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1.
L= (Staphylococeus  aureus), 551 (Pseudomonas
aeruginosa), M|2VE] oWt (Serratia marcescens), Tl Tt
(Candida albicansys 471X TT5 APUFO =2 3T
T WA T, S5, AlgtE]ol-S Tryptone
Soya Agar(TSA)HlA], ZrHthat o] 749~ Yeast Malt Agar
(YMARRAS ARSI Altiul ke sHS 23stA] o
Skth. e HARS S18lA 35~37°C] =04 18~244]
st wigstlon Ad3 i 2 ajdd & A
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Table 1. The disinfecting properties of contact lens care products

2. NECHY 22I8F R A=A

ZUEd= B LT AFAAROZ AJLEH glon
AFo A AzFo] 7FsdF FBE(Povidone)d #4Fs}

4>(Hydrogen peroxide)E #&]-8&F T4 +=< 22t
0.4%2k 3%2] &5 vho] ARgsioitt. ZHEHN= #
YEFS TREEEY TR skl wet 2055 A

gste] A9 tidog sHTH(Table 1).

3. oto{ Y

FDA X ISO 7|&3 3%
Y8 g9 Zg9E
1.0 x 10° cfu/ml2 3)4% |
A ZzA ] A Ao g
50%, 75%, 100% S F#5= T&E]%%ﬂl
szl APJ%OP FOkE €9 1.0 miE 7 o#HA OEM &
Hj A& =3 ZYo|Eo) "AAZ] T 35-37°Ce] &
A=t 3%_‘ B2t st

o TH

1.5 ml AAEZ3Z FEHo| 1.0x10* cfumle] 32T
I mlE €31 13,500 rpm o2 1837 455 & 5
< AASIA. FAE GEH Y] ol 1 mle] FHEAN= o
28y} QoS o] & Jlof Frof A|FALe] ATAITE
o=z AR A= A7 25%, 50%, 75%, 100% AlZE
U #AYEF =27 F A 13,500 rpm e Z U4

Care Product

Soft Contact lens

Hard contact lens

Ingredient Concentration Product Ingredient Concentration Product
0.00005% S, H 0.00005% M
20% 0 0
Polyhexamethylene 0.0001% A, D, F 20% 0.0006% P
biguanide 0.00015% Polyhexamethylene
hydrochloride (0.0001498- Hi, B ) biguanide 0.0002% Rg
0.0001558%) Multi- hydrochloride
- purpose
Povidone 0.01% N solution 0.0001% Dh
Multi- Aldox
purpose 30% 0.001% 0.0006%: O Unknown DI
solution | Polyquaternium-1 (0.00099%) Aldox
0.0005%: R
20% o
Hydrogen peroxide 3% Ap Polyhexamethylene (()00883;) vV, C
- o . ; H . - ’
(2.9165-3.1115%) Soaking blguamdg 0.000572%)
solution hydrochloride
N -
Unknown G 20% Chlorhexidine 0.01% W
Gluconate
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2] AT Ol AT AS AlASkL ARE JH ] ol
PBS 3|4 | ml& 2ol & 419] wixlel] 100 plEs
TS & oF 35~37°CollA] 18~24417FE<E FF oA
319 tH(Table 2).

CEE O

T E&FANA AR ARSEE TRk

Table 2. Culture conditions of bacteria and fungi strains

) ) ) Incubation Incubation time
Micro-organisms Recovery media o - — —
(O Membrane filtration | Dilution-neutralization method
P aeruginosa TSA?* 35~37 3 days 18~24 hrs
S. aureus TSA 35~37 3 days 18~24 hrs
S. marcescens TSA 35~37 3 days 18~24 hrs
C. albicans YMA® 35~37 3 days 18~24 hrs

*TSA (Tryptone Soya Agar)
®YMA (Yeast Malt Agar)

Table 3. Disinfection efficacy of disinfectants and lens care products against Pseudomonas aeruginosa, Staphylococcus aureus,
Serratia marcescens, Candida albicans evaluated by membrane filtration method and dilution-neutralization method

Membrane filtration method Dilution-neutralization method
S allz;?f“ﬁon time | 50, 50% 75% 100% 25% 50% 75% 100%
Pseudomonas aeruginosa

Hydrogen peroxide |  0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0
Povidone —* —* —* —* 2.0+1.0 0.040.0 0.00.0 0.0+0.0
R solution 33%1.5 0.0+0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0
F solution 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.00.0 0.00.0 0.0+0.0 0.0+0.0
W solution 0.00.0 0.00.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.00.0 0.00.0

Staphylococcus aureus

Hydrogen peroxide |  0.0+0.0 0.0£0.0 0.0%0.0 0.0%0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
Povidone —* —* —* —* 147.0+422.6 | 543+11.0 | 33.0+12.8 | 145+0.7
R solution 0.5+0.7 0.6+0.5 0.0+0.0 0.0+0.0 0.0£0.0 0.0%0.0 0.00.0 0.0+0.0
F solution 0.040.0 0.00.0 0.00.0 0.0+0.0 0.0£0.0 0.0£0.0 0.00.0 0.00.0
W solution 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 83£3.5 | 11.0£0.0 3.5+2.1 0.0+0.0

Serratia marcescens

Hydrogen peroxide |  0.0+0.0 0.0+0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0
Povidone —* —* —* —* 75334345 | 33.5£3.5 | 23.5+2.1 | 225+17.7
R solution 0.00.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0£0.0 0.00.0 0.0£0.0
F solution 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
W solution 0.00.0 0.0+0.0 0.00.0 0.0£0.0 0.0£0.0 0.0£0.0 0.00.0 0.00.0

Candida albicans

Hydrogen peroxide |  0.0+0.0 0.0%0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
Povidone —* —* —* —* 227.5+13.4 |152.7+16.6 [200.0+2.8 [158.0+52.3
R solution —* —* —* —* 106.0£2.8 |152.7423.7 |116.5+20.5 | 56.5+2.1
F solution —* —* 339.0+175.4(142.0+42.4 |255.5+37.5 [100.0+67.9 | 99.5+55.9 |102.7+9.1
W solution 6.3+3.1 0.0+0.0 0.0+0.0 0.0+0.0 6.5+0.7 0.0+0.0 0.0+0.0 0.0+0.0

—" : The number of micro-organisms could not be counted.
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35 w7 E date o] st 3% ksl
25 A0S e BE RN S, 224
1, MEtElolat, rejthre] B APEE A A
oFgh ¥H|Ee] - atE ke AA) ojzeld =
Hil= 22 3AF3 S ol8ste daEs

£ 7FF BkSAIZko] AL 25% At B &3S
Z2te f140] S| 7hssl Ad At kel AATE
7Fssldth. SEae] A 25% At ek EHIES A8
NZAE W F2YUS7F B 2.0+ 1.0 cfuplated o0 HHS-
AlZFo] 50% AlRE o] dolSlE Wie S 27 EEA &
of ekl el S HAS & F UMY XA
FHES 25%A17F B AN RS W F2Y 71 147.0
AlZFll A& 543
T 14.5£0.7 cfu/plate

+22.6 cfu/plate 2™ HHEAITEO] 50%
Algte] A

+11.0 cfu/plate, 100%

Fig. 1. Disinfection efficacy of disinfectants and lens care
products against Staphylococcus aureus evaluated by
membrane filtration and dilution-neutralization method.
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Table 4. The comparison of dilution-neutralization method and membrane filtration method

Dilution-neutralization method

Membrane filtration

Common evaluation of disinfection efficacy
Experiment tool Eppendorf tube Membrane holder, Membrane filter paper
Incubation time 18~24 hrs 3 days
Difference Sample amount 1 ml more than 10 ml

colony

The number of colonies is still countable
since the colony is not aggregated even
when disinfection efficacy is low.

The number of colonies is not countable
since bacteria aggregate to grow in a lump
when disinfection efficacy is low.
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Table 5. Disinfection efficacy of lens care products containing PHMB against bacteria evaluated by dilution-neutralization method

Bacteria Pseudomonas aeruginosa Staphylococcus aureus Serratia marcescens
Product Disinfection time Disinfection time Disinfection time
25% 50% 75% 100% 25% 50% 75% 100% 25% 50% 75% 100%
S 0.0£0.0 | 0.0+£0.0 | 0.0£0.0 | 0.0+£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0+0.0 | 0.0£0.0
H 0.0£0.0 | 0.0+£0.0 | 0.0£0.0 | 0.0+0.0 | 0.0£0.0 | 0.00.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0+=0.0 | 0.0£0.0
HI 0.0£0.0 | 0.0+£0.0 | 0.0£0.0 | 0.0+0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0+0.0 | 0.0£0.0
D 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0+0.0 | 0.0£0.0 | 0.0+0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0=0.0 | 0.0£0.0
Rg 10.0£0.0|0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0
Ds |0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0
B 0.0£0.0 | 0.0+£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0+0.0 | 0.0£0.0
F 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0+0.0 | 0.0£0.0 | 0.0+0.0 | 0.0£0.0 | 0.00.0 | 0.0£0.0 | 0.0=0.0 | 0.0£0.0
0.0£0.0 | 0.0+£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0+0.0 | 0.0£0.0

C 0.0£0.0 | 0.0+£0.0 | 0.0£0.0 | 0.0+0.0 | 0.0£0.0 | 0.00.0 | 0.0£0.0 | 0.0£0.0 | 1.5+£0.7 | 1.0£1.0 | 0.0+=0.0 | 0.0£0.0
Dh | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0
P 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0+0.0 | 0.0£0.0 | 0.0+0.0 | 0.0£0.0 | 0.0=0.0 | 0.0£0.0 | 0.0=0.0 | 0.0£0.0
v 0.0£0.0 | 0.0+£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0£0.0 | 0.0+0.0 | 0.0£0.0
A" {0.0+0.0 [ 0.0+0.0|0.0+0.0 - 0.0£0.0 | 0.0£0.0 | 0.0£0.0 - 0.0£0.0 | 0.0£0.0 | 0.0£0.0 -

A" : Disinfection time was 100%, 200% and 300% as of the suggested time.
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Fig. 2. Disinfection efficacy of lens care products containing
disinfectants besides PHMB against Pseudomonas
aeruginosa evaluated by dilution-neutralization method.
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o] StH(Table 5). NAIZFS] ¢ A=A HAHZ7E AIZE
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A &Fol B3] EAd ol gl Atelo] =4 gol
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Fig. 3. Disinfection efficacy of lens care products containing
disinfectants besides PHMB against Staphylococcus
aureus evaluated by dilution-neutralization method.
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Table 6. Disinfection efficacy of lens care products containing PHMB against Candida albicans evaluated by dilution-neutralization

method
Disinfection time
Product
25% 50% 75% 100%
S 9.0£3.0 0.0+0.0 0.0+0.0 0.0+0.0
H 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0
HI 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0
D 31.0+4.2 0.0£0.0 0.0+0.0 0.0+0.0
Rg 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
Ds 23.5%£9.2 0.0£0.0 0.0+0.0 0.0+0.0
B 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0
F 255.5+37.5 100.0£67.9 99.5£55.9 102.7£9.1
3573174 126.7+30.0 44.0£32.1 6.7+1.5
C 357.0+41.0 297.7+34.6 3153+16.8 318.0£26.6
Dh 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0
p 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0
v 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0
A’ 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0

A" : Disinfection time was 100%, 200% and 300% as of the suggested time.
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Fig. 5. Disinfection efficacy of lens care products containing
disinfectants besides PHMB against Candida albicans
evaluated by dilution-neutralization method.
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Purpose: The present study was aimed to compare the results of disinfection efficacy tested by membrane
filtration method with dilution-neutralization method to develop the standard methods for evaluating disinfection
efficacy of contact lens care products and to provide the result of disinfection efficacy of commercially available
contact lens care products in domestic market. Methods: The results of disinfection efficacy against Staphylococcus
aureus, Pseudomonas aeruginosa, Serratia marcescens, Candida albicans evaluated by membrane filtration
method as a FDA standard and dilution-neutralization method as newly being a KFDA standard were compared
and the disinfection efficacy of 16 multi-purpose solutions was further evaluated. Results: The disinfectants and
contact lens care products having strong disinfection efficacy showed same results in both membrane
filtration method and dilution-neutralization method. In case of contact lens care products having weak
disinfection efficacy, the number of micro-organisms was not able to count since the colony was aggregated when
evaluated by membrane filtration method. However, the number of micro-organisms was able to exactly count
when evaluated by dilution-neutralization method. In addition, some commercially available contact lens care
products did not meet disinfection standard and especially, their disinfection effect was often weak against
Serratia marcescen and Candida albicans. Conclusions: It is concluded that dilution-neutralization method will be useful
to evaluate disinfection efficacy since it is possible to count micro-organisms more precisely even with small amount of
sample and check the results faster compared with membrane filtration method.

Key words: Membrane filtration method, Dilution-neutralization method, Disinfection efficacy, Staphylococcus aureus,
Pseudomonas aeruginosa, Serratia marcescens, Candida albicans
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