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Purpose: Endothelial plaque is an important sign of fungal keratitis
and is related to diagnosis, surgical indications, and prognosis.
However, bacterial keratitis sometimes involves fibrin formation on
the back corneal surface, similar to endothelial plaques. Because
corneal infiltration interferes with precise observation of the
posterior corneal plaque, distinguishing pathogens with a slitlamp
is difficult. We hope to assist clinicians in early diagnosis and timely
treatment by observing the connection state of endothelial plaques
and the corneal endothelium through anterior segment optical
coherence tomography (AS-OCT) and the different forms of
endothelial plaques in infectious keratopathy through in vivo
confocal microscopy (IVCM).

Methods: We analyzed 52 patients in the Eye Hospital of the First
Affiliated Hospital of Harbin Medical University who were clearly
diagnosed with fungal or bacterial keratitis with endothelial plaques.
All patients underwent AS-OCT and IVCM on admission.

Results: According to the smear, IVCM, or fungal and bacterial
culture results, the patients were diagnosed with fungal (28 patients) or
bacterial keratitis (24 patients). AS-OCT in 25 patients diagnosed with
fungal keratitis revealed that the corneal endothelium–endothelial
plaque boundary was unclear and wavy, and 24 patients had unclear

cell boundaries and a large number of compactly distributed inflam-
matory cells in the endothelial layer according to IVCM. AS-OCT in
23 patients diagnosed with bacterial keratitis revealed clear corneal
endothelium–endothelial plaque boundaries, and insufficient endo-
thelial cell boundaries with a large number of visible and scattered
inflammatory cell structures were observed through IVCM in
22 patients.

Conclusions: Corneal endothelial plaque detection by AS-OCT
and IVCM can be used for early diagnosis of infectious keratitis.
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The human eye has a unique structure and is exposed to the
environment for a long time, making it susceptible to

external pathogenic microorganisms and infection.1 Infec-
tious keratitis is a potentially vision-threatening eye disease
caused by bacteria, fungi, and protists.2–4 The cornea lacks a
vascular structure and has poor resistance to infection. Once
keratitis is diagnosed, treatment for pathogens should be
started immediately.5 If appropriate antibacterial treatment is
delayed, corneal infection will be further aggravated and
vision loss or even blindness will be caused.6 If the infected
lesion is located only in the deep stroma or endodermal
surface of the cornea when the patients are treated for
infectious keratitis and when the corneal epithelium is
complete and there is no lesion in the superficial stroma of
the cornea, it is often difficult for doctors to make a correct
diagnosis, and the rate of early misdiagnosis is high.7

Inappropriate medicine treatment can cause rapid aggrava-
tion of keratitis. For example, glucocorticoids can be used to
treat bacterial keratitis, but they are contraindicated during
the infection period of fungal keratitis8; therefore, the early
diagnosis of keratitis infection is particularly important.

On the other hand, routine bacterial and fungal
laboratory examinations include corneal lesion staining
microscopy, bacterial and fungal culture, and drug sus-
ceptibility tests.9–11 Among them, the positive detection
rate of corneal lesion staining microscopy is related to the
size of the ulcer in the lesion area, the amount of material
taken, and the professional level of the inspector.12

Repeated scraping may have a certain influence on corneal
wound healing and the visual prognosis of patients.13
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Bacterial culture requires 5 days or more, and fungal
culture requires 1 week or more to determine the presence
of pathogen growth, with low sensitivity and a long wait
time.14 For infectious keratitis, early diagnosis and treat-
ment can save the patient’s vision.

Endothelial plaques are a typical feature of fungal
keratitis.15 However, bacterial keratitis also produces
endothelial-like plaques, which are related to the formation
of fibrin on the posterior surface of the cornea.16 It is very
difficult to distinguish the type of keratitis by slitlamp
microscopy based on the morphology of the retrocorneal
plaque because of the obstruction of the anterior lesion and
corneal edema.17 It is particularly important to find other
examination methods to observe endothelial plaques and
determine the distribution pattern of endothelial plaques in
different types of keratitis.

Anterior segment optical coherence tomography (AS-
OCT) is a method for tomographic imaging of the biological
tissues of the anterior segment of the eye using optical
principles. It has the characteristics of high resolution and
noncontact.18 It is currently used in keratitis, corneal thick-
ness measurement, anterior chamber angle measurement, and
corneal transplantation.19–21 It has been widely used in
research. Sun et al22 demonstrated that it is safe and effective
to remove the necrotic corneal tissue combined with a
conjunctival flap under the guidance of AS-OCT in the
treatment of fungal keratitis. Previous research has demon-
strated that herpetic keratitis may present subepithelial
infiltrates and specific stromal hyperreflectance signals in
AS-OCT but nonspecifically.23 AS-OCT imaging may pro-
vide useful information for the diagnosis and monitoring of
herpetic keratitis.23 AS-OCT showed the unclear corneal
endothelium–endothelial plaque boundary in fungal keratitis
in previous work.16 In summary, AS-OCT plays an important
role in evaluating the diagnosis, treatment, and prognosis of
infectious keratopathy.

In vivo confocal microscopy (IVCM) can be used to
perform noninvasive and rapid inspection of the living
cornea. Corneas infected by different pathogens show
different characteristics. IVCM is a useful tool for diagnosing
infectious keratitis.24 Previous clinical studies have shown
that it has good sensitivity and specificity in the diagnosis of
fungal and acanthamoeba infection keratitis.25 However, if
the lesion is located in the deep layer of the cornea and
corneal edema and ulcers affect the image quality, it is easy to
miss the diagnosis.26 In our clinical work, we observed that
the endothelial plaques of fungal and bacterial keratitis have
different morphologies according to IVCM, but there has
been no relevant report.

This study aimed to use AS-OCT and IVCM to detect
fungal and bacterial plaques. Endothelial plaques of keratitis
were observed to provide a reference for clinical diagnosis.

MATERIALS AND METHODS

Participants
A prospective analysis of the clinical records of patients

with fungal and bacterial keratitis treated in the First Affiliated

Hospital of Harbin Medical University from March 2018 to
December 2020 was performed. The posterior corneal plaques
were observed with AS-OCT and IVCM. The collected data
included the patient’s current medical history, anterior segment
photography, corneal lesion scraping, and bacterial and
fungal cultures.

According to the results of fungal and bacterial culture,
this study included 52 eyes of 52 patients. The patients were
diagnosed with fungal keratitis (28 patients) and bacterial
keratitis (24 patients). The inclusion criteria were 1) patients
with clearly diagnosed fungal and bacterial keratitis, methods
of diagnosis included a) corneal lesion scraping with Giemsa
stain reveals the bacterial or fungal structure, b) IVCM
discovers fungal hyphae, c) positive bacterial or fungal
culture, d) effective after antibacterial or fungal treatment,
and e) satisfy any 2 of the above-mentioned 4 criteria, and 2)
the presence of endothelial plaques. The exclusion criteria
were as follows: a) viral keratitis, b) no endothelial plaques, c)
a history of eye trauma, and d) corneal leukoplakia affecting
endothelial plaque observation.

AS-OCT
Infected eyes were imaged by AngioVue OCT angiog-

raphy (Optovue, Inc, Fremont, CA) (optical resolution:
vertical 5 mm, horizontal 15 mm; scan condition: Cornea
Cross Line model) to evaluate whether the boundary between
the endothelial plaque and corneal endothelial cells was clear
or wavy. Because severe corneal ulcers will affect the
observation of endothelial plaques by AS-OCT, we choose
the periphery of the patient’s corneal ulcers to perform AS-
OCT scanning to clearly observe the relationship between the
endothelial plaques and the corneal endothelium. The results
were evaluated by an experienced ophthalmologist who did
not know the pathogen of the patient’s corneal infection.

IVCM
Infected eyes were imaged by IVCM (Heidelberg

Retinal Tomograph 3 with the Rostock Cornea Module;
Heidelberg Engineering GmbH, Heidelberg, Germany) (res-
olution: 1 mm) to evaluate whether inflammatory cell
structures were visible or scattered in fungal and bacterial
keratitis. Corneal lesions and the endothelial plaques were
scanned by another experienced ophthalmologist.

Because corneal ulcers will affect the observation of
endothelial plaques by IVCM, we choose the periphery of the
patient’s corneal ulcers to perform IVCM scanning to clearly
observe the pathogen and inflammatory cell structures in the
corneal endothelium.

Acquired Severely Infected Cornea and
Hematoxylin-Eosin Staining

A patient with fungal keratitis underwent penetrating
corneal transplantation because of his serious condition. This
patient had a clear history of plant trauma, and fungal hyphae
were found in IVCM, corneal curettage, and fungal culture and
the hyphae invaded the deep stromal layer. After drug
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treatment, the condition was aggravated and a large number of
anterior chambers appeared. To save the patient’s eye, we took
active treatment by performing penetrating corneal transplan-
tation. We removed his corneal tissue and performed hema-
toxylin-eosin (HE) staining. After the corneal tissue was
removed, it was immediately fixed in 4% paraformaldehyde.
Paraffin sections were prepared. The changes in the cornea
were observed and recorded under an optical microscope
pathologically. The distribution of mycelia and corneal endo-
dermis was compared with the AS-OCT and IVCM results.

RESULTS
According to the results of smears, IVCM, or fungal and

bacterial culture, the patients were diagnosed with fungal
keratitis (28 patients) and bacterial keratitis (24 patients), and
there were no statistically significant differences in age or sex.
Among the cases, fungal keratitis was diagnosed by IVCM in
26 of 28 patients (92.86%), smears in 20 of 28 (71.43%), and
fungal culture in 12 of 28 (42.86%); bacterial keratitis was
diagnosed by smears in 8 of 24 patients (33.33%) and bacterial
culture in 18 of 24 (75%). The causes of fungal keratitis were
as follows: plant trauma in 9 of 28 patients, unknown in 9 of
28, trauma (in addition to plant) in 4 of 28, eye surgery in 4 of
28, and contact lens in 2 of 28; the causes of bacterial keratitis
were as follows: plant trauma in 2 of 24 patients, unknown in 8
of 24, trauma (in addition to plant) in 7 of 24, eye surgery in 4
of 24, and contact lens in 3 of 24. The fungal keratitis
treatments were as follows: medicine in 6 of 28 patients,
conjunctival flap occlusion surgery in 8 of 28, lesion clearance
surgery in 13 of 28, and penetrating keratoplasty in 1 of 28.

The bacterial keratitis treatments were as follows: medicine in
18 of 24 patients, conjunctival flap occlusion surgery in 2 of
24, lesion clearance surgery in 3 of 24, and penetrating
keratoplasty in 1 of 24. All patients had corneal endothelium
plaques, and for 52 patients, we could see clearly whether the
boundary between endothelial plaque and endothelium was
clear by AS-OCT, whereas for 3 of them, we could not observe
the state of the endocorneal inflammatory cells through IVCM.
AS-OCT in 25 of 28 patients diagnosed with fungal keratitis
showed that the boundary between the corneal endothelium
and endothelial plaques was unclear and wavy (Figs. 1B and
2B), and 24 of 28 patients had unclear cell boundaries and a
large number of compactly distributed inflammatory cells in
the endothelial layer according to IVCM (Figs. 1D and 2E).
The corneal tissue from patient who had fungal keratitis was
detected by HE, and our results showed that fungal hyphae
entered the corneal tissue obliquely through the corneal
endothelial cell layer, involving the deep stromal layer. A
large number of endothelial plaques were attached to the
endothelial cell layer, and the endothelium of the fungal
hyphae was curved and irregular, which was consistent with
the results of AS-OCT and IVCM (Fig. 1F). AS-OCT in 23 of
24 patients diagnosed with bacterial keratitis revealed clear
boundaries between the corneal endothelium and endothelial
plaques (Fig. 3B). The boundary of endothelial cells of 22 of
24 patients was insufficient, and a large number of inflamma-
tory cell structures were visible and scattered according to
IVCM (Fig. 3C). To prevent fungal ulcers tending to be more
severe and therefore have more density and that is disrupting
the AS-OCT and IVCM signal, a figure who had similar
density/size fungal (Fig. 4A) and bacterial (Fig. 4C) ulcers side

FIGURE1. Imaging and histological examination of the patient (case 20, see Table S1, Supplemental Digital Content 1, http://
links.lww.com/ICO/B313) with fungal keratitis. The ulcer is ill-defined with anteriormal pyorrhea by anterior segment photog-
raphy (A), the corneal endothelium–endothelial plaque boundary was unclear and wavy by AS-OCT (B), fungal hyphae in the
lesion, unclear cell boundaries, and a large number of compactly distributed inflammatory cells in the endothelial layer by IVCM
(C, D), fungal hyphae by smears (E), and endothelial plaque and destruction of endothelium by HE staining (F).
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by side with AS-OCT (Figs. 4B, E) and IVCM (Figs. 4C, F)
images to prove our conclusion was added (Fig. 4). Refer
to Table 1 for clinical information of the patients, and also
refer to Supplemental Digital Content 1 (see Table S1,
http://links.lww.com/ICO/B313) for details of patients,
content covered, case number, sex, age, cause, examina-
tion, diagnosis, treatment, AS-OCT findings, boundary
between cornea and plaque, IVCM findings, inflammatory
cell boundary, and distribution.

DISCUSSION
Infectious keratitis is one of the important causes of

corneal blindness in our country.27 There are many kinds of
pathogens that cause corneal infections, and the clinical
manifestations are complex and diverse.28 Only early, rapid,
and clear diagnosis can facilitate the adoption of accurate and
effective treatment plans for the infectious cause and control
the infection in a timely manner. The traditional auxiliary
examination of infectious keratitis is a laboratory examination
of etiology, including corneal smearing and culture. This
diagnostic method is limited by material selection, and the
positive rate is not high.29–31 In recent years, endothelial
plaques caused by infectious keratitis have gradually attracted
the attention of ophthalmologists. Endothelial plaques were
originally considered a characteristic sign of fungal kerati-
tis.32 However, bacterial keratitis also exhibits endothelial-
like plaques, which are related to the formation of fibrin on
the posterior surface of the cornea.33 Because corneal edema
caused by infectious keratitis obscures the observation of the

morphology of corneal endothelial plaques, it is difficult to
distinguish the type of infectious keratitis using a slit lamp in
clinical practice.34 It is particularly important to find other
examination methods to observe endothelial plaques and
determine the distribution pattern of endothelial plaques in
different types of keratitis.

AS-OCT is currently used in keratitis, corneal thickness
measurement, anterior chamber angle measurement, and
corneal transplantation.35 Park et al36 demonstrated that AS-
OCT can distinguish acanthamoeba keratitis and herpetic
epithelial keratitis, and highly reflective lesions were observed
in the subepithelial area in herpetic epithelial keratitis and in
the stroma in acanthamoeba keratitis. Clemence Bonnet et al
demonstrated that AS-OCT can be applied to assess the activity
level of eye diseases in patients with peripheral corneal
ulcers.16 Takezawa et al16 showed that the application of AS-
OCT to observe the posterior corneal plaque can be used to
diagnose infectious keratitis. IVCM allows the direct observa-
tion of fungal hyphae, spores, and acanthamoeba cysts in living
corneas.37,38 Previous clinical studies have shown that IVCM
has good sensitivity and specificity in the diagnosis of fungal
and acanthamoeba infection keratitis. IVCM may be missed or
misdiagnosed in many cases, including corneal edema, excess
necrotic tissue, or fungal hyphae in the deep stroma or on
the endothelium surface.39–41 However, IVCM can be used to
observe the morphology of endothelial plaques through
the transparent cornea. We aimed to use AS-OCT and
IVCM to detect fungal and bacterial plaques. Endothelial
plaques of keratitis were observed to provide a reference for
clinical diagnosis.

FIGURE2. Imaging of the patient (case 14, see Table S1, Supplemental Digital Content 1, http://links.lww.com/ICO/B313) with
fungal keratitis. The ulcer is ill-defined by anterior segment photography (A), the corneal endothelium–endothelial plaque
boundary was unclear and wavy by AS-OCT (B), yeast in the lesion by IVCM (C), yeast by smears (D), and unclear cell boundaries
and a large number of compactly distributed inflammatory cells in the endothelial layer (E).
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In our study, AS-OCT was applied to evaluate whether
the boundary between the endothelial plaque and corneal
endothelial cells was clear or wavy. Most of the cases (24/
28) showed that the boundary between the endothelial
plaque and corneal endothelial cells was unclear and wavy.
The AS-OCT scans of 6 patients with fungal keratitis
showed a clear boundary between the endothelial plaque
and the corneal endothelium. Four of these 6 patients were
treated with medicine to solve the infection problem, and the
characteristics of the lesions of these 4 patients were
relatively uniform. The lesions were confined to the corneal
epithelial layer and superficial stroma, and there was no
damage to endothelial cells. On the contrary, the HE staining
results of a patient undergoing corneal transplantation for
fungal keratitis showed that the fungus penetrated through
the endothelial cell layer of the cornea, and the deep stromal
layer of the cornea was destroyed. The reason for the
ineffectiveness of drug therapy may be that the penetration
of antifungal drugs is poor and the deep stromal layer cannot
be reached. This means that the fungal damage to the

endothelium extended from the corneal stroma to the
anterior chamber. Bacterial keratitis can induce inflamma-
tion in the anterior chamber, and the fibrin formed is similar
to the morphology of endothelial plaques. In our study, the
boundary between the endothelial plaque and corneal
endothelial cells in all patients who were diagnosed with
bacterial keratitis was clear. The reason may be that these
corneal endothelial plaques are actually made up of a large
number of inflammatory cells and not caused by bacteria that
disrupt the corneal endothelial cells in the anterior chamber.
Eighteen of 24 patients with bacterial keratitis were well
managed with medicine treatment. At the same time, the
endothelial plaques observed by AS-OCT gradually shrank
with effective treatment, which indicates that the endothelial
plaques of bacterial keratitis are likely to be caused by the
accumulation of inflammatory cells. The observation of
corneal endothelial plaques by AS-OCT can be used for the
early diagnosis of infectious keratitis.

IVCM is a noninvasive imaging method that can
quickly and accurately diagnose fungal and acanthamoeba

FIGURE3. Imaging of the patient (case 34, see Table S1, Supplemental Digital Content 1, http://links.lww.com/ICO/B313) with
bacterial keratitis. The ulcer boundary was clear, and anteriormal pyorrhea can be seen by anterior segment photography (A), the
corneal endothelium–endothelial plaque boundary was clear by AS-OCT (B), and insufficient endothelial cell boundaries with a
large number of visible and scattered inflammatory cell structures by IVCM (C).

FIGURE4. Imaging of the patient (cases 17 and 40, see Table S1, Supplemental Digital Content 1, http://links.lww.com/ICO/
B313) with the similar severity of fungal and bacterial keratitis. The fungal ulcer is ill-defined with anteriormal pyorrhea by anterior
segment photography (A), the corneal endothelium–endothelial plaque boundary was unclear and wavy shown by the white
arrow (B), a large number of compactly distributed inflammatory cells in the endothelial layer by IVCM (C), the bacterial ulcer is ill-
defined with anteriormal pyorrhea by anterior segment photography (D), the corneal endothelium–endothelial plaque boundary
was clear by AS-OCT (E), and insufficient endothelial cell boundaries with a large number of visible and scattered inflammatory
cell structures by IVCM (F).
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infectious keratitis. In our study, IVCM was applied to
evaluate whether the cell boundaries of inflammatory cells
were clear or unclear and scattered or clustered. Most of the
cases (24/28) showed that the cell boundaries of inflamma-
tory cells were unclear and clustered, 2 of 28 cases showed
clear and scattered cell boundaries of inflammatory cells,
and posterior endothelial inflammatory cells in 2 of 28 cases
could not be observed because of the obscuration of the
lesion. Twenty-one of 24 cases showed that the cell
boundaries of inflammatory cells were clear and clustered
or scattered, and posterior endothelial inflammatory cells in
3 of 24 cases could not be observed because of the
obscuration of the lesion. This finding means that bacterial
keratitis causes more inflammation of the endothelium, and
the endothelial plaque is thicker than bacterial keratitis. With
the application of antimicrobial agents, the disappearance of
endothelial plaques in patients with bacterial keratitis was
more obvious than that in patients with fungal keratitis, and
the endothelial plaque in patients with bacterial keratitis
was thinner.

In conclusion, fungal keratitis results in an unclear
and wavy boundary between the corneal endothelium and
endothelial plaques, and unclear cell boundaries and a large
number of compactly distributed inflammatory cells in the
endothelial layer were observed through IVCM. The
boundary between the endothelial plaque and corneal
endothelial cells in all patients who were diagnosed with
bacterial keratitis was clear through AS-OCT, and most of
the cases showed that the cell boundaries of inflammatory
cells were clear and clustered or scattered through IVCM.
The observation of corneal endothelial plaques by AS-OCT

and IVCM can be used for the early diagnosis of
infectious keratitis.
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