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Abstract
Aims—This study was undertaken to
investigate the eVects of contact lens
disinfecting solutions on strains of Acan-
thamoeba from the United Kingdom and
southern Africa and to compare the
results with those of other researchers. No
information was previously available for
southern African isolates.
Methods—11 contact lens solutions were
tested on cysts of 10 strains of Acantha-
moeba.
Results—Not all solutions used in the
study were eVective, with some for hard
and gas permeable contact lenses being
more satisfactory than those for soft con-
tact lenses. The most eVective of the gas
permeable and hard contact lens solutions
tested was Transoak (0.01% (wt/vol) ben-
zalkonium chloride), which killed cysts of
all strains within 4 hours of exposure.
Oxysept 1 (31 mg hydrogen peroxide/ml)
was the best soft contact lens solution
tested. It eliminated cysts of certain
strains within 4 hours, whereas cysts of
other strains were only inactivated within
either 8 or 72 hours.
Conclusions—Manufacturers should be
aware of the killing time for Acan-
thamoeba by contact lens solutions and
should provide appropriate guidelines for
the use thereof. The killing time for cysts
of the African and UK isolates studied is,
in general, similar. Therefore, it must in
the present state of knowledge be assumed
that usage guidelines suggested in the UK
are also appropriate for travellers to
South Africa and for local residents in
South Africa.
(Br J Ophthalmol 1998;82:1033–1038)

Acanthamoeba keratitis among contact lens
wearers is being reported with increasing
frequency in various parts of the world.
Evidence of the ease with which human infec-
tion can potentially occur is reflected by the
isolation of Acanthamoeba from water drawn
from bathroom taps and from dust around a
washbasin.1 Domestic tap water has been
implicated in a case of Acanthamoeba keratitis
in the United Kingdom2 and this could also be
a source of the disease in South Africa, where
the organism occurs commonly in tap water
and swimming pools.3 Since Acanthamoeba
species are ubiquitous in the environment, lens
care systems could possibly even become con-
taminated with cysts from the air.4 The
presence in contact lens cases and solutions of
bacteria originating from tap water or else-

where predisposes to ocular Acanthamoeba
infection.5–8 The amoebae feed on bacteria and
multiply, with the result that large potential
amoebic inocula may be present.

The time when the highly resistant cysts of
Acanthamoeba are most likely to be killed
appears to be while contact lenses are in
storage/soaking and disinfecting solutions, the
reason being that lenses are usually exposed to
the active ingredients in these solutions for a
minimum period of a few hours (usually over-
night). Even though a patient may comply with
general contact lens wear and care procedures
recommended by lens manufacturers and
healthcare professionals, a solution that does
not kill Acanthamoeba may not protect the
wearer against ocular infection with this
organism.9 Experimental findings concerning
the eYciency of chemical disinfection systems
are inconclusive because the results vary.10–14

This could be due to variation in the suscepti-
bility to contact lens solutions of diVerent spe-
cies and isolates of Acanthamoeba10 12 15 or to
the diVerent experimental procedures which
have been employed.12 13 Standardised testing
of the eYcacy of contact lens disinfection
systems against Acanthamoeba is, therefore,
needed.16

The purpose of the present study was to
compare the eVectiveness of chemical storage/
soaking and disinfecting solutions on strains of
Acanthamoeba isolated in southern Africa with
reference strains from the United Kingdom.
No such work has, to our knowledge, previ-
ously been carried out on any southern African
isolate of the protozoon. Since the active ingre-
dients of solutions available in southern Africa
are similar to those used elsewhere in the
world, a comparative study is of interest.

Use of solutions which are eVective against a
wide spectrum of Acanthamoeba strains would
be desirable for contact lens wearers travelling
abroad from a particular country, as well as
those at home.

Materials and methods
ORGANISMS

The isolates which were used are listed in Table
1, where references for three of the strains are
given. Isoenzyme studies and/or restriction
fragment length polymorphism analyses have
been carried out on most of the strains for
which there is, as yet, no information in the lit-
erature (cf Table 1), and will be published else-
where. However, these results, based on
biochemical data and morphological criteria
for conventional specific classification, respec-
tively, do not necessarily correlate—a phenom-
enon also observed by other researchers.19–21
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Therefore, subgeneric taxonomic designations
have not been attempted here for all the strains.
With time and advances in knowledge, many
specific identifications may in retrospect prove
to be meaningless, particularly in such equivo-
cal cases as are referred to above. However, our
isolates have been deposited in the American
Type Culture Collection (ATCC) so that they
are readily available to other workers.

Cloning of Acanthamoeba was carried out as
described previously for Mastigina sp.22

Amoebae were axenically cultured at 30°C
in antibiotic-free peptone-yeast extract glucose
broth22 in screw capped 80 cm2 (260 ml) Nunc
tissue culture flasks. To obtain large numbers
of organisms for experimentation, subcultures
of Acanthamoeba trophozoites were grown in
500 ml broth in 5 litre flasks on a shaker set at
100 rpm for 42 hours.

Amoebic cysts were obtained by using
trophozoites in constant pH encystment
medium.23 Log phase axenic cultures of
trophozoites (incubated at 30°C on a gyratory
shaker set at 100 rpm) were centrifuged at 740
× g for 5 minutes and then handled according
to the method of Davies et al.12 Incubation in
encystment medium was at 30°C on a shaker
set at 100 rpm for 48 hours. After that time,
more than 90% of cysts were mature, as deter-
mined by phase contrast microscopy.13 They
were harvested and washed as described
previously.22 Cysts were stored in fresh amoeba
saline at 4°C and used within 7 days.

CHEMICAL DISINFECTION

Contact lens storage/soaking and disinfecting
solutions (Table 2) were purchased from local
retail stores or donated by the manufacturers.
All solutions were used before their stated
expiry date. Solutions were chosen so as to
include a range of active ingredients for soft,
hard, and gas permeable lenses (Table 2).

Tests were initially done on both cysts and
trophozoites of strain ATCC 50676, using
eight diVerent contact lens solutions. Cysts
were found to be more resistant to the
solutions and because trophozoites which are
kept in any solution for longer than approxi-
mately 24 hours will encyst,14 24 it was decided
to conduct subsequent experiments only on
the cysts of the other strains which were stud-
ied. Eleven solutions were tested on all the
strains (Fig 1, which does not include the

results for Oxysept 1 Step because it is used for
only 2 hours with a neutralising tablet).

Experiments were carried out in triplicate. A
1 ml amount of each solution was dispensed
aseptically into labelled 15 ml plastic screw cap
centrifuge tubes which could be used for spin-
ning down directly at a later stage without the
risk of losing trophozoites or cysts on transfer-
ring to a tube. Control tubes were prepared
containing only amoeba saline and other
controls with lens solutions alone. All tubes
were left overnight to allow impregnation to
take place. This is because certain chemicals
have been shown to interact with storage
containers by a surface adsorption process,25

which could possibly dilute the amount of
active ingredient present. Our overnight im-
pregnation with each solution was an attempt
to deal with this problem. Tubes were kept in
the dark during impregnation, and for the
duration of the experiment, to prevent possible
deactivation of solutions in light and to
simulate conditions in a lens case.

Following impregnation and immediately
before commencement of the experiment,
solutions and amoeba saline were pipetted oV
and 1 ml of fresh fluid was added to each tube.
A 10 µl cyst suspension containing approxi-
mately 1 × 104 cysts as has been
recommended,26 was pipetted into each tube.
Cyst counts were done on an Adams haemocy-
tometer. The subsequent procedure was as
described for cysts,22 except that the experi-
mental times were diVerent (Fig 1). In the case
of Oxysept 1 Step, the neutralising tablet (5200
U catalase per tablet) was added at the same
time as the solution and left in the tube for the
duration of the disinfection period, according
to the manufacturer’s instructions.

After the last centrifugation, the material was
plated out as previously explained.22 Plates
were incubated at 30°C for 14 days and were
examined daily for Acanthamoeba trophozoites
by means of an inverted microscope. We
assessed viability of organisms by their ability
(or otherwise) to excyst and multiply, com-
pared with control plates.

STATISTICAL ANALYSIS

A comparison test run on a SAS Version 6.1
computer package was used for statistical
analysis. To evaluate diVerences between the
responses of the various Acanthamoeba strains

Table 1 List of Acanthamoeba strains

Isolate
Environmental
source Geographic origin Date isolated Designation

Ac/PHL/23* AK England See Kilvington et al17

ATCC 30868 (CCAP 1501/2g)† AK England 20 Sep 74 A castellanii18

ATCC 30873 (CCAP 1501/3d)† AK England 10 May 74 A polyphaga18

ATCC 50676‡ AK Namibia or S Africa 6 Jul 90
ATCC 50677‡ AK S Africa 3 Aug 92
ATCC 50678‡ AK S Africa 29 Dec 93
ATCC 50679‡ AK S Africa 23 Mar 94
ATCC 50680‡ AK Botswana or S Africa 9 Aug 94
ATCC 50684‡ Contact lens S Africa 20 Jul 93
ATCC 50686‡ Sewage sludge S Africa 26 Apr 87

*Donated by S Kilvington.
†Donated by DC Warhurst.
‡Records held by IA Niszl.
AK = Acanthamoeba keratitis.
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to contact lens solutions, 95% confidence
intervals were constructed. In this analysis,
overlapping confidence intervals indicate no
significant diVerence, whereas those not over-
lapping indicate a significant diVerence.

Results
Information on the eVect of diVerent contact
lens storage/soaking and disinfecting solutions
on Acanthamoeba cysts is given in Figure 1,
which represents the result of three repeated
experiments. Each experiment gave reproduc-
ible results. All the control tubes containing
amoeba saline plus cysts showed growth of
organisms for all the contact times tested. The
amoeba saline control was negative for growth,
as were all the pure solutions tested.

Certain contact lens solutions killed tropho-
zoites of strain ATCC 50676 faster than cysts
of the same strain, but several solutions did not
even kill trophozoites within the 7 day test
period. Details of the results for trophozoites
are not relevant to this paper and have not been
included.

The most eVective of the gas permeable and
hard contact lens solutions tested on cysts of all
strains was Transoak (Fig 1). Although viable
cysts were still present at 2 hours, all had been
inactivated by 4 hours.

Oxysept 1 was the most eVective of the soft
contact lens solutions tested. It killed cysts of
strains ATCC 30873 (CCAP 1501/3d), ATCC
50677, ATCC 50679, and ATCC 50686
within 4 hours, whereas cysts of strains
Ac/PHL/23, ATCC 30868 (CCAP 1501/2g),
ATCC 50676, ATCC 50680, and ATCC
50684 were killed within 8 hours (Fig 1).

Table 2 Contact lens solutions tested

Solution trade name Manufacturer Active ingredient(s)* Preservative(s) Type(s) of lens

Bausch & Lomb Multi-Purpose
Solution†

Bausch & Lomb Polyaminopropyl biguanide (Dymed)
(0.0005);

0.11% (wt/vol) Disodium edetate Soft

sodium borate (1.20);
sodium chloride (4.9);
poloxamine 1107 (10.00);
boric acid (6.40)

Complete† Allergan Polyhexamethylene biguanide (0.001) Soft
Duracare‡ Allergan 0.004% Polyvinyl alcohol 0.004% Benzalkonium chloride; Gas permeable

0.004% Sodium edetate
Hydrocare Cleaning/Soaking

Solution†
Allergan Alkyl triethanol ammonium chloride

(0.3)
0.002% Thiomersal Soft

Optifree† Alcon 0.001% m/v Polyquad
(polyquaternium-1);

Soft

0.05% (wt/vol) sodium edetate
Optisoak† Alcon 0.75 g polyvinyl alcohol;

0.005 g polysorbate 80;
0.65 g hydroxyethyl cellulose
(all per 100 ml)
+ sodium chloride
+ sodium phosphates

Polyquad, ie polyquaternium-1
0.005% (wt/vol);
edetate sodium 0.1% (wt/vol)

Gas permeable and
hard

Oxysept 1§ Allergan Hydrogen peroxide (31.0) Soft
Oxysept 1 Step¶ Allergan 3% Hydrogen peroxide Soft
Total‡ Allergan Polyvinyl alcohol (25.0) 0.004% benzalkonium chloride Gas permeable and

hard
Transoak** Chauvin

Pharmaceuticals Ltd
0.01% (wt/vol) benzalkonium
chloride

0.2% (wt/vol) disodium edetate Gas permeable and
hard

Transol Wetting Solution†† Chauvin
Pharmaceuticals Ltd

1 g polyvinyl alcohol/50 ml 0.004% benzalkonium chloride; Gas permeable and
hard

0.02% (wt/vol)disodium edetate

*All data in parentheses are in mg/ml.
†Minimum stated soaking period for solution is 4 hours.
‡Minimum stated soaking period for solution is overnight (one manufacturer states that this is approximately 6–8 hours).
§Minimum stated soaking period for solution is 20 minutes.
¶Minimum stated soaking period for solution is 2 hours.
**Minimum soaking period not stated.
††Minimum soaking period is not stated as this is a wetting solution, not intended for soaking lenses.It was included as its constituents are similar to those of other
soaking solutions tested, but it is manufactured by a diVerent company.

Figure 1 Viability of cysts of 10 strains of Acanthamoeba after exposure to contact lens
disinfecting solutions. All 10 strains of Acanthamoeba were tested against each solution. The
bars represent the variation in time to complete elimination of the cysts by diVerent
solutions. The jagged edges at the tops of the bars indicate that cysts were still viable at that
time but not at the next testing time. Each bar is the result of three repeated experiments.
Each experiment gave reproducible results. Key: X = exposure time (hours) of cysts to
solution; A = all 10 strains of Acanthamoeba; B = Ac/PHL/23, ATCC 50677,ATCC
50678, ATCC 50679, ATCC 50680; C = ATCC 30868, ATCC 50676; D = ATCC
50684; E = ATCC 30873, ATCC 50686; F = ATCC 30873, ATCC 50676, ATCC
50679, ATCC 50684; G = Ac/PHL/23, ATCC 30868, ATCC 50678, ATCC 50686; H =
ATCC 50677, ATCC 50680; I = ATCC 30873, ATCC 50677, ATCC 50679, ATCC
50686; J = Ac/PHL/23, ATCC 30868, ATCC 50676, ATCC 50680, ATCC 50684; K =
ATCC 50678; L = ATCC 30868, ATCC 50679; M = Ac/PHL/23, ATCC 30873, ATCC
50677, ATCC 50678, ATCC 50680, ATCC 50684, ATCC 50686; N = ATCC 50676; O
= ATCC 50679; P = Ac/PHL/23, ATCC 30868, ATCC 30873, ATCC 50676, ATCC
50677, ATCC 50678, ATCC 50680, ATCC 50684, ATCC 50686; 1 = Bausch & Lomb
Multi-Purpose Solution; 2 = Complete; 3 = Optifree; 4 = Optisoak; 5 = Duracare; 6 =
Hydrocare; 7 = Oxysept 1; 8 = Total; 9 = Transoak; 10 = Transol.
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However, viable cysts of strain ATCC 50678
were still present after exposure to Oxysept 1
for 8 hours; but were non-viable after 3 days of
exposure to this solution. Oxysept 1 Step,
which is used for a period of 2 hours with a
neutralising tablet, had no cysticidal eVect
within this time on any of the strains of
Acanthamoeba tested.

Cysts of strains ATCC 30868 (CCAP 1501/
2g) and ATCC 50679 were killed within 8
hours in Total but cysts of all other strains were
still viable after exposure to this solution for 8
hours.

The time taken for the other solutions
(Bausch & Lomb Multi-Purpose, Complete,
Duracare, Hydrocare, Optifree, Optisoak, and
Transol) to kill cysts of all 10 strains was longer
than 8 hours in most cases. Viable cysts were
still present at 7 days in several cases (Fig 1).

STATISTICAL ANALYSIS

Statistically significant diVerences were de-
tected between the following strains with
regard to their susceptibility to contact lens
solutions: Ac/PHL/23 v ATCC 30873; ATCC
30868 v ATCC 30873; ATCC 30868 v ATCC
50677; ATCC 30868 v ATCC 50680; ATCC
30868 v ATCC 50686. No significant diVer-
ences were found between any of the other
strains.

Discussion
A castellanii (ATCC 30868) was found to be
the strain most commonly showing a statisti-
cally significant diVerence to other isolates in
that less time was required for the contact lens
solutions to kill this strain compared with the
other isolates tested. It should be noted that
Silvany et al27 found that complete inhibition of
a strain of A castellanii was generally achieved
sooner than total inactivation of a strain desig-
nated as A polyphaga.

Overall, we found that solutions for hard and
gas permeable lenses were more eVective
against Acanthamoeba cysts than those for soft
contact lenses. These results are similar to
those of other authors.28

BENZALKONIUM CHLORIDE

Transoak (0.01% benzalkonium chloride
(BAK) and 0.2% disodium edetate) proved to
be the most eVective solution tested by us for
anti-Acanthamoeba activity. It destroyed cysts
of all strains within 4 hours. Lower concentra-
tions of BAK do not appear to be as eYcient,
since Duracare, Total, and Transol, all of which
contain 0.004% BAK and polyvinyl alcohol,
generally took longer than 8 hours to kill cysts
of the isolates tested. Our results with 0.004%
BAK are similar to those of other authors.14 29

However, Silvany et al,27 using the same strain
of A castellanii (ATCC 30868/CCAP 1501/2g)
as Penley et al14 as well as a strain of A
polyphaga, found that 0.004% BAK was
eVective against cysts and trophozoites within
1 hour. A 0.003% BAK solution did not
inactivate cysts of Acanthamoeba within the
testing time.28 30

Higher levels (0.01% to 4%) of BAK are
known to cause significant corneal toxicity, but

few eVects have been noted at the concentra-
tion of 0.003%, which is that used in several
solutions for rigid gas permeable contact
lenses. There is a progressive increase in dam-
age at concentrations between 0.001% and
0.01%, as determined by scanning electron
microscopy.31 32 In addition, 0.01% BAK
causes instability of the tear film,33 which
makes the advisability of having all in one solu-
tions questionable.34 BAK at a concentration of
0.01% should only be considered for use as an
eVective disinfecting solution for Acan-
thamoeba provided that this solution is not used
for insertion of lenses into the eye and that
binding of the BAK to the contact lenses does
not occur, enabling it to be washed oV by a
wetting solution before the contact lens is
inserted into the eye.

HYDROGEN PEROXIDE

Hydrogen peroxide disinfection has been
thought to be a predisposing factor for
Acanthamoeba keratitis.35 DiVerent strains of
Acanthamoeba tested by us show varying
susceptibilities to this solution. Cysts of some
strains were killed within 4 hours while viable
cysts of other strains were still present at 8
hours. Our results with 3% hydrogen peroxide
on strain Ac/PHL/23 (SHI) are similar to those
of Kilvington36 for this strain. The findings
of diVerent researchers with regard to the
cysticidal activity of 3% hydrogen peroxide
vary according to the strain of
Acanthamoeba.10 11 13 15 27–29 37 38 The taxonomic
identity of the various isolates is “academic”,
however. What is important from a practical
point of view is to know what will kill the most
resistant strain of Acanthamoeba which might
be present—for example, in a lens case,
irrespective of its genetic relation. Davies et al13

found that whereas AOSept (3% hydrogen
peroxide with 0.85% sodium chloride) did not
work, Oxysept (3% hydrogen peroxide) had
measurable anti-acanthamoebic activity. The
authors suggested that this is possibly due to
the diVerence in pH between the two solutions
or to the presence of a neutralising catalytic
disc in AOSept which renders the solution
ineVective against Acanthamoeba. The pres-
ence of diVerent stabilising ingredients may
also result in slightly diVerent amoebicidal
eVects for diVerent products containing the
same concentration of hydrogen peroxide.29

We found that Oxysept 1 Step (3% hydrogen
peroxide) was totally ineVective for inactivating
cysts of the strains of Acanthamoeba tested. It
should be noted that using a one step hydrogen
peroxide system, Bilgin et al39 only achieved a
55% rate of disinfection for Pseudomonas sp,
although 100% for other bacteria.

ALKYL TRIETHANOL AMMONIUM CHLORIDE

Hydrocare (0.3 mg/ml alkyl triethanol ammo-
nium chloride) was ineVective against cysts of
the strains of Acanthamoeba tested by us. The
results of some previous studies are
similar.10 11 14 28 In contrast, Davies et al13 and
Silvany et al27 found that Hydrocare killed cysts
of Acanthamoeba within 4 hours.

1036 Niszl, Markus
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POLYAMINOPROPYL BIGUANIDE

Polyaminopropyl biguanide (PAPB), 0.0005
mg/ml, (Bausch & Lomb Multi-Purpose solu-
tion) was found by us to be totally ineVective
against Acanthamoeba cysts. Viable cysts of all
the strains of amoebae tested were present after
7 days of exposure to this solution. The results
of other authors are in agreement with
ours.13 14 28 29 37 However, Silvany et al27 deter-
mined that although a 0.00005% PAPB
solution was eVective at 12 hours against A
castellanii (strain ATCC 30868), it was not
eVective against A polyphaga cysts even at 24
hours. At a higher concentration—namely,
0.0015%, PAPB was found to be ineVective
against Acanthamoeba cysts by Connor et al28

and Hugo et al.30 It is relevant that a 0.0015%
PAPB solution caused increased corneal stain-
ing by fluorescein, indicating sloughing of cells,
compared with control eyes.31

POLYHEXAMETHYLENE BIGUANIDE

Complete (0.001 mg/ml polyhexamethylene
biguanide (PHMB)) did not inactivate cysts of
any of the strains of Acanthamoeba tested.
Viable cysts were detected in all experiments
after 7 days of exposure to the solution. At a
concentration of 0.00005%, PHMB has previ-
ously been shown to be ineVective against
Acanthamoeba cysts.27 36 However, PHMB is
useful at higher concentrations for treating
Acanthamoeba keratitis.40 41

POLYQUAD

Optifree (0.001% polyquad) and Optisoak
(0.005% polyquad) did not kill the strains of
Acanthamoeba that we worked with. Cysts of all
strains were found to be viable after 7 days of
exposure to these solutions. The absence of any
marked cysticidal eVect of 0.001% polyquad
against cysts of Acanthamoeba has also been
demonstrated by other authors.13 14 27–29

GENERAL COMMENTS

Over half of the solutions examined by
Richardson et al25 contained less than 90% of
the stated preservative content. In the case of
thiomersal, only 2/15 solutions were within the
acceptable limits of 90–110% of declared pre-
servative concentration; and one solution con-
tained 170% of the stated amount. This
finding is highly significant as it could explain
why researchers obtain varying results—that is,
the actual concentration of active ingredient
may not always be that stated as being present.
BAK shows the least interaction with plastics
and loss of this preservative from these systems
is probably not biologically significant.25 This
retention of a high level of activity in the
storage container possibly enhances the con-
sistent eVectiveness of BAK as present in
Transoak, against cysts of diVerent strains of
Acanthamoeba. Richardson et al25 commented
that sorption in storage containers appeared to
occur with thiomersal and chlorbutol in
contrast with BAK and chlorhexidine gluco-
nate, which are known to interact mainly by a
surface adsorption process. The extent of the
interactions was found to be dependent upon

the type of plastic material of which the
container is made.

We assessed viability versus non-viability of
cysts. Even though it could be of interest to
ascertain at what rate amoebae are killed oV,13

we feel that the importance lies in knowing at
what stage all amoebae are non-viable, because
even one viable cyst could potentially cause
keratitis should the eye be invaded.

Discrepancies in results reported by various
authors could possibly also be due to the age of
the cysts. Our visual observations indicate that
cyst walls become thicker as the cyst ages. It
might be more diYcult for chemicals to
penetrate older and thicker walls, making the
cysts more resistant to inactivation. Brandt et
al11 grew amoebae for 4–6 weeks on agar plates.
These cysts were much older than those used
by other authors—namely, cysts used within 7
days.13 The time taken for encystment to occur
is speeded up when an encystment medium is
used (as we did), in which case the process
occurs within 20 hours. Within 48 hours,
encystment is greater than 90%.13 23

Yet another potential problem that could
occur is if the container in which the
experiment is conducted is agitated so that
cysts or trophozoites come out of the suspen-
sion and adhere to the side of the tube or the
lid. The exposed amoeba would no longer be in
contact with the solution for the full experi-
mental period. At the time of washing and
plating, the organism could be washed back
into the solution, subsequently giving rise to a
false positive result when the amoeba multi-
plies. Furthermore, cysts in the middle of any
pellet might, likewise, not be exposed to the
solution for the full period of time. We accord-
ingly used a sterile pipette to gently bubble
amoebae through the solution so as to ensure
that they were not left in a pellet at the bottom
of the tube.

We also feel that it is important for the
experiment to be carried out in the dark as the
potency of the disinfectants may be aVected by
light. Most lens cases and bottles containing
solutions are made of coloured plastic which
does not allow bright light through into the
solutions.

The normal period of time for lenses to be
disinfected would be overnight, while the
wearer is sleeping. We would therefore con-
sider a solution that kills amoebae within 5
hours to be safe for users. The minimum stated
soaking time for the solutions we tested, when
recommended by the manufacturers (Table 2),
was in no instance suYcient for inactivating
cysts of the strains of Acanthamoeba tested by
us. It is, therefore, very important that
manufacturers of disinfectants are made aware
of the time required to kill Acanthamoeba, so
that users can be advised as to the appropriate
time for soaking contact lenses in the solution.

Compliance with manufacturers’ recom-
mendations concerning contact lens disinfec-
tion appears, in general, to be unsatisfactory.
Recommendations by attending optometrists
and ophthalmologists should be adhered to.
Seal and Hay6 have suggested that contact lens
wearer compliance could be improved by the

Anti-Acanthamoeba activity of contact lens solutions 1037
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development of a compact, single use dispos-
able disinfection system.

The wiping of contact lenses with a daily
cleaner can perhaps also be considered as part
of the disinfection procedure which, owing to
the physical action of rubbing the lenses, may
help to dislodge some amoebic cysts or tropho-
zoites from contact lenses. Our experience in
the laboratory, however, is that amoebae tend
to attach so firmly to plastic culture dishes and
non-siliconised glassware, that vigorous rub-
bing would be required to remove all the Acan-
thamoeba cysts that might be adhering to the
contact lenses or lens case. John42 and John et
al43 have shown that both cysts and tropho-
zoites stick to extended wear soft contact lenses
and that the process of washing the lenses did
not remove all the trophozoites and cysts from
the contact lens surface. Consequently, the
wearer needs to ensure that any amoebae
introduced into the contact lens storage case or
adhering to contact lenses would be killed by
the soaking solution used.

Our studies have shown that the killing time
for cysts of the African and UK isolates of
Acanthamoeba that we studied is, in general,
similar. Guidelines for contact lens solution
usage suggested in the UK would therefore be
appropriate for the increasing number of trav-
ellers who visit South Africa as tourists or on
business as well as for local residents in South
Africa.
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