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Background: To assess the difference in course and final visual outcome of Acanthamoeba keratitis (AK) patients based on the first
healthcare provider (HCP) seen.

Methods: Retrospective observational cohort study of AK patients admitted to the Manchester Royal Eye Hospital between 2003 and
2017. HCPs were grouped (Group 1: Optometrists, Opticians; Group 2: General Practitioners (GPs); Group 3: Ophthalmologists) and
the data analyzed on demographics, risk factors, clinical history, clinical features, and Acanthamoeba subspecies.

Results: Forty-one patients with unilateral culture-proven AK were included. Median time to consultation with first HCP was 7 days
(IQR 4-14 days), while mean time to the correct diagnosis of AK was 15 days (IQR 7-29 days). Patients saw an optician, optometrist
or ophthalmologists significantly earlier than GPs (median 4 days, vs 15 or 5 days, respectively, p = 0.04). Bacterial keratitis was the
most common initial clinical diagnosis (43%). The shortest time to making the AK diagnosis (median 11 days) and the highest rate of
initiating AK treatment started at the first visit (38%) were both in the ophthalmologists’ group. No significant differences were
observed in initial and final visual acuity between HCP groups (p = 0.36).

Conclusion: AK patients often seek ocular help earlier from optometrists and opticians than medical doctors. Final clinical outcomes
did not significantly differ based on the first HCP seen, but ophthalmologists were more likely to make the diagnosis of AK and initiate
anti-amoebal therapy faster than other HCPs. Greater education and collaboration between ophthalmologists and other HCPs to
increase awareness of AK are needed.

Keywords: keratitis, Acanthamoeba, corneal ulcer, diagnosis, healthcare providers

Introduction

Acanthamoeba keratitis (AK) is one of the most severe ocular infections with poor treatment outcomes.' Nearly half of
all patients with AK will be severely visually impaired (defined as final visual acuity of 20/80 or less).” Several risk
factors for Acanthamoeba keratitis have been described, with contact lenses being the most prominent, followed by
corneal trauma and abrasion with other foreign bodies.> > Additionally, there are well-known risk factors for poor final
visual outcomes including delayed diagnosis, prior steroid treatment, epithelial defect on presentation and inappropriate
primary treatment that does not target Acanthamoeba sp. This supports the promotion of early recognition as a crucial

factor for both being able to initiate the correct treatment and also for restoring vision.® !
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Considering the non-specific signs and symptoms that can present in the early stages of the disease, prompt diagnosis
remains challenging.'? There is no single 100% sensitive and specific test for AK, but corneal scraping, microbiological
testing, PCR, and in vivo confocal microscopy (IVCM) are the mainstay of the diagnostic process.'*'* Incorrect and late
diagnoses often result in visual loss and significant healthcare costs due to the burden of treatment and clinical
appointments as well as surgical intervention.'”

This condition has many masquerades and a delayed diagnosis makes it harder to treat. Delayed diagnosis is an
undesirable issue in whole medicine. Several factors for late diagnosis include human error, late referrals, no or limited
access to ancillary tests and their expense.'®'” Human error is a most prominent issue in rare disorders with non-specific
symptoms, like AK.'® Up to 16-40% of patients with AK require surgical intervention, evisceration included, also due to
late or incorrect diagnosis.'®'” However, contrary to many other specialties within medicine, ocular health is managed by
both doctors (Ophthalmologists and General Practitioners) and other Allied Healthcare Professionals: optometrists,
orthoptists, or opticians. Thus, potentially patients suffering from keratitis might be primarily assessed by a non-
ophthalmologist, who may not necessarily have AK as one of their diagnostic differentials. The question raised is
whether this model of ophthalmic care impacts the management of patients with AK.

Therefore, our aim was to evaluate whether the success of treatment, defined by the visual outcome, was dependent
on the type of healthcare provider to first assess the patient (GP, opticians, optometrists and ophthalmologists-residents
and consultants).

Methods

This study was approved by the Institutional Review Board of Manchester Royal Eye Hospital, UK. Due to the
retrospective nature of this study, and that it employed the use of anonymous unidentifiable retrospective patient data,
the requirement for patient consent for use of this data was deemed to not be required by the IRB. This study adhered to
the tenets of the Declaration of Helsinki.

Study Participants

This was a retrospective analysis of 46 adults with culture-positive AK presenting to Manchester Royal Eye Hospital
(MREH), UK between 2003 and 2017. Corneal ulcers with mixed microbial pathology were excluded from the study.
Forty-one patients reached the criteria for analysis, due to full availability of clinical information (see below).

Data Collection

Information on the following variables was collected: patient demographics, past medical history, past ocular history,
history of general medical diseases, risk factors for keratitis (contact lens (CL) wear, type of CL, duration of daily wear,
history of ocular trauma, soil contamination, CL misuse: sleeping in CL, taking bath in CL, overuse of CL). CL
“overuse” was defined as either sleeping, swimming/bathing in any water type whilst wearing CLs, cleaning CL with tap
water or prolonged use of CL.

We also analyzed time from the first symptom to final diagnosis of AK, time from the first symptom to visit any
healthcare provider (HCP: general practitioner, optician, optometrist, ophthalmology resident, ophthalmology consul-
tant), type of initial diagnosis (Acanthamoeba, bacterial, viral, fungal, mixed keratitis), time from the first symptom to
correct AK treatment implementation, initial treatment (Anti-amoebal, antibiotics, antiviral, antifungal, steroids, mixed
treatment — at least two groups of medications implemented prior to correct AK treatment).

Clinical symptoms for which data were collected were as follows: pain (quantified in 1-10 VAS scale and which class
of analgesics were required), redness, photophobia, blurred vision, foreign body sensation. Clinical signs from the slit-
lamp examination were evaluated including the presence of epitheliopathy, epithelial defect, perineuritis, infiltrate (ring
and/or multiple), corneal melting or perforation.

Data were also collected on the following: uncorrected and best-corrected visual acuity upon initial presentation,
lowest uncorrected visual acuity recorded during the course of the disease, final visual acuity outcome (assessed at the
time of the final treatment visit when treatment was completed) measured as log of the minimum angle of resolution
(logMAR) units.
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The results of in-vivo confocal microscopy (IVCM) examination for the presence or absence of Acanthamoeba cysts
in the IVCM images and HSV swab results were also recorded where available.

Microbiological Diagnosis

The corneal scrapes were obtained and tested at the Manchester Royal Eye Hospital. Standard microbiological testing
was used (ie, corneal scrapes obtained and directly placed on to blood agar, chocolate agar, Sabouraud agar, and non-
nutrient agar plates overlaid with Escherichia coli). Acanthamoeba subspecies were evaluated based on the morphology
of cysts in microbiological examination (by experienced microbiologist: MA).

Statistical Methods

Analysis was carried out using R statistical software, version 4.0.5. Data are presented with n (% of group) for nominal
variables and as mean = SD or median (with interquartile range, IQR) for continuous variables, depending on distribution
normality. Verification of normality was made with Shapiro—Wilk test and using skewness and kurtosis values. Equity of
variances was assessed using Levene’s test. Group comparison was made with Fisher's exact test for nominal variables,
and with ANOVA or Kruskal-Wallis test for continuous variables. Tukey post-hoc test was used in significant results of
ANOVA analysis. All tests were based on a = 0.05.

Results

The study included a total of 41 patients (21 females and 20 males) with culture proven, unilateral Acanthamoeba
keratitis. Information on the first HCP seen was available for 33 patients: 6 patients (18.2%) visited an optician or
optometrist, 5 patients (15.2%) saw their GP, 14 patients (42.4%) saw the ophthalmology resident/fellow in the MREH
Eye Emergency Clinic and the remaining 8 patients (24.2%) saw an ophthalmology consultant initially. In further
analyses, the last 2 groups were combined and analyzed together. There were no significant differences in demographics
between patients seen in the different first healthcare provider groups, Table 1.

The mean time from symptom onset to seeing the first HCP was significantly different between groups (p = 0.042).
Post-hoc analysis confirmed that it was longer in Group 2 (GPs) with median delay of 14 days (IQR 12-14 days) than for
the time to seeing allied HCPs (optometrists, opticians) which was 4.5 days (IQR 3.25-7.25 days) or ophthalmologists, 5
days (IQR 4-9 days). Initial treatment was also significantly related to the type of first HCP seen (p = 0.039; Table 2).
AK diagnosis was made at the first visit in 8 patients (38%) in Group 3 (ophthalmologists), while in the Allied HCP
group, no patients were diagnosed with AK (0%), and in the GP group, only 1 patient (20%) was appropriately diagnosed
with AK at the first visit. In the allied HCP group, antibiotic eyedrop treatment was the most frequently initiated
treatment (50% of cases); for GPs mixed treatment (at least one topical antibiotic plus antiviral or antifungal drug) was
prescribed in 60% of cases while for ophthalmologists the treatment initiated was either a topical anti-amoebal (38.1%)
or an antibiotic (38.1%). Direct appropriate AK treatment was implemented in 0 (0%), 1 (20%) and 8 (38%) of patients
for group 1, group 2 and group 3, respectively. Patients who were initially seen by GPs had a longer time from symptom

Table | Demographics of Study Participants

Whole Group |. (Allied Health Care Group 2. Group 3. (Ophthalmologist: | p-value
Cohort Provider: Optometrist, Optician) (GP) Resident/Fellow, Consultant)
N 41 6 5 22
Age (years), meant SD | 35.29+15.38 35.50+14.52 29.00£12.55 37.29+16.52 0.619
Sex, female, n (%) 21 (51.2) 4 (66.7) 3 (60.0) 9 (40.9) 0.511
General health, n (%)
No disease 27 (75.0) 5(83.3) 3 (60.0) 17 (81.0) 0.685
At least one disease 9 (25.0) 1 (16.7) 2 (40.0) 4 (19.0)

Note: Groups compared with Fisher exact test (nominal variables) or ANOVA (continuous variables).
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Table 2 Initial Diagnosis and Treatment Divided in the Healthcare Providers Groups (Group |: Non-Doctors, Group 2: General
Practitioners, Group 3: Ophthalmologists)

Whole Cohort; Group |. (Non- Group 2. (General | Group 3. (Ophthalmologist: | p-value
N=41 Doctor: Optometrist, Practitioners); Resident, Fellow,
Optician); N=6 N=5 Consultant); N=22

Time from symptom onset to seeing 7.00 (4.00-14.00) 4.00 (3.25-7.25)* 14.00 (12.00; 14.00)* 5.00 (4.00-9.00)° 0.042
the first healthcare provider (days),
median (IQR)
Time to appropriate diagnosis (days), 14.50 (7.00-28.75) 12.50 (8.50-35.25) 17.00 (15.00-21.00) 11.00 (4.75-23.50) 0.457
median (IQR)
Initial diagnosis, n (%)

Direct AK 9 (26.5) 0 (0.0) 1 (20.0) 8 (38.1) 0.161

Other 25 (73.5) 6 (100.0) 4 (80.0) 13 (61.9)
Initial treatment, n (%)

Anti-amoebal 9 (25.7) 0 (0.0) 1 (20.0) 8 (38.1) 0.039

Antibiotic 15 (42.9) 3 (50.0) 1 (20.0) 8 (38.1)

Anti-viral 1 (29) 1 (16.7) 0 (0.0 0 (0.0)

Anti-fungal 0 (0.0) 0 (0.0) 0 (0.0 0 (0.0)

Steroid use 3 0 0 3

Mixed at first presentation 5(14.3) 1 (16.7) 0 (0.0 4 (19.0)

More than 2 sequential therapies used 5(14.3) 1 (16.7) 3 (60.0) 1 (4.8)
Initial VA Uncorrected, logMAR 0.60 (0.20-0.90) 0.75 (0.33-0.80) 0.30 (0.20-0.60) 0.65 (0.28-1.00) 0.437
median (IQR)
Initial VA Pinhole, logMAR median 0.30 (0.20-0.60) 0.40 (0.23-0.58) 0.20 (0.10-0.50) 0.30 (0.18-0.83) 0.638
(IQR)
Final BCVA, logMAR median 0.10 (0.00-0.20) 0.05 (0.00-0.18) 0.00 (0.00-0.05) 0.10 (0.00-0.20) 0.359
(IQR)
Time to final resolution (months), 6.59+3.53 9.50+3.62 5.60+2.51 6.00+3.57 0.067
meanSD

Notes: Groups compared with Fisher exact test (nominal variables), ANOVA or Kruskal-Wallis test for continuous variables. **Significant differences in post-hoc test. Bold
indicates statistically significant p-values.
Abbreviation: IQR, interquartile range.

onset to the correct diagnosis of AK being made (medial 17 days), and also 60% (n = 3) had tried sequentially more than
2 therapies before the correct anti-amoebal therapy was commenced. Initial VA and final VA were not significantly
different between groups (Table 2). BCVA at the last visit was also compared between the four groups (dividing
ophthalmologists into residents and consultants) with no statistical difference observed (p = 0.53). Time to reach the
final resolution of the AK was approximately a median of 6 months in patients initially seen by the ophthalmologist or
the GP and median of 10 months in patients initially seen by the optometrist/optician group (p = 0.067).

Among clinical characteristics and risk factors, the only significant difference was observed for CL type (p = 0.031;
Table 3). In each group, the majority of patients wore monthly contact lenses. However, a greater proportion of patients
seen initially by ophthalmologists were monthly CL-wearers (90%) compared with patients first seen by allied HCPs or
GPs (60.0 and 66.7% respectively). Table 3 summarizes risk factors and clinical characteristics of the patients in the
subgroups.

Acute red eye (77%), eye pain (86%) and photophobia (87%) were the most common initial symptoms bringing the
patient to a healthcare provider. Patients with painful AK were more likely to be initially seen by GPs or ophthalmol-
ogists rather than by allied HCPs. Almost half of the patients (47%) first seen by ophthalmologists required at least two
oral analgesics to alleviate their eye pain.
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Table 3 Clinical Characteristics and Risk Factors for Acanthamoeba Keratitis Cohort

Whole Group I. Group 2. Group 3. P
Cohort (Non-Doctor: (GP) (Ophthalmologist:
Optometrist, Resident, Fellow,
Optician) Consultant)
CL, n (%)
No 5(12.8) 0 (0.0 0 (0.0) | (4.8) >0.999
Yes 34 (87.2) 6 (100.0) 5 (100.0) 20 (95.2)
CL type, n (%)
|-daily 2 (6.1) 0 (0.0 0 (0.0) 2 (10.0) 0.031
2-weekly 4 (12.1) 2 (33.3) 2 (40.0) 0 (0.0)
Monthly 27 (81.8) 4 (66.7) 3 (60.0) 18 (90.0)
CL-related misuse, n (%)
Sleeping in CL 9 (37.5) 1 (20.0) | (20.0) 7 (50.0) 0.311
Taking bath in CL 15 (60.0) 3 (60.0) 5 (100.0) 7 (46.7) 0.084
Tap water to clean CL 3 (8.1) 0 (0.0) | (20.0) 2 (10.0) 0.493
Pain (0-10 scale), meant SD 5.91£3.26 7.20£3.11 5.25%3.10 5.62+3.48 0.431
Need for oral analgesics, n (%)
No analgesia needed 9 (33.3) 1 (20.0) 2 (50.0) 6 (35.3) 0.389
| painkiller 7 (25.9) 2 (40.0) 2 (50.0) 3 (17.6)
2 or more medications 11 (40.7) 2 (40.0) 0 (0.0) 8 (47.1)
Initial symptoms, n (%)
Red eye 26 (76.5) 5 (100.0) 5 (100.0) 16 (84.2) >0.999
Painful eye 25 (86.2) 6 (100.0) 5 (100.0) 14 (82.4) 0.751
Blurred vision 19 (73.1) 2 (40.0) 4 (100.0) 12 (75.0) 0.141
Photophobia 27 (87.1) 4 (80.0) 4 (100.0) 18 (94.7) 0.548
Eyelid oedema 5(83.3) I (100.0) 0 (0.0) 4 (100.0) 0.333
Signs in slit-lamp exam, n (%)
Ring infiltrate 6 (60.0) 2 (50.0) 0 (0.0) 3 (75.0) >0.999
Only epithelium affected (Epitheliopathy) 12 (48.0) 4 (100.0) I (50.0) 6 (42.9) 0.118
Perineuritis 13 (35.1) 2 (33.3) 3 (60.0) 8 (40.0) 0.756
Dendritic-like ulcer 4 (66.7) 2 (100.0) 0 (0.0 I (33.3) 0.400
Central location 21 (87.5) 4 (100.0) 2 (66.7) 10 (83.3) 0.501
Peripheral location 3 (12.5) 0 (0.0 I (33.3) 2 (16.7) 0.501
Acanthamoeba subspecies, n (%)
A. castellani 6 (16.7) 0 (0.0 0 (0.0) 5 (26.3) 0.156
A. polyphaga 15 (41.7) 5 (100.0) 2 (40.0) 6 (31.6)
A. species 10 (27.8) 0 (0.0 | (20.0) 5(26.3)
Other 5(13.9) 0 (0.0 2 (40.0) 3 (15.8)
Swabs performed (HSV), n (%) 20 (87.0) 3 (75.0) 2 (100.0) 13 (86.7) 0.658
In Vivo Confocal Microscopy performed, n (%) 21 (53.8) 4 (66.7) 5 (100.0) 9 (42.9) 0.067

Note: Groups compared with Fisher exact test (nominal variables) or ANOVA (continuous variables).

Discussion

In this cohort of patients with culture-proven unilateral Acanthamoeba keratitis, the average time from symptom onset to
the first visit at any healthcare provider was 7 days. The majority of patients decided to visit an ophthalmologist directly,
while a smaller proportion opted to be initially evaluated by an optometrist or optician or general practitioner. Whereas
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the average time to reach the appropriate diagnosis of AK was 15 days for the whole cohort, it was shortest for patients
initially seen by an ophthalmologist. In terms of the initial time delay until the first visit to any healthcare provider, the
type of HCP seen did not appear to cause any significant difference in the final BCVA. To the best of our knowledge, this
is the first report evaluating the impact of multiple healthcare specialists on the course and final visual outcome of AK.

Early diagnosis is widely discussed in the literature as a critical factor for better outcome and is an indicator for better
final visual acuity and lower corneal transplant rate.”'® In this study, the mean time for initiation of appropriate AK
treatment was 2 weeks from symptom onset which contributed to the favorable outcomes observed. There is no frank
definition of “early” diagnosis, and this is represented differently within the literature, ranging from 14 to 18 days.®*°
Another way to differentiate the “early” stages from “late” stages of AK is to utilize clinical signs of infection that are
thought to be more likely to occur in the late stage of disease such as ring infiltrate, total epithelial loss and limbitis.'*'?
In AK patients, early diagnosis also reduces the risk of corneal tissue damage, and the incidence of surgical interventions,
in particular corneal transplants (both therapeutic and optical), further improving the outcome.”' >* In addition, the
transplant failure rate in these cases exceeds that in many other indications for keratoplasty, and so those patients
undergoing a corneal transplant are often finally left with a poor visual outcome, due to early failure, rejection or disease
recurrence.”

Misdiagnosis in the etiology of infective keratitis may prolong treatment time, cause significant morbidity or lead to
visual loss. Acanthamoeba sp., as one of the least common pathogens in infective keratitis, is often inappropriately
diagnosed as a bacterial, herpetic or fungal infection.”* >* Almost half of our cohort was primarily treated with topical
antibiotics, which is in accordance with previous studies.?®?” However, we showed significantly fewer misdiagnoses of
herpetic keratitis than cited in the literature (3% vs 37%).>” Of note, HSV/VZV keratitis shares some clinical features
with AK."""** Considering the 3-20 times higher prevalence of HSV versus Acanthamoeba keratitis, AK seems to be
often missed in the differential diagnosis. The results of our study underline that perineuritis and dendritic-like ulceration
in a CL-wearer should raise concern of AK in the first instance.”’*° A high proportion of patients were detected to have
perineuritis by the ophthalmologists at MREH at the initial visit which aided in the correct initial diagnosis of AK. This
was particularly pleasing to see since the Corneal Unit at MREH has done much to promote education on diagnostic
features, such as this, of AK over recent years, especially within the Eye emergency center — using the mantra “beware
the dendrite in a contact lens wearer”.

Lack of availability of microbiological and PCR testing services is another limitation for accurate diagnosis and
therefore optimal prognosis in AK patients.”>=° The literature shows that apart from GPs’ offices and allied healthcare
professionals, 15-20% of ophthalmology practices lack the resources to perform corneal scrapes for microbiology, let
alone equipment for IVCM and PCR testing.>' > Furthermore, more recent literature has shown the value of IVCM in
significantly increasing the sensitivity/specificity of AK diagnosis compared to standard microbiology of corneal
scrapes.'

The favourable outcomes in this study highlight the value of prompt referral to the tertiary center, which has the
availability of a wide variety of additional tests and the presence of highly educated and experienced cornea specialists,
which overall contributes to a better prognosis. Thus, considering the burden on the patient and the healthcare system of
misdiagnosis of AK, non-ophthalmologists involved in first-line eye care for patients should consider the possibility of
referring patients with suspected AK to the tertiary ophthalmological center earlier.

This study highlights a key issue to overcoming poor prognosis in AK patients: healthcare providers’ education and
collaboration. Even though we perceive AK as an orphan disease, our awareness should be raised by the rising tide of
shortsightedness worldwide, followed by the soaring number of contact-lens-wearers and finally a globally higher
incidence of AK.'%*>3¢ Given that AK is a cause of potential medical negligence due to late diagnosis resulting in
low visual acuity, all allied healthcare professionals do need to be aware of the potential diagnosis of AK and its
predisposing risk factors — this will aid them in prompt referral to tertiary centers. Our results indicate that CL usage, and
bathing or sleeping in CLs, followed by pain and/or redness in the affected eye should also raise suspicion of AK. There
is a need for education to be incorporated into continuing professional development curricula for optometrists and GPs.
Apart from national and international guidelines on corneal ulcer management, our study shows the need for and

potential value of local teaching to aid in the recognition of AK on signs and symptoms for early diagnosis.*”**
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This study has some limitations. Firstly, the number of patients included is relatively low. However, this is in line with
the low corneal scrape positivity rate that is known in AK and also that AK is an orphan disease in our group.34 Secondly,
the subgroups are not equal in numbers, but it reflects the trends that the CL-wearer with a red, painful eye may choose to
see an ophthalmologist, eg, in the Eye Emergency Center, directly for the first visit. Additionally, our study has shown
that keratitis patients do initially visit the GP when in pain. Further studies are needed to follow the patient journey at the
GP and other allied healthcare providers in order to develop education for these HCPs on diagnosis of microbial keratitis
and the benefits of early referral to the ophthalmologist. Lastly, our cohort presents with relatively good initial visual
acuity, significantly better than presenting VA reported in AK the literature. There is also a very low incidence of
implementing corticosteroids prior to diagnosis in this study. This might be attributed to a well-educated net of the
healthcare specialists in the UK. However, we believe our study findings may pave the way for cross-disciplinary
guidelines for proper management of suspected Acanthamoeba keratitis.
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