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Abstract

Purpose: To examine the abil it y of  silver nano-part icles to prevent  the growth of  Pseudomonas 

aeruginosa and St aphylococcus aureus in solut ion or when adsorbed int o cont act  lenses.  To 

examine the ability of silver nano-part icles to prevent  the growth of  Acanthamoeba castel lanii .

Met hods:  Et af i lcon A lenses were soaked in various concent rat ions of  si lver nano-part icles. 

Bacterial cells were then exposed to these lenses, and numbers of viable cells on lens surface or 

in solut ion compared to etaÞ lcon A lenses not  soaked in silver.  Acant hamoeba t rophozoites were 

exposed to silver nano-part icles and their ability to form t racks was examined.

Result s: Silver nano-part icle containing lenses reduced bacterial viability and adhesion. There was 

a dose-dependent  response curve,  wit h 10 ppm or 20 ppm silver showing > 5 log reduct ion in 

bacterial viability in solut ion or on the lens surface. For Acanthamoeba,  20 ppm silver reduced the 

ability to form t racks by approximately 1 log unit .

Conclusions: Silver nanopart icles are effect ive ant imicrobial agents, and can reduce the ability of 

viable bacterial cells to colonise contact  lenses once incorporated into the lens.

© 2010 Spanish General Council of Optometry. Published by Elsevier España, S.L. All rights reserved.

PALABRAS CLAVE
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Acant hamoeba 

Capacidad de las lentes de contacto impregnadas con plata para controlar 

el crecimiento y colonización microbiana

Resumen

Obj et ivos: Examinar la capacidad de las nanopart ículas de plata para prevenir el crecimiento de 

Pseudomonas aeruginosa y St aphylococcus aureus en soluciones para lentes de contacto o cuando 

éstas las adsorben. Examinar la capacidad de las nanopart ículas de plata para prevenir el creci-

miento de Acanthamoeba castel lanii .
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Mét odos:  Se sumergieron lentes etaÞ lcon A en diversas concent raciones de nanopart ículas de pla-

ta.  Las células bacterianas fueron posteriormente expuestas a dichas lentes,  y se compararon 

cant idades de células viables en la superÞ cie de la lente o en la solución con las presentes en 

lentes etaÞ lcon A que no habían sido sumergidas en plata. Trofozoítos de Acant hamoeba fueron 

expuestos a nanopart ículas de plata y se examinó su capacidad para formar quistes.

Result ados:  Las lentes que cont ienen nanopart ículas de plata reduj eron la viabilidad bacteriana y 

la adhesión. Hubo una curva de respuesta dependiente de la dosis, en la que 10 ppm o 20 ppm de 

plata most ró una reducción logarítmica > 5 en la viabilidad bacteriana tanto en la solución como 

en la superÞ cie de la lente. Para Acant hamoeba,  20 ppm de plata reduj eron la capacidad de for-

mar quistes en aproximadamente 1 unidad logarítmica.

Conclusiones: Las nanopart ículas de plata son agentes ant imicrobianos eÞ caces y pueden reducir 

la capacidad de células bacterianas viables para colonizar las lentes de contacto una vez que se 

han incorporado en la lente.

© 2010 Spanish General Council of  Optomet ry. Publicado por Elsevier España, S.L. Todos los derechos 

reservados.

Introduction

Cont act  lenses,  whi lst  being an excel lent  form of  vision 
correct ion,  are a signif icant  risk factor for kerat it is.  The 
most  serious form of  kerat i t is,  microbial  kerat i t is,  is a 
f rank infect ion of  t he cornea.  Epidemiological st udies of 
contact  lens wear over the past  20 years have shown that  
there remains an almost  constant  rate of microbial kerat it is 
associated with wear; 2-4/ 10,000 wearers per year if  lenses 
are worn on a daily wear schedule and 20-26/ 10,000 wearers 
per year if  worn on an extended wear (i.e. sleep in lenses) 
schedule.  1-3 Furthermore,  contact  lens wear is associated 
wi t h ot her non-inf ect ious f orms of  kerat i t is including 
cont act  lens induced acut e red eye (CLARE) and cont act  
lens induced per ipheral  ulcers (CLPU).  4-8 The rat es of 
t he non-infect ious kerat it is events is higher t han that  for 
MK; around 10/ 100 wearers per year.  9 With t he advent  of 
si l icone hydrogel lenses,  and t heir f requent  prescript ion 
for new f i t s,  10 st udies have shown t hat  t he rat e of  MK is 
approximat ely t he same in ext ended wear but  higher in 
daily wear 3 whereas the rate of many of the non-infect ious 
kerat i t is condit ions is approximat ely t wice as high wit h 
t he sil icone hydrogel lenses as with non-sil icone hydrogel 
sof t  lenses.  11 Bacteria are t he most  common cause of  MK 
(especially Pseudomonas aeruginosa), CLARE and CLPU, with 
any lens type. 5-8,12 However, in rare cases Acanthamoeba and 
fungi can also cause MK. 13-16

The rate of  t hese microbial ly-driven adverse responses 
have l ead researchers and t he cont act  l ens indust ry 
t o examine ways of  cont rol l i ng t he event s,  and t he 
development  of  ant imicrobial  surface for cont act  lenses 
or  cont act  l ens st orage cases has been proposed.  17, 18 
Mathews et  al.  19 invest igated selenium covalent ly bonded 
to sil icone hydrogel contact  lenses in a rabbit  model.  The 
selenium-coat ed lenses reduced t he colonizat ion of  P. 

aeruginosa in vi t ro and were safe on animals eyes up t o 
2 mont hs of  ext ended wear.  Wil lcox et  al .  20 and Cole et  
al.  21 have shown that  a contact  lens coated with a cat ionic 
pept ide has broad spect rum ant imicrobial  act ivi t y,  and 
can prevent  t he development  of  CLARE and CLPU in 
animal  models.  Zhu et  al .  22 have shown t hat  cont act  
lenses coated wit h Þ mbrol ides (bacterial quorum-sensing 

inhibit ors) can also reduce colonisat ion by bact eria (and 

Acant hamoeba sp. ) and are safe t o wear in a short  t erm 
cl inical t rial .

Silver is a well known ant imicrobial agent  and has been 
used to coat  catheters to provide ant imicrobial surface for 
a number of  years.  23,24 Si lver-coat ed cont act  lenses have 
been t est ed in t he laborat ory and shown t o be ef fect ive 
at  reducing t he colonisat ion by Pseudomonas aeruginosa 
but  not  as ef f ect ive against  St aphyl ococcus aureus.  25 
Furt hermore,  si lver has been incorporat ed int o cont act  
lens st orage cases by several  manufact urers (CIBA Vision 
Corp. ,  GA,  USA;  Sauf lon Pharmaceut icals,  Twickenham, 
UK;  Mariet t a Vision,  GA,  USA).  A laborat ory and cl inical 
study has shown that  silver is very ef fect ive at  prevent ing 
adhesion of  a range of  Gram-negat ive bacteria to cases, as 
well as reducing the colonisat ion of lens cases during use in 
the clinical t rial.  26 The aim of the present  invest igat ion was 
to determine whether colloidal silver nanopart icles could 
ki l l  microbes in solut ion,  and prevent  t he colonisat ion 
of  l enses by bact er ia af t er  soaking in col l oidal  si l ver 
nanopart icles.

Methods

Contact lenses

Contact  lenses made from etaÞ lcon A (Johnson and Johnson 
Vision Care, Jacksonville, FL, USA) were removed from their 
packaging, rinsed three t imes in phosphate buffered saline 
and then soaked a colloidal silver nano-part icle suspension 
(NP-Ag;  Healt h Beacons Inc,  Seat t le,  USA),  wit h average 
part icle size of  < 1nm suspended in phosphat e buf fered 
sal ine (pH 7.2).  Soaking solut ions cont ained ei t her 0.5, 
10 or 20 ppm of silver nanopart icles. Lenses were allowed to 
equil ibrate in the NP-Ag suspension for 5 days on average. 
Cont rol lenses were removed from their package and stored 
in phosphate buf fered saline only.  Nano-part iculate silver 
was chosen as it  helps stabil ise t he silver and cont rol t he 
release of  silver part icles/ ions,  t he ant imicrobial form of 
silver.
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Bacterial strains and culture conditions

Pseudomonas aeruginosa 6294 (Paer6294,  isolat ed f rom 
microbial kerat it is) and St aphylococcus aureus 31 (Saur31, 
isolated f rom contact  lens induced peripheral ulcer) were 
used in t he study.  Bacterial  st rains were inoculated f rom 
—80 ºC st orage int o 10 ml  of  t rypt one soy brot h (TSB; 
Di f co laborat or ies,  Sparks,  MI,  USA) and incubat ed at  
37 ºC overnight .  Af t er  cent r i f ugat ion at  3,000 rpm for 
10 minutes, bacterial cells were washed once in phosphate 
buffered saline (PBS) and re-suspended in 1/ 1000 TSB/ PBS 
for Paer6294 and in 1/ 50 TSB/ PBS for Saur31 to OD660nm 0.1 
(equivalent  to 10 8 CFU/ ml).  The bacterial cell suspensions 
were then serially diluted (1/ 10) to 10 3 CFU/ ml and used for 
adhesion assay.

Bacterial adhesion

All  lenses were washed t wice wit h 1 ml PBS prior t o t he 
assay.  The lenses were t hen t ransf er red int o 1 ml  of 
bact erial  suspension (prepared above) in 24-wel l  t issue 
cul t ure plat es and incubat ed at  37 ºC for 24 hours.  Af t er 
washing t hree t imes in 1 ml  PBS (each t ime shaking for 
30 seconds) to remove loosely bound bacteria, contact  lens 
was t ransferred into a test  tube containing 2 ml of PBS and a 
small st irring bar. The test  tube was then vortexed for 1 min 
at  a maximum speed t o al low bact erial  cel ls t o det ach. 
Fol lowing log serial  di lut ion in Dey-Engley neut ral ising 
broth (Difco laboratories) which has been used previously 
to neut ralize silver 27,  3 × 50 ml of  each dilut ion were plated 
on a nut r ient  agar plat e for t he bact erial  count s.  Af t er 
incubat ion at  37 ºC overnight ,  colony forming unit s (CFU) 
on t he plat e were count ed and convert ed t o CFU/ lens 
by mult iplying wit h t he appropriat e di lut ion fact or.  The 
bacterial adhesion on test  lenses was compared with that  on 
the cont rol lenses, and the reduct ion of bacterial adhesion 
was calculated accordingly.  Three lenses each from test  and 
cont rol groups were included in each experiment  and the 
experiment  was repeat ed t wice (n = 6 lenses for t est  or 
cont rol).

Inhibition of bacterial growth

Following the bacterial adhesion assay, bacterial growth in 
the culture solut ions from each test  or cont rol lens (i.e. 6 of 
each) were examined by plat ing out  and enumerat ing the 
remaining culture solut ions after log serial dilut ion.

Effect on Acanthamoeba

Acant hamoeba pol yphaga MCC 3315 t rophozoi t es were 
produced according t o Zhu et  al .  22 Af t er  growt h,  t he 
t rophozoites were resuspended in PBS to 0.5-1.0 × 10 7 Track 
Forming Units (TFU)/ ml. An aliquot  (50 ml) was incubated in 
5 ml of silver solut ions (5 ppm, 10 ppm or 20 ppm) or cont rol 
PBS for 6 hours at  25 ºC.  Af t er incubat ion,  samples were 
serially diluted 10 fold in D/ E neut ralizing broth, 4 × 100 ml 
of  each dilut ion were plat ed on non-nut rient  agar plat es 
pre-seeded with Escherichia col i. Following 7 days incubat ion 
at  32 ºC, the plates were examined for t rack forming unit s 
under a microscope and the number of  survivors (TFU/ ml) 
est imated using Reed and Muench computat ion. The number 
of survivors for each silver concent rat ion was compared to 
that  of the cont rol sample.

Statistical analysis

The dat a were log t ransformed pr ior  t o dat a analysis. 
Dif ferences between the groups were analyzed using linear 
mixed model ANOVA, which adj usts the correlat ion due to 
repeated observat ions. Post  hoc mult iple comparisons were 
done using Bonferroni correct ion.  Stat ist ical  signiÞ cance 
was set  at  5 %.

Results

Fi gur e 1 shows t he ef f ect  on bact er i a adher ed t o 
NP-Ag-containing etaÞ lcon A lenses. Adhesion, as measured 
by the number of  viable cells that  could be cultured af ter 
release f rom the surface of  lenses,  was reduced for both 
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Figure 1 Reduct ion of number of viable cells of  S. aureus or P. aeruginosa adhered to lenses containing silver.
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types of bacteria. The 1×10 3 bacterial cells/ ml init ially added 
t o cont rol  lenses had grown t o S.  aureus 6.49 ± 0.15 log 
cfu/ lens and P.  aeruginosa 6.18 ± 0.13 log cfu/ lens on the 
lenses. As can be seen in Figure 1, there was almost  a total 
ki l l ing of  bact erial  cel ls of  eit her t ype when adhered t o 
lenses containing 20 ppm silver. There was a dose-dependent  
response to the amount  of silver associated with the lenses, 
with 0.5 ppm showing almost  no act ivity. For both bacterial 
t ypes there was a signiÞ cant  dif ference between adhesion 
of  cells to lenses soaked in 10 or 20 ppm silver and lenses 
soaked in 0.5 ppm silver or not  soaked in silver (p < 0.01).

The number of bacteria in the PBS surrounding the lenses 
during incubat ion was also examined (Figure 2).  The total 
number of  cfu in the 1 ml of  PBS surrounding each cont rol 
lens af t er 24 hours incubat ion was 7.28 ± 0.35 log cfu for 
S.  aureus and 7.04 ± 0.38 log cfu.  Lenses wi t h 20 ppm 
showed almost  total kill of cells of either bacteria in the PBS 
(i.e. not  associated with the lens surface) and there was a 
dose-dependent  response. This indicates that  the silver was 
being released into the solut ion surrounding the lenses during 
incubat ion,  and was act ive against  t he bacteria.  For both 
bacterial t ypes there was a signiÞ cant  dif ference between 

number of viable cells in suspension after exposure to lenses 
soaked in 10 or 20 ppm silver and cells in suspension af ter 
exposure to lenses soaked in 0.5 ppm silver or not  soaked in 
silver (p < 0.01).

There were no stat ist ically signiÞ cant  dif ferences in the 
abilit y of silver-soaked lenses to kil l adherent  cells or cells 
in suspension between the two bacterial types,  P. aeruginosa 

or S. aureus.

The number of  t rack forming uni t s of  Acant hamoeba 

castel lanii  in silver-containing solut ions was also examined. 
Figure 3 demonst rat es t he reduct ion seen.  Solut ions 
containing both 10 and 20 ppm showed a large reduct ion in 
the number of t rack forming units, with 20 ppm showing an 
approximate 1 log reduct ion,  indicat ing t hat  t he viabil it y 
of  t he exposed t rophozoit es was reduced in t he presence 
of silver.

Discussion

This research has demonst rat ed t he abi l i t y of  si lver in 
solut ion to cont rol the growth of  S. aureus, P. aeruginosa and 

Acant hamoeba cast el lani i .  In addit ion,  silver,  presumably 
leached from the soaked lens, could reduce the adhesion to 
a contact  lens surface by P. aeruginosa and S. aureus.  Unlike 
a previous report  25 we found no evidence of  more act ivit y 
against  P.  aeruginosa compared with S.  aureus.  Silver has 
been shown to be effect ive as an ant i-bacterial agent  when 
associated with various biomaterials. An endot racheal tube 
coated with silver could reduce adhesion of several st rains 
of  P.  aeruginosa by at  least  90 % (i .e.  great er t han 1 log 
unit  reduct ion),  28 and silver nano-part icles were ef fect ive 
in ki l l ing S.  aureus and P.  aeruginosa when incorporat ed 
int o poly(vinyl  alcohol)-b-poly(acrylonit r i le) micel les.  29 
Similarly,  silver coated onto perà uoropolyether-urethane 
is act ive against  P.  aeruginosa and S.  aureus.  30 Ef fect s of 
silver on Acant hamoeba sp.  has not  been studied in great  
detail to date. Sökmen et  al.  31 have shown that  silver may 
promote the ant i-amoebal effects of UV and t itanium oxide. 
Schust er and Jacob 32 demonst rat ed t hat  si lver increased 
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the ant i-amoebal ef fects of  the cat ionic pept ide magainin 
against  Acanthamoeba polyphaga.

Compar i sons can be made wi t h t he ant i -bact er i al 
ant i-adhesion act ivit y of other coat ings for contact  lenses. 
Zhu et  al .  22 demonst rat ed t hat  f imbrol ides reduced t he 
adhesion of  P. aeruginosa by 67 % and of  S. aureus by 87 %. 
Willcox et  al. 20 reported that  the cat ionic pept ide Melimine 
could reduce the adhesion of  P.  aeruginosa by 92 % and of  
S. aureus by 76 %. Both of  these studies report  values that  
are well  below the > 5 log reduct ion in t he present  study 
for lenses soaked in 10 ppm silver. If  the degree of bacterial 
adhesion is associated with the rate of adverse events, then 
those substances that  reduce adhesion the most  might  be 
supposed t o have t he greatest  ef fect  on t he incidence of 
adverse events. The study by Mathews et  al. 19 that  examined 
the effect  of selenium-coat ing of contact  lenses did not  give 
values for the reduct ion in adhesion of  P. aeruginosa so no 
direct  comparison can be made with this study.

In i n vi vo st udies,  si l ver-coat ed endot racheal  t ubes 
were associat ed wi t h reduced mor t al i t y i n pat i ent s 
wit h vent i lat or-associat ed pneumonia (si lver vs cont rol ,  
5/ 37 [14 %] vs 20/ 56 [36 %]; p = 0.03). 32 Silver catheters were 
found to signiÞ cant ly reduce the incidence of asymptomat ic 
bacteriuria in hospitalized adults catheterized for < 1 week 
(RR 0.54,  95 % CI 0.43-0.67) or > 1 week (RR 0.64,  95 % CI 
0.51-0.80), and may be more beneÞ cial than ant ibiot ic-coated 
cat het ers when used > 1 week.  24 Chlorhexidine-si l ver 
sulfadiazine catheters reduce colonisat ion (odds rat io [OR] 
0.51 [95 % CI 0.42-0.61]) and catheter-related bloodst ream 
infect ion (OR 0.68 [0.47-0.98]).  34 However,  other report s 
have shown no beneÞ t  for use of silver-containing catheters 
in cont rolling blood st ream infect ions. 35 The publicat ion by 
Amos and George 26 on the effect iveness of silver-containing 
cont act  lens cases demonst rat ed t hat  t hese cases had 
signiÞ cant  reduct ions in colonisat ion rates during use,  in 
part icular associated with reduct ions in contaminat ion by 
Gram-negat ive bacteria.

Resistance to silver seems to be very rare and difÞ cult  for 
bacteria. 36 Genes that mediate resistance to silver are known 
to occur in bacteria, 37 although these genes have only been 
found infrequent ly and even when present a silver-containing 
wound dressing was able to reduce bacterial growth af ter 
24h exposure. 38,39 The presence of  silver may even reduce 
resistance to convent ional ant ibiot ics.  40 Another potent ial 
issue with the use of  silver in the eye is the product ion of 
ocular argyrosis.  Ocular argyrosis has also been report ed 
following accidental exposure to high levels of silver solder, 
with the level of argyrosis being associated with durat ion of 
exposure to the silver solder. 41,42 In another report , a person 
wearing soft  lens containing 20 % (100,000 ppm) silver nitrate in 
water for 17 years for the management of diplopia developed 
argyrosis. 43 As the lenses in the current  study had excellent  
ant imicrobial effects at  20 ppm, it  is unlikely that  argyrosis 
would occur in lens wearers, even, perhaps, if they wore the 
lenses on a cont inuous basis (24h/ day) for many years.

In conclusion,  t his prel iminary invest igat ion of  t he 
effect iveness of silver incorporated into contact  lenses has 
shown that  t he silver can prevent  colonisat ion of  t he lens 
surface by a st rain of  P. aeruginosa or S. aureus.  In addit ion, 
we demonst rated act ivit y of  silver against  Acant hamoeba.  
The present  research, whilst  conducted in sof t  etaÞ lcon A 
contact  lenses, may have applicabilit y to sil icone hydrogel 

lenses as wel l ,  al t hough furt her research t o det ermine 
t he most  appropriat e si lver loading concent rat ion would 
be required as t he si l icone hydrogel lenses t end t o have 
lower water contents than the etaÞ lcon A material.  These 
Þ ndings, taken with the overall reports of beneÞ t s of using 
si l ver-coat ed biomat er ials,  highl ight s t he pot ent ial  of 
silver-containing contact  lenses in reducing the incidence of 
microbially-driven adverse events.
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