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In vitro colonization of hydrophilic contact lenses by
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In vitro colonization of hydrophilic contact lenses by Aspergillus niger was investigated. Five strains of the fungus,
four polymers, two culture media and four incubation periods were considered for analysis. Only the 2700 strain
colonized the lenses. The degrees of adhesion and invasion varied significantly according to the characteristics of the

culture under investigation.
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Introduction

Colonization of contact lenses by fungi causes several health
problems, both indirectly through the deterioration of the lenses and
directly to the users’ eyes [2,7-9,13,14,17,18]. The colonizing
fungi come into contact with the lens surface, stick to it (adhesion)
and release enzymes that degrade the polymers (invasion) [13,17].
The resulting assimilable products facilitate the growth of micro-
organisms. In vitro studies of the fungal colonization of contact
lenses are relatively scarce. Simitzis-Le Flohic ef a/ [12] and de
Gioia et a/ [ 6] indicated that yeasts do not invade the lenses as some
filamentous fungi do. Bisignano et al [3] noted that to colonize
contact lenses, large numbers of Aspergillus niger conidia are
needed over 15 days of incubation with a variable concentration of
peptides and carbohydrates as the culture medium. Therefore,
inoculation in saline solution prevents penetration of the mycelium
into the lenses. Further studies of this kind that expand on these
initial findings and increase our understanding of the conditions
under which fungi colonize contact lenses would clearly be
valuable. With this in mind, I initiated this study with the aim of
determining the in vitro colonizing potential of the filamentous
fungus A. niger towards hydrophilic contact lenses. Specifically, the
colonization process was analysed by considering the fungal strain,
the type of lens material, the culture medium and the incubation
period.

Materials and methods

The following strains of A. niger were investigated: CECT 2574,
CECT 2700 (equivalent to ATCC 9642), 22 MR - AN, 24 MR- AN
and 25 MR -AN. The first two came from the Coleccion Espariola
de Cultivos Tipo and the others from the Instituto Municipal de
Investigaciones Médicas de Barcelona (Spain). Each strain was
cultured on 2% Sabouraud’s dextrose agar slants (Bio-M¢érieux,
Marcy L’Etoile, France ) and incubated for 24 h at 25°C. The conidia
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were then washed and the inocula of the different strains were
obtained. The final concentration of the conidia varied between 3.5
and 4.4x10° UFC/ml.

Four different hydrophilic polymers were used in the analyses.
Each belongs to one of the groups established by the US FDA [19].
Since these polymers are commercially available and the chemical
composition is frequently not indicated, the identification of the
functional groups was determined in the laboratory. To this end, a
lens of each polymer was placed in a desiccator containing
anhydrous calcium chloride for 3 days. The samples were then
ground and mixed with potassium bromide in a weight ratio of 1:10.
Infrared spectra were recorded at room temperature on a FT-IR
Perkin - Elmer 2000 instrument. The number of accumulated scans
was 64.

Forty lenses were colonized for each fungal strain, lens material,
culture medium and incubation period, and the percentages of
lenses with fungal adhesion and invasion were calculated. Each lens
was placed in a 4.5-cm-diameter glass Petri dish. Each plate
contained 8 ml of saline solution or Sabouraud’s broth with
gentamicin sulfate, together with a known concentration of conidia
[5,13]. The lenses were incubated at 25°C and examined on days 3,
7, 14 and 21. In order to avoid the interruption of growth of the
fungus and its potential adhesion or invasion, new lenses were
examined on each of these days, i.e., they did not come from the
previous incubation period.

In order to determine the possible colonization of the matrix of
the lenses by A. niger, they were observed by means of optical
scanning electron microscope (SEM) and confocal scanning laser
microscope (CSLM). Optical microscopy allowed the observation
of any hyphae adhering to the lens surfaces and the determination,
together with a calibrated ocular micrometer, of their densities. Four
degrees of adhesion were established: 0 (no adhesion); 1 (low
density), hyphae covered up to 25% of the lens surface; 2 (medium
density), hyphae covered between 25% and 50% of the lens
surface; 3 (high density), hyphae covered more than 50% of the
lens surface. Subsequently, each lens was washed to remove the
adhered hyphae and was observed with an optical microscope to
determine the extent of the fungal invasion. The same ranges as
those used in the adhesion process were used to quantify the
internal colonization.
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Figure 1 Percentages of adhesion of 4. niger 2700 to hydrophilic contact
lenses according to culture medium, lens material and length of incubation.
Different shadings indicate different degrees of adhesion (0, lightest; 3,
darkest).

The sizes of all colonies and their internal hyphae were
quantified with a calibrated ocular micrometer. Four vifilcon A
lenses invaded by A. niger were observed by SEM [5,8,12] in order
to analyse the deterioration of the lenses. Likewise, four scafilcon A
lenses colonized by the fungus were selected for CSLM analysis;
they were observed by light transmission with a Leica TCS 4D
microscope (Heerbrugg, Switzerland) and a krypton—argon ion
laser that emits at 568 nm.

The relationship between the degrees of adhesion or invasion
and several parameters (including the type of material, culture
medium and period of incubation of the polymers) was calculated
from the corresponding absolute frequencies of each degree. The
significance of the differences observed in each comparison was
tested by means of contingence tables [20]. This analysis was
performed using SPSS programs [10].

Cluster analysis (using the square root of the square of the sum
of the Euclidean distances as a proximity measure) was used to
determine the relationships between the polymers and the
frequencies of fungal adhesion or invasion during the periods
under consideration for all the lenses, calculating each as the sum of
the squares of the differences between the relative frequencies [4].
Phenograms were constructed by the unweighted pair-group
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method using arithmetic averages (UPGMA) [15]. Cluster
analysis was performed using NTSYS -pc routines [11].

Results

The qualitative characterization of the functional groups of tefilcon,
bufilcon A and vifilcon A was determined. Although, according to
the available information, scafilcon A has no 2-hydroxyethyl
methacrylate (HEMA), analysis revealed a high number of
hydroxyl groups.

Of the five strains of 4. niger investigated, only the 2700 strain
colonized the contact lenses in vitro. Figures 1 and 2 show the
percentages of fungal adhesion and invasion, respectively, accord-
ing to lens material, culture medium and days of incubation.

With respect to both fungal adhesion and invasion, differences
among the four hydrophilic contact lens materials were significant
for the two media and for all incubation periods (P<0.001, except
P<0.05 in the saline solution culture at 3 days of incubation).
Therefore, it can be assumed that the type of polymer influences the
degree of adhesion and invasion of the A. niger hyphae, regardless
of'the culture medium and incubation period. The affinities between

SALINE SOLUTION

TEFILCON

SCAFILCON A

100%

80%
B0%
40%
20%
0%
3 7 14 21 pays
BUFILCON A VIFILCON A
40%
20%
0%
3 7 14 21 paye
SABOURAUD
TEFILCON SCAFILCON A

3 7 14 21 pays

VIFILCON A

3 T 14 21

Days

Figure 2 Percentages of invasion of 4. niger 2700 into hydrophilic contact
lenses according to culture medium, lens material and length of incubation.
Different shadings indicate different degrees of invasion (0, lightest;
3, darkest).
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Figure 3 Distance phenogram showing the relationship between hydro-
philic contact lens materials and the degrees of adhesion and invasion by 4.
niger. (A) Adhesion in saline solution. (B) Adhesion in Sabouraud’s

medium. (C) Invasion in saline solution. (D) Invasion in Sabouraud’s
medium.

the contact lens materials established from the percentages of
adhesion and invasion are shown in Figure 3.

With respect to the degree of adhesion and invasion, the
statistical comparisons between the two culture media generally
showed significant differences regardless of the polymer and period
of incubation (adhesion: P<0.001, except P<0.05 in the culture of
bufilcon A at 3 days of incubation and P<0.01 in vifilcon A at 3
days; invasion: P<0.001, except P<0.05 in all polymers at 3 days
and tefilcon at 7 days, and no significant differences in bufilcon A
at 7 and 14 days). The results indicate that the culture medium
influences adhesion to, and invasion of, the contact lenses by the
fungus. Both processes are significantly increased in the Sabour-
aud’s medium cultures compared to those in saline solution.
Likewise, the percentages of lenses showing adhesion to and
invasion of the different materials by the 4. niger mycelium
(Figures 1 and 2) significantly increased during the course of the
incubation period, regardless of the type of polymer and culture
medium (P<0.001 in all comparisons).
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Figure 4 SEM micrograph showing the thickness of a contact lens
colonized by A. niger 2700 and sectioned inner hyphae.

Figure 5 Reconstructed three-dimensional image of an A. niger 2700
colony in a scafilcon A lens after 14 days in Sabouraud’s medium.

Observation of the lenses using light microscopy indicated that
the size of the colonies and their internal hyphae was always greater
in Sabouraud’s cultures. After 21 days of incubation in this medium,
the largest colonies had diameters of 200 pm in the more hydrated
polymers and their hyphae had a maximum diameter of 3.5 ym. The
colonies in the polymers with lower water content had a maximum
diameter of 100 um and their internal hyphae 3 pm. All hyphae
always showed a coiled disposition in the matrix of the polymer [5].

Observation of the lenses by SEM made it possible to determine
the deterioration of their surfaces. Internal hyphae were detected in
the lens sections (Figure 4). Figure 5 shows a reconstruction of the
sections obtained by CSLM into a three-dimensional image of one
colony. This image was constructed from 25 optical sections in the
horizontal x—y plane, with a 1.2-um interval between planes. The
colony penetrated 28.8 um into the lens matrix.

Discussion

Only one of the five strains of 4. niger colonized the contact lens
materials analysed. This low incidence was probably related to
genetic factors and/or culture conditions since the latter determine
the chemical structure of the fungal wall and the synthesis of
hydrolytic enzymes responsible for colonization of the lenses. The
fungal wall plays a very important role in the process of adhesion to
a surface as it is the first point of interaction between the fungal
cells and the substrate to be colonized [ 1]. Glucose causes a high
synthesis of manoproteins in the outermost layer of the fungal wall,
increasing adhesion [16]. Therefore, the glucose and peptone in
Sabouraud’s medium provided 4. niger 2700 with the necessary
source of carbon and nitrogen to facilitate colonization of the
lenses. My results coincide only partially with those of Batellier et al
[1], who stated that contamination of the contact lenses requires a
nutritive contribution, particularly of peptides and carbohydrates,
without which the fungus does not develop.



Since most of the hydrophilic polymers studied here contain
N-vinylpyrrolidone (NVP), it can be assumed that its presence aids
colonization by 4. niger. Nitrogen present in the pyrrolidone group
is arranged lateral to the hydrocarbon chain. The results suggest that
the nitrogen in this monomer is easier for the microorganism to use,
as it is more vulnerable to enzyme attack than nitrogen in
acrylamide diacetone (AAD) present in the bufilcon A amide
groups. Likewise, other components (probably the methacrylic
acid, MA) must influence fungal colonization of hydrophilic
contact lenses. Therefore, lenses made with less hydrophilic (not
NVP) and nonionic (not MA) materials, such as tefilcon, yield
lower frequencies and degrees of colonization.

According to my observations, if the growing conditions, the
chemical composition of the polymer and the type of fungus are all
suitable for colonizing a material, invasion will occur within 3 days.
These results differ from those published by Bisignano et a/ [3],
which indicate that incubation periods between 15 and 20 days are
needed for an invasion of HEMA hydrophilic contact lenses with a
38% water content.

In conclusion, this study corroborates the fact that increased
polymer water content enhances fungal growth in hydrophilic
contact lenses, and it demonstrates that in vitro fungal colonization
of contact lenses depends on (i) the strain of filamentous fungus,
(ii) the culture medium and (iii) the incubation period. Likewise,
and contrary to the results obtained by Bisignano et al [3], the
present study demonstrates that it is possible to colonize polymers
using a conidial suspension of 4. niger in saline solution after short
periods of incubation (3 days). Finally, it is worth mentioning that
occasionally, fungal colonization of contact lenses has been
observed using different species of fungi and different culture
media [5,12,13].
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