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ABSTRACT

Acanthamoeba keratitis (AK) is a rare but sight-threatening corneal infection, caused by free-living protozoa of
the genus Acanthamoeba. Although cases are rising in high-income countries, the nonspecific presentation and
overlapping features with other keratitis frequently result in misdiagnosis of AK, with poorer outcomes and
impaired quality of life. A delayed diagnosis can allow the infection to progress to deeper corneal layers,
increasing the risk of severe structural damage and requiring emergency keratoplasty to preserve ocular integrity
and regain vision. This retrospective study describes a three-year experience at a Northern Italy tertiary center
using an integrated diagnostic workflow combining clinical evaluation, in vivo confocal microscopy, culture, and
-since 2024- real-time PCR. Among 39 patients with suspected AK, 11 cases were confirmed. Culture showed 92
% sensitivity in first diagnoses but decreased to 77 % when relapses were included. PCR, introduced as a routine
tool in 2024, showed 100 % sensitivity in first diagnoses and proved crucial in detecting low-burden or culture-
negative relapses. Confocal microscopy reached a sensitivity and specificity of 82 %. Early targeted anti-amoebic
therapy, guided by this integrated approach, contributed to favorable outcomes in most cases, limiting the need
for surgical intervention. These findings support the utility of combining methods for timely and accurate
diagnosis of AK. Despite ongoing challenges in the clinical management of AK, our findings reinforce the critical
value of adopting molecular diagnostics to enable earlier, more accurate identification and targeted treatment.

1. Introduction

out as a rare but often misdiagnosed corneal infection. It is caused by
amoebae of the genus Acanthamoeba, which are ubiquitous free-living

Infectious keratitis is a sight-threatening corneal disease that may
lead to ulceration and opacification, with severe cases potentially
leading to permanent vision loss [1]. Infectious keratitis can be broadly
categorized into two main types: microbial keratitis (MK), caused by
bacteria, fungi, or parasites, and viral keratitis, most commonly associ-
ated with herpesviruses [2]. The clinical course of the infection heavily
depends on the timeliness and accuracy of diagnosis, as well as the
prompt initiation of appropriate treatment [3,4].

Among the various causes of MK, Acanthamoeba keratitis (AK) stands
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protists found in different environmental reservoirs, including tap
water, swimming pools, hot tubs, and soil [5]. First described in 1974 in
England [6], AK has since been linked to several risk factors, including
corneal trauma, swimming in contaminated water, contact lens use
during showers, poor lens hygiene, and exposure to contaminated lens
solutions [7].

Although Acanthamoeba is historically considered a rare cause of MK,
the incidence of AK has been steadily rising in recent decades, marking it
as an emerging pathogen of significant concern [3].
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This trend has been particularly evident in high-income countries,
where increased use of contact lenses, coupled with suboptimal hygiene
practices, has been identified as a major contributing factor. In fact,
studies in Europe have reported a growing number of AK cases, with
incidence rates reaching approximately 1-5 cases per million contact
lens users annually, with cases mainly linked to urban environments and
tap water exposure [8,9]. Similarly, reports from the USA indicate an
increasing burden of AK, particularly in regions with high contact lens
use and limited public awareness about preventative measures [9].

The rising incidence of AK necessitates heightened clinical awareness
and improved diagnostic strategies. Timely diagnosis and intervention
are critical to preserving vision, as AK's nonspecific presentation often
mimics other keratitis forms, leading to dangerous diagnostic delays.

The diagnostic workflow for AK currently relies on a combination of
clinical suspicion, corneal imaging and microbiological investigations.
While culture remains the gold standard for detecting Acanthamoeba,
advancements in diagnostic technology have introduced highly sensitive
and rapid methods such as polymerase chain reaction (PCR) and in vivo
confocal microscopy (IVCM) [9,10]. These innovations have signifi-
cantly enhanced diagnostic accuracy and speed, enabling earlier treat-
ment and better patient outcomes [11].

In this study, we describe the standardized diagnostic approach
implemented at the IRCCS AOU Policlinico di Sant'Orsola in northern
Italy for the diagnosis and management of AK. Our strategy aimed to
streamline the diagnostic workflow, improve the case detection rate,
and optimize patient care in a tertiary referral center of the country.

2. Methods
2.1. Ethics statement

The study was conducted in accordance with the declaration of
Helsinki, and the protocol was approved by the Ethics Committee of the
Area Vasta Emilia Centro (study number: CE AVEC: 901/2022/0Oss/
AOUBO). All participants gave their written, informed consent.

2.2. Settings and samples

This is a retrospective observational study performed at the IRCCS
AOU Policlinico di Sant'Orsola of Bologna, northern Italy during a 36-
month period (from January 2022 to December 2024).

All cases of suspected AK referred to the Ophthalmology Unit of the
IRCCS AOU Policlinico di Sant'Orsola were included in this study.
Clinical suspicion was primarily based, according to the most up-to-date
data available in the literature, on keratitis with known risk factors (e.g.,
positive history of contact lens use and/or exposure to non-sterile water
while wearing lenses) and signs indicative of Acanthamoeba infection,
including severe ocular pain and photophobia out of proportion, ring-
shaped stromal infiltrate (ring infiltrate), rapidly progressing stromal
disease and persistent corneal ulceration unresponsive to standard
antibiotic therapy [12,13]. In each case, corneal scraping was performed
at the Ophthalmology Unit; AK cases were defined based on clinical
signs, IVCM together with diagnostic confirmation, in our setting ach-
ieved through culture and/or PCR.

2.3. Diagnostic workflow

An integrated diagnostic strategy was applied: standardized clinical
evidence was combined with frontline IVCM evaluation supported by
traditional culture. Corneal scraping was performed using 21-gauge
needles or sterile Kimura platinum spatulas at the base and the in-
filtrate's leading edge. The corneal scrapings were transferred on the
solid media in multiple “C” shaped streaks, directly in the operating
theater, in cultures plates previously provided by the Microbiology Unit
of the same hospital, in order to simplify the workflow and reduce the
risk of sample contamination. From January 2024, a real-time PCR assay
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was also incorporated in the diagnostic work-flow as a complementary
test alongside culture examination; in order to perform the molecular
test, part of the scraping sample was transferred to an Eswab directly in
the operating theater and sent to the Microbiology Unit along with the
culture sample.

2.4. In vivo confocal microscopy

IVCM is a highly useful diagnostic tool for AK, in fact it provides a
non-invasive, high-resolution view of corneal structures at the subcel-
lular level [14,15]. This examination was performed utilizing an HRT3
RCM (Heidelberg Engineering, Heidelberg, Germany), enabling the
direct identification of trophozoites and cysts, which appear as hyper-
reflective, well-defined structures (Fig. 1). Within our case series, [VCM
was systematically implemented in all patients exhibiting clinical signs
indicative of AK.

2.5. Acanthamoeba culture

The Acanthamoeba culture medium was specifically formulated and
custom-prepared by Vacutest Kima (Padova, Italy) based on a stan-
dardized protocol provided by our laboratory [16], ensuring the pro-
duction of a high-quality Non-Nutrient Agar (NNA) optimized for
Acanthamoeba isolation and growth. NNA plates were inoculated with
corneal scrapings directly in the operating theater as abovementioned.

Subsequently, upon arrival at the laboratory, 1 mL of Page’s amoeba
saline solution, enriched with a fresh Escherichia coli suspension adjusted
to a 2 McFarland turbidity standard, was inoculated onto the NNA plate.
The culture plate was incubated at 30°C in aerobic atmosphere for 7
days and monitored daily under a low-power (100x) microscope for the
appearance of Acanthamoeba trophozoites and cysts, Acanthamoeba
trophozoites and cysts were identified based on the size and morpho-
logical characteristics, as the presence of finger-like tapering pseudo-
podia in trophozoites, double walled cysts with the inner wall that is
retracted to give a polygonal- or star-shaped appearance (Fig. 2).

2.6. Molecular test for Acanthamoeba detection

A commercial PCR kit, ParoReal Kit Acanthamoeba T4 CE IVD
marked (LyonDX, Pordenone, Italy), was used to detect Acanthamoeba
DNA. The DNA extraction from clinical samples was performed by using
the Maxwell® CSC Pathogen Total Nucleic Acid Kit (Promega, Wiscon-
sin, USA), following the manufacturer's recommendations and employ-
ing the semiautomated platform Maxwell® CSC Intrument (Promega,
Wisconsin, USA). The assay amplifies a segment of the 18S ribosomal (r)
RNA gene of Acanthamoeba genotype T4 species [17]. PCR runs were
performed employing the CFX Real Time PCR detection System (Bio--
Rad, California, USA). The total processing time for the sample was
around 4 hours.

2.7. Treatment of AK patients

Treatment of AK consisted of a prolonged topical regimen involving a
combination of biguanides and aromatic diamidines. The biguanides
employed included polyhexamethylene biguanide (PHMB) and chlor-
hexidine, with the former administered at a concentration of 0.08 % and
the latter at 0.06 %. The aromatic diamidine hexamidine was adminis-
tered at a concentration of 0.1 %, occasionally in combination with
biguanides [18,19].

According to the empirical treatment strategy described by Dart et al
[12], used at Moorfields Eye Hospital of London: PHMB 0.08 % was
administered, every hour for 5 days, then every two hours for 7 days, six
times daily for 7 days, and four times until complete clinical resolution
[20]. When hexamidine was used in combination, it was administered at
a concentration of 0.1 % with the same frequency as PHMB. Chlorhex-
idine 0.06 % was introduced in combination with, not as a replacement
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Fig. 1. a) Wide epithelial defect with stromal infiltration and a 360° annular appearance involving the mid-peripheral cornea; presence of an inferior hypopyon
measuring approximately 1 mm. b) IVCM scan of the same eye at a depth of 200 um, showing, indicated by the arrows, small polygonal structures measuring 10-15

um in diameter, consistent with Acanthamoeba spp. cysts arranged in string-like formations.
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Fig. 2. a) Trophozoites of Acanthamoeba spp. grown on NNA, 100x magnification. b) Trophozoites and cysts of Acanthamoeba spp. grown on NNA, 100x magni-
fication. In the upper section of the image, the imprint of the corneal scraping on the culture medium can be observed. c) Cysts of Acanthamoeba spp. with polygonal
and star-shaped appearance, 200x magnification. d) Trophozoites of Acanthamoeba spp., 200x magnification.

for, PHMB in cases with suboptimal initial response, following a similar
tapering schedule [12].

3. Results

During the study period, 105 patients were admitted to the
Ophthalmology Unit of the IRCCS AOU Policlinico di Sant'Orsola with
clinical signs suggestive of MK, among whom 39 showed symptoms
indicative of AK (Fig. 3).

These 39 patients presented with severe ocular pain and marked
photophobia, that were out of proportion to the clinical findings.
Common clinical features included the presence of a ring infiltrate, a
persistent corneal ulcer unresponsive to standard antibiotic therapy and

rapidly progressing stromal disease. These signs occurred in patients
with known risk factors for AK, such as a history of contact lens use
(n=32) and/or exposure to non-sterile water while using or cleaning
them (n=7). Eighteen patients were male and twenty-one were female,
with an age range between 12 and 81 years.

All suspected AK cases underwent microbiological diagnostic testing,
which included culture of corneal scraping for all analyzed patients.
From January 2024, corneal scraping samples obtained from 11 patients
were analyzed using both culture and PCR. Among the AK suspected
cases, 11 out of 39 (28 %) were confirmed as positive for Acanthamoeba
by culture and/or PCR (Fig. 3).

Culture positivity was confirmed in 10 out of 11 cases, demonstrating
a sensitivity of 92 % with a maximum incubation period of 72 hours
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Admissions with MK-suspect
N =105

A

AK-suspect
N =39 (37% of 105)

AK-confirmed
N = 11 (28% of 39)

AK-excluded
N =28 (72% of 39)

Diagnostics*

A 4

Clinical outcomes

« Stable patients 9/11
« Recurrences in 2 patients (3
episodes)

4 N
Traditional Culture
+ Sensitivity 10/11 (91%)
+ Specificity 28/28 (100%)
J
4 ™\
In Vivo Confocal Microscopy
+ Sensitivity 9/11 (82%)
» Specificity 23/28 (82%)
o J
4 ™\
Polymerase chain reaction
» Sensitivity 6/6 (100%)
- Specificity 5/5 (100%)
J

Fig. 3. Flow chart of patients with suspected MK; diagnostic performance and clinical outcomes are shown. *All reported sensitivity and specificity values refer
exclusively to first episodes of Acanthamoeba keratitis; recurrences were not included.

(range: 30-72 hours), with characteristic Acanthamoeba trophozoites
and cysts detecTable upon microscopic examination (Fig. 2).

Since the integration of the real-time PCR kit into the diagnostic
routine, 11 suspected samples were tested using the molecular method,
with 6 yielding positive results. The diagnosis of AK was excluded in the
5 negative samples, demonstrating a 100 % sensitivity for real-time PCR
in the context of first diagnosis of AK. The five PCR-negative samples
were excluded from AK diagnosis because culture and IVCM findings
were concordantly negative, and all patients showed a favorable clinical
response to non-amoebic therapy, further supporting the absence of
Acanthamoeba infection.

IVCM yielded positive results in 9 out of 11 confirmed cases of AK,
thus exhibiting a sensitivity of 82 %. Among 28 patients without AK, 23
tested negative by IVCM, resulting in a specificity of 82 % (Fig. 3).

Among the 11 confirmed cases, two patients (case#1 and case#2)
suffered from recurrent AK, both testing positive by PCR and negative by
culture. Furthermore, case#2 experienced clinical signs of a second AK
relapse, but his corneal scraping tested negative by both PCR and cul-
ture. IVCM performed during the first relapse of both case#1 and
case#2, demonstrated nonspecific inflammatory signs consistent with
general corneal inflammation but did not reveal any distinctive features
indicative of Acanthamoeba infection.

All patients with clinical suspicion of AK were initially treated
empirically with a fourth-generation fluoroquinolone (moxifloxacin),
followed by a targeted anti-amoeba therapy when AK diagnosis was

confirmed. Among the 11 patients diagnosed with AK, three received a
combination therapy of PHMB and hexamidine, four were treated with
PHMB and chlorhexidine, and the remaining four underwent PHMB
monotherapy. The choice between monotherapy and combination reg-
imens was guided by the clinical severity at the time of diagnosis.
Topical corticosteroids were introduced only after confirming the
effectiveness of antiamoebic therapy and observing clear signs of
regression in corneal infiltration. Notably, anti-inflammatory treatment
was initiated at least 15 days after the onset of antiamoebic therapy. The
average duration of topical therapy across all cases was approximately
250 days.

The first recurrence occurred in a 46-year-old patient (case#1) who
had received PHMB therapy for six months, combined with hexamidine
for one month. Ninety days after discontinuing all topical medications,
she presented with a new stromal infiltration. Although culture results
were negative, a four-month treatment regimen was initiated, consisting
of PHMB for the entire duration and chlorhexidine for two months. PCR
testing, subsequently performed, confirmed the recurrence.

The second recurrence involved a 40-year-old patient (case#2), a
monthly contact lenses wearer, who had stopped PHMB therapy after
four months due to apparent clinical improvement. Approximately one
week later, he returned with subjective worsening and the reappearance
of a corneal ring infiltrate. PCR testing confirmed the recurrence of AK,
leading to the start of a PHMB and chlorhexidine-based regimen, PHMB
was stopped after 4 month, while chlorhexidine was interrupted after 3
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month from the start of the recurrence.

Furthermore, case#2 experienced clinical signs of a second AK
relapse, but his corneal scraping tested negative by both PCR and cul-
ture. The case was therefore misdiagnosed as fungal keratitis and treated
accordingly. Due to the lack of clinical improvement, the patient un-
derwent penetrating keratoplasty (PK) approximately 40 days after
symptom onset. The diagnosis of the second relapse in case#2 was
therefore only clinical, while both culture and PCR failed to identify this
episode and IVCM was not performed.

4. Discussion

Acanthamoeba Kkeratitis is a challenging ocular infection often
causing severe visual impairment if not promptly diagnosed and treated.
AK remains underdiagnosed despite diagnostic advancements, primarily
due to its nonspecific clinical presentation and the lack of standardized,
widely accessible diagnostic protocols [21]. Traditionally, culture-based
methods from corneal scrapings have been considered the gold standard
for AK detection, offering high specificity but prolonged turnaround
times. Recently, IVCM and molecular diagnostics, particularly
PCR-based assays, have emerged as valuable tools for improving sensi-
tivity and reducing diagnostic delays. However, as many neglected
diseases, AK suffers from a lack of standardized diagnostic protocols and
limited investment in research and development aimed at improving
diagnostic methodologies and commercial kits, resulting in variations in
laboratory protocols across different centers.

Several studies have highlighted the high sensitivity (77 %-100 %)
and specificity (84 %-100 %) of in vivo confocal microscopy in detecting
the infection, as well as its ability to identify possible coinfections (e.g.,
fungal) [14,22]. However, interpreting confocal images requires sig-
nificant expertise to distinguish trophozoites from leukocytes or other
corneal cells, and deep stromal infiltrates or marked inflammation may
hinder diagnostic accuracy. Furthermore, the high cost and limited
availability of this equipment is a barrier to routine use. It is also worth
emphasizing that the presence of 5 false positives detected in our series
by IVCM, underscores its limitation when used as a standalone diag-
nostic tool. As a result, it is considered a valuable diagnostic tool only
when integrated with microbiological methods, rather than as a
stand-alone method [15].

The sensitivity of the culture method for diagnosing AK, as reported
in the literature, varies between 33 % and 67 %. Through the optimi-
zation of our workflow, i.e. direct transfer of corneal scrapings onto
culture plates in the operating theater, we achieved a
noTable improvement in accuracy, with culture sensitivity reaching 92
% in the context of first diagnosis of AK. Among the 11 cases diagnosed
as AK positive, the undetected case by culture was attributed to fungal
contamination of the culture medium, likely due to the Page’s solution,
which interfered with the growth of Acanthamoeba. Furthermore, when
considering the two patients who experienced a relapse, the culture
results were negative, thus leading to a decrease of the sensitivity to 77
%. This finding aligns with established literature demonstrating the
progressive decline in culture method sensitivity in relapsed cases and in
patients undergoing active treatment [23,24]. In case#1, culture yielded
a negative result, and at the time of diagnosis PCR was not integrated
into the diagnostic routine. However, given the presence of character-
istic clinical signs previously described, the clinician opted to proceed
with the targeted AK treatment, which resulted in the complete reso-
lution of AK signs. To further support this diagnosis, a frozen sample of
case#1 was retrospectively analyzed by PCR, leading to the detection of
Acanthamoeba DNA, thus confirming that the initial culture result was a
false negative result. In case#2, culture was inconclusive due to fungal
contamination, but PCR identified Acanthamoeba DNA, although at low
levels, which was consistent with a relapse of infection. Unfortunately,
during the second relapse, PCR failed to detect Acanthamoeba DNA,
which may be attributed to a low parasitic load or suboptimal sampling
conditions, which may have compromised the sensitivity of molecular
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detection.

Timely AK diagnosis is critical; PCR provides results within 6-24
hours, significantly reducing diagnostic turnaround time compared to
culture. We observed that the incorporation of PCR significantly
improved our diagnostic workflow by reducing turnaround time and
offering superior sensitivity, as also other studies have shown [25]. In
fact, the molecular test allowed the detection of Acanthamoeba infection
in a patient whose culture was contaminated by fungi (a crucial finding
supported by the high DNA concentration detected -low Ct value- and
confirmed by characteristic clinical presentation) and enabled the
identification of 2 relapses that tested negative by conventional culture
methods. These findings underscore the importance of integrating mo-
lecular diagnostics with culture to enhance sensitivity, especially in
challenging cases where culture limitations could lead to delayed or
missed diagnoses.

Moreover, a highly relevant issue is that the early-stage AK is often
mistaken for bacterial, herpetic or fungal keratitis, leading to delays in
proper treatment. Given these challenges, incorporating PCR as an early
diagnostic tool in cases of keratitis unresponsive to antibiotics could
greatly reduce misdiagnosis and improve clinical decision-making.

Corneal biopsy is a valuable diagnostic option when microbiolog-
ical/molecular tests are inconclusive [25]. Studies suggest histopathol-
ogy is often more reliable than culture-particularly post-therapy-due to
its ability to detect resistant stromal cysts. However, we excluded biopsy
from our protocol since the combination of microbiological, molecular,
IVCM consistently yielded a definitive diagnosis. Additionally, the single
remaining negative case was structurally unsuitable for safe biopsy [26].

Regarding treatment outcomes, 9 patients out of 11 were tapered off
anti-amoebic therapy, after an average of 36 weeks, with no current
signs of recurrence. Both recurrent cases in our series received anti-
amoebic therapy for a shorter duration than the mean treatment
length. Although limited, this observation supports the literature's
consistent emphasis on the necessity of prolonged therapy -often
exceeding 12 months- as a single surviving amoeba can re-establish
infection [12,24].

At the time of initial evaluation, all patients had extremely poor vi-
sual acuity: only one patient had a decimal VA of logMAR 1.0, whereas
the remaining 10 could perceive only hand motions. Upon discontinu-
ation of topical therapy, 2 out of 11 patients still had hand-motion
vision, 7 out of 11 had counting-fingers vision, and 2 out of 11 had
VA of logMAR 1.0. The poor visual outcome was attributable to post-
keratitis leucoma involving the optical axis in all cases. No patient in
our series underwent corneal cross-linking (CXL). While some isolated
reports suggest potential benefits of CXL in resistant infectious keratitis,
its precise role remains uncertain due to heterogeneous protocols and
inconsistent outcomes in observational studies [27]. CXL may be
considered only in exceptional, non-responsive cases or as a temporary
measure before urgent keratoplasty, but it was not deemed suitable for
our cohort. Except for the single patient who underwent therapeutic
penetrating keratoplasty, early treatment avoided in all patients the
need for urgent "hot" surgery, which is often associated with poor visual
outcome, and prevented extensive full-thickness corneal damage that
would have otherwise required a penetrating keratoplasty. This suggest
that the overall favorable prognosis can be largely attributed to the
timely microbiological diagnosis, which enabled early and targeted
treatment. Importantly, once a condition of clinical stability is achieved,
patients can be considered candidates for corneal transplantation with
optical purposes, aimed at visual rehabilitation.

Not least, although the introduction of PCR involves higher costs
compared with traditional culture, the overall workflow should be seen
as cost-effective, since timely and accurate diagnosis reduces the risk of
misdiagnosis, prolonged therapy, and costly invasive procedures such as
emergency keratoplasty. By integrating culture, IVCM, and PCR in a
standardized pathway, our approach balances diagnostic performance
with economic sustainability and can be practically implemented in
other referral centres.
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This study has some limitations, including its retrospective nature
and the small sample size. Nevertheless, our experience provides valu-
able insights into the real-world application of an integrated diagnostic
strategy and highlights the critical role of molecular techniques and
combined methods in addressing the challenges associated with AK
detection.

5. Conclusion

Our study underscores the necessity of integrating multiple diag-
nostic methods within a standardized AK pathway and highlights the
need for clear referral system to specialized centers. Broader imple-
mentation of PCR -particularly in tertiary settings and suspected
antibiotic-resistant keratitis- could significantly reduce time to diag-
nosis, thus improving patient outcomes and mitigating long-term
complications.
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