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A B S T R A C T   

Purpose: To evaluate the risk factors, medical and surgical management, and visual outcomes of patients affected 
by Acanthamoeba keratitis (AK) over a 16-year period. 
Observations: Records were reviewed retrospectively for all AK patients treated at University of Iowa between 
2002 and 2017. Main outcomes measured were risk factors, time to diagnosis, coinfection types, initial and final 
visual acuities, and treatment outcomes, with failure of medical therapy defined as need for therapeutic kera-
toplasty (TK). Effects of steroid use on these outcomes were determined. Among all AK cases occurring during the 
study period (N = 110), the median age of the AK cohort was 31 years (range 8–80 years), and 49.1% were men. 
Contact lens wear was the primary risk factor for AK (95/100, 86.4%), and the median time to diagnosis was 0.70 
(0.23–1.23) months. Forty-four AK patients (40%) failed medical therapy. Vision outcomes were better for AK 
patients with successful medical therapy compared to those requiring TK (LogMAR 0.00 v. 0.30; p < 0.0001). 
Corticosteroid use was associated with increased time to diagnosis (1.00 v. 0.50 months; p = 0.002), decreased 
final vision (LogMAR 0.10 v. 0.00; p < 0.05) and increased need for TK (40/77 v. 4/33; p < 0.001). 
Conclusions and importance: Acanthamoeba keratitis cases have increased over the past two decades at our 
institution. In this large retrospective study, AK was commonly misdiagnosed with delayed diagnosis and high 
rates of failed medical therapy. Corticosteroid use before AK diagnosis led to poorer outcomes. Our findings 
underscore the need for ophthalmologists to suspect Acanthamoeba in the setting of contact lens-associated 
keratitis before topical steroids are initiated.   

1. Introduction 

Acanthamoeba species are ubiquitous protozoans present in some 
public water sources such as tap water and freshwater lakes and riv-
ers.1–5 Due to its ability to encyst in extreme environmental conditions 
(i.e., high temperatures, heavy chlorination), this organism becomes 
very difficult to kill. It is known that individuals can develop Acantha-
moeba keratitis (AK), a blinding corneal infection, mainly from poor 
contact lens hygiene practices. AK commonly is misdiagnosed as 
herpetic, bacterial, or fungal keratitis prior to being confirmed with 

ancillary diagnostic testing. The combination of late diagnoses and the 
amoeba’s resistance to killing makes these cases especially challenging 
for the treating ophthalmologist.6 It is our experience at the University 
of Iowa Hospitals & Clinics (UIHC) that many of these patients ulti-
mately need therapeutic keratoplasty (TK). It can be difficult to prevent 
the new donor cornea from becoming infected,7–10 and intraocular 
infection and/or loss of the eye are late complications that can occur in 
these cases.7 

The incidence of AK in the United States (US) is estimated to be 1–2 
new cases per 1 million contact lens wearers annually11; approximately 
16.7% of US adults wear contact lenses.12 In Iowa, among the estimated 
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2.42 million adult residents in 2019, 0.4–0.8 new AK cases per year 
would be expected. Our team recently performed a retrospective 
epidemiologic investigation of all AK cases (N = 75) in Iowa residents 
treated at UIHC over 16 years.13 The average number of new AK in-
fections diagnosed per year increased from 2.9 cases during 2002–2009 
to 6.5 cases during 2010–2017.13 

In this retrospective study, we report the clinical outcomes of all AK 
cases treated at UIHC between 2002 and 2017 with a focus on risk 
factors, medical and surgical management, and visual outcomes of these 
patients. AK classically is misdiagnosed as HSV keratitis,14 and initiation 
of topical corticosteroids prior to a diagnosis of AK is a well-documented 
risk factor for poor outcomes.15 Therefore, we sought to identify AK at 
our institution and to study the impact of steroid use on outcomes. Given 
this is one of the largest AK studies to date, we anticipate that our 
analysis of this single-center study will help clinicians identify factors 
that lead to improved AK diagnosis, management, and outcomes in 
clinical practice. 

2. Methods 

Institutional Review Board (IRB) approval for this study was ob-
tained at the University of Iowa Hospitals & Clinics, and all research 
adhered to the tenets of the Declaration of Helsinki. 

2.1. Acanthamoeba keratitis (AK) cases 

The UIHC Joint Office of Compliance provided the medical record 
numbers of patients associated with the following specific Acanthamoeba 
keratitis ICD-9 and ICD-10 codes: 136.21; 370.02; B60.10; B60.11; 
B60.12; B60.13; B60.19; B64; H16.021; H16.022; and H16.023. A total 
of 861 records were reviewed, and only patients with a confirmed AK 
diagnosed at UIHC between 2002 and 2017 were included in this study. 
A confirmed AK case was defined as detection of Acanthamoeba using 
confocal microscopy or corneal scraping. Cases with a history of 
confirmed AK diagnosis but with no treatment of active disease at UIHC 
were excluded. Overall, 110 AK cases (110 eyes; 109 patients) were 
identified for inclusion in this study, of which one patient had simul-
taneous, bilateral AK. Eight AK patients transferred care during active 
treatment, and, thus, the final visual acuities were known for 102 out of 
110 AK eyes. 

2.2. Retrospective analysis of medical records 

Electronic medical records and/or paper charts were reviewed in all 
cases. Patient demographics as well as the date of diagnosis and location 
of residence (zip code) at the time of diagnosis were determined. Ex-
posures and risk factors including a history of contact lens (CL) wear, 
poor CL hygiene practices, ocular exposure to organic material, and 
corneal abrasions were noted. The initial history of present illness (HPI), 

ophthalmic exam, and presenting symptoms and signs for each case 
were documented for all AK cases. 

Best-corrected visual acuity (VA) documented using a Snellen chart 
20 feet from the patient was noted for all cases on initial presentation 
and when the patient was deemed “stable” (i.e. no longer actively being 
treated for AK infection). The final VA was recorded as the last recorded 
vision at UIHC when anti-amoebic drops were no longer needed or when 
the decision was made to continue drops for maintenance (e.g. to 
minimize the chance of recurrence in a corneal graft); thus, the timing 
from diagnosis to final VA varied significantly given the variability of 
individual treatment courses and duration of UIHC care. For patients 
who required surgery, the final vision was recorded after optical kera-
toplasty was performed. For patients who transferred care, the final 
vision was recorded prior to transferring care to their local provider, 
who may or may not have performed subsequent procedures for further 
rehabilitation. 

VA was categorized as normal vision (20/15–20/25) or mild (20/ 
32–20/63), moderate (20/80–20/160), severe (20/200–20/400), or 
profound (worse than 20/500) vision loss according to the Visual 
Standards Aspects and Ranges of Vision Loss with Emphasis on Popu-
lation Surveys by the International Council of Ophthalmology (29th 
International Congress of Ophthalmology; Sydney, Australia, April 
2002). Excellent vision was defined as either normal vision or mild 
vision loss as described previously. 

2.3. Diagnosis of microbial keratitis 

AK was diagnosed using confocal microscopy and corneal scraping 
tests, and recorded results were reviewed. Confocal microscopy was 
performed using a tandem scanning confocal microscope (ConfoScan 4, 
Nidek Technologies, Fremont, CA) and evaluated by an experienced 
UIHC cornea specialist for trophozoites and/or bright cysts with or 
without double-walls consistent with Acanthamoeba infection. Epithelial 
corneal scrapings were performed in clinic and placed into Saccomanno 
fixative, and specimens were analyzed for amoebic cysts by an experi-
enced UIHC ocular pathologist using direct light microscopy. 

The original diagnosis, including any misdiagnoses, were noted. The 
“time to diagnosis” for all cases was determined as the time between first 
seeing an eye specialist (non-UIHC or UIHC) and the date of accurate 
diagnosis. If the accurate keratitis diagnosis was made on the initial visit 
(i.e. no misdiagnosis), the time to diagnosis was recorded as zero. This 
value often differed from the “time since symptom onset,” which was not 
always recorded in the HPI. Conversely, if a patient was diagnosed at the 
initial UIHC visit but was previously misdiagnosed by a non-UIHC 
provider, the time to diagnosis was determined as the time since the 
non-UIHC visit when the patient first presented with symptoms related 
to corneal infection. 

The number of patients who were prescribed oral antiviral medica-
tions (acyclovir or valacyclovir) for coinfection with clinically diag-
nosed herpes simplex virus (HSV) keratitis was recorded. Real-time 
polymerase chain reaction (PCR) assay (DiaSorin Molecular Simplexa™ 
HSV 1 & 2 Direct assay, Ref MOL2151) intended for the in vitro quali-
tative detection and differentiation of HSV1 and/or HSV2 viral DNA 
polymerase was performed for select patients. The results of HSV PCR 
were recorded for all cases for which testing was performed. Tear 
samples were obtained by swabbing the conjunctival surface, and these 
swabs were then submitted to the UIHC Clinical Microbiology Labora-
tory for HSV PCR testing. 

Data pertaining to any bacterial and/or fungal cultures obtained 
were reviewed and recorded for all AK cases, and treatments for coin-
fection with bacterial or fungal species were noted. 

2.4. Treatment of microbial keratitis 

The number and types of medications (both topical and oral) were 
documented for all patients. The initiation and duration of use were 

Abbreviations 

AK Acanthamoeba keratitis 
CHX 0.02% chlorhexidine; 
CI confidence interval 
CL, contact lens 
DALK deep anterior lamellar keratoplasty 
history of present illness HPI 
HSV herpes simplex virus 
PCR polymerase chain reaction 
PHMB 0.02% polyhexamethylene biguanide; 
TK therapeutic keratoplasty 
UIHC University of Iowa Hospitals & Clinics  
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recorded specifically for the following medications: chlorhexidine 
(CHX) 0.02%, polyhexamethylene biguanide (PHMB) 0.02%, brolene, 
fluconazole, itraconazole, ketoconazole, voriconazole, pentamidine, 
moxifloxacin 0.5%, tobramycin 1.4%, vancomycin 25 mg/mL, pred-
nisolone acetate 1%, and prednisone. AK cases were stratified into those 
without prescribed topical or oral steroids (“none”), those with steroids 
used prior to AK diagnosis (“before”), and those receiving steroids only 
after receiving the AK diagnosis (“after”). The use of steroids after sur-
gical intervention was not included in this analysis. The “before” group 
included patients who may have also received steroids after AK diag-
nosis. For analysis of these steroid groups, topical and oral steroid agents 
included difluprednate, fluorometholone (FML), loteprednol, predniso-
lone, prednisone, and/or tobramycin/dexamethasone. In all cases, the 
success of medical therapy was determined by the ability of the medical 
regimen to prevent surgery, with failure of medical therapy defined as 
the need for TK. TK included all partial (e.g. DALK) or full-thickness 
penetrating keratoplasties performed for failure of medical therapy, 
excluding transplants performed to address visually significant corneal 
scars. 

All surgical procedure notes were reviewed to determine the type, 
number, and timing of surgical interventions required for each patient. 
The number of patients requiring repeat corneal transplants was 
recorded. 

2.5. Statistical analyses 

Statistical analyses were conducted using a two sample two-tailed 
Mann-Whitney U test, or Wilcoxon rank-sum test, where appropriate, 
to compare ages, time to diagnosis, and visual acuities between two 
groups. Data regarding total percentages were analyzed by Pearson Chi- 
square test to determine differences among two groups. Significance for 
comparisons was defined as p < 0.05 for all analyses. All statistical tests 
were performed using GraphPad Prism 4.0b for Macintosh (GraphPad 
Software, San Diego, CA). All values of age, time, and visual acuity were 
reported as medians (25th − 75th percentiles). GraphPad Prism 4.0b for 
Macintosh were used to generate figures. Box plots represented 25th to 
75th percentiles with vertical bars providing range and horizontal bars 
representing median values. 

3. Findings 

3.1. Epidemiology and demographics 

The average number of new AK cases per year at UIHC increased 
from 4.0 cases during 2002–2009 to 9.8 cases during 2010–2017. The 
number of new UIHC AK cases tripled during 2011–2015 (Fig. 1). Pa-
tient demographics for AK patients are shown in Table 1. The AK median 
age was 31 [21.0–44.3] with 16 (14.5%) AK patients aged <18 years 
old. AK cases were most prevalent in the summer (Table 1). 

3.2. Risk factors 

Reported exposures and risk factors for AK patients are noted in 
Table 2. Most patients were soft contact lens (SCL) wearers with re-
ported poor CL hygiene practices (Table 2). Of the 89 SCL wearers, 15 
reported wearing extended wear contacts (e.g. monthlies) and 9 re-
ported wearing daily CLs. All other SCL wearers did not specify the type 
or intended duration of their SCL. There were 15 (13.6%) non-CL 
wearers, and seven of these patients developed AK without docu-
mented risks or exposures. Some of the AK patients who did not wear 
contact lenses reported a prior history of various exposures, including 
swimming daily in a stock tank, rubbing eyes after handling frogs, 
topical anesthetic use, and/or corneal abrasions with organic material. 
Thirty-three CL wearers (34.7%) reported sleeping in CL, which was the 
most reported risk factor for AK development. 

Fig. 1. Confirmed cases of Acanthamoeba keratitis diagnosed at UIHC 
between 2002–2017. AK was confirmed by confocal microscopy and/or 
corneal scraping in 110 cases with microbial keratitis treated at UIHC. There 
was an increase in incidence over time with two new cases confirmed in 2002 
and 15 new cases confirmed in 2015. Abbreviations: AK, Acanthamoeba kera-
titis; UIHC, University of Iowa Hospitals & Clinics. 

Table 1 
Characteristics of patients with Acanthamoeba keratitis.   

All AK Cases 
N = 110 [%] 

Age at diagnosis (years) 
Median (25th-75th percentiles) 31 (21.0–44.3) 
Range 8–80 

Gender 
Male 54 [49.1] 
Female 56 [50.9] 

Time to diagnosis (mo) 
Median (25th-75th percentiles) 0.70 (0.23–1.23) 
Initial acuity (LogMAR) 

Median (25th-75th percentiles) 0.55 (0.20–2.0) 
20/200 (LogMAR1.0 or worse) 45 [40.9] 

Season of initial presentation 
Winter 25 [22.7] 
Spring 28 [25.5] 
Summer 35 [31.8] 
Fall 22 [20.0] 

Abbreviations: AK, Acanthamoeba keratitis. 

Table 2 
Exposures and/or risk factors of patients diagnosed with Acanthamoeba 
keratitis.   

All AK Cases 
N = 110, [%] 

Contact lens wearers 95 [86.4] 
Type of contact lensa  

Soft contacts 89 [93.7] 
Rigid contacts 6 [6.3] 

Contact lens-related risksa 

Poor contact lens hygiene 67 [69.8] 
Sleeping in contacts 33 [34.7] 
Wear longer than intended 26 [28.4] 
Swimming in contacts 24 [25.3] 
Showering in contacts 21 [22.1] 
Tap water use for cleaning 11 [11.6] 

Other exposures 
Organic material (e.g. wood) 14 [12.7] 
Corneal abrasion 14 [12.7] 

Abbreviations: AK, Acanthamoeba keratitis. 
a Percentages calculated based on total number of contact lens 

wearers. 
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3.3. Presenting symptoms and signs 

Reported clinical symptoms and signs of AK patients were noted at 
the time of initial presentation to UIHC (Table 3). The most common 
symptoms were pain (70/110; 63.6%) and photophobia (53/110; 
48.2%). Ninety percent of AK patients reported at least one symptom 
other than decreased vision, and the number of symptoms reported by 
these patients is included in Table 3. The most common corneal findings, 
reported in Table 3, were stromal infiltrate (67/110; 60.9%), epithelial 
defect (50/110; 45.5%) and ring infiltrate (40/110; 36.4%). 

3.4. Diagnosis 

The sensitivities of confocal microscopy and corneal scraping for the 
AK cohort were 97.2% and 87.8%, respectively (Table 3). The three AK 
cases with negative confocal results had positive scrapings and clinical 
findings consistent with AK. Conversely, the 10 cases with negative 

scrapings were found to have positive confocal microscopy results and 
clinical findings consistent with AK. 

The initial diagnoses made by an eye specialist were determined. AK 
commonly was misdiagnosed at initial presentation. Of the 102 AK cases 
with a known initial diagnosis, only 22 cases (21.6%) were diagnosed 
accurately as AK. The most common misdiagnoses were bacterial kera-
titis (36; 35.3%), HSV keratitis (17; 16.7%), and combined bacterial and 
HSV keratitis (7; 6.9%). Other initial diagnoses included conjunctivitis 
(4; 3.9%), corneal abrasion (4; 3.9%), combined bacterial and fungal 
keratitis (4; 3.9%), fungal keratitis (3; 2.9%), contact lens overwear (3; 
2.9%), recurrent erosions (1; 1.0%), and scleritis (1; 1.0%). The median 
time to diagnosis was 0.70 (0.23–1.23) months for AK. 

3.5. Visual outcomes 

The visual acuities at presentation were compared to the final (i.e., 
stable) acuities once the corneal infection was inactive (Fig. 2). 
Although 40.9% of all AK patients presented with LogMAR 1.0 or worse 
vision, most cases at UIHC had normal or mild vision loss once stable 
(Fig. 2). All AK patients with a presenting vision of LogMAR 0.4 or better 
had excellent final acuities (Fig. 2). 

There were four endophthalmitis complications (3.6%, Table 4); 
these patients all presented with a visual acuity of HM or worse. One 
patient with endophthalmitis developed choroidal infiltration and 
tractional retinal detachment, which required extensive retinectomy. 
Two patients with endophthalmitis required enucleation due to 1) 
panophthalmitis with severe glaucoma, and 2) corneal melt in setting of 
reinfected graft and severe medicamentosa. All AK patients requiring 
enucleation (N = 4, 3.6%) presented with visual acuities of LogMAR 
1.17 or worse. Final vision outcomes were statistically inferior for pa-
tients who failed medical therapy (LogMAR 0.30 [0.00–1.10] vs. Log-
MAR 0.00 [0.00–0.10], p < 0.0001; Fig. 3). 

3.6. Treatment 

All prescribed medications were documented for each AK patient 
(Supplemental Fig. 1). The median number of medications used during 
active treatment was 2 [1–3]; however, 21 (19.1%) AK patients required 
four or more anti-amoebic topical agents. Regardless of initial vision or 
keratoplasty requirement, CHX was the medication of choice with 

Table 3 
Symptoms, signs, and diagnostic testing of patients treated for Acanthamoeba 
keratitis at UIHC between 2002 and 2017.   

AK 
N = 110, [%] 

Clinical symptoms 
Reported at presentation 

Significant pain 70 [63.6] 
Photophobia 53 [48.2] 
Irritation/Foreign body sensation 43 [39.1] 
Redness 37 [33.6] 
Tearing 21 [19.1] 

No. of symptoms reporteda 

Zero, decreased vision only 11 [10.0] 
One 22 [20.0] 
Two 38 [34.5] 
Three 31 [28.2] 
Four or more 8 [7.3] 

Clinical findings 
Stromal infiltrate/opacity 67 [60.9] 
Epithelial defect 50 [45.5] 
Ring infiltrate 40 [36.4] 
Corneal edema 37 [33.6] 
Perineuritis 20 [18.2] 
Keratic precipitates 16 [14.5] 
Hypopyon 11 [10.0] 
Corneal neovascularization 9 [8.2] 
Corneal ulcer with stromal thinning 8 [7.3] 

Diagnostic testing 
Confocal performedb 108 [98.2] 

Positive confocal testing 105 [95.5] 
Confocal sensitivity 97.2% 

Scraping performedc 82 [74.5] 
Positive scraping 72 [65.5] 
Scraping sensitivity 87.8% 

Bacterial/fungal cultures performed 66 [60] 
No growth 34 [30.9] 
Confirmed growthd 32 [29.1] 

Bacterial 26 [23.6] 
Fungal 8 [7.3] 
Bacterial and fungal growth 2 [1.8] 

Abbreviations: AK, Acanthamoeba keratitis; UIHC, University of Iowa Hospi-
tals & Clinics. 

a Symptoms reported other than decreased or blurry vision. 
b The three cases with negative confocal results had positive scrapings and 

clinical findings consistent with AK. 
c The 10 cases with negative scrapings were found to have positive confocal 

microscopy results and clinical findings consistent with AK. 
d The following pathogens were isolated in culture: Alternaria (N = 1), 

Aspergillus (N = 4), Coagulase negative Staphylococcus (N = 10), fungus not 
otherwise specified (N = 4), Gram negative rods (N = 4), Gram positive cocci 
(N = 3), Propionibacterium acnes (N = 7), Pseudomonas spp. (N = 2), Serratia 
marcescens (N = 1), Staphylococcus epidermidis (N = 4), Streptococcus mitis (N 
= 2), and Streptococcus oralis (N = 1). 

Fig. 2. Initial and final visual acuities of Acanthamoeba keratitis cases 
diagnosed at UIHC between 2002–2017. Visual acuities of AK cases (Black 
circles, N = 102) were determined in clinic using Snellen chart testing; these 
acuities have been converted to LogMAR. Severity levels of visual impairment 
are labeled according to the Visual Standards Aspects and Ranges of Vision Loss 
with Emphasis on Population Surveys by the International Council of 
Ophthalmology (29th International Congress of Ophthalmology; Sydney, 
Australia, April 2002). Abbreviations: AK, Acanthamoeba keratitis; UIHC, Uni-
versity of Iowa Hospitals & Clinics. 
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approximately 95% patients (N = 104) using this agent (Supplemental 
Fig. 1). PHMB (N = 61) and brolene (N = 31) were used more frequently 
in patients requiring keratoplasty. Pentamidine (N = 23) was used 

almost exclusively in the perioperative period. Oral prednisone (N = 11) 
and topical steroids (N = 64) were used more frequently in patients who 
ultimately required keratoplasty. Oral voriconazole was used as adjunct 
therapy in 28 patients (25.5%; Supplemental Fig. 1). 

Fifty-one (46.4%) AK cases required surgery, and Table 4 documents 
the various surgical interventions needed. Forty-four AK patients (40%) 
required TK. A limited number of AK patients also required superficial 
keratectomy (8), cross-linking (2), pars plana vitrectomy for retinal 
detachment (2), Gundersen flap (2), tarsorrhaphy (2), and synechiolysis 
(2). 

3.7. HSV and other coinfections 

Ninety-four (85.5%) of the AK cases were tested for HSV coinfection 
via PCR testing. An unexpectedly high number of AK patients were 
clinically diagnosed and treated for HSV (54/110 [49.1%]). Of the AK 
cases with clinically diagnosed and treated HSV (N = 54), only five 
patients (9.3%) had a positive PCR test, and seven patients (13.0%) had 
no HSV testing. Despite negative PCR testing, antiviral therapy was 
continued for any patient with high suspicion of viral infection using 
confocal microscopy (e.g. Langerhans cells) or clinical examination (e.g. 
concurrent lip lesions, dendritic corneal lesions). Of the AK cases 
without clinically diagnosed HSV (N = 56), forty-five (80.3%) had a 
negative PCR test and 11 (19.7%) were not tested for HSV. 

Sixty-six (60%) AK cases had corneal cultures performed to detect 
the presence of secondary bacterial or fungal infections; of these cases, 
32 (48.5%) tested positive for culture growth, and most of these coin-
fections were bacterial (Table 3). Seven AK cases had more than one 
secondary infection with two cases having both bacterial and fungal 
growth (Table 3). Patients with bacterial coinfections were treated with 
fortified antibiotic topical drops, such as vancomycin or tobramycin. 
Fungal coinfections were treated with amphotericin B topical drops. AK 
patients who required TK tended to have coinfection more frequently 
than AK patients treated successfully with medical therapy (17/44 
[38.6%] v. 15/66 [22.7%]; p = 0.09). 

3.8. Effects of corticosteroids on AK outcomes 

The majority of patients (77/110; 70%) used steroids before AK 
diagnosis and/or during treatment for active AK (Fig. 4A). AK cases were 
stratified by those never prescribed steroids (N = 33), those prescribed 
steroids prior to AK diagnosis (N = 48), and those prescribed steroids 
only after AK diagnosis (N = 29) (Fig. 4). Most AK patients (42/77; 
54.5%) receiving steroids were also treated with oral antiviral therapy 
(Fig. 4B). The steroid groups collectively had more secondary bacterial 
infections compared to the group without steroids (27/77 [35.3%] v. 4/ 
33 [12.1%], p < 0.05; Fig. 4B); fourteen of these patients received ste-
roids prior to bacterial keratitis diagnosis. The time to diagnosis was 
longer for patients using steroids prior to AK diagnosis compared to 
those without steroids (1.00 [0.48–1.88] v. 0.50 [0.23–1.00] months; p 
= 0.002; Fig. 4C). The final visual acuities were significantly decreased 
in AK patients with steroid use (LogMAR 0.10 [0.0–0.50] v. 0.00 
[0.0–0.20], p < 0.05; Fig. 4D). Steroids increased the need for TK sur-
geries (40/77 [51.9%] v. 4/33 [12.1%], p < 0.0001; Fig. 4E). Patients 
without steroid use did not require enucleation, yet four eyes in the 
steroid groups were enucleated (data not shown). 

4. Discussion 

Our group previously reported a recent epidemic of Acanthamoeba 
keratitis in Iowa.13 This alarming increase in severe corneal infections 
prompted us to develop this retrospective study to reevaluate all AK 
cases starting in 2002, when confocal microscopy was implemented at 
UIHC. The AK patients in this study exhibited typical clinical features of 
this disease. AK infections were slightly more prevalent during the 
summer months. Consistent with prior AK studies,14,16 more than 85% 

Table 4 
Clinical outcomes of patients with Acanthamoeba keratitis.   

All AK Cases 
N = 110 [%] 

Final acuity (LogMAR)a 

Median (25th-75th percentiles) 0.10 (0.00–0.30) 
20/200 (LogMAR 1.00 or worse) 12 [11.8] 
Surgical intervention required 51 [46.4] 
TKb 44 [40.0] 
Repeat TK 19 [17.3] 
Enucleation 4 [3.6] 
Glaucoma surgery 6 [5.5] 
Endophthalmitis 4 [3.6] 

HSV coinfection 
PCR positive 5 [4.5] 
Treated for HSVc 54 [49.1] 

Abbreviations: AK, Acanthamoeba keratitis; DALK, deep anterior lamellar 
keratoplasty; HSV, herpes simplex virus; PCR, polymerase chain reaction; TK, 
therapeutic keratoplasty. 

a Data based on total number of patients with final visual acuities noted 
without transfer of care (N = 102). 

b Includes therapeutic partial (e.g. DALK) or full-thickness penetrating 
keratoplasties. 

c Patients with a clinical diagnosis of active HSV corneal infection with or 
without PCR confirmation who received HSV treatment concurrently with AK 
treatment. 

Fig. 3. Comparison of final visual acuities in Acanthamoeba keratitis cases 
with or without need for therapeutic keratoplasty. The median final visual 
acuities for all AK patients treated without TK were compared to those who 
required TK. Box plots represent 25th to 75th percentiles with vertical bars 
providing range. Using Mann-Whitney U test, significance was defined as ****, 
p < 0.0001 compared to patients with no TK. Abbreviations: AK, Acanthamoeba 
keratitis; TK, therapeutic keratoplasty (partial or full-thickness). 
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wore contact lenses; as expected, inadequate contact lens practices 
increased AK susceptibility.17 In an important point of departure from 
the expected clinical behavior, AK patients reported pain at their initial 
visit less frequently than documented by Hargrave et al. (63.6% v. 
95%).18 This may be due to the high coincidence of corneal coinfections, 
well known to be associated with corneal neuropathy,19 among AK pa-
tients in this study. 

There have been fewer than 10 cases of AK and HSV coinfection 
reported.14,20,21 Analysis of our 110 AK cases demonstrated a high 
percentage of clinical HSV diagnoses (54/110, 49%). HSV culture 
testing was not available and not performed at UIHC over the study 
period, but only five AK cases (5/110, 4.5%) had positive HSV PCR 
testing. A study by Randag et al. similarly found only two cases of lab-
oratory confirmed HSV coinfection in their 224 AK patients despite 58% 
of AK cases being initially diagnosed as HSV.14 Our results prompted our 
team to further investigate the effects of corticosteroids, which are 
commonly used in HSV treatment regimens, on AK outcomes of cases 
analyzed in this study. 

All AK cases in this study had either positive confocal microscopy22 

or corneal scraping results. This demonstrates the utility of confocal 
microscopy, corneal scraping with direct light microscopy, or other 
diagnostic tests (e.g. PCR testing, Acanthamoeba culture) in making the 
appropriate diagnosis, but also indicates the need to perform specific AK 
testing early in a microbial keratitis work-up to make this difficult 
diagnosis quickly. Muiño et al. showed that corneal biopsy provided the 
highest likelihood ratio for a positive result when performing Acantha-
moeba culture, but corneal scrapings were still superior to corneal 
swabbing for AK diagnosis.23 

Similar to previous studies,14,24 most AK patients in this study were 
misdiagnosed initially. We found that the presence of coinfection and/or 
steroid use delayed AK diagnosis significantly. These findings un-
derscores the need for ophthalmologists to suspect Acanthamoeba 
infection particularly when HSV is suspected in the setting of contact 
lens associated keratitis. However, for cases of coinfection, it remains 
unknown if clinicians truly miss AK in the setting of microbial keratitis 
or if HSV and/or bacterial infections increase the susceptibility to AK 
due to epitheliopathy. 

Our findings indicate that clinicians should also have a low threshold 

for culturing all infiltrates associated with AK infection, as nearly one- 
third of all AK patients had confirmed growth of bacteria and/or 
fungi. Coinfections can exacerbate AK by prolonging healing and 
providing an additional food source for the protozoa.25,26 While our 
findings highlight the importance of detecting AK symbionts, our study 
was underpowered for determining differences in vision outcomes 
attributable to coinfection particularly. Diagnostic testing for HSV 
should be considered for cases of suspected AK that also have high 
suspicion of viral infection by history, confocal microscopy, or clinical 
examination. More importantly, clinicians should avoid diagnosing HSV 
and treating presumed viral disciform keratitis with corticosteroids 
without fully considering AK as an alternate or concurrent diagnosis. 

Despite a significant delay to obtain an accurate diagnosis, the AK 
patients achieved excellent visual outcomes. We believe this is due to 
excellent presenting visual acuities for some patients, and the high rate 
of surgical intervention required for infection treatment and control for 
others. The proportion of AK cases requiring TK was significantly higher 
in the current study compared to a recent study by Höllhumer et al. (44/ 
110 vs. 3/52),24 yet the median final visual acuities were superior in our 
study (LogMAR 0.10 vs. LogMAR 0.57). Randag et al. published the 
largest AK study to date demonstrating 49 of 224 patients required acute 
keratoplasty.14 

Our data do provide insight into important treatment considerations 
in AK, particularly because of the frequent use of topical corticosteroids. 
In this study, most patients (77.8%) with AK and clinically diagnosed 
HSV–most of whom had negative HSV PCR testing–used steroids before 
or after AK diagnosis. Corticosteroids have been shown to limit the 
clearance of protozoa, increase Acanthamoeba pathogenicity, and lead to 
worsened visual outcomes.15,27 Our study also demonstrates that pa-
tients receiving steroids prior to AK diagnosis had significant delay in 
diagnosis and required more therapeutic and repeat keratoplasty pro-
cedures to control infection. Corticosteroid use in AK patients was 
associated with increased bacterial coinfections, possibly due to local 
immunosuppression. There was no difference in initial vision between 
the steroid groups to suggest an alternate reason for outcomes other than 
the impact of corticosteroid use. Our data underscore the importance of 
withholding topical corticosteroids until AK is ruled out. 

Fig. 4. Comparison of Acanthamoeba keratitis 
outcomes with and without steroid use. A, All AK 
cases (N = 110) treated at UIHC between 2002 and 
2017 were stratified into three groups: (1) those who 
used no oral or topical steroids (None; White); (2) 
those who used steroids prior to the diagnosis of AK 
with or without steroid use after AK diagnosis 
(Before; Dark grey); or (3) those who used steroids 
during active keratitis treatment only after the diag-
nosis of AK (After; Black). B, The percentages of AK 
patients treated for HSV and confirmed to have bac-
terial and/or fungal coinfections were stratified based 
on steroid use. Note that most patients treated for 
HSV had negative HSV PCR testing. C, The median 
time to diagnosis (horizontal bar) was determined for 
patients who did not use steroids prior to AK diag-
nosis compared to patients who did receive steroids 
prior to diagnosis. D, The median final visual acuities 
(horizontal bar) were stratified by steroid use. E, The 
percentages of AK patients requiring TK were strati-
fied by steroid use. Box plots in C & D represent 25th 
to 75th percentiles with vertical bars providing range. 
Significance was defined as *, p < 0.05; **, p < 0.01; 
****, p < 0.0001 based on Mann-Whitney U test (C & 
D) or Pearson chi-square test (B & E). Abbreviations: 
AK, Acanthamoeba keratitis; HSV, herpes simplex 
virus; PCR, polymerase chain reaction; TK, thera-
peutic keratoplasty (partial or full-thickness); UIHC, 
University of Iowa Hospitals & Clinics.   
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4.1. Limitations 

This is one of the largest studies evaluating AK in the United States, 
but important limitations exist for this single-center retrospective 
investigation. Our analysis was underpowered with respect to ascer-
taining a truer impact of secondary coinfections on outcomes. Because of 
the relatively low number of AK patients studied, we could only prove 
indirectly that delay in diagnosis led to vision loss. The corneal spe-
cialists interpreting the confocal images were not blinded to clinical 
information; thus, there is potential for examiner bias in the interpre-
tation of the results and sensitivity for AK diagnosis. Future prospective 
investigations studying the impact of treatment duration and resistance 
on the success of medical therapy, and the effects of coinfection on 
treatment outcomes, are indicated. 

5. Conclusions 

In this series, patients with AK achieved excellent visual outcomes 
but often failed medical therapy. Misdiagnosis was common in AK pa-
tients, which resulted in delayed AK diagnosis. AK patients who received 
corticosteroids had a significant delay in diagnosis and required thera-
peutic procedures more frequently to control infection. Ophthalmolo-
gists should have a heightened suspicion of Acanthamoeba, particularly 
when herpes or microbial keratitis is suspected in the setting of contact 
lens associated keratitis. Our data suggest that obtaining an accurate 
diagnosis of AK quickly, holding topical corticosteroid use until AK is 
ruled out, and testing for other microbial infections may be the best 
opportunities to improve outcomes of Acanthamoeba keratitis. 
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