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a b s t r a c t

Purpose: To assess the disinfection efficacy of multipurpose solutions (MPS) against different bacterial
species adhered either to silicon hydrogel or to conventional hydrogel contact lenses (CLs). The influences
of the MPS formulation and the chemical composition of the lens material were investigated.
Methods: This investigation followed the standard 14729, which establishes the guidelines for assessing CL
disinfecting solutions. Two commercially available (Opti-Free® Express® and Renu® Multiplus) solutions
and one recalled solution (Complete® MoisturePlusTM) were used in this study. After disinfection, the
number of survivors was estimated by the colony forming units’ method.
Results: The lens material appears to influence disinfection. The conventional hydrogel polymacon exhib-

ited the highest disinfection scores, a fact that should be related with the lack of electrostatic attraction
towards the biocides and its hydrophilicity. The MPS formulation appears to have influence in disinfec-
tion efficacy as well. For most adhered bacteria, Opti-Free® was capable of reducing cell concentration in
4-log.
Conclusion: Disinfection results from multivariate factors and this study confirmed that the lens material
and the MPS play a very important role in the disinfection efficacy of CL.

Britis
© 2011

. Introduction

The presence of microorganisms on contact lenses (CL) is associ-
ted with infiltrative keratitis (IK) an inflammatory condition, and
icrobial keratitis (MK) an eye infection that might ultimately lead

o vision loss [1]. The factors involved in the occurrence of IK are not
ntirely understood; however, it is hypothesized that continuous
ear, the presence of deposits, and bacteria and toxins adherent

o the lens are important etiological factors [2]. With concern to
K, it is well established that poor hygiene and continuous wear-

ng schedules are risk factors. The most common etiological agents
solated from CL-associated MK are Pseudomonas aeruginosa and
taphylococcus spp. [3–10]. In order to minimize the risk of either
nflammatory as infectious events associated with lens wear, the
se of disinfecting solutions is recommended, as they enable the
emoval of deposits and inactivate bacteria and respective toxin
roduction [11].

Being true that the incidence of IK and MK could be reduced

y using MPS it is also true that some formulations are not com-
atible with some lens materials and as a result may affect the
ornea integrity, cause discomfort, inflammatory events and even-
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tually discontinuation of lens wear [12,13]. So, clinicians should pay
special attention to compatibility between lens materials and MPS
when prescribing a disinfecting solution.

MPS can be roughly separated into 2 groups: the group contain-
ing the biocide biguanide such as Renu® Multiplus or Complete®

and the one containing polyquaternarium, such as Opti-Free®. Con-
ventional hydrogel CLs are made of hydrophilic monomers and
present a smooth and wettable surface [14,15] whereas silicone
hydrogel CLs are made from hydrogel monomers and silicone
elastomers, resulting in a hydrophobic material [16]. In order to
increase their wettability, the surface of these lenses can undergo
a plasma treatment [16].

Disinfection of MPS on silicone hydrogel CL is poorly under-
stood, first because MPS were designed for a different class of
lenses, conventional hydrogel CLs, and second because the stan-
dard 14729 used to evaluate the disinfection efficacy of MPS has an
important flaw: the primary criteria are made against suspended
microbes not microbes adhered to CLs [17]. In fact, CL disinfection
is a complex process as it results from multiple interactions. Dif-
ferent microbial strains exhibit distinct susceptibilities to biocides
[18,19], adhered microbes are more resistance to biocides than in

planktonic state [20,21], and exopolysaccharides protect microbes
against the biocidal action [21]. The presence or absence of tear
film affects disinfection; therefore, worn lenses may exhibit dif-
ferent disinfection scores than unworn ones [22]. Other important

evier Ltd. All rights reserved.

dx.doi.org/10.1016/j.clae.2011.02.002
http://www.sciencedirect.com/science/journal/13670484
http://www.elsevier.com/locate/clae
mailto:jazeredo@deb.uminho.pt
dx.doi.org/10.1016/j.clae.2011.02.002


180 L. Santos et al. / Contact Lens & Anterior Eye 34 (2011) 179–182

Table 1
Properties of the multipurpose solution enrolled in this study.

Product Manufacturer Biocide (%) Surfactant cleaner EDTA (%)

Opti-Free® Express® Alcon PQ-1 0.001 MAPD 0.0005 Poloxamine 0.5
Renu® Multiplus Bausch & Lomb PHMB 0.0001 Poloxamine 0.1

B 0.0
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Complete® Comfort Plus AMO PHM

Q-1, polyquartenarium-1; PHMB, polyhexamethylene biguanide; MAPD, myristam

eature concerns the biocide uptake. Either CL materials as lens case
re capable of uptaking the biocide present at the MPS thus leading
o the overall reduction of its disinfection efficacy [23]. The most
ecent ISO and FDA standards ignore these facts, which may very
ell contribute to the past infection outbreaks and product recalls.
urrently, new standards are being formulated, so improvements
re expected in the way disinfection is assessed.

In the present work it is hypothesized that different MPS for-
ulations exhibit different scores of disinfection on contaminated

L. Therefore several MPS will be tested against 4 CL materials con-
aminated with two Gram-positive and one Gram-negative strain.
he aim is to assess the influence of the MPS formulation and the
nfluence that CL physic-chemical properties might exert upon dis-
nfection.

. Materials and methods

.1. Chemicals and culture media

Table 1 details the properties of the MPS used in this study.
hree MPS with distinct formulations were tested. Opti-Free®

xpress® contains two biocides, PQ-1 and myristamidopropyl
imethylamine (MAPD), while Renu® Multiplus and Complete®

oisturePlusTM incorporate PHMB. Two lots from each MPS were
ssayed.

Tryptic soy agar (TSA) and Dey-Engley-Neutralizing Broth
DENB) were purchased from Sigma–Aldrich, Germany. Dulbecco’s
hosphate buffered saline (DPBST) included 8.0 g l−1 NaCl, 0.2 g l−1

Cl, 1.15 g l−1 Na2HPO4, 0.2 g l−1 KH2PO4, and 0.05 (w/v) Polysor-
ate 80.

.2. Contact lenses

Table 2 presents the CLs used in this work: two-silicone hydrogel
Ls and two conventional hydrogel CLs were enrolled in this study.
oth silicone hydrogel CL are surface treated.

.3. Test organisms and growth conditions

Three bacterial species were used in this study. Staphylococcus
ureus CECT (Colección Española de Cultivos Tipo) 239 and Pseu-
omonas aeruginosa CECT 111 were purchased from the Spanish
ollection of Type Culture, University of Valencia. These strains

re equivalent to S. aureus ATCC 6538 and P. aeruginosa ATCC
027, respectively, of the American Type Culture Collection [24].
lthough not considered a reference microorganism, Staphylococ-
us epidermidis 9142 was used. This bacterium is a clinical isolate

able 2
roperties of the contact lenses enrolled in this study.

CL material Brand Manufacturer

Balafilcon A PurevisionTM Bausch & Lomb, Inc.
Lotrafilcon A Focus® Night & DayTM CIBA Vision Corporation
Polymacon Soflens 38 Bausch & Lomb, Inc
Etafilcon A Acuvue2® Johnson & Johnson Vision Care

EMA, 2-hydroxyethyl methacrylate; mPDMS, monofunctional polydimethylmethacrylat
CVE, N-carboxyvinyl ester; PBVC,(poly[dimethysiloxy]di[silylbutanol]bis[vinyl carbama
001 Poloxamer 0.02

opyl dimethylamine; EDTA, ethylenediamine tetraacetic acid.

and a producer of the major surface polysaccharide promoting
coagulase-negative staphylococci adherence and biofilm forma-
tion, referred to as either polysaccharide intercellular adhesin
(PIA) or, by its chemical composition, poly-N-acetyl glucosamine
(PNAG), and its adhesion capability has been characterised previ-
ously [25,26]. This strain was kindly provided by Dr. Gerald B. Pier,
Harvard Medical School, Boston, USA.

Bacteria were grown on agar slopes for 18 h at 35 ◦C. The
colonies were harvested with DPBST which contains Polysorbate
80. This surfactant aids the harvesting process as well as cell dis-
persion. The suspension was vortexed for 1 min in order to ensure
complete homogenization and transferred to a sterile polypropy-
lene tube (Orange Scientific, Belgium). Owing to its voluntary
recall, Complete® MoisturePlusTM was not challenged against P.
aeruginosa CECT 111.

2.4. Disinfection tests against bacteria adherent on contact lenses

The protocol followed the standard ISO 14729 for regimen test;
however a modification was made. While the standard dictates
that each side of the lens should be inoculated with 10 �l inocu-
lums, which is not enough to cover the lens surface, in this work a
100 �l inoculums was placed in each side of the lens, resulting in
the coverage of the entire lens surface and as consequence a greater
bacterial load. According to the standard, the bacterial concentra-
tion of each lens should be comprised between 5 × 105 CFU/lens
and 5 × 106 CFU/lens. Being true that this concentration is appro-
priated to undertake this test, it does not necessarily reflect other
scenarios where lens wearers overwear their lenses or skip disin-
fection resulting in greater levels of microbial load. Keeping this
in mind, lenses were inoculated with a more demanding bacterial
concentration.

A bacterial suspension was prepared as previously described in
Section 2.3. The suspension was dipped on both the concave and
convex sides of the lens, 100 �l in each side. After 10 min exposure
to the bacterial suspension, excess was removed. Each CL had a
concentration between 1.0 × 107 and 1.0 × 108 CFU per lens.

Each lens was transferred to a well of a 24-well culture plate
containing 1 ml of the test MPS. Lenses were soaked for 4 h at room
temperature. After soaking, the lenses and the soaking solution
were poured to a filtration apparatus containing 50 ml DENB in
order to inactivate the disinfectants. After 15 min of neutralization,
three filtrations containing 50 ml DENB were made using 0.2 �m

sterile nitrocellulose membranes. Each CL was placed in an eppen-
dorf containing 1 ml DENB and vortexed for 1 min to detach adhered
bacteria. Serial dilutions were carried out in DENB and spread on
TSA plates. After incubation (48 h at 35 ◦C), the number of viable

Ionicity Water content (%) Principal monomers

Ionic 36 NVP + TPVC + NCVE + PBVC
Non ionic 24 DMA + TRIS + siloxane monomer
Non ionic 38 HEMA
Ionic 58 HEMA + MA

e; NVP, N-vinyl pyrrolidone; TPVC, tris(trimethylsiloxysilyl) propylvinyl carbamate;
te]; DMA, N,N-dimethylacrylamide; TRIS, trimethylsiloxane.
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Table 3
Log reduction units of adherent bacteria to contact lenses.

Balafilcon A Lotrafilcon A Polymacon Etafilcon A

S. epidermidis
Opti-Free® 3.18 6.54* 6.64* 5.20*

Complete® 2.43 2.18 4.23* 3.20
Renu® 1.96 2.06 4.32* 3.94

S. aureus
Opti-Free® 4.16* 4.28* 4.30* 4.18*

Complete® 2.28 1.12 4.19* 2.18
Renu® 2.03 2.83 3.38 1.80

P. aeruginosa
Opti-Free® 5.44* 3.38 5.74* 5.16*

Renu® 3.86 1.64 6.04* 3.58
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* Statistically different from the other combinations (Mann–Whitney’s U with 95%
f confidence level).

ells was counted by CFUs. At least three replicates and two inde-
endent assays were performed for each combination of CL, MPS
nd bacterial strain. The control condition for each experiment was
he CL exposed to a bacterial suspension prepared in saline solution.

.5. Data analysis

The data distribution was analyzed using the
olmogorov–Smirnov test and distribution was shown to be

not normal’. Therefore, the non-parametric Mann–Whitney U test
as employed, with a 95% confidence level. Comparisons were
ade between CL material and MPS. A p value of less than 0.05
as considered statistically significant.

. Results

The data presented in Table 3 show that different combinations
f MPS and CL result in distinct rates of disinfection. Polymacon
as given uniformly better log unit reduction than the other lens
ypes. For example, the log reduction of S. epidermidis adherent to
alafilcon A, ranged between 1.96 and 3.18, while in the case of
olymacon varied between 4.23 and 6.64. Also in polymacon, the

og-reduction units found for S. aureus, ranged between 3.38 and
.30 and regarding adherent P. aeruginosa between 5.74 and 6.04.
hese values were significantly superior to those found for the other
ested materials (p > 0.05).

After the neutralisation process, lenses were sandwiched on
gar plates and incubated. As shown in Table 4, the number of sur-
ivors on lenses treated with Opti-Free® was less than 22 CFU/per
ens, while lenses treated PHBM-based MPS displayed a number
f CFUs so excessive that could not possible to enumerate through
his counting technique. These results (Tables 3 and 4) suggest that
ombinations involving polymacon and Opti-Free®, are the ones
iving uniformly better log unit reduction.

. Discussion
The present study evidences that different combinations of MPS
nd CL result in different levels of lens disinfection (Table 3). Such
ifferences may be attributed to different degrees of biocide uptake

able 4
umber of survivors on contact lenses after treatment with Opti-Free® .

CL material S. epidermidis S. aureus P. aeruginosa

Balafilcon A 4.33 (1.15) 22.60 (13.83) 1.60 (1.14)
Lotrafilcon A 3.33 (0.876) 3.33 (1.77) 5.50 (2.14)
Polymacon 0.00 (0.00) 3.83 (2.43) 6.33 (2.05)
Etafilcon A 1.00 (0.57) 3.60 (1.95) 3.2 (1.96)
erior Eye 34 (2011) 179–182 181

onto the lens matrix. The fact is that when a biocide and lens mate-
rial interact to sequester the biocide within the lens matrix, the
system loses efficacy. This phenomenon is reported in the litera-
ture [23,27–30]; however, this is the first time that disinfection is
quantified for such a wide variety of CL materials and MPS.

Contemporary ISO and FDA standards virtually ignore the bio-
cide uptake phenomena albeit its importance on disinfection
efficacy; however, during the first advisory board following the
recall of two MPS it was hypothesized that biocide uptake could
have contributed to the inefficacy of the recalled solutions.

The phenomenon of biocide uptake is ruled by the interaction
generated between the CL material and the biocide and also by
the hydrophobicity of either biocide as the material [31,32]. An
example of the first situation is the electrostatic attraction that
occurs when materials and biocides have opposite charges [32]. It
was previously described that the conventional hydrogel etafilcon
A, has greater propensity for biocide uptake [27] a fact that was
attributed to an electrostatic attraction established between the
biocides PHMB, PQ-1 and MAPD all having cationic domains and
etafilcon A which is negatively charged. On silicone hydrogel the
biocide uptake might be driven not only by electrostatic attractions,
but also by hydrophobic interactions. Due to their hydrophobic
nature these materials are capable of establishing attractive forces
with the nonpolar heads of the biocides, and to sequester them [31].
This happens due to the urgent need of lowering their high surface
tension and is therefore a much stronger force than established
by hydrophilic surfaces. Balafilcon A is simultaneously anionic and
hydrophobic, making this lens virtually more prone to biocide
uptake. In addition to this, balafilcon A exhibits large pores [33] that
should favour the biocide uptake by the lens matrix. The material
presenting greater disinfection scores was the conventional hydro-
gel polymacon. In fact this material is hydrophilic, nonionic charac-
teristics that limited the entrance of the biocide onto their matrix.
Polymacon has given uniformly better log unit reduction than the
materials now frequently used in the clinical practice and their
contribution as a test material in ISO standards could be considered.

The log reduction on lenses treated with Opti-Free® was gen-
erally more accentuated than with PHBM-based MPS (Table 4).
Similar findings were reported by Rosenthal et al. The authors found
that the number of survivors on lenses treated with Opti-Free® was
smaller in comparison with other MPS [23]. The reasons behind its
greater disinfection efficacy are multiple. The first appears to be
related with its little propensity to be uptaken either by the CL
or the lens case. Opti-Free® contains a large molecular size bio-
cide known as PQ-1, whereas Renu® and Complete® contain PHMB
which is a smaller molecule. PQ-1 due to its size is less probable to
be sequestered by the CL matrix or lens cases, therefore, maintain-
ing their antimicrobial activity. So, the enhanced performance of
Opti-Free® might be ascribed to low levels of PQ-1 adsorption onto
CLs. A second factor that might explain the superior performance
of Opti-Free® is their superior biocide concentration, a key factor in
disinfection [34]. Opti-Free® contains 0.001% of PQ-1, while Renu®

and Complete® MoisturePlusTM contain 0.0001% of PHMB. Finally,
the greater disinfection efficacy of Opti-Free® may be attributed to
the presence of 2 biocides, PQ-1 and MAPD, rather than one. MAPD
is a biocide composed by a fatty acid coupled to a cationic group
with demonstrated effectiveness against fungi, and trophozoide
and cystic form of Acanthamoeba [35]. Although being an effec-
tive antifungal it has also an antibacterial action [36] and may thus
contribute for the best disinfection efficacy found for Opti-Free®.

A convenient use of MPS helps to control the microbial load and
should reduce the chances of developing any of these ocular events.

However the present study suggests that the MPS formulation as
well as the CL material affects the disinfection efficacy of a contam-
inated CL, so special care must be taken when combining a certain
CL material with a MPS.
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