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CLINICAL SCIENCE

Utility of Real-Time Polymerase Chain Reaction in
Diagnosing and Treating Acanthamoeba Keratitis

Motoki Itahashi, MD, PhD,* Shiro Higaki, MD, PhD,} Masahiko Fukuda, MD, PhD,t
Hiroshi Mishima, MD, PhD,* and Yoshikazu Shimomura, MD, PhDy

Purpose: Using real-time polymerase chain reaction (PCR), we

" detected Acanthamoeba and monitored the changes in Acanthamoeba
DNA copy number over the treatment course in patients suspected of
Acanthamoeba keratitis (AK).

Methods: Subjects were 6 patients (average age, 26.2 years)
suspected of AK at the Kinki University Outpatient Clinic. For
detection of Acanthamoeba, patients’ comeal scrapings were
collected for smear analysis, culture, and real-time PCR. After the
diagnosis of AK was confirmed, treatment was initiated based on
the quantitative result of the real-time PCR.

Results: Both the smear and culture were positive for Acanthamoeba
in 4 cases and negative in 2 cases (agreement in 3 cases and
disagreement in 2 cases). By real-time PCR, all 6 cases were positive for
Acanthamoeba with an average DNA copy number of 4.8 + 9.1 X 10°
copies per sample. We further monitored the variation in the
Acanthamoeba DNA copy number over the treatment course and
successfully treated all the patients. DNA copy number provided
a parallel with other clinical features of AK.

Conclusions: Real-time PCR can be a useful method for a rapid and
precise diagnosis of AK. Moreover, utility of the Acanthamoeba
DNA copy number obtained by real-time PCR can help ophthalmol-
ogists in making the best treatment decision.

Key Words: Acanthamoeba, keratitis, real-time PCR, culture,
detection and quantification of pathogens

(Cornea 2011;30:1233-1237)

canthamoeba keratitis (AK) is a potentially blinding
disease that is often misdiagnosed and does not respond
well to treatment. Because of the delayed diagnosis and
improper treatment, patients with AK are often left with loss of
vision caused by corneal opacity.! Furthermore, Centers for
Disease Control and Prevention of the United States reported
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that cases of AK have overwhelmingly increased in recent
years, especially among contact lens users.” Therefore,
a method that enables a quick and accurate diagnosis of AK
is indispensable.

Smear examination and culture using patients’ corneal
scraping are the conventional diagnostic methods to detect
Acanthamoeba >~ However, culture faces challenging prob-
lems such as a long turnaround time, and results of smear
examination largely depend on the laboratory technician’s
skill. Besides smears and cultures, polymerase chain reaction
(PCR)*? and confocal microscopy'® have been increasingly
used for the detection of Acanthamoeba, but they cannot
quantitate the pathogens.

Several studies have reported the quantification of
Acanthamoeba using real-time PCR.'"™' Thompson et al'?
validated 2 real-time PCR methods (the Riviere and Qvarnstrom
assays) for the confirmation of AK by laboratory diagnosis.
They also compared both assays with a battery of positive and
negative samples and further validated real-time PCR for
clinical application with a subset of true-positive and true-
negative samples. Kandori et al'* reported 2 cases of AK
successfully diagnosed only by real-time PCR. In their 2 cases,
culture and microscopic examination yielded a negative result
and could not grow any pathogens. Although they used real-
time PCR to qualitatively detect Acanthamoeba DNA, the
quantitative results of the real-time PCR were not indicated or
used for the diagnosis or treatment of AK in their study.

In this study, we performed real-time PCR to detect and
quantitate Acanthamoeba in patients’ corneal scrapings. To
our knowledge, this is the first real-time PCR report that not
only detects Acanthamoeba but also quantitates the Acantha-
moeba DNA copy number. By monitoring the Acanthamoeba
DNA copy number over the treatment course, we achieved
excellent treatment outcomes in all 6 patients and reported 2
cases here.

PATIENTS AND METHODS

Subjects and Sample Collection

Subjects were 6 patients (4 men and 2 women; age
range: 22 to 32 years; average: 26.2 years) suspected of AK
based on the clinical signs presented at the Kinki University
Outpatient Clinic between June 2008 and September 2009. All
patients gave their informed consent to real-time PCR with
their corneal scrapings.

For sample collection, the subject was under local
anesthesia with 0.4% oxybuprocaine eyedrops, and an eye
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speculum was inserted before sampling. Comeal scrapings
were collected for culture, smear examination, and real-time
PCR. We used a stainless rounded blade (Feather disposable
scalpel number 15; Feather Safety Razor, Co, Ltd, Gifu, Japan)
to scrape the lesion (Fig. 1). A small amount of sample (about
5-10 pg) was collected and placed in 500 pL of saline
solution immediately. The samples were kept at 2°C to 5°C
until further processing. Real-time PCR was performed within
2 days after the sample was collected to determine the DNA
copy number. All sterile precautions were taken to avoid
contamination during the sample collection.

Microscopy and Culture

Corneal scrapings were cultured on blood agar medium
(Nissui Pharmaceutical, Co, Ltd, Tokyo, Japan), chocolate
agar medium (Biomerieux Japan, Tokyo, Japan), glucose agar
medium (Biomerieux Japan), or nutrient agar medium (Nissui
Pharmaceutical, Co, Ltd) supplied with Escherichia coli and
were subjected to smear analysis with Fungiflora Y stain or
direct microscopic examination.

Real-Time PCR

From the comeal scrapings collected for real-time
PCR, DNA was extracted using EXTARGEN2 (Tosoh, Tokyo,
Japan). The PCR assay used TagMan probe, and the primers and
probe were designed against Acanthamoeba 18S ribosomal
RNA."? The primers were (forward) CCCAGATCG
TTTACCGTGAA and (reverse) TAAATATTAATgCCCC-
CAACTATCC, and the probe was CTGCCACCGAATACAT-
TAGCATGG. The PCR assay was conducted on an ABI PRISM
2000 Sequence Detector, and the cycling settings were 40 cycles
of 95°C for 10 seconds, 95°C for 5 seconds, and 60°C for 30
seconds. The assay was completed in about 2 hours. A positive
control plasmid was used to construct a standard curve of the
threshold cycle (C,) values with a linear range from 1.0 X 10" to
1.0 X 10° copies. Relative copy number was also calculated by
the standard curve (Fig. 2). We quantitated Acanthamoeba and

FIGURE 1. Photograph showing the setting for corneal
scraping.
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monitored the Acanthamoeba DNA copy number for both
detection and treatment of AK.

RESULTS

All 6 subjects were soft contact lens (SCL) users and
were observed with radial keratoneuritis (Table 1), which is
one of the pathognomonic clinical features of AK.

The smear and culture both showed positive results in
4 cases (case numbers 1, 3, 4, and 6 for smear and case
numbers 2, 3, 4, and 6 for culture; Table 1). By real-time PCR,
all 6 patients were positive for Acanthamoeba with an average
DNA copy number of 4.8 = 9.1 X 10® copies per sample
and a maximum of 2.5 X 10* copies per sample (Table 1).

CASE REPORTS
Case 1

The patient was a 27-year-old man, who used replacement
30-day SCLs and suffered from eye pain in the middle of May 2008.
On June 2, superficial punctate keratitis and conjunctival injection
were initially observed in both eyes. Corneal edema was also seen in
the left eye, and the patient had difficulty opening his right eye
because of severe pain (Fig. 3). Culture of the patient’s discharge was
positive for Corynebacterium sp. On June 16, the smear result of the
comeal scraping from the left eye was positive for 4canthamoeba
(Fig. 4). Real-time PCR also detected Acanthamoeba with 2.5 X 10*
copies of DNA per sample. With the patient’s consent, we also
performed real-time PCR on the contact lens solution sample
(about 1.0 mL) collected from the lens case. A positive result with
4.3 X 10? copies of DNA per sample was obtained.

Based on the real-time PCR results, treatment for Acantha-
moeba was started with 0.05% chlorhexidine eyedrops 8 times per
day, 0.03% miconazole eyedrops 8 times per day, and 0.5%
levofloxacin eyedrops 4 times per day. Corneal scraping for real-
time PCR was performed twice a week on the left eye during the
treatment course.

The patient’s symptoms were improved. The eye pain was
gone, and the corneal inflammation and edema were alleviated.

45 -
40 -
35+
30 -
25 -
20 -
15+

Threshold Cycle {Ct)

10+

Log,, Plasmid DNA

FIGURE 2. C, values derived from the real-time PCR were
compared with a positive control plasmid with a linear range
from 1.0 X 10" to 1.0 X 10° copies.
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TABLE 1. Patient Characteristics and Results for the Detection and Quantification of Acanthamoeba

Case Number Age (yr) Sex Radial Keratoneuritis Types of CLs Used Smear Result  Culture Result Maximum DNA Copy Number
1 27 M + 30-day SCL Positive Negative 2.5 x 10*
2 29 M + 1-day SCL* Negative Positive 1.1 X 10
3 22 M + 2-week SCL Positive Positive 2.8 X 107
4 24 M + 30-day SCL Positive Positive 1.1 x 10°
5 23 F + 2-week SCL Negative Negative 1.8 x 10°
6 32 F + 2-week SCL Positive Positive 6.1 X 10?
*The I-day SCLs used by the patient in case 2 were actually stored in CL solution and used for 34 days.
+, Presence of radial keratoneuritis; CL, contact lens.
" Overall, the Acanthamoeba DNA copy number declined over the DISCUSSION

treatment course (Fig. 5), and finally, no Acanthamoeba was detected
35 days after the treatment was initiated.

Case 2

The patient was a 29-year-old man, who often used 1-day
SCLs for about 3 days. In January 2009, he experienced pain and
conjunctival injection in the left eye when he wore the lenses (Fig. 6).
He was treated with topical medications at another clinic but the
symptoms did not improve. The patient visited our clinic on January
22 and presented with corneal opacity and conjunctival injection in
the left eye. No causative pathogens were confirmed by culture. Based
on the clinical findings, we suspected Acanthamoeba and started
treatment with 0.2% fluconazole, 0.03% miconazole, and 0.05%
chlorhexidine eyedrops. On February 13, culture and real-time PCR
using the corneal scrapings were performed, and both the methods
were positive for Acanthamoeba. Acanthamoeba DNA of 1.1 X 107
copies per sample was obtained by real-time PCR.

Based on the positive results, 0.05% chlorhexidine eyedrops
8 times per day, 0.03% miconazole eyedrops 8 times per day, and
0.5% levofloxacin eyedrops 4 times per day were started. Like case 1,
corneal scraping for real-time PCR was performed on the left eye
twice a week during the treatment course. In time, the patient’s
symptoms were improved. The pain was gone, and the corneal
inflammation and edema were eased. The Acanthamoeba DNA copy
number also declined over the treatment period in this case, and
finally, absence of Acanthamoeba was confirmed 38 days after the
initiation of the medical treatment (Fig. 7).

FIGURE 3. Photograph of the left eye of the patient in case
1 taken before treatment. Corneal opacity and edema were
observed in the left eye.

© 2011 Lippincott Williams & Wilkins

Our current results clearly demonstrate that real-time
PCR could be a useful supplemental method to the
conventional smear and culture techniques for a more rapid
and accurate diagnosis of AK. Particularly, the DNA copy
number obtained by real-time PCR could serve as a good
index of treatment outcomes and a guide to a better
antiamoebic regimen (Figs. 5, 7).

Unlike PCR that uses agarose gel electrophoresis for
the preparation and analysis of DNA, real-time PCR can
quantitate DNA at the site of the corneal scraping. By
monitoring the DNA copy number, an accurate diagnosis and
a tailored antiamoebic regimen can be achieved in the early
stage of the disease, and if necessary, the treatment modality
can be modified accordingly during the course. Even at the end
of the treatment, Acanthamoeba DNA copy number can help
identify the presence or absence of Acanthamoeba. All these
clinical judgments can be facilitated by quantitative real-time
PCR result.

The primers and probe used in this study have been
clinically validated by Thompson et al'* for the laboratory
diagnosis of AK. Although Kandori et al'* reported 2 cases of
AK diagnosed only by real-time PCR, they only used this

%400

FIGURE 4. Photograph of the smear result taken on June 16,
2008. Acanthamoeba was detected by smear examination
using the corneal scraping from the left eye.
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FIGURE 5. Variation in DNA copy number in case 1. Overall,
the Acanthamoeba DNA copy number declined over the
course, and finally, absence of Acanthamoeba was confirmed
35 days after the treatment started.

method to identify the presence of Acanthamoeba and did not
measure the Adcanthamoeba DNA copy number in the study.
Unlike these previous studies, we used the Acanthamoeba
DNA copy number for the purposes of diagnosis and treatment
and reported an average DNA copy number of 4.8 + 9.1 X 10°
copies per sample for a clinical diagnosis of AK and
a maximum of 2.5 X 10* copies per sample through the
course (Table 1). The quantitative result of real-time PCR is
particularly useful and crucial in tailoring an antiamoebic
treatment for patients because this disease tends to resist
treatment. However, the use of a single set of primers and
probe may be inadequate to detect all the potential
Acanthamoeba species. In this study, we used the primers
and probe designed by Qvarnstrom et al.'* According to
Thompson et al'® who have compared the Riviére et al'' and
Qvarnstrom et al'? real-time PCR methods, both real-time

PCR assays are useful for diagnosing AK with overall
agreement and clinical sensitivities and specificities of 100%.

FIGURE 6. Photograph of the patient in case 2 taken on
February 13, 2009 before treatment. The initial examination
revealed corneal opacity and conjunctival injection in the left
eye.
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We therefore consider it possible to obtain a PCR result
equivalent to our current findings with the Riviére et al'' real-
time PCR.

In case 1, culture did not detect Acanthamoeba. We
also performed smear examination with Fungiflora Y stain,
and no definite result was obtained because of the
technician’s inexperience. 4canthamoeba was subsequently
detected by both real-time PCR and direct microscopic
examination. In case 2, real-time PCR also showed a positive
result despite the negative smear result. These results were
concordant with our previous findings in which real-time
PCR has proven useful in detecting the causative pathogens,
although culture has failed to do so in patients with other
corneal infections.'” In case 1, we also successfully
quantitated Acanthamoeba DNA using the multipurpose
solution (MPS) sample taken from the patient’s contact lens
case. This not only validated the reported association
between the MPS use and AK'®!7 but also demonstrated
the consistent results between the PCR assays that used the
MPS sample and corneal scraping. Because Acanthamoeba
exists ubiquitously, samples from various sources can be
used for clinical testing with real-time PCR in addition to the
samples collected by corneal scraping, which is a painful
procedure for patients.

Regardless of its usefulness, real-time PCR has some
limitations such as sampling contamination and low DNA

copy number. Regarding sampling contamination, we consider -

it reasonable to regard Acanthamoeba as the causative
pathogen on the confirmation of its presence because
Acanthamoeba is not part of the normal ocular surface flora.
We previously performed real-time PCR for Acanthamoeba
on tear samples collected from 10 eyes of 5 normal subjects,
and none of the samples detected any Acanthamoeba DNA
(data not shown). Because the measured DNA copy number
depends on the amount of sample collected, the method used
for sample collection should be carefully evaluated in addition
to the condition of the cornea and the severity of the
infection.'®

»

-

Acanthamoeba DNA Copy
Number (Log,,)

0 1 1. 1 1 .'L i
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Date of Corneal Scraping Performed

FIGURE 7. Variation in DNA copy number in case 2 similar to
case 1; the Acanthamoeba DNA copy number also declined
over the course, and finally, no DNA was detected 38 days after
the treatment was initiated.
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Real-time PCR in Treating Acanthamoeba Keratitis

In conclusion, real-time PCR seems to be a promising
supplemental method to the conventional culture and smear
examination for a more rapid and accurate diagnosis of
AK. Moreover, its quantitative result can play a vital role in
determining treatment outcomes. Clinical features, PCR result,
and findings of the routine smear and culture should all be
carefully considered in treating this vision-threatening disease.
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Abstract

Purpose To investigate the relative efficacy of Japanese
commercial soft contact lens disinfectant solutions against
Acanthamoeba trophozoites and cysts.

Materials and methods Eight types of multipurpose
solution (MPS), two types of hydrogen peroxide solution,
and one povidone-iodine solution were evaluated to
determine their effect against Acanthamoeba trophozoites
and cysts (ATCC 50514). Acanthamoeba cysts were cul-
tured in encystment medium for either 1 or 2 weeks (1 and
2-week-old cysts). The trophozoites and cysts were treated
with each disinfectant solution for 0, 2, 4, 8, or 24 h. After
performing four tenfold serial dilutions of each test solu-
tion, dilutions were cultured for 10 days. The number of
surviving organisms was calculated using the trimmed
Spearman—Karber method.

Results Among the MPS tested, only four were effective
against trophozoites after treatment for 4 h, and none was
effective against 2-week-old cysts. Hydrogen peroxide had
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a significant effect on trophozoites and 1-week-old cysts,
but not on 2-week-old cysts. In contrast, povidone—iodine
caused a 2.6 log reduction in 2-week-old cysts.
Conclusions MPS were found to have limited efficacy
against trophozoites and no efficacy against 2-week-old
cysts. Only povidone-iodine had any efficacy against
2-week-old cysts.

Keywords Acanthamoeba - Soft contact lenses (SCL) -
Disinfectant solution - Multipurpose solution (MPS) -
Mature cysts

Introduction

Acanthamoeba, a genus of free-living protozoa, is known
to cause a painful and potentially blinding form of keratitis
on invading the cornea. Acanthamoeba keratitis (AK)
occurs most commonly in contact lens wearers, with
studies estimating that 90% of AK patients are soft contact
lens (SCL) users [1]. Approximately 1 in 30,000 SCL users
develops AK [2], and the incidence of the condition has
increased dramatically in recent years [3]. A national sur-
vey performed jointly by the Japanese Contact Lens and
Ocular Infection Societies revealed that, with Pseudomo-
nas aeruginosa, Acanthamoeba is now the leading cause of
serious cases of contact lens-related keratitis in Japan [4].
The recent increase in incidence of AK has been attributed
to several factors, including the rising number of frequent
replacement SCL wearers and widespread noncompliance
with rubbing and rinsing regimens [5-8]. In addition to
these factors, the use of ineffective SCL disinfectant
solutions is also suspected to be closely linked with the
recent increase in cases of AK. The United States Center
for Disease Control and Prevention reports that in a 2006
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outbreak of AK in Illinois, 21 out of the 39 reported cases
of AK were associated with the use of one brand of dis-
infectant solution, resulting in a voluntary global recall of
the product [9].

Several types of SCL disinfectant solution are currently
commercially available, including povidone—iodine and
hydrogen peroxide-based solutions, and multipurpose solu-
tions (MPS). To facilitate lens cleaning, rinsing, disinfection,
and storage, these disinfectant solutions are formulated with
a variety of different surfactants, buffers, stabilizing agents,
and isotonizing agents. Some of these inactive ingredients
attenuate or potentiate the activity of the disinfectant, and,
therefore, the specific formulation of each product has
been found to significantly affect its efficacy as a disinfectant
[10-12].

Although numerous studies have been performed to
evaluate the effects of different SCL disinfectant solutions
on Acanthamoeba [10-17], differences in methodology
have made it difficult to compare the results of these studies
and reach conclusions regarding the relative efficacy of the
products. This situation is partially because there is no
standardized method for evaluating the efficacy of lens care
products against Acanthamoeba. Although the International
Organization for Standardization (ISO) has adopted the
Stand Alone Test (ISO 14729), a standard method for
testing the disinfectant efficacy of lens-care products during
development, the method does not include a specific pro-
tocol for Acanthamoeba. This is particularly important
because of the unique characteristics of Acanthamoeba. The
organism can assume two different forms during its life
cycle: the motile, metabolically active trophozoite, and the
dormant cyst, which forms as a protective response to
environmental stress. Cysts are known to be more resistant
to disinfectants than trophozoites [10, 14] and the maturity
of the cyst may also have an effect on its sensitivity to
disinfectant solutions. Because the effect of disinfectants on
Acanthamoeba is strongly affected by the developmental
stage of the organism, it seems likely that differences in the
stage of organisms used in previous investigations may
have led to discrepancies in their results [10, 11, 14].

In Japan, several varieties of SCL disinfectant solutions
are commercially available. A comprehensive and objec-
tive investigation of the efficacy of these products against
Acanthamoeba trophozoites or cysts has not yet been per-
formed, however. In this study, we investigated the relative
disinfectant efficacy of eight types of MPS, two types of
hydrogen peroxide solutions, and one povidone—iodine
solution currently on the market using Acanthamoeba tro-
phozoites and cysts of different maturity (1 and 2-week-old
cysts). The log reduction method used in this study is
simple, yields quantitative results, and has been used for
evaluation of the disinfectant efficacy of contact lens
solutions in other previously reported research [11, 12]. In
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addition, the strain of A. castellanii (ATCC 50514) used in
this study is an established pathogenic strain which has
been used in several previous studies [11, 18, 19]. Using
this common strain of Acanthamoeba and the log reduction
method, we were able to perform a quantitative investi-
gation of the efficacy of SCL disinfectant solutions.

Materials and methods
Commercial soft contact lens disinfectant solutions

The commercial SCL disinfectant solutions examined in our
investigation are shown in Table 1. Of the eight MPS tested,
six(MPS 1,2,3,4,7, and 8) use 1.0 ppm polyhexamethylene
biguanide (PHMB) as the disinfectant. MPS 6 contains
1.1 ppm PHMB and MPS 5 contains 11 ppm polydronium
chloride (Polyquad). Hydrogen Peroxide Solution 1 and
Povidone-Iodine Solution 1 are accompanied by neutraliz-
ing tablets to be added to the disinfectant solution at the
onset of disinfection, whereas Hydrogen Peroxide Solution 2
uses a special container and platinum disks to achieve
neutralization.

With the exception of MPS 4, all MPS had a recom-
mended disinfection time of at least 4 h. The recommended
disinfection time for MPS 4 was 10 min. The hydrogen
peroxide and povidone—iodine solutions had recommended
disinfection times of 6 and 4 h, respectively, for adequate
disinfection and neutralization. All solutions contained
inactive ingredients, including buffers, stabilizing agents,
isotonizing agents, and surfactants, in addition to the dis-
infectant. The main inactive ingredients in each solution are
shown in Table 2.

Acanthamoeba trophozoites and cysts

Acanthamoeba castellanii (ATCC 50514) was used in this
study. The trophozoites were cultured at 25°C in a pep-
tone—yeast extract-glucose (PYG) medium (ATCC med-
ium 712) in a tissue culture flask (Becton—Dickinson,
Tokyo, Japan). Encystment was induced by transferring the
trophozoites from PYG medium to Neff’s constant-pH
encystment medium [20] and incubating them at 25°C.
Cysts which were incubated in the encystment medium for
1 week were designated 1-week-old cysts whereas cysts
incubated in the medium for 2 weeks were designated
2-week-old cysts.

To determine whether different strains of Acanthamoeba
respond differently to the disinfectant solutions, we also
evaluated the efficacy of selected disinfectant solutions
(MPS 1, 5, 6, and Povidone-lodine Solution 1) against
Acanthamoeba castellanii (ATCC 50370), another estab-
lished pathogenic strain.
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Table 1 Commercial soft contact lens disinfectant solutions used in the disinfectant efficacy test

Disinfectant Concentration Recommended Product name Manufacturer or distributor
(wlv) disinfection
time?
MPS 1 PHMB* 1.0 ppm >4 h Complete® Double Moist AMO, Inc.
MPS 2 PHMB? 1.0 ppm >4 h Bioclen® Zero Ophtecs Corp.
MPS 3 PHMB?® 1.0 ppm >4 h Seedo Softcare SEED Co., Ltd.
MPS 4 PHMB? 1.0 ppm >10 min Fresh Look® Care 10 min CIBA VISION
MPS 5 Polyquad® 11 ppm >4h Optifree® Plus Alcon Japan, Ltd.
MPS 6 PHMB® 1.1 ppm >4 h Renu® Multiplus Bausch and Lomb Japan
Company, Ltd.
MPS 7 PHMB* 1.0 ppm >4 h Epica® Cold Menicon Co., Ltd.
MPS 8 PHMB?® 1.0 ppm >4 h Rohto C Cube® Soft One®  Rohto Pharmaceutical Co., Ltd.
Moist i

Hydrogen Peroxide Hydrogen 3.0% >6h Concept® One-Step AMO, Inc.

Solution 1 peroxide
Hydrogen Peroxide Hydrogen 3.42% >6h AO Sept® CIBA VISION

Solution 2 peroxide
Povidone—lodine Povidone— 0.5% >4 h Bioclen®FR Ophtecs Corp.

Solution 1 iodine

 Polyhexamethylene biguanide

® Polydronium chloride
¢ Dymed®

4 Time indicated on the packaging of each product. For hydrogen peroxide or povidone—iodine solutions, the time necessary for neutralization is

included

Table 2 Main inactive ingredients in soft contact lens disinfectant solutions

Buffering Stabilizing Isotonizing agent Surfactants
agent agent (moisturizing/cleansing
agents)
MPS 1 - EDTA + +
MPS 2 Borate Polylysine + Poloxamer®
MPS 3 + - + +
MPS 4 Phosphate® EDTA NaCl, KCI¢ Poloxamer®
MPS 5 Borate, citrate® EDTA NaCl¢ Poloxamine®
MPS 6 Borate, Phosphate® EDTA NaCl® Poloxamine, Hydranate®
MPS 7 - EDTA Propylene glycol, Alpha Propylene glycol,
hydroxy! acid, POE hydrogenated castor oil®
AMPD, amino acids®
MPS 8 + EDTA + Poloxamer®
Hydrogen Peroxide Solution 1* +4 - +4 _
Hydrogen Peroxide Solution 2 Phosphate® + NaCl* Poloxamer®®
Povidone—Todine Solution 1° Borate® EDTA NaCl® Poloxamer®®
+ Other inactive ingredients (exact formulation unknown); — inactive ingredients not present or unknown

 Neutralizing tablets also include catalase, lubricants, coloring agents, and coating agents

® Disinfectant granules or neutralizing tablets also include sodium sulfite, diluents, foaming agents, lubricants, and coating agents

¢ Silvany et al. [17]

¢ Included in the neutralizing tablets

¢ Poloxamer: polyoxyethylene polyoxypropylene glycol
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All procedures involving the organisms were carried out
in Biosafety Level 2 laboratories.

Evaluation of the efficacy of soft contact lens
disinfectant solutions using the log reduction method

Pre-cultured trophozoites or cysts were collected from a
flask, and after centrifugation (150g, 10 min) the organisms
were suspended in 1/4 Ringer’s solution (Nihon Pharma-
ceutical, Tokyo, Japan) at a concentration of 5 x
10 organisms/ml. Each MPS, hydrogen peroxide solution,
or povidone—-iodine solution (10 ml) was inoculated with
100 ul amoeba suspension so the final concentration was
5 x 10* organisms/ml. Control samples were also pre-
pared with 1/4 Ringer’s solution. Subsequently, each
sample was incubated at 25°C for 2, 4, 8, or 24 hin a 15-ml
conical tube (Becton—Dickinson) or a special container,
if provided by the manufacturer (Hydrogen Peroxide
Solution 2).

Immediately after the incubation period, samples con-
taining PHMB or Polyquad were neutralized with Dey-
Engley Neutralizing Broth (Sigma, St Louis, MO, USA) at
a ratio of 9 parts Dey-Engley Neutralizing Broth to 1 part
test solution. Dey-Engley Neutralizing Broth was also
added to the hydrogen peroxide, povidone—iodine, and
control samples (1/4 Ringer’s solution) in the same manner
to maintain consistent conditions in all samples. For
hydrogen peroxide and povidone—iodine samples, neutral-
ization was carried out in accordance with the manufac-
turer’s directions with either neutralizing tablets or
platinum disks immediately after inoculation of the amoeba
suspension. The special container provided by the manu-
facturer, which contained a platinum disk neutralization
system, was used for Hydrogen Peroxide Solution 2.

A 0-h sample for each MPS was prepared by neutral-
izing the test solution with Dey-Engley Neutralizing Broth
immediately after inoculation of Acanthamoeba. 0 h sam-
ples for hydrogen peroxide and povidone-iodine samples
were prepared using solution which had already been
neutralized with either neutralizing tablets or platinum
disks.

After neutralization with the Dey-Engley Neutralizing
Broth, the log reduction method was used to evaluate the
efficacy of each solution [11, 12]. Briefly, tenfold serial
dilutions of each test solution were performed with PYG
medinm, resulting in four dilutions with theoretical maxi-
mum final concentrations of 5 x 103, 5 x 102, 5 x 10,
and 5 x 10° amoeba/ml. Four 200-ul aliquots of each
dilution were transferred to separate wells in a 96 well plate
(Corning International, Tokyo, Japan), so that each dilution
could be tested in quadruplicate. In order to provide
organisms in the first dilution (9 parts Dey Engley Neu-
tralizing Broth: 1 part test solution) with the nutrients
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necessary to proliferate, 80 ul PYG medium was added to
each well. The 96-well plates were incubated at 25°C.
Samples containing trophozoites were incubated for
1 week whereas those containing cysts were incubated for
3 weeks. At the end of the incubation period, amoebal
growth in the wells was confirmed by use of a phase-
contrast microscope. The wells containing amoebal growth
were counted, and the number of surviving organisms in
each test solution was calculated using the Spearman—
Karber equation as described elsewhere [21].

The decrease in the number of organisms in each test
solution was determined relative to the baseline number of
organisms detected in each solution immediately after
inoculation (0 h). This value was calculated for each
solution after 2, 4, 8, and 24 h of incubation, and expressed
as a log reduction value. Results are presented as
mean = SEM. One-way ANOVA and Dunnett’s test were
used to compare the difference between the log reduction
values for the control (1/4 Ringer’s solution) and each of
the test solutions at each time point. P < 0.05 was used to
indicate statistical significance.

Verification of the log reduction method

To verify the reliability of the log reduction method used in
this study, we evaluated the efficacy of selected disinfec-
tant solutions (MPS 1, 5, 6, and Povidone~Iodine Solution
1) against A. castellanii (ATCC 50514) by another method.
Briefly, Acanthamoeba trophozoites and 2-week-old cysts
were suspended in 1/4 Ringer’s solution or disinfectant
solution for 4 h, then each sample was used to inoculate
agar plates coated with E. coli, and incubated at 25°C for
2 weeks. The efficacy of the solutions were recorded as
positive or negative as described elsewhere [22].

Results

Efficacy of soft contact lens disinfectant solutions
against Acanthamoeba trophozoites

The eight types of MPS examined in this study had dif-
ferent effectiveness against Acanthamoeba trophozoites
(Fig. 1). MPS 1, 3, and 4 (PHMB, 1.0 ppm) and MPS 5
(Polyquad, 11 ppm) were relatively ineffective against
trophozoites. When trophozoites were treated with these
solutions for the manufacturer’s recommended disinfection
time (10 min—4 h), no statistically significant differences
were observed between the log reduction values for these
solutions and the control (1/4 Ringer’s solution). When
trophozoites were incubated in these solutions for 24 h, a
1.1-2.4 log reduction was achieved. In contrast, MPS 2 and
7 (PHMB, 1.0 ppm) and MPS 6 (PHMB, 1.1 ppm) had
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<4 Fig. 1 Efficacy of commercial soft contact lens disinfectant solutions

against Acanthamoeba trophozoites (ATCC 50514). Eight types of
multipurpose solution (MPS; n = 4), two types of hydrogen peroxide
solution (n = 3), and one povidone—iodine solution (n = 3) were
examined to determine their efficacy against Acanthamoeba tropho-
zoites. 1/4 Ringer’s solution was used as the control (n = 7). White
bar 2-h treatment; gray bar 4-h treatment; hatched bar 8-h treatment;
black bar 24-h treatment. The decrease in the number of surviving
organisms in each solution was expressed logarithmically (log
reduction value). The error bars indicate SEM. The log reduction
value for each solution was compared with that for the control
(*P value 0.01-0.05; **P value 0.001-0.01; ***P value <0.001)

relatively high biocidal activity against trophozoites; these
solutions produced a 2.6-3.6 log reduction within the
manufacturers’ recommended disinfection time (4 h), a
significantly greater decrease in surviving organisms than
that found for the control (P < 0.001). MPS 8 (PHMB,
1.0 ppm) was moderately effective against Acanthamoeba
trophozoites, giving a 1.1 log reduction within the 4 h
recommended disinfection time, also significantly greater
than that produced by the control (P > 0.03).

Both hydrogen peroxide solutions and the povidone—
iodine solution had a greater disinfectant effect on tro-
phozoites than the MPS (Fig. 1). Treatment with either
hydrogen peroxide or povidone—iodine solution for 2 h
yielded more than a 3 log reduction in trophozoites, sig-
nificantly greater than that produced by the control
(P < 0.001) (Fig. 1).

Efficacy of soft contact lens disinfectant solutions
against 1-week-old cysts

Most of the MPS examined in this study had greater dis-
infectant efficacy against 1-week-old cysts than against
trophozoites (Figs. 1, 2), although the efficacy of each type
of MPS varied greatly. MPS 1 and 3 (PHMB, 1.0 ppm) and
MPS 5 (Polyquad, 11 ppm) were relatively ineffective
against l-week-old cysts, and no statistically significant
differences were observed between the log reduction val-
ues for these solutions and the control (1/4 Ringer’s solu-
tion). In contrast, MPS 2, 4, and 7 (PHMB, 1.0 ppm) and
MPS 6 (PHMB, 1.1 ppm) had greater biocidal activity
against 1-week-old cysts. These solutions produced 2.8-3.3
log reductions in 1-week-old cysts within the manufac-
turer’s recommended disinfection time (4 h), significantly
greater than that produced by the control (P < 0.001). MPS
8 (PHMB, 1.0 ppm) was moderately effective against
1-week-old cysts, giving a 1.9 log reduction after 4 h of
treatment, also significantly greater than that produced by
the control (P = 0.006).

Both the hydrogen peroxide solutions and the povidone—
iodine solution had greater disinfectant effects than the
MPS on 1-week-old cysts (Fig. 2). Treatment for 2 h with
either the hydrogen peroxide solutions or the povidone—
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