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Abstract

Purpose Acanthamoeba keratitis (AK) is a painful and possibly sight-threatening ocular infection. While the correct diagnosis
and specific treatment in the early stages significantly improve the prognosis, the disease is often misdiagnosed and in clinical
examination confused with other forms of keratitis. Polymerase chain reaction (PCR) for the detection of AK was first introduced
in our institution in December 2013 to improve the timely diagnosis of AK. The aim of this study was to assess the impact
of implementation of Acanthamoeba PCR on the diagnosis and treatment of the disease in a German tertiary referral center.
Patients and methods Patients treated for Acanthamoeba keratitis between 1st of January 1993 and 31st of December 2021
in the Department of Ophthalmology of the University Hospital Duesseldorf were identified retrospectively via in-house
registries. Evaluated parameters include age, sex, initial diagnosis, method of correct diagnosis, duration of symptoms until
correct diagnosis, contact lens use, visual acuity, and clinical findings as well as medical and surgical therapy by keratoplasty
(pKP). In order to assess the impact of implementation of Acanthamoeba PCR, the cases were divided into two groups (before
(pre-PCR group) and after PCR implementation (PCR group).

Results Seventy-five patients with Acanthamoeba keratitis were included (69.3% female, median age 37 years). Eighty-four
percent (63/75) of all patients were contact lens wearers. Until PCR was available, 58 patients with Acanthamoeba keratitis
were diagnosed either clinically (n=28), by histology (n=21), culture (n=6), or confocal microscopy (n=2) with a median
duration until diagnosis of 68 (18; 109) days. After PCR implementation, in 17 patients, the diagnosis was established with
PCR in 94% (n=16) and median duration until diagnosis was significantly shorter with 15 (10; 30.5) days. A longer duration
until correct diagnosis correlated with a worse initial visual acuity (p =0.0019, r=0.363). The number of pKP performed
was significantly lower in the PCR group (5/17; 29.4%) than in the pre-PCR group (35/58; 60.3%) (p =0.025).
Conclusions The choice of diagnostic method and especially the application of PCR have a significant impact on the time
to diagnosis and on the clinical findings at the time of confirmation of diagnosis and the need for penetrating keratoplasty.
In contact lens—associated keratitis, the first crucial step is to take AK into consideration and perform a PCR test as timely
confirmation of diagnosis of AK is imperative to prevent long-term ocular morbidity.
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Key messages
What is known:

e Acanthamoeba keratitis is a potentially sight-threatening ocular infection, that initially is often mistaken for a

bacterial or herpetic keratitis.

e Early diagnosis and rapid onset of a specific medical therapy is essential to secure a good prognosis in

acanthamoeba keratitis.

What is new:

® The implementation of acanthamoeba PCR has a significant impact on the duration from first symptoms until

correct diagnosis.

® This influences the severity of clinical findings at the time of diagnosis as well as the need for surgical treatment.

Keywords Acanthamoeba - Keratitis - Infectious keratitis - Polymerase chain reaction - PCR - Contact lens

Introduction

Acanthamoeba are opportunistic protozoa, ubiquitously found
in the environment. They exist in two forms: under favorable
conditions, Acanthamoeba remains in the motile trophozoite
form, which can transform into a dormant state known as a “cyst”
and is highly resistant to adverse conditions, such as extremes in
temperature, dryness, and pH, as well as anti-amoebic treatment
[1]. Acanthamoeba keratitis (AK) is a painful and potentially
sight-threatening ocular infection. With an estimated incidence
ranging from 0.33 to 1.49 per 10,000 contact lens wearers or
0.13 to 2.7 cases per million per year in the general population,
it is a rare disease [2, 3]. However, an increasing incidence has
recently been reported in several countries, probably due to the
rising use of soft contact lenses, the predominant risk factor for
AK [3-9]. Also, the rising awareness and a shift in diagnostic
methods towards PCR and confocal microscopy may have played
arole in the rising incidence of AK [3].

While both, diagnosis and specific treatment, in the early
stages of disease significantly improve the prognosis of AK,
it is often not diagnosed and on clinical examination mistaken
for a bacterial or herpetic keratitis. Microbiological detection
of Acanthamoeba by in vitro cultivation may be difficult, espe-
cially as it can be inhibited by prior use of topical drugs with
amoebicidal activity and may require prolonged incubation on
Escherichia coli (E. coli). Delayed diagnosis can lead to deeper
corneal involvement with severe sequelae requiring prolonged,
more intensive, and possibly surgical treatment, including pen-
etrating keratoplasty (pKP) [1, 9, 10]. In prolonged cases with
deep infiltrates that are not accessible to corneal scrapings, the
clinical diagnosis will sometimes only be confirmed, after a
corneal biopsy, e.g., from keratoplasty, is analyzed histologi-
cally and/or microbiologically.
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The polymerase chain reaction (PCR) is a method of enzy-
matically amplifying segments of deoxyribonucleic acid
(DNA) in vitro. By application of specific primers, mirroring
the DNA of, e.g., a microorganism in question, even smallest
amounts of this specific DNA can be detected. The use of PCR
for the detection of AK was first described in the late 1990s
and since then has become more and more important for the
diagnosis of AK [11, 12]. In our institution, real-time PCR
was first introduced in December 2013 to improve the timely
diagnosis of AK. The aim of this study here was to assess the
impact of implementation of an Acanthamoeba PCR on the
diagnosis and treatment, and clinical course of the disease in
a German tertiary referral center.

Material and methods

Before initiation of the study, approval was obtained from
the Ethics Committee of the Medical Faculty of Dues-
seldorf (file number 4574). The study adhered to the ten-
ets of the declaration of Helsinki. All patients treated for
Acanthamoeba keratitis in the Department of Ophthalmol-
ogy of the University Hospital Duesseldorf between 1st of
January 1993 and 31st of December 2021 were identified
retrospectively from hospital records. Cases with proof
of Acanthamoeba (in vitro cultivation, PCR, histology, or
in vivo confocal microscopy (IVCM)) and cases without
positive microbiological proof but with a clinical diagno-
sis and positive response to anti-amoebic treatment were
included. Patients with clinically suspected Acanthamoeba
keratitis but without follow-up, essential data missing, or
with clinical improvement without anti-amoebic therapy
were excluded.
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The following parameters were recorded from paper-
based and digital patient records: age, sex, initial diagnosis
(defined as diagnosis at the first ophthalmologic presentation
regardless of the institution), diagnostic method (defined as
method to first establish or confirm the diagnosis of AK),
duration of symptoms before correct diagnosis, contact lens
use, visual acuity (LogMAR) at the first and last examina-
tion, clinical findings (strong pain, epithelial defect, stromal
infiltrates, ring infiltrate and hypopyon, perineural infiltrates
and pseudodendrites), and medical as well as surgical ther-
apy (pKP). In one patient, both eyes were infected. In this
case, the average of the visual acuity was used. In order
to assess the impact of implementation of Acanthamoeba
PCR, the cases were divided into 2 groups. All cases before
PCR were available at our tertiary center (until 16 Decem-
ber 2013) and were evaluated together as pre-PCR group
and cases thereafter evaluated together as PCR group. Fur-
thermore, the time from first visit until the PCR result was
available and the number of individual patients per year for
whom Acanthamoeba PCR was requested was evaluated.

Statistical evaluation

Statistical analysis was performed using Prism 9.0.0
(GraphPad, La Jolla, CA, USA). The normality of distri-
bution of the data was analyzed with the Shapiro—Wilk
test. Data are presented descriptively with the median
and interquartile range (IQR) (presented as median (25th
percentile; 75th percentile). For group comparisons, the
Mann—Whitney U and Kruskal-Wallis test were per-
formed. Fisher’s exact test, the chi-squared test, and
Spearman’s R were used to investigate correlations. p val-
ues <0.05 were considered statistically significant.

Results

Between January 1993 and December 2021, 75 patients
with Acanthamoeba keratitis that met the inclusion crite-
ria were identified (69.3% female, median age 37 (22; 48)
(range 15-73) years). In total, 29 cases were excluded (loss
of follow-up: 1; clinical improvement without anti-amoe-
bic therapy: 4; essential data missing/missing records: 24).
The median visual acuity at first examination was 0.70
(0.30; 1.70) logMAR, and at last follow-up 0.30 (0.10;
0.70) logMAR. Eighty-four percent (63/75) of all patients
used contact lenses, 43 of which were soft and 13 rigid;
in 7 cases, no data regarding the type of contact lens was
available. Overall, the diagnosis of Acanthamoeba kera-
titis was established clinically in 28 (37.3%), histologi-
cally in 21 (28%), by PCR in 17 (22.6%), by culture in 6
(8%), and by IVCM in 3 cases (4%). Before PCR became

available in our department, 58 patients were diagnosed
with Acanthamoeba keratitis, of whom a single patient
(1.7%) presented with a positive PCR result from an external
source. Furthermore, of those 58 patients, the diagnosis was
first established clinically in 28 cases (48.2%), established or
confirmed by histology in 21 cases (36.2%), by culture in 6
cases (10.3%), and by IVCM in 2 cases (3.4%). After PCR
was implemented, the diagnosis was established with PCR
in 94% (16/17) of the cases (PCR group: n=17; methods of
diagnosis: PCR: n=16/17, IVCM: n=1/17). There was no
statistically significant difference regarding age, gender, visual
acuity, and contact lens use between the various diagnostic
methods as well as the pre-PCR vs. PCR groups (Fig. 2).

Between December 2013 and December 2021, Acan-
thamoeba PCR was requested in 890 individual patients.
The yearly median of requests was 110.5 (72; 150) in the
full years 2014-2021, the median of positive PCR results
per year was 2 (1; 3). Four cases with positive PCR results
in contact lens material were excluded, as they showed
rapid clinical improvement without anti-amoebic therapy.
However, two cases that also showed positive PCR results
only in contact lens material were included based on typi-
cal clinical findings, including a ring infiltrate in both
cases. In all other cases in the PCR group, Acanthamoeba
could be detected in corneal samples.

The initial diagnosis differed significantly between pre-
PCR vs. PCR groups. While in the pre-PCR group the cor-
rect diagnosis was already established initially in 13.8%
(8/58) of the cases, in the PCR group, all initial diagno-
ses were incorrect with bacterial keratitis dominating with
88.2% (15/17) (vs. pre-PCR 24.1% (14/58); p<0.001). In
the pre-PCR group, herpetic keratitis (48.3% (28/58)) was
significantly more common as an initial diagnosis than in
the PCR group (5.9% (1/17); p=0.002). Figure 1 shows the
percentage of the different initial diagnoses in both groups.

The duration from beginning of symptoms until correct
diagnosis could not be evaluated in three cases due to miss-
ing data. Overall, the duration from beginning of the symp-
toms until correct diagnosis was 47 (14; 100) days. The time
from first visit in our clinic until a positive PCR result was
available was 3.5 (2; 7) days. The diagnostic methods as well
as the pre-PCR vs. PCR groups differed significantly in the
time to establish the correct diagnosis (Fig. 2). While a longer
duration until correct diagnosis correlated with a worse initial
visual acuity (p=0.0019, r=0.363), the visual acuity between
the two groups at last follow-up was not significantly different.

The appearance of strong pain, epithelial defect, and ring
infiltrate shows a correlation with a longer duration from
onset of symptoms until correct diagnosis and thus also with
the different diagnostic methods as well as the pre-PCR vs.
PCR groups (Figs. 3 and 4).

Overall, the medical therapy in all cases was com-
parable, consisting of a high frequency application of
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Fig. 1 Differences in the initial
diagnosis between pre-PCR
vs. PCR group. In the pre-PCR

Initial diagnoses (%)

. . 13.8%
group, the correct diagnosis was
already established initially in .
13.8% vs. 0% in the PCR group. pre-PCR 24.1% 48.3% é = BaCte”?l
In the PCR group, all cases 3 Herpetic
were initially misdiagnosed, PCR ) E3 Acanthamoeba
mostly as bacterial keratitis 88.2% Il Other
(88.2%) \V
5.9%

polyhexamethylene biguanide (PHMB) 0.02% and propa-
midine isethionate (Brolene ®) 0.1% together with topical
antibiotics. In total, a pKP was performed in 53.3% (40/75)
of all cases. Overall, 40 pKPs were performed in median 111
(91; 159) days after onset of symptoms. There was no signifi-
cant difference in the duration between onset of symptoms
until surgery between the pre-PCR and PCR group. How-
ever, the number of pKPs performed was significantly lower
in the cases with a shorter duration from onset of symptoms
until correct diagnosis and thus also in the PCR group (5/17,;
29.4%) than in the pre-PCR group (35/58; 60.3%) (p=0.025)
(Figs. 3 and 4).

Discussion

Our study shows that the implementation of Acantham-
oeba PCR had a significant impact on the time until correct
diagnosis and on the severity of clinical findings at the
time of diagnosis as well as the need for surgical treatment.

Time to diagnosis

A Clinical diagnosis H{_1__}F———
Histology 41— 1} :
PCR H}— *
Cuture 4—__T1 ——  }——
IVCM 4—H

B pre-PCR T} |
PCR H}——i

1 | 1 1

0 100 200 300 400
Days
Fig.2 Duration from first symptoms to correct diagnosis. The dura-
tion in days between first symptoms until correct diagnosis differs
significantly between the diagnostic methods ((A) median (IQR)
in days: clinical diagnosis: 43 (10; 90); histology: 94.50 (38; 147);
PCR: 15 (10.5; 30.5); culture: 102 (33.5; 210); IVCM: 73 (4;89);
p=0.0118) as well as between the pre-PCR vs. PCR group ((B)
median (IQR) in days: pre-PCR: 68 (18; 109); PCR: 15 (10; 30.5);
p=0.0061)
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Duration until correct diagnosis

Early diagnosis and rapid onset of appropriate medical
therapy are essential to secure a good prognosis. Delayed
therapy worsens the prognosis and increases the likelihood
for keratoplasty [13—17]. In our PCR group, the duration from
symptoms until initial diagnosis of AK of 15 days is significantly
shorter comparable to the literature, as reported, e.g., by Ross
et al. to be 27 days [13]. In our department, microbiological test
routine includes corneal scraping for smears, culture, and PCR.
As PCR results were available at a median of 3.5 days after
presentation, this documents the high speed at which this method
enables the clinician to establish the diagnosis of AK.

In the study by Ross et al., most diagnoses are confirmed by
culture (88%) or IVCM (72%), while PCR was not used [13].
Maybe it was not regularly available yet, as the included cases were
from 2008 to 201 1. Shah et al. only included culture-proven AK
cases and reported a mean time of 53 days from onset of symptoms
to culture collection [18]. Data from the German Acanthamoeba
Keratitis Registry indicate an exceptionally long delay until correct
diagnosis of 2.8 months by a selection bias towards more difficult
cases by tertiary referral centers which may also explain the high
rate of corneal transplantations and thus histological confirmation
(55%) in the registry [1].

Clinical findings and initial diagnosis

The literature describes several clinical signs as highly indic-
ative of AK, which may however vary as disease progresses
[13, 19, 20]. Strong pain, often described as disproportion-
ate to the clinical findings, has long been recognized as a
hallmark of AK and is sometimes especially referred to as
an early sign of the disease [20]. However, ocular pain pre-
sented variably in different studies and absence of pain does
not exclude the diagnosis [1, 20, 21]. As our results confirm,
it is more often absent in early diagnosed cases and increas-
ingly found with longer duration.

While the ring infiltrate or Wessely’s immune ring
(Fig. 5) sometimes is regarded as almost pathognomonic
[22], it is important to note that it is a nonspecific finding
that can occur in infectious keratitis of various origin as well
as non-infectious etiology and thus can be also misleading



Graefe's Archive for Clinical and Experimental Ophthalmology (2023) 261:1951-1959

1955

[23]. Our data show that a ring infiltrate is rather seen in
advanced stages [20, 24, 25]. Also, in keeping with our
results, an epithelial defect is rather found late in the dis-
ease and was present more often in the pre-PCR group
in our study in which diagnosis was further delayed [25].
Probably because of these time-dependent differences in the
clinical signs and symptoms, the distribution of initial clini-
cal diagnoses changes, depending on whether the correct
diagnosis is established early (PCR group) or late (pre-PCR
group) (Fig. 5). In the PCR group, we found a significantly
higher rate of suspected “bacterial infection.” In the pre-
PCR group, “herpetic keratitis” was the predominant initial
diagnosis (48.3%), which is in line with the results of the
literature [1, 3, 18, 26, 27].

Need for keratoplasty

As mentioned earlier, the need for keratoplasty is signifi-
cantly higher in more advanced cases, i.e., if diagnosis is
delayed, e.g., due to an initial misdiagnosis [13-17, 26].
While overall the rate of cases requiring a pKP in our study
(40/75; 53.3%) is higher than in the German Acanthamoeba
registry (37%), the number of corneal grafts performed was

significantly lower in the PCR group (5/17; 29.4%) than in
the pre-PCR group (35/58; 60.3%). Bacon et al. also found
a positive effect of early diagnosis on the need for cor-
neal transplantation. Out of 15 patients who were treated
within 1 month of initial symptoms, only one patient (6.7%)
required penetrating keratoplasty [15]. While in advanced
stages of the disease, a penetrating keratoplasty is the prefer-
rable treatment option, in early cases unresponsive to medi-
cal treatment and depending on the extent of the infection
a lamellar keratoplasty might be preferred to avoid the risk
of spread inside the eye and a possible endothelial immune
rejection [28-31]. If available, anterior segment optical
coherence tomography and IVCM should be used to evalu-
ate the depth and extent of the infection [31].

Comparison of methods

In vitro culture on E. coli plates for AK confirmation
can take up to several weeks and the sensitivity ranges
from 0 to 70% [19]. Due to the crucial importance of an
early treatment, this technique is becoming less relevant
and has been replaced by PCR in our microbiological
department.

Fig. 3 Influence of duration A Strong pain B Epithelial defect
from first symptoms to correct
diagnosis on clinical findings
and need for pKP. A significant Yes i Yes |
correlation of the appearance n=51 n=59
of strong pain ((A) p <0.001), e *
epithelial defect (B) p=0.017),
.o No No
and ring infiltrate ((D) h -
. n=21 n=13
p=0.038) with a longer dura- I T T T 1 I T T T 1
tion from first symptoms to cor- 0 100 200 300 400 0 100 200 300 400
rect diagnosis was shown. There Days Days
was no significant correlation
between duration to diagnosis . L
and perineural infiltrates as well o Stromal infiltrates D Ring infiltrate
as pseudodendrites (not shown).
(F) Furthermore, t.he pumber of Yes | Yes |
pKPs performed significantly n=65 n=49
correlated with a longer dura- 2 .
tion from first symptoms to
correct diagnosis (p=0.0001) No || |—| No
n=7 n=23
| T T T 1 I T T T 1
0 100 200 300 400 0 100 200 300 400
Days Days
E Hypopyon F Keratoplasty
n=16 n=38
2 sk
No | No |
n=56 n=34
| 1 || 1 1 1 1 | 1 1
0 100 200 300 400 (] 100 200 300 400
Days Days
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Fig.4 Impact of the use of PCR
on clinical findings and need for
pKP. Due to the significantly

A Strong pain

3 yes B
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3 no
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in the PCR group. Furthermore, c
this analysis shows a significant

Stromal infiltrates 3 yes D

3 vyes
3 no

Ring infiltrates

[ no
3.4%

higher ratio of stromal infiltrates

in the pre-PCR group ((C) 96.6%

pre-PCR-

pre-PCR+ 79.3% | 20.7% |

*

p=0.018). Also, in the pre-PCR

group, a significantly higher PCRA

| 21.4% |

PCR-

number of patients needed a

pKPs ((F) p=0.025). There
was no significant correlation
between duration to diagnosis
and perineural infiltrates as well

as pseudodendrites (not shown) E Hypopyon

3 yes F
3 no

3 yes
3 no

Keratoplasty

pre-PCR- 75.6%

| pre-PCR+ 60.3% | 39.7% |

PCR- 11.8‘17 88.2%

| PCRA 70.6% |

Histopathological analysis of corneal material has a
sensitivity of 31-65% [19, 25, 32]. Because of the limited
amount of specimen available for examination in, e.g., cor-
neal scrapings, this specimen will most probably be used
for microbiological rather than histological analysis. Nev-
ertheless, in intermediate and late cases, repeated scrapings

or even a trephine biopsy could be justified for histological
evaluation [25].

IVCM is a non-invasive technique that allows real-time
visualization of Acanthamoeba cysts in the cornea and can
be especially valuable in cases of deep infiltrates not acces-
sible to corneal scrapings and as a control measure during
an ongoing treatment [9, 19]. In addition, it can be used for

Fig.5 Slit lamp images of clinical findings (A) The patient presented
at our clinic 3 weeks after onset of symptoms because of increasing
pain and a slowly decreasing visual acuity (0,2 LogMAR). Slit lamp
examination revealed only slight epithelial changes (gray epithelial
opacities, epithelial microerosions and microcysts), known as “dirty
epithelium” [19] and a perineuritis (red arrow). (B) This patient pre-
sented 5 weeks after first symptoms. Visual acuity was 2,0 LogMAR.
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In the slit lamp examination, a ring infiltrate, a central corneal ero-
sion, and a rough corneal surface were found. (A, B) Both patients
were using soft contact lenses and before presentation at our clinic,
they were treated with antibiotics because of suspected bacterial
infection. Shortly after presentation at our clinic, Acanthamoeba ker-
atitis was confirmed by PCR in both cases
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early detection of recurrence [33]. In a recent comparison of
diagnostic methods for AK confirmation, the sensitivity of
IVCM was higher than PCR (IVCM 77%; PCR 63%) [34].
IVCM is reported to reach a sensitivity of up to 100% [35,
36]. The sensitivity though is very much depending on the
experience of the examiner, as cysts can be easily confused
for immune cells and as the sensitivity of single IVCM fea-
tures of AK is low [37-39]. Nevertheless, the longer the
duration of AK, the higher the likelihood that a correct diag-
nosis is made by the observers in grading the IVCM images,
probably due to the greater number of Acanthamoeba cysts
and a reduction in the type and number of host immune
cells [37]. Due to the small field of view (0.2 0.2 mm),
the application can be time-consuming [40]. But, in near
future, automated wide-field montages might facilitate the
process of IVCM image acquisition of larger areas of the
cornea [41]. In our study, only 4% of the cases were diag-
nosed with IVCM, in contrast to more than 20% in the Ger-
man Acanthamoeba registry [1]. Furthermore, the duration
to correct diagnosis by IVCM was relatively long in our
analysis. Those two results possibly highlight the limitations
of IVCM. Dart et al. suggest using the technique in the initial
evaluation of cases, but not to make definitive diagnosis if
response to amoeba-specific therapy is poor and tissue diag-
nosis (e.g., PCR) remained negative [20].

In the literature, the sensitivity of Acanthamoeba PCR
ranges between 65 and 100% and specificity between
99.3 and 100% [20, 35, 42-45]. In the pre-PCR group
in 27 cases, the diagnosis could not be confirmed by any
of the described methods but was established clinically
by a positive response to anti-amoebic treatment. Since
introduction of diagnostic Acanthamoeba PCR in our
institution, no case was simply diagnosed based on the
clinical picture on presentation or treatment response.
PCR is known to significantly increase the confirmation
rate of AK in comparison to culture [46], but it may also
give a positive result, in the absence of any viable patho-
gen, simply due to the presence DNA/RNA remnants. It
thus cannot be used to assess the activity of an infec-
tion [20]. After PCR implementation in our diagnostic
workup, the diagnosis of AK was established by PCR
in 94% (16/17) and in only 1 additional case by another
modality, i.e., IVCM. Six months after PCR as a rapid
and sensitive method for the diagnosis of Acanthamoeba
keratitis became available at out institution, with lower
turnaround time costs than traditional techniques, routine
use of culture for Acanthamoeba diagnostics was ceased.

The number of PCR analyses conducted in 8 years
(890) may seem very high in relation to a total of 17
Acanthamoeba cases diagnosed by this method (positivity
rate: 1.9%). PCR is mostly ordered in infectious keratitis
not responding to the antibiotic therapy already initiated,
and/or presence of clinical findings and/or risk factors

(mostly contact lens use) that could be indicative of Acan-
thamoeba or fungi. For this reason, and additionally to
bacterial culture, PCR for Acanthamoeba is often per-
formed together with PCR for fungi and vice versa. Thus,
the high number of conducted PCR analyses reflects all
cases of infectious keratitis with unknown etiology, rather
than just suspected Acanthamoeba keratitis.

The different diagnostic methods for AK differ not
only in the prerequisite of every center, as well as the
time until the results are available, but also strongly in
the cost per examination. A cost analysis of the different
methods might be the focus of future research.

Other free-living amoebae as pathogen

Currently, almost exclusively Acanthamoeba are in the
focus in suspected protozoan keratitis. But—although
discussed controversially [47-50]—also other free-living
amoebae (FLA) as Hartmannella or Vahlkampfia seem to
have the ability to lead to an opportunistic corneal infec-
tion that can be clinically indistinguishable from an Acan-
thamoeba infection [51-56]. Fortunately, these infections
seem to respond well to standard anti-amoebic treatment
[51-54]. Thus, in cases of presumed amoebic keratitis
and when Acanthamoeba cannot readily be cultured or
identified, as in 28 patients of our analysis, those other
FLA should be considered and microbiologically tested
for. Irrespective of the amoebic species causing keratitis,
early diagnosis and proper anti-amoebic treatment are
crucial to yielding a cure.

Limitations

Our study has some limitations. Being a retrospective case
series, with necessary reliance on accuracy and complete-
ness of the clinical records, our findings are limited by
potential documentation bias. Furthermore, we want to
point out that the data of the study are strictly related to
the routine of our center and thus cannot be universally
valid.

Conclusions

Our results show that the choice of diagnostic method and
especially the application of PCR have a significant impact
on the time to diagnosis and on the clinical findings at
the time of confirmation of diagnosis and the need for
penetrating keratoplasty. Nevertheless, PCR and/or con-
focal microscopy are typically not available in primary
eye care settings [57]. Thus, especially in every contact
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lens—associated keratitis, patients should be referred to a
tertiary center, to timely confirm or exclude the diagnosis
of AK.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Declarations

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the Hein-
rich-Heine University Duesseldorf and with the 1964 Helsinki declara-
tion and its later amendments or comparable ethical standards.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Daas L, Szentmary N, Eppig T et al (2015) [The German Acan-
thamoeba keratitis register : initial results of a multicenter
study]. Der Ophthalmologe : Zeitschrift der Deutschen Oph-
thalmologischen Gesellschaft: 1-11

2. Seal DV, Beattie TK, Tomlinson A et al (2003) Acanthamoeba
keratitis. Brit J Ophthalmol 87:516-517. https://doi.org/10.
1136/bjo.87.4.516

3. Nielsen SE, Ivarsen A, Hjortdal J (2020) Increasing incidence
of Acanthamoeba keratitis in a large tertiary ophthalmology
department from year 1994 to 2018. Acta Ophthalmol 98:445—
448. https://doi.org/10.1111/a0s.14337

4. Kuly, Chan FM, Beckingsale P (2009) Acanthamoeba keratitis
cluster: an increase in Acanthamoeba keratitis in Australia. Clin
Exp Ophthalmol 37:181-190. https://doi.org/10.1111/j.1442-
9071.2008.01910.x

5. (CDC) C for DC and P, (2007) Acanthamoeba keratitis mul-
tiple states, 2005-2007. Mmwr Morbidity Mortal Wkly Rep
56:532-534

6. Randag AC, van Rooij J, van Goor AT et al (2019) The rising inci-
dence of Acanthamoeba keratitis: a 7-year nationwide survey and
clinical assessment of risk factors and functional outcomes. PLoS
One 14:0222092. https://doi.org/10.1371/journal.pone.0222092

7. Carvalho FRS, Foronda AS, Mannis MJ et al (2009) Twenty
years of Acanthamoeba keratitis. Cornea 28:516-519. https://
doi.org/10.1097/ic0.0b013e318193e0fe

8. Patel DV, Rayner S, McGhee CN (2010) Resurgence of Acan-
thamoeba keratitis in Auckland, New Zealand: a 7-year review
of presentation and outcomes. Clin Exp Ophthalmol 38:15-20.
https://doi.org/10.1111/j.1442-9071.2009.02182.x

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Varacalli G, Zazzo AD, Mori T et al (2021) Challenges in Acan-
thamoeba keratitis: a review. J Clin Med 10:942. https://doi.org/
10.3390/jcm10050942

Maycock NJR, Jayaswal R (2016) Update on Acanthamoeba
keratitis. Cornea 35:713-720. https://doi.org/10.1097/ico.00000
00000000804

Lehmann OJ, Green SM, Morlet N et al (1998) Polymerase
chain reaction analysis of corneal epithelial and tear samples in
the diagnosis of Acanthamoeba keratitis. Invest Ophth Vis Sci
39:1261-1265

Ledee DR, Hay J, Byers TJ et al (1996) Acanthamoeba griffini.
Molecular characterization of a new corneal pathogen. Invest
Ophth Vis Sci 37:544-550

Ross J, Roy SL, Mathers WD et al (2014) Clinical characteristics of
Acanthamoeba Keratitis infections in 28 states, 2008 to 2011. Cornea
33:161-168. https://doi.org/10.1097/ico.0000000000000014
Claerhout I, Goegebuer A, Broecke CVD, Kestelyn Ph (2004)
Delay in diagnosis and outcome of Acanthamoeba keratitis.
Graefe’s Arch Clin Exp Ophthalmol 242:648-653. https://doi.
org/10.1007/s00417-003-0805-7

Bacon AS, Dart JKG, Ficker LA et al (1993) Acanthamoeba
keratitis the value of early diagnosis. Ophthalmology 100:1238—
1243. https://doi.org/10.1016/s0161-6420(93)31499-5

Tu EY, Joslin CE, Sugar J et al (2008) Prognostic factors affect-
ing visual outcome in Acanthamoeba keratitis. Ophthalmology
115:1998-2003. https://doi.org/10.1016/j.ophtha.2008.04.038
List W, Glatz W, Riedl R et al (2021) Evaluation of Acanthamoeba
keratitis cases in a tertiary medical care centre over 21 years. Sci
Rep-uk 11:1036. https://doi.org/10.1038/s41598-020-80222-3
Shah YS, Stroh IG, Zafar S et al (2021) Delayed diagnoses of
Acanthamoeba keratitis at a tertiary care medical centre. Acta
Ophthalmol 99:916-921. https://doi.org/10.1111/a0s.14792
Szentmary N, Daas L, Shi L et al (2018) Acanthamoeba keratitis
— clinical signs, differential diagnosis and treatment. J Curr Oph-
thalmol 31:16-23. https://doi.org/10.1016/j.joc0.2018.09.008
Dart JKG, Saw VPJ, Kilvington S (2009) Acanthamoeba keratitis:
diagnosis and treatment update 2009. Am J Ophthalmol 148:487-
499.e2. https://doi.org/10.1016/j.aj0.2009.06.009

Sun X, Zhang Y, Li R et al (2006) Acanthamoeba keratitis clinical
characteristics and management. Ophthalmology 113:412-416.
https://doi.org/10.1016/j.ophtha.2005.10.041

Theodore FH, Jakobiec FA, Juechter KB et al (1985) The diagnos-
tic value of a ring infiltrate in Acanthamoebic keratitis. Ophthal-
mology 92:1471-1479. https://doi.org/10.1016/s0161-6420(85)
33830-7

Weinstein I, Fries FN, Szentméry N et al (2021) Ausgeprigter Wes-
sely-Immunring bei Keratitis — ein Chaméileon. Der Ophthalmol
118:53-55. https://doi.org/10.1007/s00347-020-01084-8
Lorenzo-Morales J, Khan NA, Walochnik J (2015) An update on
Acanthamoeba keratitis: diagnosis, pathogenesis and treatment.
Parasite 22:10. https://doi.org/10.1051/parasite/2015010

Bacon AS, Frazer DG, Dart JKG et al (1993) A review of 72
consecutive cases of Acanthamoeba keratitis, 1984-1992. Eye
7:719-725. https://doi.org/10.1038/eye.1993.168

Robaei D, Carnt N, Minassian DC, Dart JKG (2015) Therapeu-
tic and optical keratoplasty in the management of Acanthamoeba
keratitis risk factors, outcomes, and summary of the literature.
Ophthalmology 122:17-24. https://doi.org/10.1016/j.ophtha.2014.
07.052

Lee MJ, Srikumaran D, Zafar S et al (2020) Case series: delayed
diagnoses of Acanthamoeba keratitis. Am J Ophthalmol Case Rep
19:100778. https://doi.org/10.1016/j.ajoc.2020.100778

Zazzo AD, Varacalli G, Gregorio CD et al (2022) Therapeutic
corneal transplantation in Acanthamoeba keratitis: penetrating
versus lamellar keratoplasty. Cornea 41:396—401. https://doi.org/
10.1097/ic0.0000000000002880


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1136/bjo.87.4.516
https://doi.org/10.1136/bjo.87.4.516
https://doi.org/10.1111/aos.14337
https://doi.org/10.1111/j.1442-9071.2008.01910.x
https://doi.org/10.1111/j.1442-9071.2008.01910.x
https://doi.org/10.1371/journal.pone.0222092
https://doi.org/10.1097/ico.0b013e318193e0fe
https://doi.org/10.1097/ico.0b013e318193e0fe
https://doi.org/10.1111/j.1442-9071.2009.02182.x
https://doi.org/10.3390/jcm10050942
https://doi.org/10.3390/jcm10050942
https://doi.org/10.1097/ico.0000000000000804
https://doi.org/10.1097/ico.0000000000000804
https://doi.org/10.1097/ico.0000000000000014
https://doi.org/10.1007/s00417-003-0805-7
https://doi.org/10.1007/s00417-003-0805-7
https://doi.org/10.1016/s0161-6420(93)31499-5
https://doi.org/10.1016/j.ophtha.2008.04.038
https://doi.org/10.1038/s41598-020-80222-3
https://doi.org/10.1111/aos.14792
https://doi.org/10.1016/j.joco.2018.09.008
https://doi.org/10.1016/j.ajo.2009.06.009
https://doi.org/10.1016/j.ophtha.2005.10.041
https://doi.org/10.1016/s0161-6420(85)33830-7
https://doi.org/10.1016/s0161-6420(85)33830-7
https://doi.org/10.1007/s00347-020-01084-8
https://doi.org/10.1051/parasite/2015010
https://doi.org/10.1038/eye.1993.168
https://doi.org/10.1016/j.ophtha.2014.07.052
https://doi.org/10.1016/j.ophtha.2014.07.052
https://doi.org/10.1016/j.ajoc.2020.100778
https://doi.org/10.1097/ico.0000000000002880
https://doi.org/10.1097/ico.0000000000002880

Graefe's Archive for Clinical and Experimental Ophthalmology (2023) 261:1951-1959

1959

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Bagga B, Garg P, Joseph J et al (2020) Outcome of therapeutic
deep anterior lamellar keratoplasty in advanced Acanthamoeba
keratitis. Indian J Ophthalmol 68:442-446. https://doi.org/10.
4103/ijo.ijo_307_19

Zhang T, Xie L, Dong Y, Cheng J (2022) Therapeutic keratoplasty
for severe Acanthamoeba keratitis: risk factors, clinical features,
and outcomes of postoperative recurrence. Graefe’s Arch Clin Exp
Ophthalmol: 1-11. https://doi.org/10.1007/s00417-022-05883-4
Sarnicola E, Sarnicola C, Sabatino F et al (2016) Early deep ante-
rior lamellar keratoplasty (DALK) for Acanthamoeba keratitis
poorly responsive to medical treatment. Cornea 35:1-5. https://
doi.org/10.1097/ico.0000000000000681

Duguid IGM, Dart JKG, Morlet N et al (1997) Outcome of Acan-
thamoeba keratitis treated with polyhexamethyl biguanide and
propamidine. Ophthalmology 104:1587-1592. https://doi.org/
10.1016/s0161-6420(97)30092-x

Daas L, Viestenz A, Schnabel PA et al (2018) Confocal micros-
copy as an early relapse marker for acanthamoeba keratitis. Clin
Anat 31:60-63. https://doi.org/10.1002/ca.22925

Hoffman JJ, Dart JKG, De SK et al (2021) Comparison of cul-
ture, confocal microscopy and PCR in routine hospital use for
microbial keratitis diagnosis. Eye: 1-7. https://doi.org/10.1038/
s41433-021-01812-7

Goh JWY, Harrison R, Hau S et al (2018) Comparison of in vivo
confocal microscopy, PCR and culture of corneal scrapes in the
diagnosis of Acanthamoeba keratitis. Cornea 37:480—485. https://
doi.org/10.1097/ico.0000000000001497

Tu EY, Joslin CE, Sugar J et al (2008) The relative value of confo-
cal microscopy and superficial corneal scrapings in the diagnosis
of Acanthamoeba keratitis. Cornea 27:764—772. https://doi.org/
10.1097/ico.0b013e31816f27bf

Hau SC, Dart JKG, Vesaluoma M et al (2010) Diagnostic accu-
racy of microbial keratitis with in vivo scanning laser confocal
microscopy. Brit J Ophthalmol 94:982. https://doi.org/10.1136/
bjo.2009.175083

Roth M, Daas L, MacKenzie CR et al (2020) Development and
assessment of a simulator for in vivo confocal microscopy in fun-
gal and Acanthamoeba keratitis. Curr Eye Res 45:1-6. https://doi.
org/10.1080/02713683.2020.1772830

Craene SD, Knoeri J, Georgeon C et al (2018) Assessment of confo-
cal microscopy for the diagnosis of polymerase chain reaction—posi-
tive Acanthamoeba keratitis a case-control study. Ophthalmology
125:161-168. https://doi.org/10.1016/j.0phtha.2017.08.037
Kheirkhah A, Satitpitakul V, Syed ZA et al (2018) Factors influ-
encing the diagnostic accuracy of laser-scanning in vivo confo-
cal microscopy for Acanthamoeba keratitis. Cornea 37:818-823.
https://doi.org/10.1097/ico.0000000000001507

Allgeier S, Bartschat A, Bohn S et al (2022) Real-time large-
area imaging of the corneal subbasal nerve plexus. Sci Rep-uk
12:2481. https://doi.org/10.1038/s41598-022-05983-5

Yera H, Ok V, Kuet FLK et al (2021) PCR and culture for diagno-
sis of Acanthamoeba keratitis. Brit J Ophthalmol 105:1302-1306.
https://doi.org/10.1136/bjophthalmol-2020-316730

Boggild AK, Martin DS, Lee TY et al (2009) Laboratory
diagnosis of amoebic keratitis: comparison of four diagnostic

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

methods for different types of clinical specimens. J Clin Microbiol
47:1314-1318. https://doi.org/10.1128/jcm.00173-09

Megha K, Sharma M, Gupta A et al (2021) Microbiological diag-
nosis of Acanthamoebic keratitis: experience from tertiary care
center of North India. Diagn Micr Infec Dis 100:115339. https://
doi.org/10.1016/j.diagmicrobio.2021.115339

Karsenti N, Lau R, Purssell A et al (2017) Development and
validation of a real-time PCR assay for the detection of clinical
acanthamoebae. Bmc Res Notes 10:355. https://doi.org/10.1186/
s13104-017-2666-x

Tuft S, Bunce C, De S, Thomas J (2022) Utility of investigation
for suspected microbial keratitis: a diagnostic accuracy study. Eye:
1-6. https://doi.org/10.1038/s41433-022-01952-4

Kinnear FB (2001) Non-Acanthamoeba amoebic keratitis. J Infect
42:218-219. https://doi.org/10.1053/jinf.2001.0826

Hay J, Seal DV, Kirkness CM (1997) Non-Acanthamoeba amoe-
bic keratitis. J Infect 34:89-91. https://doi.org/10.1016/s0163-
4453(97)80022-9

Jonckheere JFD, Brown S (1999) Non-Acanthamoeba amoebic
keratitis. Cornea 18:499. https://doi.org/10.1097/00003226-19990
7000-00021

Jonckheere JFD, Brown S (1998) Is the free-living ameba Hart-
mannella causing keratitis? Clin Infect Dis 27:1337-1338. https://
doi.org/10.1093/clinids/27.5.1337b

Aitken D, Hay J, Kinnear FB et al (1996) Amebic keratitis in a
wearer of disposable contact lenses due to a mixed Vahlkampfia
and Hartmannella infection. Ophthalmology 103:485-494. https://
doi.org/10.1016/s0161-6420(96)30667-2

Alexandrakis G, Miller D (1960) Huang AJ (1998) Amebic kera-
titis due to Vahlkampfia infection following corneal trauma. Arch
Ophthalmol Chic Il 116:950-951

SusanM K, Devine P, Hurley C et al (1995) Corneal infection
associated with Hartmannella vermiformis in contact-lens wearer.
Lancet 346:637-638. https://doi.org/10.1016/s0140-6736(95)
91468-4

Abedkhojasteh H, Niyyati M, Rahimi F et al (2013) First report
of Hartmannella keratitis in a cosmetic soft contact lens wearer
in Iran. Iran J Parasitol 8:481-485

Kinnear FB (2003) Cytopathogenicity of Acanthamoeba, Vahl-
kampfia and Hartmannella: quantative & qualitative in vitro stud-
ies on keratocytes. J Infect 46:228-237. https://doi.org/10.1053/
jinf.2002.1116

Pinna A, Porcu T, Boscia F et al (2017) Free-living amoebae kera-
titis. Cornea 36:785-790. https://doi.org/10.1097/ico.0000000000
001226

Roozbahani M, Hammersmith KM, Rapuano CJ et al (2018)
Acanthamoeba keratitis: re recent cases more severe? Cornea
37:1381-1387. https://doi.org/10.1097/ico.0000000000001640

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.4103/ijo.ijo_307_19
https://doi.org/10.4103/ijo.ijo_307_19
https://doi.org/10.1007/s00417-022-05883-4
https://doi.org/10.1097/ico.0000000000000681
https://doi.org/10.1097/ico.0000000000000681
https://doi.org/10.1016/s0161-6420(97)30092-x
https://doi.org/10.1016/s0161-6420(97)30092-x
https://doi.org/10.1002/ca.22925
https://doi.org/10.1038/s41433-021-01812-7
https://doi.org/10.1038/s41433-021-01812-7
https://doi.org/10.1097/ico.0000000000001497
https://doi.org/10.1097/ico.0000000000001497
https://doi.org/10.1097/ico.0b013e31816f27bf
https://doi.org/10.1097/ico.0b013e31816f27bf
https://doi.org/10.1136/bjo.2009.175083
https://doi.org/10.1136/bjo.2009.175083
https://doi.org/10.1080/02713683.2020.1772830
https://doi.org/10.1080/02713683.2020.1772830
https://doi.org/10.1016/j.ophtha.2017.08.037
https://doi.org/10.1097/ico.0000000000001507
https://doi.org/10.1038/s41598-022-05983-5
https://doi.org/10.1136/bjophthalmol-2020-316730
https://doi.org/10.1128/jcm.00173-09
https://doi.org/10.1016/j.diagmicrobio.2021.115339
https://doi.org/10.1016/j.diagmicrobio.2021.115339
https://doi.org/10.1186/s13104-017-2666-x
https://doi.org/10.1186/s13104-017-2666-x
https://doi.org/10.1038/s41433-022-01952-4
https://doi.org/10.1053/jinf.2001.0826
https://doi.org/10.1016/s0163-4453(97)80022-9
https://doi.org/10.1016/s0163-4453(97)80022-9
https://doi.org/10.1097/00003226-199907000-00021
https://doi.org/10.1097/00003226-199907000-00021
https://doi.org/10.1093/clinids/27.5.1337b
https://doi.org/10.1093/clinids/27.5.1337b
https://doi.org/10.1016/s0161-6420(96)30667-2
https://doi.org/10.1016/s0161-6420(96)30667-2
https://doi.org/10.1016/s0140-6736(95)91468-4
https://doi.org/10.1016/s0140-6736(95)91468-4
https://doi.org/10.1053/jinf.2002.1116
https://doi.org/10.1053/jinf.2002.1116
https://doi.org/10.1097/ico.0000000000001226
https://doi.org/10.1097/ico.0000000000001226
https://doi.org/10.1097/ico.0000000000001640

	Impact of implementation of polymerase chain reaction on diagnosis, treatment, and clinical course of Acanthamoeba keratitis
	Abstract
	Purpose 
	Patients and methods 
	Results 
	Conclusions 

	Introduction
	Material and methods
	Statistical evaluation

	Results
	Discussion
	Duration until correct diagnosis
	Clinical findings and initial diagnosis
	Need for keratoplasty
	Comparison of methods
	Other free-living amoebae as pathogen
	Limitations

	Conclusions
	References


