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Abstract
Purpose To observe the clinical features and serial changes of Acanthamoeba keratitis (AK) during medical treatment by
using confocal microscopy.
Methods Thirty-seven patients (37 eyes) diagnosed with AK were included in this study. Confocal microscopy was used to
observe the morphology, distribution, and density of Acanthamoeba cysts before and after medication. The differences
between cysts and inflammatory cells were identified.
Results Acanthamoeba cysts were detected at a rate of 94.6% (35/37) by repeated confocal microscopic examinations. The
cysts consisting of a lowly light-reflective wall and a high-refractive nucleus, showed cluster or chain distribution in the
corneal stroma, which was different from inflammatory cells. After medical therapy, the nucleus of cysts or peripheral
corneal tissue gradually dissolved to a hollow configuration. Some of the hollow cysts existed for up to 6 months. The
quantity of cysts increased after 1–2 weeks of medication in 23 patients (62.1%), and then began to decrease in 13 patients
(35.1 %) who were responsive to anti-amoebic treatment.
Conclusion Acanthamoeba cysts have many typical clinical features that can be identified by confocal microscopy, which
may serve as a valuable tool to guide clinical evaluation and treatment of AK.

Introduction

Acanthamoeba keratitis (AK) is a relatively unusual corneal
disease infected by amoeba protozoa and shows complex
clinical manifestations. As its clinical diagnosis is some-
times difficult, it is often misdiagnosed and treated as other
types of keratitis, such as viral keratitis and fungal keratitis
[1]. This leads to a delay in initiating appropriate treatments
and will result in poor outcomes. Early and accurate diag-
nosis is particularly important for the treatment of this
intractable eye disease [2].

Definitive diagnosis can be made by confirmation of
Acanthamoeba cysts or trophozoites in corneal lesions by

staining, tissue culturing or pathology. However, these
methods are invasive, time-consuming and not always routi-
nely available [3–5]. Because of the low sensitivity of
Acanthamoeba cultures, which is reported to be just 54–68%
[3]; the effectiveness of isolating Acanthamoeba in cultures is
not so high, and it usually takes 1–2 weeks to obtain the
results [6]. To improve the understanding and make a rapid
diagnosis of AK, the usefulness of in vivo confocal micro-
scopy has been extensively reported [7–11]. However, it is
still somewhat difficult to differentiate Acanthamoeba cysts
from other cell populations, especially inflammatory cells. If
we know better about the microscopic appearances of amoeba
cysts, this rapid and non-invasive tool may be very helpful for
early diagnosis of AK and observation of pathogenetic con-
dition of the disease, so as to monitor disease progression and
guide treatment. This study introduced the clinical features
and serial changes of AK on confocal microscopy.

Patients and methods

This retrospective, noncomparative case series study was
approved by the Institutional Review Board of Shandong
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Eye Hospital. Thirty-seven patients (37 eyes) hospitalised
for AK at our institution from December 2007 to July 2015
were included. They were 19 males and 18 females, with a
mean age of 48.8 ± 11.1 years (range, 18–76 years),
including 25 farmers, 3 teachers, 3 workers, 2 civil servants,
1 nurse and three unemployed persons. The mean disease
duration was 38 ± 25 days (range, 7 days–4 months).

The morphology, position and invasive depth of corneal
lesions and hypopyon observed by slit-lamp microscopy
were recorded. No endophthalmitis was found in any eye on
ultrasonic inspection.

Laser confocal microscopy examination and serial
observation

Laser confocal microscopy (HRT3-RCM; Heidelberg
Engineering, Heidelberg, Germany) was performed with the
Zeiss built-in camera in patients with corneal infection, and
in those highly suspected for AK. The detection was repe-
ated three times, once a day by different technicians, to
improve the positivity rate of Acanthamoeba cysts. Once
diagnosed as AK, the superior, inferior, temporal, nasal and
central parts of the corneal infiltration were scanned [12].
The size, morphology, distribution and density of the cysts
were evaluated and differentiated from the inflammatory
cells by a masked observer. The cysts were calculated using
the analysis software of the instrument, and the numbers
from five randomly chosen images in each position were
averaged. After initiation of treatment, the patients were
examined at 1 week, 2 weeks, 1 month, 2 months and
6 months, respectively. Changes of cysts before and after
medication were compared.

Corneal scraping and culture

Necrotic and infiltrated tissues of the corneal ulcer were
scraped by experienced doctors under a microscope for 10%
potassium hydroxide wet mount preparations. Corneal
samples were cultured in the medium with Escherichia coli,
and the temperature of the wet box was controlled at 35 °C.
It was regarded as a negative result if there was no Acan-
thamoeba growth within 14 days.

Pathologic examination

Corneal tissues were harvested from the patients receiving
keratoplasty. The pathological sections stained with hema-
toxylin eosin were observed for amoeba cysts.

Medical therapy

Anti-amoebic therapy was initiated once AK was diag-
nosed. Chlorhexidine eyedrops (0.02%) were administered

every half an hour; metronidazole eyedrops (0.5%) were
given per hour; ofloxacin and pranopulin eyedrops were
given every 6 h per day. Intravenous injection of metroni-
dazole was performed once daily. Cauterisation with (0.2%)
chlorhexidine solution was applied, if necessary. The fre-
quency of medical administration was adjusted under gui-
dance of confocal microscopy imaging. Keratoplasty and
even eye evisceration were performed for patients with
advanced AK incontrollable with the drug treatment.

Results

Diagnosis of AK

Among the 37 patients with AK, the positive rate of corneal
scraping staining and culture was 80.7% (25/31) and 76.7%
(23/30), respectively. Acanthamoeba cysts were detectable
in 17 pathological specimens (89.5%) extracted from 19
patients and in 33 (94.6%) of 35 patients by confocal
microscopy. There were 23 patients (62.2%) showing
positivity on both confocal microscopy and culture, 17
patients (45.9%) showing positivity on both confocal
microscopy and pathology, and 14 patients (37.8%) show-
ing positivity on all the three tests. At the early stage of AK,
oedematous epitheliopathy of the central cornea was
observed by slit-lamp microscopy. The eyes with AK at the
mid-late stage (16 eyes, 44%) were characterised by ring
infiltrates, with individual differences in size. However,
some patients demonstrated diffusive infiltration. Five
patients (13.5%) had hypopyon. Thirteen patients were
cured completely by medical therapy. Sixteen patients
received lamellar keratoplasty (6 patients) or penetrating
keratoplasty (10 patients). Three patients received evis-
ceration. Five patients were lost for follow-up.

Identification of Acanthamoeba cysts

Cysts are usually round, consisting of an outer capsular wall
and an inner nucleus. The images obtained from in vivo
confocal microscopy presented a highly reflective nucleus
surrounded by a low-refractile cyst wall, which had a clear
boundary and a dark ring outside (Fig. 1a–c). All cysts were
5–20 μm in diameter, and mostly 10–15 μm. The major
central structures were regular rounds with uniform reflec-
tion (Fig. 1a, b). Irregular shapes, like a triangle (Fig. 1d),
an asterisk (Fig. 1e) or a hollow ring (Fig. 1f), were also
observed.

Twenty-six eyes (70.3%) showed a chain-like arrange-
ment of 3–6 cysts. This specific arrangement was consistent
with the results of culture and pathology (Fig. 2a–f). More
typically, a mass of cysts (3–15) arranged in an arc along
the corneal stroma fibres. The adjacent cysts were parallel
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and equidistant from each other. Even the dense cysts with a
close distance had tiny space between each other and did
not overlap (Fig. 2g, h).

Distinguishing Acanthamoeba cysts from
inflammatory cells

Most inflammatory cells were of an irregularly oval shape.
The structure of inflammatory cells, such as neutrophils,
was featured with a lobate nucleus, which had a lower
light-reflection than cysts, and did not have an external
wall. The arrangement of inflammatory cells, under the
same field of view, was asymmetric. The cells overlapped
and squeezed with each other and distributed in different
planes of the corneal stroma (Fig. 2i, j). The differences
between amoeba cysts and inflammatory cells are pre-
sented in Table 1.

Duration of the treatment

In vivo confocal microscopy showed that the nuclei in cysts
gradually dissolved to hollow structures (Fig. 3a, b). Cor-
neal tissues were dissolved and denatured, showing a low
reflective area like a black hole around cysts (Fig. 3c, d).

The quantity of cysts increased after 1–2 weeks of
medical therapy in 23 eyes (62.1%), and then began to
decrease with further treatment. That is, the quantitative
peak of cysts appeared at ~2 weeks after treatment, when
confocal microscopy showed clear and typical cysts. In the
13 patients (35.1%) who were sensitive to anti-amoebic
drugs, a remarkable reduction in the number of cysts was
found after 2 months of treatment (Fig. 4a–h and o).
However, the cysts were monitored to last 6–10 months in a
few patients, even though the ulcer was healed. In the other
patients who did not respond well to drug treatment, the

number of cysts kept at a high level for months and the
density of the cyst core showed no significant decrease and
even increased in some eyes (Fig. 4i–n and o).

Monitoring and treatment guidance by confocal
microscopy

Confocal microscopy was performed after the corneal ulcer
healed up with medication in 13 patients. Suspected amoeba
cysts were still present, so drug treatment was continued,
until the cysts disappeared or just the hollow structures
remained. According to the lesion depth and the cyst scope
scanned by confocal microscopy, the patients who failed in
medical therapy were considered for lamellar keratoplasty
or penetrating keratoplasty and even evisceration due to the
involvement of the sclera.

Discussion

AK is an infectious disease caused by amoebas, which
survive in air, soil, lake water, tap water and dust as tro-
phozoites or cysts [13]. Trophozoites are active and
reproductive in suitable circumstances, while cysts are
transformed from trophozoites and can resist severe
environment. The static form, known as amoeba cysts, has
a double wall for resisting outer adversity [14]. The low
incidence and lack of related knowledge pose a diagnostic
dilemma for AK. Typical but non-specific clinical mani-
festations of AK include early severe pain, infiltration in
or under the corneal epithelium, corneal ring infiltrates
and hypopyon [9, 15–17]. At the early stage of AK,
central corneal oedema is very similar to that of viral
keratitis. The misdiagnosis rate is high for AK at the late
or advanced phase because the corneal ulcer of AK often

Fig. 1 Laser confocal
microscopic images of amoeba
cysts. The cyst shows a highly
reflective nucleus surrounded by
a low-refractile ring-like wall
(a–c). The central structure is
regular and round with uniform
reflection (a, b), or is shaped like
a triangle (d), an asterisk (e) or a
hollow ring (f)
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shows a similar shape with fungal keratitis [18–20]. Once
patients with AK are misdiagnosed as any other disease,
especially viral keratitis, and given glucocorticoids, the
corneal ulcer could be aggravated, uncontrollable and
even violate the entire eye globe. Therefore, early and
accurate diagnosis is crucial for therapy and prognosis of
patients affected with AK.

The main auxiliary examinations for AK include corneal
scraping, amoeba culture and pathology. Although corneal
scraping is an effective and fast method for AK diagnosis,
the positive rate may be relatively low in the early stage of
the disease. Because of the low sensitivity of Acanthamoeba
cultures, it usually takes at least 1 week to obtain the out-
comes [6], and the positive rate was reported to be just

Fig. 2 The Acanthamoeba cysts distribute like chains with 3–6 cysts
(a–c). The culture and pathology results show the same distribution
features (d–f). Even if there are a large number of cysts, they do not
overlap and have a tiny space between each other (g, h). Most

inflammatory cells are of an irregularly oval shape with a lobate
nucleus and do not have an external wall (i). The arrangement of
inflammatory cells is asymmetric, overlapped and squeezed with each
other, and distributed in different planes of the corneal stroma (j)
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54–68% [3]. Pathologic examinations need corneal tissues
resected from patients during keratoplasty; hence, it is
impossible for early diagnosis. Polymerase chain reaction
was reported to detect amoeba pathogens quickly and effi-
ciently [21–23], but this technique is often limited in clin-
ical practice due to the requirement for specialised
instruments and laboratories.

Since Chew et al. [24] firstly reported the diagnosis of
AK using confocal microscopy; this fast, non-invasive,
repeatable and intuitive technology has been gradually
employed in detecting AK, particularly at the early stage
when clinical manifestations are not typical. However, it
is not easy to distinguish Acanthamoeba cysts from
inflammatory cells due to their similarities. Thus, the
positivity rate of detecting AK by confocal microscopy
seems to be low. In this study, the positivity rate by
in vivo confocal microscopy was as high as 94.6%, sur-
passing corneal scarping (80.7%) and amoebic culture
(76.7%). Knowing the clinical features of cysts on

confocal microscopy and detecting repeatedly can help to
improve the detection rate.

Just like fungal hyphae observed by laser confocal
microscopy, amoeba cysts can be recognised clearly with
typical morphology and distribution. Winchester et al. [25]
demonstrated confocal microscopic images of Acantha-
moeba cysts featured with a high-reflective, double-walled,
round structure, 10–30 μm in diameter, in ten cases. Some
researchers introduced the crucial role of in vivo confocal
microscopy in early diagnosis for AK. In our series, we
observed the patients with AK by confocal microscopy and
summarised the features of Acanthamoeba cysts. In brief,
each cyst consisted of a lowly light-reflective wall and a
high-refractile nucleus, and connected with each other like
chains in the same plane of corneal stroma. Cysts showing a
cluster or chain-like arrangement and locating in the same
plane of corneal stroma might be motor direction related,
reminding us of enlarging the resection area of the cornea to
reduce the recurrence of AK. Whether this distribution

Fig. 3 Confocal microscopic
images showing Acanthamoeba
cyst changes after drug
treatment. The nuclei in cysts
gradually dissolve to hollow
structures (a, b). Some cysts
dissolve the corneal tissue
around them, and form a black
hole (c, d)

Table 1 Differences between
Acanthamoeba cysts and
inflammatory cells

Acanthamoeba cysts Inflammatory cells

Shape Round Oval or irregular

Wall Low refractile and circular area N/A

Nucleus High-light reflection and regular rounds, or
irregular shape like Chinese characters or
hollow rings

Lower light reflection, eccentricity,
uneven density and lobate nuleus

Arrangement Chain-like and regular Irregular

Spacing Equidistant and non-overlapped Un-equidistant, overlapped and
squeezed

N/A not available
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pattern is related to the orientation of corneal
nerves deserves further investigations. The images of
Acanthamoeba cysts and inflammatory cells shown by
confocal microscopy can be easily confused, so we made
detailed comparisons of these similarities and differences
for better identification. The morphology and number of
cysts changed with the medical therapy. After drug treat-
ments, nuclei of cysts or peripheral corneal tissue gradually
dissolved to hollow configurations. The number of cysts
firstly increased and then decreased after effective treat-
ment. We speculated these outcomes were due to strong
resistance of cysts to anti-amoebic drugs, and other physical
and chemical factors [26]. In other patients who poorly
responded to drug treatment, cysts kept increasing in
number or decreased insignificantly during the therapy. The
features of Acanthamoeba cysts we described above helped
guide the diagnosis and treatment of AK.

The amoeba trophozoites can be transformed into cysts
under adverse surroundings. Usually the trophozoites could
not be detected by confocal microscopy, while cysts can.
On our observation, most of the patients showed an
improvement in the quantity of cysts after medication,
including those who were sensitive to the drug treatment.
This may be because some of the trophozoites were trans-
formed to cysts due to medical therapy; and thus easily
detected by confocal microscopy, and 2-weeks appears to
be the peak time for them to transform. The results of
dynamic observation of amoeba cysts can guide the diag-
nosis and management of AK. Early after the anti-amoebic
medication, more amoeba cysts would accumulate. When a
good therapeutic effect is achieved, the number of cysts
usually decreases. If there is no significant decrease, this
indicates that amoeba cysts are not sensitive to the drug
therapy, when keratoplasty should be considered.

Fig. 4 Therapeutic outcomes of Acanthamoeba keratitis (AK) in
patients who are sensitive to medication. The number of cysts
increases after 2-week treatment and begins to decrease with the fur-
ther medical therapy (a–h). In patients who respond poorly to drugs,

the cyst quantity increases after treatment and keeps at a high level for
months (i–n). Line graph shows the quantity change of Acanthamoeba
cysts (o)
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Moreover, the depth of infiltration determined by confocal
microscopy is very useful in selecting penetrating kerato-
plasty or lamellar keratoplasty.

In conclusion, Acanthamoeba cysts show typical mor-
phology and chains-like arrangement on confocal micro-
scopy. The change in the number of cysts has its
regularity after medication. The diagnosis rate of AK by
laser in vivo confocal microscopy can be high, with better
understanding of the clinical features of Acanthamoeba
cysts. Repeated examinations are still needed to increase
sensitivity.

Summary

What was known before

● In vivo confocal microscopy has been used in detection
of Acanthamoeba cysts and diagnosis of Acanthamoeba
keratitis.

What this study adds

● Clinical features of Acanthamoeba cysts in more details
are observed and described.

● It is the first time to describe the changes of
Acanthamoeba cysts after medical treatment.

● Differentiation of Acanthamoeba cysts from inflamma-
tory cells is introduced.
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