. She
was initially treated using a subconjunctival injection of 4 mg
of triamcinolone acetonide and prednisolone acetate eye drops
6 times daily. After 1 week, the clinical symptoms had wors-
ened, so a pars plana vitrectomy (PPV) was performed and a
vitreous specimen was obtained. The results of the vitreous ex-
amination showed that the inflammatory cytokine concentra-
tions had increased remarkably, as follows: vascular endotheli-
al growth factor (VEGF) <1 pg/ml (normal range: <40.0 pg/ml),
transforming growth factor (TGF) 561 pg/ml (normal range:
<1.0 pg/ml), interleukin-6 (IL-6) 1745.71 pg/ml (normal range:
<50.0 pg/ml), IL-10 14.21 pg/ml (normal range: <5.0 pg/ml),
vascular cell adhesion protein (VCAM) was 11 316.31 pg/ml
(normal range: 200~1000 pg/ml), and IL-8 was 4676.81 pg/ml
(normal range: <20.0 pg/ml).

One month later, the patient’s vision had increased to 25/200.
However, after 4 months, the symptoms recurred and her vi-
sual acuity decreased to light perception. There were 3+ cells

Figure 1. Case 1: Preoperative anterior chamber findings, including KP, flare, and fibrinoid exudation. (A, B) Keratic precipitates and
cells in the anterior chamber. (C) After 4 months, the symptoms recurred, and the visual acuity decreased to light perception.
There were 3+ cells and a flare in the anterior chamber, as well as fibrinous exudation without hypopyon.
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Figure 2. Case 2: Anterior chamber appearance before surgery, including vitreous opacity and pupil adhesion. Anterior chamber
inflammation was significantly reduced after surgery. (A) Numerous floater cells and white filaments assembling in clumps
in the vitreous body. (B) At 3-month follow-up the symptoms were aggravated, including hypopyon, lens opacity, and a
sticky pupil. (C, D) Results after BDG testing. PPV was performed followed by intravitreal injection of 100 pg of voriconazole
once every 3 days and intravenous administration of 200 mg of voriconazole each day for 10 days. During the follow-
up, the patient presented clinical improvement: the hypopyon disappeared, inflammation was reduced, and the vitreous
transparency was slowly reestablished.

and a flare in the anterior chamber, along with excessive fibrin-
ous exudation without hypopyon in the right eye (Figure 1C).
Another 23-gauge PPV was performed, and the 10L was taken
out. In addition, a vitreous specimen was sent for a microcul-
ture, and the aqueous humor underwent BDG testing. The fun-
gal smear was positive, and the BDG level was high (859 pg/ml,
normal range: <151.5 pg/ml), which was strongly suggestive of
fungal endophthalmitis. She was promptly given an intravit-
real injection of 10 pg of amphotericin B. Unfortunately, after
1 year of treatment, her right eye underwent an enucleation
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due to uncontrollable intraocular inflammation and retinal de-
tachment, which resulted in eyeball atrophy.

Case 2

A 60-year-old woman presented with a 2-month history of
blurred vision in her left eye, and she had an unknown histo-
ry of uveitis for 3 months. Previous blood tests showed neg-
ative results for HIV, syphilis, rheumatism, tuberculosis, and
C-reactive protein. One month previously, she had a fever
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Figure 3. Case 3: Vitreous opacity and persistent anterior chamber inflammation after traumatic cataract surgery. (A, B) There were 3+
cells, a flare, and 2+ keratic precipitates in the anterior chamber. (C) There was significant vitreous opacity.

due to urinary stones. One week ago her aqueous examina-
tion revealed negative results for tuberculous bacillus DNA,
cytomegalovirus (CMV), EB virus, herpes simplex virus (HSV),
and varicella-zoster virus (VZV). In addition, her IL-6 level was
13 409.0 pg/ml and IL-10 level was 17.7 pg/ml.

An ocular examination of her left eye showed a best corrected
visual acuity (BCVA) of 20/200 and an IOP of 9 mmHg. There
were 3+ cells, a flare, and 2+ KPs in the anterior chamber and
numerous floater cells and white filaments in the vitreous body
(Figure 2A). At the local hospital, she was started on empirical
treatment via subconjunctival injection of 8 mg of triamcin-
olone acetonide and oral administration of 10 mg of predni-
sone for 1 week, followed by a reduction to 5 mg for 1 week.

At her 3-month follow-up, the eye exhibited hypopyon, lens
opacity, a sticky pupil, and a fundus that could not be seen
clearly (Figure 2B). Therefore, a 23-gauge PPV was performed,
and the vitreous specimen was examined using gene chip and
BDG testing. The results showed fungal Candida species and a
BDG level of 845 pg/ml. This patient was treated with an intra-
vitreal injection of 100 pg of voriconazole with a 4-day interval
and the intravenous administration of 200 mg of voriconazole
every day for 10 days. During the follow-up, she showed clini-
cal improvement; the flare and hypopyon disappeared, inflam-
mation was reduced, and the vitreous transparency was slow-
ly reestablished (Figure 2C, 2D).

Case 3

A 36-year-old man presented with dark shadow and blurred
vision in his left eye 4 months after undergoing cataract sur-
gery due to trauma. Approximately 6 months previously, his
left eye was injured by a steel wire, and intravitreal ceftazidime
(2.25 mg/0.1 cc) and vancomycin (1 mg/0.1 cc) were admin-
istered at the local hospital. The bacterial culture and smear
were both negative. At the 1-month follow-up, a PPV was per-
formed in his left eye, intravitreal ceftazidime (2.25 mg/0.1 cc)
and vancomycin (1 mg/0.1 cc) were administered again, and the
bacterial culture and smear of the vitreous fluid remained neg-
ative. One month later, he underwent lens phacoemulsification
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combined with an intraocular lens implantation, and his post-
surgery vision was 100/200. At the 4-month follow-up, he com-
plained of dark shadow and blurred vision in his left eye. One
week later, he was referred to our hospital.

The medical condition of his left eye began to deteriorate, and
his vision decreased to 40/200. There were 3+ cells, a flare,
and 2+ KPs in the anterior chamber, as well as vitreous opac-
ity (Figure 3A-3C). Aqueous fluid was extracted for a smear
and culture; however, the results were still negative. At this
time, his serum BDG level was 28.9 pg/ml. After 2 weeks, aque-
ous humor was extracted again, and the BDG level was high
(2330 pg/ml). He was given repeated intravitreal injections of
10 pg of amphotericin B and 200 mg of intravenous of voricon-
azole every day for 10 days. He underwent a PPV and repeat-
ed vitreous cavity lavage. After these treatments, the flare and
KPs in the anterior chamber decreased significantly. However,
after 2 weeks, proliferative vitreoretinopathy (PVR) occurred,
resulting in retinal detachment. Finally, a PPV, endolaser coag-
ulation, and a silicone oil tamponade were performed.

Case 4

A 49-year-old man presented with pain, redness, and blurred
vision in his right eye 1 month after a bone marrow trans-
plantation due to myelodysplastic syndrome. Upon examina-
tion, his BCVA was light perception, with an IOP of 45 mmHg.
There was mixed congestion in the bulbar conjunctiva, cor-
neal edema, and a large amount of gray-white purulent liver-
like material was seen in the anterior chamber. Presumed fun-
gal endophthalmitis was diagnosed, and the BDG testing of
the aqueous humor was positive (1329 pg/ml). Subsequently,
eight times of intravitreal injections of 100 pg of voriconazole
were given with 2-day intervals and 200 mg of intravenous
of voriconazole was given every day. Finally, he underwent a
lens excision, PPV, endolaser coagulation, and silicone oil tam-
ponade. After the operation, his uncorrected vision acuity was
finger counting, BCVA was 0.1, corneal and anterior chambers
were transparent, and the flare and cells were obviously de-
creased (Figure 4).
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Figure 4. Case 4: Severe corneal edema and purulent substance before surgery in fungal endophthalmitis; After surgery, corneal
edema was reduced, purulent material and inflammation disappeared, and the anterior chamber became clear. (A) Bulbar
conjunctival mixed congestion, corneal edema, and a large amount of gray-white purulent material can be seen in the
anterior chamber. (B, C) After surgery, the cornea is clear, the purulent-like material disappeared, and the cells and flare were

reduced.

Case 5

A 3-year-old boy presented with redness and blurred vision in
his right eye 1 month after a bone marrow transplantation. His
past medical history was significant for acute myeloid leuke-
mia. Upon examination, there were 3+ cells and a flare in the
anterior chamber, the pupillary membrane was closed, there
was lens opacity, and the fundus could not be seen. He under-
went a lens excision, PPV, endolaser coagulation, and silicone
oil tamponade. During the operation, a large fungi mass was
seen in the vitreous cavity. The aqueous and vitreous humors
underwent BDG testing, and the results were 4019 pg/ml and
1205.2 pg/m|, respectively. The fungal culture results indicat-
ed Fusarium. Alternating intravitreal injections of 10 ug of am-
photericin B and 100 pg of voriconazole were administrated.

Discussion

A bacterial infection is the main cause of endophthalmitis, and
only a small proportion of these cases are believed to be asso-
ciated with fungal infections [12]. However, fungal endophthal-
mitis can be a serious threat to vision, and approximately two-
thirds of fungal endophthalmitis patients become blind [13].
Chakrabarti et al. reported that the number of fungal endo-
phthalmitis cases has been increasing, mainly in developing
countries [14]. Therefore, early diagnosis of fungal endophthal-
mitis is important for guiding treatment and overall prognosis.

Although blood cultures, tissue cultures, and histological ex-
aminations are the criterion standards for diagnosing sys-
temic invasive fungal infections, the diagnosis of fungal en-
dophthalmitis is challenging for clinicians and microbiologists.
First, the culture has a long turnaround time, and the clinical
presentation and radiographic findings in patients with inva-
sive fungal infections are often nonspecific [15]. Second, fun-
gal organisms often do not grow in blood cultures. Finally, it is
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Figure 5. Mechanism of beta-D-glucan biochemical calorimetric
reaction.

difficult to safely obtain a tissue sample for pathological eval-
uations and cultures. Thus, an ancillary test for the quantifica-
tion of the BDG levels in the serum, aqueous humor, and vit-
reous humor is important for the diagnosis of invasive fungal
diseases (IFDs) or fungal endophthalmitis.

1,3-BDG is a major polysaccharide cell wall component found
in many fungal species, including Candida and Aspergillus spe-
cies [6]. The mechanism of beta-D-glucan biochemical calori-
metric reaction is an enzymatic-based colorimetric assay that
takes advantage of a modification of the limulus amebocyte
lysate for serum quantification of BDG. Beta-D-glucan binds
to the lysate G factor and activates the serine protease zymo-
gen beta subunit, which in turn activates a clotting enzyme
that converts coagulogen to coagulin. Then, Boc-Leu-Gly-Arg-
p-nitroanilide is cleaved by the clotting enzyme, which releases
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Table 1. Patient information of 5 cases with fungal endophthalmitis.

System

condition

Time
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1 Female 58 Health Cataract 4 m
surgery
2 Female 60 Health Fever 3m
3 Male 36 Health Ocular 4m
trauma
4 Male 49  Myelodysplastic  Bone marrow 1m
syndromes transplantation
5 Male 3 Acute Bone marrow 3m
myelogenous  transplantation
leukemia

. . . BDG Culture or Gene Fungus
Vision Specimen . A
(pg/ml) smear chip species
FC (right)  Aqueous 859 Smear / /
humor +)
0.1 (left) Vitreous 845.3 / +) Candida
humor albicans
0.5 (left) ~ Aqueous 2230.4 @) / /
humor, serum  28.9
LP (right) ~ Aqueous/ 1329 (+) / Candida
Vitreous 985 albicans
humor
LP (left) Aqueous/ 4109 (+) / Fusarium
Vitreous 1205
humor

paranitroaniline, a chromogenic substance that is measured
calorimetrically with absorbance at 405 nm (Figure 5).

1,3-BDG can release into the bloodstream in IFD cases. Serum
BDG levels have been shown to be significantly higher in some
IFD patients than in non-infected individuals. In addition, the
trend of an increasing serum BDG level can indicate disease
progression and prognosis. Many researchers have reported
that detectable BDG antigenemia presents in many critically ill
patients with proven or probable IFDs prior to the appearance
of clinical symptoms, positive radiological findings, and posi-
tive culture results [5]. Therefore, when compared with a tra-
ditional pathological diagnosis and tissue culture, BDG testing
is less time-consuming, less invasive, and more feasible [16].

Serum BDG testing is being used more routinely in immuno-
compromised populations as a means of early surveillance
and diagnosis of IFDs in conjunction with clinical and radio-
graphic data, and it may be useful for monitoring the clini-
cal response to systemic antifungal therapy [7, 17]. However,
BDG testing is seldom mentioned in the ophthalmological lit-
erature, and it may be clinically underused in suspected fun-
gal endophthalmitis cases. Recently, with the development and
clinical use of BDG testing in ophthalmology, several studies
have found elevated serum BDG levels to be one of the most
commonly seen clinical characteristics associated with EFE.
Shimbo et al. [18] quantified the BDG levels in the vitreous
fluid of 26 patients, and they reported high vitreous BDG con-
centrations in 2 patients with fungal endophthalmitis and be-
low-threshold (10.0 pg/ml) levels in the other patients with-
out fungal endophthalmitis. Thus, they suggested that testing
the BDG values in the vitreous fluid are more sensitive than
the culture methods, and it may be useful for the diagnosis of
fungal endophthalmitis. Tanaka et al. [19] analyzed 79 eyes of
46 patients with EFE treated over a 12-year period, and they
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concluded that the risk factors for fungal endophthalmitis
were as follows: serum BDG level >20 pg/ml (90%), intrave-
nous hyperalimentation (87%), fever »>38°C (76%), major sur-
gery (76%), male sex (74%), and the presence of cancer (72%).

Patients who develop EFE are often immunosuppressed or have
significant systemic risk factors for IFDs. Acute myeloid leuke-
mia and the immunocompromised state of the patient are un-
doubtedly factors that allow the infection to spread. In such
immunocompromised hosts, an extensive evaluation, includ-
ing computed tomography scans and blood cultures, should
be performed to look for possible occult seeding. Fusarium is
an emergent opportunistic filamentous fungus. Although the
prevalence of fusariosis is less than 1% in patients with he-
matological malignancies, the rate is increasing [20]. In our
study, Cases 4 and 5 were both immunocompromised patients
who underwent bone marrow transplantations. Fusarium was
eventually identified in the Case 5 culture and Candida albicans
was identified in the Case 4 culture. BDG testing was also per-
formed in these 2 cases. With the exception of the systemic
risk factors, these cases exhibited typical clinical presentations
and fungal cultures. The BDG level of the aqueous humor was
1329 pg/mlin Case 4 and 4109 pg/ml in Case 5, which were
both higher than the vitreous humor levels (Table 1). Based on
these data, BDG testing may be a useful adjunct to a vitreous
culture in the diagnosis of fungal endophthalmitis. However,
it is difficult to explain why the BDG levels in the aqueous hu-
mors were higher than those in the vitreous humors.

Exogenous endophthalmitis is often the result of direct inocu-
lation of a pathogen during eye surgery or due to a penetrat-
ing trauma [1]. Moreover, the incidence of fungal endophthalmi-
tis after a cataract surgery is correlated with poor medical and
health environments during surgery [14]. Several studies have
reported that the time to seeking medical treatment for patients
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Table 2. Comparison of BDG level intraocular fluid in non-fungal endophthalmitis and fungal endophthalmitis and specimens
diagnosed by gene chip.

Non-fungal endophthalmitis group Fungal endophthalmitis group

BDG level (pg/ml)
(Negative <100.5; Positive >151.5)

Smear/
culture

BDG level (pg/ml) (Aqueous humor)

Diagnosis by chip (Negative <100.5; Positive >151.5)

No.1 Varicella-zoster virus (VZV) (+) <10 + 859

No2  Staphylococcusepidermidis () w2 ;o sz
No3  Coltbadlus(  er1 r 2304
No4  Enterococcusfoecalis /) 21 s 139
No5  Kebsiellapreumonia () 02 s a0
No6  Kebsiellapreumonia () 57
No7  Coltbadlus( 882
No8  Kebsiellapreumoria () 83
””””””””” MeanssE  a4siz3sa  1s7sseln7
P=0.001.

with fungal endophthalmitis varies from 1 to 5 months, with an
average time of 22 days after surgery, which may be even later
in remote areas [12,21,22]. Xu et al. described a case of delayed
fungal endophthalmitis secondary to Curvularia 3 years after a
cataract surgery [23]. The researchers did not use BDG testing,
but, based on the vitreous biopsy, the specimen was positive
for Curvularia spp. In our study, the onset times for Cases 1 and
3 were consistent with the literature. Case 1 developed blurred
vision 4 months after her cataract surgery. After undergoing
various examinations and treatments, fungal endophthalmitis
was finally suspected based on the BDG testing of the aqueous
humor, which showed a high level (859 pg/ml). The patient re-
ceived systemic and regional antifungal treatments. Case 3 ex-
hibited blurred vision 4 months after a trauma, but initially had
only KPs and floater cells. At first, the serum BDG level was only
28.9 pg/ml, but when the aqueous humor BDG level was as-
sessed 2 weeks later, it had increased to 2230.4 pg/ml. Finally,
at that point, fungal endophthalmitis was the suspected diagno-
sis. As in these 2 cases, the diagnosis of fungal endophthalmi-
tis can be challenging for patients who had a previous cataract
surgery or trauma. This may be related to the delayed onset or
physician lack of knowledge about the typical clinical presen-
tations of this condition due to its rarity. BDG testing is an ef-
fective supplementary examination that is of great importance
in the diagnosis of fungal endophthalmitis.

Based on the literature, we know that serum BDG testing is be-
ing used more routinely in immunocompromised populations
for early surveillance and diagnosis of IFDs, and it may be use-
ful for monitoring the clinical response to systemic antifungal
therapy. BDG levels have been quantified in the pleural fluid,
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cerebrospinal fluid, bronchoalveolar lavage samples, and joint
fluid [17,24]. Sims et al. defined successful systemic treatment
as a negative slope of the best-fit curve for the serological quan-
tification of BDG levels. If the levels are stable or increasing
(i.e., a positive slope), this indicates a suboptimal treatment
response or urgent need for further work-up to identify an ad-
ditional source of infection [25]. However, in intraocular flu-
id testing, the BDG concentrations in healthy individuals and
patients with fungal endophthalmitis have not been estab-
lished, which makes it difficult to establish a clinical diagno-
sis and to provide proper treatment based on the BDG levels.

In our study, to compare it with the accuracy of the BDG ex-
periment, we also tested the intraocular fluid BDG levels in
8 patients with non-fungal endophthalmitis, but who were
definitively diagnosed with bacterial endophthalmitis by
gene chip testing. The results showed that the BDG levels of
these patients were all lower than 100 pg/ml, which was sig-
nificantly different from the fungal endophthalmitis cases
(p=0.001) (Table 2). However, the BDG levels were higher (up
to 800 pg/ml) in all of the fungal endophthalmitis cases. In a
previous report, Shimbo et al. quantified the BDG levels in the
vitreous fluid, and reported below-threshold (10.0 pg/ml) levels
as being negative for fungal endophthalmitis [18]. However,
there is no high-threshold level; therefore, a quantitative study
of the BDG levels in the intraocular fluid may be of great clin-
ical value for furthering the diagnostic utility of this testing
modality. According to our testing and clinical experience, the
criteria that we quantified were as follows: a BDG level below
100.5 pg/ml was negative and a BDG level above 151.5 pg/ml
was positive. Of course, these data also depend on the various
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kits being used. In clinical testing, we found that the BDG levels
from the kit produced by Zhanjiang AC Biological were highly
consistent with the positive gene chip results.

BDG testing does have some limitations. For example, positive
results do not confirm a specific organism or species. Therefore,
this test should be used in conjunction with blood and tissue
cultures and pathological evaluations, as well as other perti-
nent clinical tests and findings. At present, the main antifun-
gal drugs that are available are amphotericin B, voriconazole,
and fluconazole. In accordance with different fungal species,
systematic and regional antifungal therapy should be com-
bined with BDG testing, in which decreasing BDG levels sug-
gest an appropriate treatment response.

Conclusions

Intraocular fluid BDG level is closely associated with fungal en-
dophthalmitis. However, the BDG values from intraocular fluid
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are more sensitive than culture methods, and these are use-
ful for the diagnosis of fungal endophthalmitis.
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