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Relationship between the Deposition of Tear Constituents on Soft Contact Lenses

according to Material and Pigmentation and Adherence of Staphylococcus aureus
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Purpose: The study was aimed to figure out the effect of materials and pigmentation of soft contact lens on the
adherence of Staphylococcus aureus upon soft contact lenses deposited with tear components. Methods: The number of
adherent S. aureus on clear and circle soft contact lenses made of etafilcon A, hilafilcon B, nelfilcon A was measured
before and after incubation in artificial tear. Furthermore, the denaturalization level of tear protein with time after
incubation in artificial tear was estimated by electrophoresis. Results: The adherence of S. aureus was significantly
different according to the lens materials. The pattern of bacterial adherence on clear and circle contact lenses was
different. That is, the adherent amount of S. aureus was somewhat larger on circle lens made of etafilcon A however,
amount on circle lenses made of hilafilcon B and nelfilcon A was 89.3% and 71.3% of the number on clear lenses.
When the tear protein was deposited on contact lenses, the number of adherent bacteria decreased and its degree was
varied according to the lens material. The degree of decrease was the biggest in clear soft lens made of etafilcon A.
Anti-bacterial effect of tear protein decreased with time after deposition of tear protein on soft contact lens and the
amount of lysozyme also decreased. The reduction of anti-bacterial effect and quantity of lysozyme was different
according to contact lens materials and pigmentation. Conclusions: It was revealed that the adherence of S. aureus
depends on contact lens materials and pigmentation, and the specification of lens material affects more on adherence of
S.aureus than pigmentation. It was further figured out the denaturalization level of anti-bacterial protein on soft contact
lens varies according to lens materials and pigmentation, which produces an effect on the quantity of bacterial adherence.

Key words: Clear soft contact lens, Circle soft contact lens, Material, Pigmentation, S. aureus, Tear protein, Lysozyme,
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Table 1. The specification of clear soft contact lenses tested
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Fdl=z 9 WEFAZ(CIBA VisionAl)
3} TH(Table 1, Table 2).

Bk

2. &

o] 22 180 147292 71Fo 2 AXs.eH, ISO
14729+ FHEA = F24 wol] tig 2 HAE
Hrkshs Hl AREEE Wl tigh 71Eelth Al ARS-
St & Xt (Staphylococcus aureus, ATCC 6538)
ol o, HulUS tryptone soya agar(TSAHIA] S A&

& Mg HJ}

e J= P iy )

lIIIJII

STk WAL 37°CY] 2ol A 2423 0T} Eit
E plateol] 1.0x1.0° cfu/mle] ¥ 10 plS & F Al =9
EE3 B8-S plates BFEl] 92 E%3L, oA 10 ple
TS A= Qo &2)ar 1087 F2HAIA FAT ol &
2y A=E 2H7F 5 mle] PBS7F ©AUE 12 well plate
oA 3 T & AEA] Qo] 2 T 12 well platedl]
U= E PBS S mlE &9 3% &% A F AHAA
o} AR A== A plated] B3 Hol HEIIES

28 T FTATTE TSA iR E o] 23t} 19 &

USAN etafilcon A hilafilcon B nelfilcon A
Commercial name 1-Day Acuvue Soflens One Day Focus Dailies
Manufacturer Johnson & Johnson Bausch & Lomb CIBA Vision
Water content (%)
(@-3.00 D) 58 59 69
Oxygen transmissibility (Dk/t)
(@-3.00 D) 33 11 26
Monomers HEMA+MA HEMA+NVP HEMA+PVA
FDA group v II 1I
Packing buffer system borate phosphate phosphate
Table 2. The specification of circle soft contact lenses tested
USAN Etafilcon A Hilafilcon B Nelfilcon A
Commercial name Define New Define Naturrelle Illuminate
Manufacturer Johnson & Johnson Baush & Lomb CIBA Vision
Water Content (%)
(@-3.00 D) 59 59 69
Oxygen transmissibility (Dk/t)
(@-3.00 D) 33 11 26
Monomers HEMA +MA  HEMA +MA +PVP HEMA+NVP HEMA-+PVA
FDA group v I II
Tinting method BWIC Micro encapsulation Dual Printing

(Beauty-Wrapped-In-Comfort)

Tinting dye Iron oxide

Iron oxide black

fron oxide Carbazole violet
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OlFir =L golaxt 0.18 g, FEEY 0.18 g, THW
0.54 g, 421 0.18 g& 0.01 M 125 (pH 7.4) 100 ml
of Zo A|zstAt e A& HJX10}71 el ABw=E
ML membrane filterZ A & AFRSIGTH ZHEA=
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AewE A T 74, 149 9 289 F3F FAAZ] A=
£ 250 ple F=8v(SDS ¢4ZF-8H:2% sodium dodecyl
sulfate 0.1% dithiothreitol 0.01 M Tris buffer, pH 8)°l &

oA 208 Bt 218
NAS FE3 T Lowry W

A, 14Y, 28 Tt Qb8 A7 FHEMN=
o] 2ztd el AS Sps Egd o7 FE3le] SDS E
gloladolm = Al A7]19%(SDS PAGE, 13.5%)2 314

© 1™ Coomassie blueZ G5t Tl A B350

5. SAIXE|
A= HF 4+ FTEHRE EASH I SPSS 12.0 KE
AHgEle] BAstgn) ZUENE A1 QT B0 hE 7
;‘d— sl 1:9,]_ /yqiaﬂz_/] E\:g_‘_:[‘« Z]—/Kﬂ‘:'_/] ‘O‘XFXJEO
£ t-744 (Independent T-test), <!
=8 @z%oﬂ w}% %‘Z——Hﬂ T e GUTAHEA (One-
o
3

way ANOVAYS AAJ3te] fre]4S s1stgict. 240l

p<0.05% 735 FAFSE Fod Afol7} = A= &
“gstaact.
ot %

1. SYEM=0 & & 7 5 U]

TRz e Az FFE xedyde] F

etafilcon A A& 16.13+4.88 cfu/lens, hllaﬁlcon B XH
Ao A 12.06+8.11 cfu/lens, nelfilcon A |&NA] 645+
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Fig. 1. The colony forming unit of S. aureus on clear and
circle soft contact lenses.
A. colony per lens, B. colony per area

4.27 cfu/lens®|Ath. AFA=9] AP I} F&
etafilcon A AANA 18.31+6.99 cfu/lens, FaA7} T+
H Y AQFolA 14.72+4.47 cfu/lens, hilafilcon B A&
ol A 10.77+7.09 cfu/lens, nelfilcon A A& A 4.60+
2.45 cfu/lenso] Atk Fral =9} NFal= BFoH L&
ATE etafilcon A, hilafilcon B, nelfilcon A <522 &
2t 7 B H(Fig. 1A), BE AdoA FHzl=e}
HEA= 7F F2F i = SAZCE fog Aolrt
ATHp<0.05).

A3 o] A}L-3) 2 Eaﬂz_/] 1A Xlﬁo] }\1-0] o].oq 2
A Y HAY o
GHAY F2 T FE OLO]'P—/\}E}- Frd=
o] AY I T etafilcon A AZANA= 0.105+
0.032 cfu/mm?, hilafilcon B A &l A 0.084+0.046 cfu/
mm?, nelfilcon A &A= 0.045+0.030 cfu/mm? &2+
HAch NFe =] B TEATHL ctafilcon A A2
2] 0.1114+0.044 cfu/mm?, S5-8A7F 7% etafilcon A A
Ao A= 0.093+£0.028 cfu/mm?, hilafilcon B A} Z o A
0.064+0.045 cfu/mm? nelfilcon A A} &A= 0.031+
0.010 cfu/mm?*|Qt}. FHAl=9} WEFA= 25F Fig. 19
A=zF T35 o Fo A9} L3 =42 etafilcon A,
hilafilcon B, nelfilcon A A& o2 &2 #d 7 &
kot A= AA 7 Abole GHAY T FellA T F

O W(Fig. 1B), & Ao Fal=o}l HIFA= 7t
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T2 1 = SAZLSE §93F Zol7F UATHPp<0.05).

Etafilcon A A&7} 5847 $HrE etafilcon A 2|2
Aol i o] SRS v E W FaAV g
AFU=9] 49 FHA7F A &2 etafilcon A A
o] MFU =0l vl3] 80%°l EFst FaAI7F
Al TEd F2F]l o A5 & 5 Ak
Tz AEA= F2 o FE BlusAS o
etafilcon A A &AM NIz F2E o = FH
Z9] 113.5%= ZkO 1} hilafilcon B 123} nelfilcon A
Ao e HEFd=ol F2d o 7t 47t Tz
89.2%, 71.31%Jt}.
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ANFezo] FyR Ry dg7) 2 ZAE R A o
o] FHAAEO] AolE v, Etafilcon A A& 2] 4]
Sz FFE I e FHTAAE 12602+
5.26 cfu/lens, ZAFol 5.00+2.50 cfi/lens®]| AL, 24
7} S etafilcon A A o] FHFIAE 1033+3.03
cfu/lens, ZAEl= 4.39+2.09 cfu/lens®| T} Hilafilcon
B Ao EnH= 6.89+5.66 cfu/lens, A F o=
3.24%2.19 cfu/lens, nelfilcon A A& o] FHXo|= 3.53+
1.36 cfu/lens, A Eo= 1.07+0.46 cfu/lens®] SZ =L
ot} IEATTY S RE AFo] NEU=o|A ZA
Fro} Friio] Fao] o tk(Fig 24), A= AE
o wegt FAFoE Fodt A7} &2} etafilcon A B
hilafilcon B #|&e] Frgiol 2aH o] 7 FAF2 57
Aoz frofst o, FaA7F FE etafilcon A 2
nelfilcon A A& A5+ TAZHSE Fo3HA] ZUTh.

WA T = etafilcon A A A FA=] £
o A= 0.133+0.056 cfu/mm?, ZHAEo]| 0.079 £0.040
cfumm?oH, A7} M2 etafilcon A A&E] &
HEo| A= 0.109+£0.032 cfu/mm?, ZHAE A= 0.069
+0.033 cfu/mm’E YEFRT} Hilafilcon B A2 AEA
z9] EEo)| e 0.084+0.064 cfu/mm?, 2 Fol A
0.046%0.030 cfu/mm?°]1 2™, nelfilcon A A& &
o= 0.063+£0.024 cfu/mm?, ZHAE-e] 0.011+£0.005
cfu/mm?©] 1T}, Etafilcon A, hilafilcon B, nelfilcon A
ANde] WEFAzA 2R He FrgHol 7pz}
59.4%, 54.8%, 17.5%%2 EEATT T2 ko] AR E
oA o Ao AS Bt T3 Y etafilcon A A
Aol AWk FEHA JEY T ol wet FEfEe
& 7 F7F EAFCE F93 zolrt ARy
(p<0.05), ZAF-L] 9] A= 2o)7F AL FATHp>0.05)
(Fig. 2B).
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Fig. 2. The colony forming unit of S. aureus on pigmented and
non-pigmented area of circle soft contact lenses.
A. colony per lens, B. colony per area

%)
7z} % oA RES 4732.74589.1 pg/lense] Ao, 1Y
B HFAZ F PBSO 7Y, 149 2 28 7 AAIAR]
7% 3738.6+265.4 ugflens, 30052+126.6 pg/lens =
3022.94+208.4 pg/lens® SHHJTE AFA=Y H9- 1
A7t AFww=ol FAAZ -0 DHATFLS 4850.2+
440.5 pg/lenso] o, 19 2A1Z1 & PRSI 7Y, 14
2 289 T AR B= A2 3796.1£138.7 pg/
lens, 2836.6+84.2 pg/lens & 2905.0+118.0 pg/lensZ =
AUt A7 F7-F etafilcon A AFAZRE 19 F
¢t IFwE AR B9 Tl E S 5037.8+£624.2
pg/lensel o™, 1Y JAF+wE 32 & PBSol| 74, 14Y
2 289 T FARAZ HB= 742} 3996.0+131.2 pg/
lens, 3482.1%£223.7 pg/lens ¥ 3350.5£396.6 pg/lens=
=453t} Hilafilcon B A &2 EHAZE QFwEol
19 B9t AR 739 F Tl dake 129.6+2.4 pg/lens
oL, AFTEE H2 F 7Y, 14¢ & 28U F2F PBSY
FAAZ) 739ollE ZH2 114.0+15.6 pg/lens, 106.7+21.5
ug/lens 2 77.6£11.5 pg/lensZ YERSTE R Eal=9] 73
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137.7+£4.7 pg/lens®| AL, 1Y F<t <
PBSol| 74, 144 2 28Y &<t
9.9 pg/lens, 114.0+£11.3 pg/lens 2 101.0+15.

o] == AT}, Nelfileon A A2 FHA=E 1Y
B AETE AR B T IAFE 214463
pg/lense] A WHA, QA1FrEol 19
A 2 28 <k PBSOIA F-A|AIR)
lens, 13.8+5.9 pg/lens & 7.9+4.8 ng/lens= Y&
Zo] et AEFA=9] 49 19 Bt A3 E
A7) F G AGL 277422 pg/lenso] AT vk
B AFTEol A F PBSOIA] 7Y, 149 H 28Y
B¢ FAAZ] A= 179+ 1.4 pgllens, 182+2.3 pg/
lens, 11.5+7.8 pg/lens® Tz o] Zhash= S Uet
yaou A4 F29482 fIAthFig. 3).
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Fig. 4. Changes in the colony forming unit of S. aureus on soft
contact lens after 1 day- treatment of artificial tear and
further incubation in PBS for 7, 14 and 28 days.
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re A BT F AN ABEE

QX] ?—’6 = AR R4 % = fE4
A2ARE W) Al 7HA] SFe] = b seAE o
F3he ctafilcon A A D] HIA=A 71 B el

glolaxigle] HE Aoz Yehgton, g d=o) I
21y glo]axte)e] Ut vwEHE u BAHCE {9
3l 21o] A Th(p<0.05)(Fig. 5, 6). Etafilcon A A& o] Frl
=, MEFA= 2 FEAE T A= 25 1Y ZJ3
3 pBSOll FANFHS wolle 1 717to] S715tel whet A
2hg gho]AxQlel <Fo] 7HAste] 28U Ao 71 W
TS YERNATE. F, etafilcon A A Z o] Frg Al =o)A] A
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Fig. 5. The change in lysozyme amount on soft contact lens
after 1 day-treatment of artificial tear and further incubation
in PBS for 7, 14 and 28 days.
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Fodlz vke g o g X/ o] SRS dolE
Kodjikian L -51'%19] Ao M= etafilcon A, galyfilcon A,
balafilcon A, lotrafilcon B A2 A= Fol|A etafilcon
A AE A=A xedato] 7P HA FFEYa B
aE vk ok 2 Aol Al FEd=xE
etafilcon A, hilafilcon B, nelfilcon A ] 20112 etafilcon A
AAANA EEAFFo] 7P o] T2 Qa1 hilafilcon
B, nelfilcon A A& o2 FAFCZE {23 F3HF =}
o7} ATt Etafilcon A A E-2 HEMAS} MAS] F%3}
A o)™, hilafilcon B 2} Z-& HEMA2} NVP, nelfilcon A
4L HEMASH PVAS] S5JA= A=t A2 Zpol7}
ZA)gkt}, Fleiszig SM 5112 hydroxyethyl methacrylate
(HEMA)E% FojlE A 2Kt HEMAS}H methacrylic
acidMAY’} 37 E0lde dl=o| A FeATTe] F2 o)
o Bkttt Baso] A o] i FE IS F
= 78 Q2RI Ao F Hal g vl glon, B AF-dwe
M= A AAEAZ wet 7 F32o] geAe A=
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nelfilcon A A& 2% FDA 1§ OE xwe| 470l
a9, Bloledow Fdsh o] el hilafilcon
B A|doA © B2 o= Yeyt o|gs Ao
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Fig. 6. Electrophoretic pattem of lysozyme deposit on soft contact lenses after 1 day-treatment of artificial tear and further incubation

in PBS for 7, 14 and 28 days.
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