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ABSTRACT

Introduction:  Acanthamoeba keratitis (AK) was 
first identified in 1972 and the first patient cured 
with propamidine was reported in 1985. Treat-
ment outcomes, before the advent of the first 
effective anti-amoebic treatment, were known 
to be poor and often required therapeutic ker-
atoplasty (TK) but have not been evaluated in 
detail. Analysis of these outcomes has value for 
several reasons: it gives an historical perspec-
tive, describes the natural history of AK when 
the disease was minimally modified by the early 
treatments and provides a benchmark against 
which current treatments can be compared and 
how these have changed the therapeutic results.

Methods:  We conducted a systematic literature 
review for the period 1970–1995 using PRISMA 
guidelines. The population of interest comprised 
patients with AK treated without products hav-
ing established anti-amoebic activity against 
both trophozoites and cysts (biguanides or dia-
midines). The outcomes of interest were medical 
cure, TK and enucleation. Proportions and 95% 
confidence intervals were estimated.
Results:  Fifty-six case reports were eligible. Risk 
factors for AK were reported in 44/56 patients: 
contact lens wear in 30/44 (68.2%) and trauma 
in 14/44 (31.8%). The mean time from pres-
entation to diagnosis was 7.3 weeks (standard 
deviation 9.3 weeks); 13/56 (23.2%) were diag-
nosed within 4 weeks. Topical treatments given 
to patients included corticosteroids (85.2%), 
antibiotics (85.2%), antivirals (72.2%) and anti-
fungals (51.8%). Final visual acuity was ≥ 20/40 
in 17/33 (51.5%) patients with no missing data. 
Medical cures were reported in 11/56 patients 
(19.6%), TK in 38/56 (67.9%), other surgery in 
4/56 (7.1%) and enucleation in 3/56 (5.4%).
Conclusion:  This study suggests that, before 
the availability of propamidine as the first effec-
tive treatment for AK, the clinical outcome of 
these patients was poor with only a few patients 
cured without surgery. These findings should be 
interpreted with caution because they rely on 
case reports and series that are subject to inher-
ent bias.
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Key Summary Points 

Why carry out this study?

Acanthamoeba keratitis (AK) is a serious disease. 
Its natural history in absence of an effective 
treatment is not well known.

This systematic literature review investigated 
the outcome of AK before the availability of 
the first effective medical treatment (propa-
midine).

What was learned from the study?

The review identified 56 case reports of 
patients with AK treated with medicine with 
no established anti-amoebic effect.

Only 11/56 (19.6%) patients were cured with-
out surgery.

This compares with the approximately 60% 
cure rate reported with current off-label treat-
ments and with the 85% cure rate reported 
with the first medicinal product approved for 
the treatment of AK.

INTRODUCTION

Acanthamoeba keratitis (AK) is a rare, but serious, 
ocular infection caused by several Acanthamoeba 
species, which can result in severe visual impair-
ment, including blindness [1–3]. AK is associ-
ated with contact lens wear, ocular trauma and 
exposure to contaminated soil and water [4]. Its 
incidence in the general population is estimated 
to be 2.34 (95% CI 0.98–5.55) per million per 
year [5]. The clinical course of AK depends on 
the stage of the disease and has been extensively 
described elsewhere [1–3, 6]. Currently, no drugs 
have been licenced for the treatment of AK out-
side the European Union where a preservative-
free ophthalmic solution containing polihexa-
nide (PHMB) 0.08% [7] was recently approved. 
First-line therapy to date has consisted of various 

unlicensed anti-amoebic treatments (AAT), such 
as PHMB, chlorhexidine, propamidine and hexa-
midine, often given in combination [6, 8, 9].

AK is a relatively new disease first identified as 
a distinct clinical entity in 1972 in the US [10] 
and further described in 1974 in the UK [11]. 
Being a new and ultra-rare cause of microbial 
keratitis, both difficult to culture, with clinical 
appearances like those of herpes keratitis and, at 
that time, without the availability of diagnosis 
by DNA detection using polymerase chain reac-
tion or using in vivo confocal microscopy, AK 
was usually misdiagnosed or late diagnosed.

For these patients, the treatment commonly 
given was based on a mix of corticosteroids, 
antivirals, antibiotics and antifungals [12], but, 
in most cases, therapeutic keratoplasty (TK) was 
used to control the infection. Approximately a 
decade after its identification, Wright reported 
the first patient with AK cured with medical 
therapy using propamidine isethionate [13]. 
Unlike the available antimicrobials, antifun-
gals and antivirals in use at that time as well 
as anti-helminthic and anti-malarial drugs, this 
diamidine was shown to have good anti-amoe-
bic trophozoicidal and cysticidal properties [13]. 
Thereafter, most patients with AK were treated 
with Brolene®, when available, as the first effec-
tive topical anti-amoebic drug, which was often 
combined with neomycin. Since then, benza-
lkonium chloride, an excipient of Brolene®, has 
also been shown to be an effective anti-amoebic 
[14] providing additional anti-amoebic effects 
to the commercial preparation of propamidine. 
The importance of the elimination of the more 
treatment-resistant cyst form of Acanthamoeba, 
as opposed to the more susceptible trophozoite, 
was becoming evident following the introduc-
tion of Brolene®, although the requirement to 
eliminate viable cysts for effective medical treat-
ment was not clearly stated until 1991 [15]. The 
analysis of the outcomes of treatment for AK 
without Brolene®, and before the subsequent 
introduction of other effective anti-amoebics, 
can be expected to provide an approximation 
of the natural history of untreated AK. This is an 
approximation because AK outcomes were modi-
fied, to a limited extent, by the anti-trophozoi-
cidal effects of some of the antibiotics and anti-
fungals in use at that time [13].
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We performed a systematic literature review 
(SLR) of these historical data to identify this 
cohort of “untreated” patients with AK. This 
was carried out with several aims: (1) to provide 
an historical perspective, (2) to describe the 
natural history of AK in patients untreated with 
effective anti-cystic anti-amoebic drugs and (3) 
to provide a benchmark against which current 
treatments can be compared and the resulting 
changes in therapeutic outcomes compared to 
this “untreated” cohort.

METHODS

Search Strategy

A SLR was performed according to a protocol 
following the PRISMA-P guidance [16]. Data-
bases were searched (PubMed, Cochrane Library, 
Prospero, Clinicaltrial.gov) using the follow-
ing search terms: “Acanthamoeba keratitis” OR 
(Amoebic AND keratitis) OR (Acanthamoeba kera-
titis [MeSH Terms]). The search was initially lim-
ited to the period 1970–1990 (search performed 
26th November 2023) and then extended to 
include the period 1991–1995 (search performed 
2 December 2023). No language restrictions were 
placed on the articles; however, for non-English 
language articles only the abstract was used for 
data extraction.

Eligibility Criteria

•	 Population of interest: patients of any age 
with a confirmed diagnosis of AK not receiv-
ing treatment with products with an estab-
lished anti-amoebic activity, i.e. PHMB, chlo-
rhexidine, propamidine or hexamidine [6, 8, 
9].

•	 AK diagnosis: only cases with clinical find-
ings, consistent with AK, associated with at 
least one of the following were evaluated: 
(1) positive culture from corneal tissues; (2) 
identification of Acanthamoeba in smears 
or histology; (3) perineural infiltrates or a 
positive culture from contact lens parapher-
nalia.

•	 Outcome of interest: medical cure, TK, enu-
cleation.

•	 Data source: Clinical trials, observational 
studies, case reports and case series were all 
eligible for inclusion. If a paper included a 
mixture of untreated and treated patients, it 
was considered eligible for inclusion only if 
data were reported separately for untreated 
patients. Originally, the inclusion dates were 
set as 1970 to 1990, as it was expected that 
there would be no untreated cases beyond 
1985 when propamidine became available. 
However, during the screening, multiple 
papers published in 1990 were eligible. As 
a result, the search was extended to 1995. 
Only a single eligible paper was published 
in 1995; therefore, the search dates were not 
extended any further.

Data Screening and Additional Searching

Studies from all sources were combined, dupli-
cate publications removed and titles/abstracts 
and then the full texts screened by two inde-
pendent reviewers. Backward and forward 
citation chasing was conducted for eligible 
articles using the CitationChaser Shiny App 
(https://​estech.​shiny​apps.​io/​citat​ionch​aser/) 
to ensure that eligible articles not indexed in 
the searched databases were identified. Any 
potentially eligible articles identified through 
citation chasing went through the same pro-
cess of eligibility checking, followed by citation 
chasing if eligible. This circular process was 
repeated until no new articles were identified. 
Duplicate papers were identified and removed 
automatically on import into Covidence soft-
ware (https://​www.​covid​ence.​org/) before title/
abstract screening. In case of duplication of 
cases in multiple papers, data were obtained 
from all reports to get as complete a dataset as 
possible.

Data Extraction

Data extraction was undertaken in Microsoft 
Excel by one reviewer based on the published 
information available. Where data were not 

https://estech.shinyapps.io/citationchaser/
https://www.covidence.org/
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available in the published report, they were 
marked as missing, and no attempt was made 
to obtain these data. A second reviewer then 
checked the extracted data against the original 
publication. Any conflicts were discussed and 
agreed between the reviewers.

Quality Assessment

The strength of the overall body of evidence was 
assessed using the GRADE framework as very 
low, low, moderate or high [17]. In addition, a 
risk of bias assessment was conducted by one 
reviewer using the Institute of Health Economics 
quality appraisal of case series studies checklist 
[18]. As per the tool guidance, irrelevant ques-
tions were removed before the assessment was 
conducted. These mainly pertained to the inter-
vention of interest or statistical analyses (which 
were not conducted in any study).

Statistical Analysis

The main effect measures were binary (yes/
no) for whether an outcome had occurred. 
For each outcome, proportion with 95% confi-
dence interval (CI) was estimated with the CI 
based on binomial proportion. Analyses were 
conducted using Stata software v18.0. All eli-
gible cases and studies were included in the 
analyses. There were no missing outcome data 
as an outcome of interest was required as part 
of the eligibility criteria.

Ethics Compliance

This article is based on previously conducted 
studies and does not contain any new studies 
with human participants or animals performed 
by any of the authors.

RESULTS

Literature Search and Study Selection

A PRISMA diagram showing the flow of stud-
ies through the literature search is shown in 
Fig. 1. In brief, 573 records were identified from 
all sources. After removing 235 duplicates, 335 
titles and abstracts were screened, 107 of which 
progressed to full text screening. During the 
full text screening, 70 studies were excluded, of 
which 33 were excluded because of the use of 
an ineligible treatment (mainly propamidine). 
Finally, 37 articles met the eligibility criteria 
[10–12, 19–52].

Patient Characteristics

Across the 37 selected articles, 56 case reports 
were eligible [10–12, 19–52]. Individual char-
acteristics, treatments and outcomes are dis-
played in Table 1. Details of all treatments used 
are shown in Table S1 in the electronic sup-
plementary materials. Summary data, derived 
from Table 1 and Table S1, are given in Table 2 
and summarised here. Most cases were reported 
in the US (n = 31; 55.4%). Probable risk factors 
for AK were reported in 44/56 patients and 
included contact lens wear in 30/44 (68.2%) 
and ocular trauma in 14/44 (31.8%). The 
mean and standard deviation (SD) time from 
presentation to diagnosis ranged from 1 to 
25 (mean ± SD = 7.3 ± 9.3)  months and only 
13/56 (23.2%) patients were diagnosed within 
1  month of symptom onset. Patients were 
treated with several topical or, less frequently, 
systemic agents. Topical treatments included 
corticosteroids (46/54 = 85.2%), antibiotics 
(46/54 = 85.2%), antivirals (39/54 = 72.2%) 
and antifungals (28/54 = 51.8%). The most 
used systemic medicines were corticos-
teroids (20/54 = 37.0%) and antifungals 
(17/54 = 31.5%). For two patients, the treat-
ments used were not recorded. Final visual acu-
ity (VA) was reported in 33 of the 56 patients of 
whom 17/33 (51.5%) had a final VA of ≥ 20/40.
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Clinical Outcome

Table 3 summarises the clinical outcomes for 
these patients. Eleven of 56 patients (19.6%) 
were cured without any surgical intervention. 
In 4/56 (7.1%), a cure was obtained after exten-
sive epithelial debridement aimed at remov-
ing as much infected corneal epithelium as 
possible; this is a minor surgical procedure as 
opposed to the limited epithelial debridement 

that is done as a part of diagnostic procedures. 
TK was performed in 38/56 patients (67.9%) 
and 3/56 patients (5.4%) had enucleation. One 
patient (case no. 2 in Table 1) was subjected 
first to keratoplasty and then enucleated; this 
patient was considered censored after the first 
event (keratoplasty) and was not included in 
the enucleation category.

Fig. 1   PRISMA diagram showing the flow of studies for the systematic literature review
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Quality Assessment

The GRADE quality of evidence for reported 
clinical outcome was rated as “low” because 
of the risk of bias inherent with case reports. 
Table S2 in the electronic supplementary mate-
rials shows the results of the risk of bias assess-
ment. The main potential sources of risk were 
that, in all/nearly all studies, it was unclear 
whether the study was conducted prospec-
tively or retrospectively, whether patients were 
recruited consecutively, what eligibility crite-
ria were employed (if any), whether patients 
entered the study at a similar point in their 
disease and whether relevant outcome meas-
ures were established a priori.

DISCUSSION

Before the introduction of propamidine as the 
first effective anti-amoebic in 1985 [13], the clin-
ical progression of AK was close to what would 
be expected as the natural history of the disease 
in untreated patients, often requiring TK, and 
usually terminating in blindness or significant 
visual disability and, in some cases, eye removal. 
This analysis of clinical outcomes, before effec-
tive treatments were available, has not been 
done before. We believe describing the natural 
history of AK in patients untreated with effective 
drugs has value for historical purposes and for 
a benchmark against which current treatments 
can be compared. In the present study, we per-
formed a SLR aimed at analysing the outcome 
of patients with AK not treated with products 
with an established effect on Acanthamoeba 
trophozoites and cysts. Although an assump-
tion is usually made that only drugs that are 
cysticidal in vitro can be expected to be effective 
as therapy [6], in vitro results do not necessar-
ily relate to an in vivo response. This issue has 
been little explored in published studies [53] and 
bears further investigation given the positive 

Table 2   Summary of data included in Table  1 and 
Table S1 (available in the electronic supplementary materi-
als) for 56 patients with AK
Country n (%)

US 31 (55.4)

India 6 (10.7)

Japan 5 (8.9)

Australia 3 (5.4)

Germany 3 (5.4)

UK 2 (3.6)

The Netherlands 2 (3.6)

Denmark 2 (3.6)

Belgium 1 (1.8)

Philippines 1 (1.8)

Final visual acuity n (%)

 ≥ 20/40 17 (51.5)

 < 20/40 16 (48.5)

Missing 23

Risk factors n (%)

Contact lens wear 30 (68.2)

Trauma 14 (31.8)

Missing 12

Topical treatments n (%)

Corticosteroids 46 (85.2)

Antibiotics 46 (85.2)

Antivirals 39 (72.2)

Antifungals 28 (51.8)

Missing 2

Systemic treatments

Corticosteroids 20 (37.0)

Antibiotics 10 (18.5)

Antivirals 3 (5.5)

Antifungals 17 (31.5)

Missing 2

Time from presentation to diagnosis, weeks

Mean (SD) 7.3 (9.3)
Range 2–25

Table 2   continued

AK Acanthamoeba keratitis, SD standard deviation
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response of AK in some patients to treatment 
with oral miltefosine [2], which contrasts with 
the poor in vitro cysticidal activity of the drug 
[54, 55]. However, there is a current consensus 
that only biguanides (PHMB and chlorhexidine) 
and diamidines (propamidine and hexamidine) 
are effective topical first-line anti-amoebic treat-
ments [2, 6, 56]. Therefore, in the analysis, the 
SLR included all “historical” patients with AK 
not treated with a biguanide with or without 
a diamidine. This study offers a unique oppor-
tunity to understand the unmodified natu-
ral history of AK. Such knowledge is invalu-
able for contextualizing the progress achieved 
with actual treatments and for identifying the 
gaps that remain in managing this challenging 
disease.

To our knowledge, this is the first report 
describing the natural history of “untreated” 
patients with AK. We found 37 reports published 
in the period 1970–1995 describing the outcome 
of 56 patients not receiving an established AAT 
[10–12, 19–52]. Such reports were all case reports 
or case series. As expected, the overall outcome 
of these patients was poor. Indeed, only 11/56 
(19.6%) of patients were considered cured using 
available medical treatments, such as antibiotics, 
antifungals and antivirals, which were largely 
ineffective. Remaining patients required TK in 
38/56 (67.9%), deep epithelial debridement 
(minor surgery) in 4/56 (7.1%) and enucleation 
in 3/56 (5.4%).

This study has limitations. First, all reports 
are very old and not necessarily indexed in 

databases. In addition, such data are potentially 
subjected to bias due to the nature of case report-
ing. However, the SLR methods, particularly 
the citation chasing, are likely to have found 
most untreated cases as cross-citations between 
papers, which were exhaustively searched and 
reached saturation. Additionally, these meth-
ods are unbiased, and the sample size is large 
enough that a small number of unidentified 
cases are unlikely to have a substantial impact 
on the cure rate estimates.

CONCLUSIONS

The poor outcomes observed highlight the sig-
nificant challenges posed by AK, particularly its 
resistance to available therapies and its potential 
for severe, vision-threatening complications. In 
addition, such information provides a robust 
base for evaluating the efficacy of new treat-
ments. By comparing untreated cases with those 
treated successfully after the introduction of 
effective therapies, physicians can better assess 
how far therapeutic advancements have come 
and identify areas where further innovation 
is needed. Indeed, the proportion of patients 
cured medically without surgery has increased 
from 0.20 (95% CI 0.10; 0.32), as shown in the 
present study, to 0.61 (95% CI 0.54; 0.67) using 
off-label treatments [57] and to 0.85 (95% CI 
0.74; 0.92) with the first drug licensed for the 
treatment of AK [7].

Table 3   Outcomes of patients with AK not treated with anti-amoebic products

AK Acanthamoeba keratitis, CI confidence intervals
a These patients did not have therapeutic keratoplasty and were cured after a subtotal epithelial debridement
b One patient (case no. 2 in Table 1) was enucleated after keratoplasty. In the present analysis, this patient was considered cen-
sored after the first event (keratoplasty) and is not included in the enucleation outcome category
c CI interval based on binomial proportion

Outcome N (%) Proportion (95% CI)c

Cured without surgery 11/56 (19.6%) 0.20 (0.10, 0.32)

Cured with minor surgerya 4/56 (7.1%) 0.07 (0.02, 0.17)

Therapeutic keratoplasty 38/56 (67.9%) 0.68 (0.54, 0.80)
Enucleationb 3/56 (5.4%) 0.05 (0.02, 0.16)
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