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Candida albicans according to Soft Contact Lens Materials and Pigmentation

So Hyun Park, So Ra Kim, and Mijung Park™

Dept. of Optometry, Seoul National University of Science and Technology Seoul 01811, Korea
(Received August 17, 2016: Revised September 5, 2016: Accepted September 7, 2016)

Purpose: The aim of this study was to figure out how the characteristics of soft contact lens materials and
pigmentation affect the adherence of C. albicans on soft contact lenses pre-deposited with tear constituents. Methods:
The adherent number of C. albicans on clear soft contact lenses (hereinafter clear lenses) and circle soft contact
lenses (hereinafter circle lenses) made of etafilcon A, hilaiflcon B and nelfilcon A, respectively, was measured before
and after the deposition of artificial tear. Also, bacteria adherence on lenses were observed by a scanning electron
microscope. Results: Adherence of C. albicans was significantly different according to lens materials. The amount of
adsorption was not different between clear lenses and circle lenses made of etafilcon A however, the number of
bacteria absorption was bigger in hilafilcon B and nelfilcon A lenses. More absorption of C. albicans was found in
the non-pigmented central area compared the pigmented area, and non-pigmented peripheral area has more bacterial
absorption than non-pigmented central area. The number of C. albicans decreased in the case that tear protein was
pre-deposited. The maintenance of antibacterial activity against C. albicans was different according to lens materials
thus, etafilcon A has the longest period of its maintenance. Conclusions: It was revealed that the number of C.
albicans was different according to the characteristics of lens materials, pigmentation or non-pigmentation, the
pigmented area of soft contact lenses. Thus, it is suggested that the management method should be different according
to the adsorption characteristics of C. albicans.

Key words: Clear soft contact lenses, Circle soft contact lenses, Material, Pigmentation, C. albicans, Tear protein, Lyso-
zyme, Scanning electron microscope
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Table 1. The specification of soft contact lenses tested

USAN etafilcon A hilafilcon B nelfilcon A
Clear or circle Clear Circle Clear Circle Clear Circle
Commercial name 1-Day Define New Define Soflens Naturrelle FO.C ys Illuminate

Acuvue One Day Dailies

Manufacturer Johnson & Johnson Baush & Lomb CIBA Vision
Waze@rfg’%tgng)(%) 58 59 59 69
Ox(ygglt)'zrén_s;r.l(i)zsigi)lity 3 T 2%
Monomers HEMA+MA HE]_\'_/;Q;;MA HEMA+NVP HEMA+PVA
FDA group v 1I II
Tinting method (Beauty-Wrai\;giC-In-Comfort) enci\gzﬁtion - Dual printing

Tinting dye - Iron oxide

Iron oxide black

- Iron oxi .
on oxide Carbazole violet

HEMA: hydroxyethyl methacrylate; MA: methacrylate; NVP: N-vinyl pyrrolidinone; PVP: poly-vinyl pyrrolidone); PVA; poly-vinyl

alcohol
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1. 2HEJH=x
U] Al F9 1S vlo]&d 548 71K etafilcon A
Ao B Frgdl=, NEd= 9 F5A(PVP, poly-vinyl
pyrrohdone)7]- @.’ H AZFAZ(Johnson & JohnsonAPe} A&+
o] EAJS- 712 hilafilcon B A2 2] Frdl= L AF

@Z(Baush & Lomb/\]-) A= o] B3-S 714 nelfilcon
A AAe] Edl= 9 WFAZ(CIBA VisionrhE 2E thid
O F 3} tH(Table 1).

2.

9] FFe SO 147292 7150 AAEigth A3
ARESE -2 VY Candida albicans, ATCC 1021)°]%1.2.
alt agar(YMA)BI RS ARE-31] 37°Ce] =9
A 24/\17 Qi } ot EitE plateol] 10x1.05 cfu/ml
o I 10 uE T2 F d=9 B3 FE-& plate vl

of A %L, tHA] 10 pe] TS A= Hoﬂ =73l 10
B FEAA FUG wol F2E A=E 742 S mlY
PBS(phosphate buffer saline, pH7.4)7} 74U = 12 well
platel|A] 39 U7+ & oJFFH] Qo] & T 12well plate
o = B3 PBS 5 miE &8 3% B A F o
A AT AFAZ] A= A plateol] BE3F WHol HE
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Fig. 1. The colony forming unit of C.albicans on clear and
circle soft contact lenses.
A. colony per lens, B. colony per area

hilafilcon B A& 4] 6.31+3.59 cfu/lens, nelfilcon A A&
oA 3.46+2.43 cfu/lens®] ZHo|thro] S2E QT Bl
Z9} EFAZ TFo|| A etafilcon A, hilafilcon B, nelfilcon A
o7 F3 o F7F BAtHFig. 1A),

=g u:]xh:l— :o:;d— o = Eu:laﬂz_,] oT etafilcon A
AL 0.056+0.024 cfw/mm?, hilafilcon B A Zo)A] 0.043
+0.022 cfu/mm?, nelfilcon A A} &A= 0.026+0.020 cfu/
mm? °]th WEFANZ2] 7% etafilcon A AHZL 0.057
+0.031 cfumm? S&A7F TFE etafilcon A 2L
0.093+0.028 cfu/mm?, hilafilcon B A& 0.049+0.012
cfu/mm?, nelfilcon A A 22 0.044 £0.031 cf/mm?e] I
o] F&=tk(Fig. 1B).
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SEM HV: 10.0 kV WD: 10.17 mm I VEGA3 TESCAN  SEM HV: 10.0 KV WD: 9.50 mm VEGA3 TESCAN
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C. albicans
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SEM MAG: 5.00 kx Det: SE SEM MAG: 4.99 kx Det: SE
SEOULTECH SEOULTECH

Fig. 2. The representative pictures of C. albicans adsorption on non-pigmented and pigmented area of circle contact lenses made
of etafilcon A taken by SEM(x5000).

x5000 non—pigmented pigmented

none

SEM HV: 10.0 kV. WD: 10.58 mm L VEGA3 TESCAN SEM HV: 10.0 KV WD: 10.70 mm VEGA3 TESCAN|
SEM MAG: 5.00 kx Det: SE SEM MAG: 5.00 kx Det: SE
SEOULTECH SEOULTECH

C. albicans

SEM HV: 10.0 KV WD: 9.28 mm VEGA3 TESCAN  SEM HV: 10.0 kV WD: 9.07 mm VEGA3 TESCAN|
SEM MAG: 5.00 kx Det: SE SEM MAG: 5.00 kx Det: SE
SEOULTECH SEOULTECH

Fig. 3. The representative pictures of C. albicans adsorption on non-pigmented and pigmented area of circle contact lenses made
of etafilcon A with PVP taken by SEM(x5000).

Nelfilcon A A 22] HIA= AA] | Zafo] ] e 5 AATKFig. 5).
om TR ovte] ¥ wol F2d Ze & Etafilcon A A2 AFA=E GB7} ol E43}te]
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X 5000 non-pigmented area border area pigmented area

none

C albicars

Fig. 4. The representative pictures of C. albicans adsorption on non-pigmented, pigmented and border areas of circle contact
lenses made of hilafilcon B taken by SEM(x5000).
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SEQULTECH SEQULTECH SEOULTECH

Fig. 5. The representative pictures of C. albicans adsorption on non-pigmented, pigmented and border areas of circle contact
lenses made of nelfilcon A taken by SEM(x5000).

Ao 2= EmHelol zlo|7} Qlg oy ittt & F-E 0.064+£0.042 cfu/mm?, ZAF-= 0.008+0.008 cfu/
Zro] =R ejof v tth. Hilaiflicon B 123} nelfilcon mm?9] Zitjtkto] F& =it} Etafilcon A, hilafilcon B,

%)
A AR NFW=2= d737) HZ =50 o] £ nelfilcon A A2 2] HFA=o)A ZFalRof Sk 7ot
o} 2P Eo] o7} S Bl & = U T e FHFAR 755%, 75.6%, 12.5%°) 3511

AEN=E T4 ZAF oA &9 WS o} 3 58A7F S etafilcon A AR MU= 2}
ot 5 BlaskS o, etafilcon A A AEAN= AxLe] F2E T = FHTAE 56.0%ATHFig. 6A).
o] EFARE 0.053+0.037 cfu/mm?, ZAEE 0.040 HE =] FHRE FAF9 A= 7P upgEe]
£0.026 cfu/mm?®] FE= AL, FHA7F FH etafilcon FHEZ pro] &9 WAT o E BlusiaS
A A WEU = EHFANE (0.05040.027 cfu/mm?, o, etafilcon A AZE NIz EHZTAHE= 0.053
ZFAMEL = (0,028+0.012 cfymm?©] S-Z+= ]t} Hilafilcon B +0.037 cfu/mm?, FHFHEE 0.095+0.065 cfu/mm>°] &
Aol EHFARE 0.045£0.043 cfu/mm? FAFEE = A3L, 5aA7F e etafilcon A AE HFA =]
0.034+0.032 cfu/mm?| 3L, nelfilcon A AAe] FrHZAl EWZARE 0.050£0.027 cfu/mm?, FHFHIEE 0.083
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Fig. 6. The colony forming number of C. albicans per unit on
circle contact lenses.
A. non-pigmented central and pigmented areas
B. non-pigmented central and peripheral areas
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Fig. 8. Changes in the colony forming unit of C. albicans on
soft contact lens after 1 day-treatment of artificial tear
and further incubation in PBS for 7, 14 and 28 days.
A. etafilcon A B. hilafilcon B C. nelfilcon A
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02 HA FZEAY. Onurdag FK 51°9] FDA 1715
2l polymacon, lotrafilcon 1A, 1521 hilafilcon B 2| &
IV1E2l ocufilcon D, etafilcon A A&l 2+ e g
oo} 9] Blul, Imamura Y &P R FAE w3
ot ] vlal Aol A FDA 171591 galyfilcon A,
lotrafilcon A, polymacon |2, IIZ15<] alphafilcon A, III

E21 balafilcon A, IVIES] etafilcon A A= A3+
29} w2 AN ThE 750l Mg Beitho] o 4
Al F2E oW, IEATTS oz g B A%l
N3 AT A} vlmake] B mii ZeEwz g4 =
Kol 2 F7 opifo njZ=algl o} ke A7l 7
toto] o A2 ZS 1% 4= AT

Etafilcon A #} &3} -E‘%Z](PVPV]- SH-% etafilcon A
A AE- =M o FRS HIEE W etafilcon
A AAAA Zjohte] 2ol 116.3%= U Bkt 7t
Yool F22 etafilcon A, hilafilcon B, nelfilcon A <=
o2 Uehd A ztol7t BAIZ SR Fofetditt X
o] B 0 wZal=o] 2 opats o7a) up
4o} Aol x| Edto] Fhtjthtel Hlsl] o B
| lzo] FAE O etaiflcon A Aol E=AgTT2]
FHo] 1194%Z 58A17F A8 etafilcon A A ZHT}
W3ko ™, etafilcon A, hilafilcon B, nelfilcon A #|& =
:Tillz—"]':rL‘?F T2 IS Hole AS=E Yehy Ajde

o 3 Fe £ A7 vkt v A

kS E?&U]- Imamura Y 581 Aoz B At}
o] etafilcon A A|AL] A=ol 7P Wol Fiojuata}
Algleo] E5o] H1 Simmons RB SP2e 21524 Zg)
ol ZHute] §3h& #l= 71de] AFER olojxitia
Hsaich

Fleming A,”**! Leitch ECP¥o] B33} glo]Ax}le] &
9, Tobgi RS &, Samaranayake YH 5°2] 7ltjc}
Ttol] theh Atelo] HaiE A o] £ dAFelXx
Sk o] 24491 etafilcon A A AL #A=o)| T A
o)Azl & FrEYo] 7P wol] ztEo 7 9l
ZHE o Y FA ARV P AW ASE Hl
Fukazawa Y P71 AFoA S2EHo] Zhrjohdel of
@ BTRL I B A Dol oz}

ol 2FH ] e thE Fudids g

Aoz Hlr},

Ak 04—?01]/\1!;—_ FdE =R &

i'l

o
o _l”:
o 0% off

AE_V.L

(
(¢

oot O |l
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Zolgfal Bk v lom 2 AFME AEFA = F
B T A TR v gzu
A 7 BE AR Yeh o FE]
o HARle] FEs o Bol ve A & —}F 9\}\91‘4 B
Ao A ALE-3F A =2] XYy RQI0] knife edge(infinity
edge)design, chisel edge design, round edge design 5 TF
Fsich. olgf g txp1e] mAg 2|7} Zhe|thte] &2
o] YEFS VA= Aol thsiAe FF © AFEojor &
da7} Ut

Frgdl=o] U YA R 7 (atomic force microscopy)
O =2 &3 A} hioxifilcon-based, omafilcon A, nelfilcon A,
ocufilcon B, senofilcon A, comfilcon A A& o] THAZ
719F 1 F2He] GHAA 7L AT= Giraldez MJ 51419
APAT7E A} =S, A= ART|= AEE ol
AE =] FRFET N AT 2to]7} v=H] o]
= 9] FRE G == Aoz BuH up ok
FARAAW S T3l dl=o] 2ol ol AehH )
FHS FE3AE W Lorenz 5°& sandwich &HOZ
TE0]Z etafilcon A AAL A== ARV =HZE
RMS(root mean square)dt®] AHe] ZAF= 612 nm, F
HEE= 521 nmZ SYEAN S M, embedded FHOE HA]
= o] ¢l hilafilcon B A2 AW ZFHAE= 39416 nm,

FEE 1143 nmO.2 2ReL ErRo] A% 7] 74'0]
7} 99, 71 9)9] AREL TE Fano] AR} B
E‘E‘ﬂr A Ugkon, 2haA| o] 9)x)71 R 7}77E

- Ao By SR 7ke - SR FHE

o] AAVN= A Ytha Bauslgeh whg, Ji 5P &
A=A 13.33+1.33 nm, AFAZAA= 64.00£12.93
nm= FHA=e} MFA=9] AFY] o7t 7] o F
Zto| @S wFThaL gt ok 2 Ao (AR}
A Zd)A 121 9] A3} sandwich 3 Q] etafilcon A A2 2]
AEAzo = A2 Q1gE AR 7|7 Ho|=] eakom,
Y embedded FHo 2t A E O] JUARE ZAA| R Q1gH
¥ AAZ7F el AY fully integrated 32 24
® W= mek W] AA ExE ek AT Eel

el Ty

H Ao Kol ZAAZ st o] §3 T TS =
Zlolgt Az e o)z}, SHAT FAPHEA AR A S F3te]
o] F2s TS Ay AR ET Fyi 7o &3
Zo] o gokor, B A¥Ay iy 5 Fo=

o} e AA7Ie 2719 o F& TS v A vk
o] FRAAAS 719 FQ1 B, w79 A HAo =

=) F AR RS W T AR A wtgE &

S

2 Il A HAA T dF(exopolymer)S H#HISI] 2t
kil @zﬁnﬂ Ay A 7he] Bz A9l AEut
(biofilm)= FAS Folle AZ7VI= 79 F2 TS
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2 w8 FsAe] Ark AREE B, $L A2
AR 454 EF ool mebd PeickEe] FH7

B

7h BEAE AoR Ho} Ues] AWIme] Aite] F
of JFE WAL 291e ofd Aow WA,

g B

i/H) hilafilcon B(ﬂ%—’ﬁ nelfilcon A(jl?}—’f—,

Hlo]24) £ 2 YEhd 3107 Ho } a3k, o] 24311
gzl Zho|tht ] F3rFo] o Bom, 3] 540 11
e, Hlol 207 FASIHE Riem o] S40 wet i
T2 Aoyt 9S4 5 AJT}. =3 etafilcon A A
A MEF=A A FH5A Rl meAE oot
& oFel Zpol7t o FEAZF SR A ZAA] e
FAge] o gt Tz} AFdze F3E o
WA etafilcon A AE-2 Tz} NFA= 719
9] 3= Aozt A9 g1, hilafilcon B &
nelfilcon A A} 2-& Frgal=zo| o] ittt F2ao] o
Boton nelﬁlcon A AR A= AFAN= A7}t
L7 o B 3

oo ElOll

Bol 52 r’#l
o] Aol e 7MY 8ol e ACE YERE.

Gt do] FYEN =AM Bdo] FAHE AR
Adriet xko]7h AR, Etafilcon A A& ol A 2
289 ZJ3t3& 737, hilaiflcon B A&l = 2 # 7
A BHERAE A5, nelfilcon A AZM = 2 F 14
A B S Aol dFweel JHAT v o
W ore] F3H o A= g et eEdde] &
T FAl Zol7} e A2 et & ATellre
Hogtel F2 Axst 2ol tigk A ol kgol
A= Aol wet Debd & J5S BRinh

HAlel =2

B A3 20169 AeHsrE
T AHHTh
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