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A comparison of conjunctival bacterial populations of contact lens wearers vs.
non-contact lens wearers

Abstract

Conjunctival swab samples were taken from each eye of 42 contact lens wearers and 60 subjects who
don't wear. contacts. From the questionaire that each subject filled out, it was found that the majority of
the subjects were male students between the ages of 23-30. Concerning the contact lens wearers' habits
and hygiene, they responded that the majority had worn their lenses 3 years or more and currently wore
their lenses above 14 hours per day. The bulk of the wearers either often or always washed their hands
before handling their lenses, used separate solutions, and stored their lenses wet. From the samples that
were taken, a lower incidence of bacterial growth was found among the contact lens group (although the
difference was found to be statistically insignificant for = 0.025 and Z = 1.96). The conclusion from this
study was that if proper contact lens hygiene and care was maintained, there would be no increase in
bacterial conjunctival flora in the contact lens wearer.
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A COMPARISON OF CONJUNCTIVAL BACTERIAL POPULATIONS

OF CONTACT LENS WEARERS VS. NON-CONTACT LENS WEARERS

Abstract

Conjunetival swab samples were taken from each eye of 42 contact
lens wearers and 60 subjects who donft wear contacts., From the'question~
aire that each subject filled out, it was found that the majority of
the subjects were male students between the ages of.ZB-BG.» Concerning
the contact lens wearers' habits and hygiene, they responded that the
majority had worn their lenses 3 years or more, énd currently wore their‘
lenses above 14 hours per day. The bulk of the wearers either often or
alwayé washed their hands before handling their lenses, used separate
solutions, and stored their lenses wet. From the samples that were tgken;
a lower incidence of bacterial growth was found among the contact lens
group (although the difference was found to be statistically insignifi-
cant fort£=v0.025 and Z = 1.9615). The econclusion from this study was
that if proper contact lens hygiene and care was maintained, there would
be no incréase in bacterial conjunctival flora in the contact lens

wearer,

Introduction

From the tims that contact lenses first came into practical use
with the Tuohy lens in 1948 until fairly recently, littls concern has

been given to the dangers of possible bactericlogical contamination of



Contact Lens Study cont. Page 2

the normal flora of the eye by the lens., Doctors, optometrists and
ophthalmologists alike, were concerned more with the comfort and visual
acuity of the patient. Today with over 8 willion Americans wearing. |
contact lenses, the dangérs of bacterial infection'ha§e fo be carefully
studied and analyzed. Fortunately over the last years, more attention
has bsen paild to these small unsterile foreign bodies that are worn by
so many people and many improvemsnts have been achieved.

Considering the large number of wearers, the incidence of serious_
ocular infection is relatively small -~ which is probably due to the
natural defense mechanisms of the normal eye and conjunctiva: i,e. the
contimious washing action of the tears, the lysozymés present in those
tears that attack bacteria, the resistance of the intsct corneal epi~
thelium, and the rapid regeneration of that tissue layer. However,
since the wearing of a contact lens presents a continuous possibility
of a corneal abrasion, any presence of possible pathogens could have a
very rapid and disasterous outcome.

The main source 6f the normal flora of the eye is the skin, with
the bacterial types being almost identical. As stated by Axenfe1d7,
"It is only to be expected that all those organisms can be found in it
which occur in ?ir, in washing water, in the skin around, or on
anything with which the eye may come in contact". ihe normal non-
pathdgenic residents of the conjunctiva inelude non-hemolytie Staphyl-~
ococcus albus, the diptheroids, Corynebacterium xerosis, Corynebacterium

o~ £ o s g P A w0y g
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£y

oy T e 5 S o ey Y o Al b .
sracesel,  FPossibls poathogeas thal may

be frequent conjunctival inhabitants ars Staphylococcus aursus (gram



Contact Lens Study cont. Page 3

positive cocei), Haemophilus species (Koch-Weeks Bacillus), Diplococeus
pneumoniae, Neisseria gonorrhoeae, alpha-and‘beta Streplococcus,
Herellea, and of course Pseudomonas aeruginosa {gram negative motile
rods). PFungi such as Candida albicans, Aspergillus, Nocardia, Cephalo-
sporium, and Mucor are also capable of surviving in the conjunctival
environment.

There havs been many varied and often contradictory theories and
studies to determine how to reduce any possible pathogenic dangers tb
the eye. As an example of the often questionable bases for_these
attempts, Filderman and White” state the example where bacteriostatie
and fungistatic agents have been polymerized into contact lenses to
reduce bacterial contamination. However, because it seems that these
agents are incorporated so that they do not leach cut, their efficacy
is extremely doubtful., Lenses from which bacteriostats could leach
would be considered drugs by the FDA and would have to reclieve drug
approval for ocular application.

In a study of 63 contact lens patients before incorporation 6f
effective anti-microbials in contéct lens solutions, Kapetansky, et alqi?.
found (from cultures of the eye, carrying case, and wetting or soaking
solutions), that 65% sxhibited no growth or non-pathogenic growth, and
that 35% sho;ed the presence of potentiai pathogens {the potential path-
oéens were found in the eyes of I4 of the 63 subjects), with P. aeruginosa
being the most common, They alse concluded in their study, that the
longer the subject wore lenses (6 months or more), the higher wasvthe

incidenze of bacterial growth. One of their recommendations was the
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elimination of sbaking solutions, Other studies, also before effective
anti-microbials, have found that wet storage may have been a possible

16

source of pathogens™~ and have suggested ventilated dry lens cases.

Today it has been found that the causé of wmany of these earlier
storage contaminations was ths design of lens cases and the use of sponge
or other materials in the construetion that deactivated the bacteriolytic
and baecteriostatic components of the soclutions and acted as an ideal
reservolr and surface for bacterial growth. The apparent decrease in
severe ocular infections of contact lens wearers in the last few years
is probably due to three main factors': (1) contact lens storags cases
have been designed to eliminate foreign material; (2) soaking solutions
are more effective in their bacterioeidal action, with the increase in
preservative concentrations and the use of additional preservatives (EDTA);
(3) both patients and the vision care specialist have become increasingly
aware of the possible bacteriological dsngers and have realized the
importance of good contact lens hygiene =- i.e. washing of hands fre-
quently, discarding and replacing soakinz solutions regularly, and ths
use of smaller dosage dispenser bottles to gvoid solution contamination.

It is the purpose of this study to see if tﬁese new concerts and
designs for tbe contact lens wearer can, coupled with his own hatural
ocul ar defense mechanisms, reduce the, possibility of serious ocular
infection. A questionaire hés been designed to see just what methbds
the contact lens wearers are using (or aren't) for their own protection,
Then the main objective is to compare conjunctival samples tzken from a

group that do not wear contact lenses, .with'those:taken from contact
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lens wearers, and determine the incidence cof bacterial growth and obtain
a general picture (gram negative or positive, rod or cocei) of the type

of bacteria that do grow.

Methods

The original goal of the study was to have 100 contact lens wearers
and 100 non-contact lens wearers as the subjects. Approval was obtained
from Dr, Hunter and Dr. West to use clinic'patients as subjects if they
agreed to participate. Every subject was assigned a patient number and
was then instructed to complete a brief case history éuestionairs (see
Figure 1 for a sample of the questinnaire). The non-contact wearers
only had to fill out questions 1~5 and 11. The contact lens subjects
were to fill out the entire form. We arbitrarily decided that for'this
study; all subjects had to be within the ages of 13~65{ Also all'contaci
lens wearers had to have worn their lenses for at leést one month, andi
had to be up to at”least 6 hours per day wearing time,

Conjunctival samples were taken from ail subjects by pulling the
lower 1id down, and swabbing fhe inside of the 1lid with a moistenad
Swube 2009 disposable applicator (a2 single cotton applicator in z 17x
100 mm tube from Falecon: Div, Becton, Dickinson & Co., 1950 Williams
Drive, Oxna;d, CA., 93030). A sample was taken from each eye and re-
corded separately. Thess swabs had been previously prepared by the
researchers by injecting 1 ce. sterile salins solution in each to
moisten the swab, thus reducing patient discomfort. Standard aseptic

techniques were cbserved at all times.
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Patisnt No,
1)  Name:
2) Ags: 13-18 19-22 23-30 30-+
3) Sex: Male Femals
L) Occupation:
Hanunll Office Irdustrial Clark
Housswife Student Other
5) De you wear contacts? Yos No
6) How many hours a day de yon wear them?
6-8 8-10 10-32 12-14 abovs 14
7) How long havs you worn contact lensas?
6 mos. i year 2 years 3 yesars or more
8) Do you wash your hands bafors inserting your lenses?
Naver Seldom Oftan Always
9) What typs of sclution do you usa?
All parposs (3 in 1) Separate sol'ns None
10) Do you store your lensss?
Wet Dry
11) Have you had any past eye problaﬁs? Yes No
Itchinass Dryneas Rad-ays Rad 1ids Other

-~ Figure 1 -=-
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After the-sample was taken, it was plated on Trypticase Soy Agar
without dextrose for the growth media. The choice of this media was'to
be a general all purpﬁsa‘media for a 1argé btacterial population growth.
There are some species of Eacteria that are not culturable by this media
selection however, such as séme non-fermanting types, éome types of gran
negative rods and diploéocci (Neissaria), Haemophilus, and.éome types of
Streptococci. However, such exclusions would apply to both wearers and
non-wearers, and would not therefore invalidate the results of this study.
The plates were then incubated for 48 hours and then examinsd for any
colony growths., A gensral description of the major colonies was recorded.
Samples were taken from colonies, gram stained, and theh_éxamined and
evaluated by an outside observer (Mrs. Lymnn Rainer, MT (ASCP) ).

A11 questionaires were thén evaluated as to the number and responses
to each question. The results of the bacterial growths and types wers
also tabulated and analyzed for percentags comparisons. These proportions
were then further analyzsd for statisticalisignificance by the proceedure

given by Walpolels (ol=0,025 and Z = 1.96).

Results

When the data collection was cut off for the study, 60 subjects had
been tested for the non-contact wearer group and 42 subjects had been -
‘tested for the contact lens wearers ~~ thus resulting in 119 samples (1
was contaminated before plating) and 84 samples respectivel&. Due té
clinie scheduling conflicts betwssn rsssarchers in the study, ths tiée

involved in studying for National Boards (both the researchers and many
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of the éubjectg), and the lack of expected clinic contact iens subjects,
only ébout 504 of our. projected subject goal was attained.. As a comment
to any readers considering a follow-up study on this project or area, it
would be very beneficial to Yegin taking samples from the subjects during
the first semester, at least, of the senidr'year in order tﬁ escape the
confliets and the busy season of the final semesfer.

An analysis and compilation of the responses’to the questionaire

are shown as follows:

Question Lens Wearers Non-wearers
(42 subjects) (60 subjects)
#2) Age:
13-18 0% (0) 0% (0)
19-22 336 (14) 15 (9)
23-30 64b  (27) 77%  (46)
31-65 3% (1) 8k (5)
#3) Sex:
Male 88% (37) 95%  (57)
Female 12%  (5) st (3)
#4) Occupation :
Mannal 0t (0) o (0)
Office 55 (2) % (2)
Industrial 0% (0) 0% (0)
Clerk 0% (0) 0% (0}
Housewife 0% (0) 2% (1)
Student %% (38) 92%  (55)
Other 56 (2) 3% (2)
#5) How many' hours a day do you wear them?
6-8 105 (4)
8-10 : 5% (2)
10-12 17% (7)
12-14 28% (12)

above 14 Lok (17)
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Guestionaire responses continued:

Question Lens Wearers Non-wearers

(42 subjects) (60 subjects)
#7) How long have you worn contact lenses?
5 months ' 17%  (7)
1 year 196 (8)
2 years : 5% (2)
3+ years 5% (25)
#8) Do you wash your hands before inserting your lenses?
Never 25 (1) '
Seldom 58 (2)
Often 335 (14)
Always 60%  (25)
#9) What type of solutions do you use?
Al11 purpose (3 in 1) 21%  (9)
Separate solutions 79%  (33)
None 0% (0)
#10) Do yon store your lenses? :
Wet 95% (40)
Dry 5% (2)
#11) Have you had any past- eye problems?
No ' 65%  (29) , Bo%  (48)
Yes 31%  (13) 204 (12)
Itchiness 2.06 (1) 5.0 (3)
Dryness 9.5 (4) 5.06 (3)
Red-eys 9.55 (4) 3.3 (2)
Red lids 5.06 (2) 3.35 (2)
Other 5.0 (2) 3.3% (2)

Note: The differences in the proportions of populations in question
#11 were found to be statistically insignificant for the size of the -
populations involvedld { using the values of ©{ = 0,025 and 2 = 1,96)
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The results of the number of no growths and growths (broken down
as to gram positive or negative, rod or cocei) from the samples taken

are given below:

Bacterial Results Lens Wearers Non-wearers
(84 samples) (119 samples)
No Growth 83.% (70) 72.3%  (86)
Growth 16.7%  (14) 27.7%  (33)
gram positive cocei 1.3 (12) 21.8% (26)
gram positive rods 0.0% (0) 0.0% (0)
gram negative coceli 2.4% (2) 3.0%  (4)

gram negative rods 0.0 (0) 2.5% (3)

Note: The difference in the proportions of populations in the bacterial
growth categories were found to be statistically thsignificant (z = 1.83)
for the size of the populations involvedl> (using the values of

o\ = 0,025 and Z = 1.96)
Bar charts are shown in Figure 2 of the bacterial growth data to aid
further in the visualization and comparison of the results of the contact

lens wearers versus the non-contact lens wsarers,

Analysis and Discussion

As was noted earlier in the beginning of the "Results" section, we
wsre not ablé to obtain as many subjects és ﬁe had originally hoped to,
but the mnumber that was obtained should'be‘enough to give at least an
estimated cdmparison of the bacterial populations in the two study
groups. thaining a iarger subject sample would have been much easier

had the study been started at the beginning of the academic year and if
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the clinic and academic schedules of the researchers would have been
more complimentary.

In studying the results of the questionaire, several cbservations
can be made from both the non~contact lens wearefs and the contact lens
group, As to the subject backgrounds, it can be seen in both groups
that the majority of the patients were male students between the ages
of 23-30. On these points, the study population has a very narrow
range, so a comparison between this narrowed range increases the valid-
ity of the results, sinca many extraneous factors (i.a. age, enviromment,
sex, etc,) are scresned out. Ih accordance though, any conclusions or |
generalizations made must be limited to this restricted group.

One other question on the questionaire where the groups can be
compared is #11, the one concerning any ocular complaints or symptoms.
Here,a thigher percentage of the contact lens wearers (31%) had more
problems than the non-wearer group (20%4), especially concerning dryness
and red-eye. This differencé was found to be stafistically insignificant
(z-= 1.39), though, for o = 0.025 and 2= 1.9615, 71t may bebinteresting
to keep this in mind when the comparison of bacterial populations is
discussed later on.

To continue with a discussion of the gquestions answered by the
centact lens wearers only, it can be seeﬁ that the majority of those in
our study had worn their lenses for more than three years (59%) and wore
them more than 14 hours per day (40%). Thus it would be a legitimate
generaligzation to say that most of the subjects in this gfoup were

fully adapted wearers (chronologically at least)., It can also be
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observed that most wearers wash their hands either often (33%) or

always (60%) before inéerting £ﬁeir lenses. ‘Separate solutions wefe also
used by the majority (79%) and wet storage (95%) was gensrally utilized.

A11 of these observations would tend to subport the conelusion that

the contact lens group follows most of the currently approved and recom-

mended proesedures in their personal hygiene and contact lens care.

Now in examining the bacterial growth occurrence in the 203 samples -
taken, it is interesting to note that the contact 1§hé group had a lower
percentage of gfbhth!than the_nqn~contact lens groué”(16,7% occurrance
of growth for the contact wearers versus 27.7% growth for the non~wearer
group -- a difference of II.O%jf_ By testing the difference between thsss
two proportions statistiecally, however, it wés found that for && = 07025
and Z = 1,95, the difference was insignificant (2 = 1.83) and the two
propor£ions could be considered equall5, Therefore it cannot validly
‘be conciuded that the contact lené wearer definitgly will have less
bacterial growth than the normal popuiation. We ;an only say that there
is an indication toward those possibilities for fﬁeﬂparticular group
examined in this study.

There are, however, soveral important aﬁd meaningful conclusions
that can be safely made from the results of this project. Firstly, it
could be concluded that at lsast (with the type of subjects in this stﬁdy
population) contact lens wear does not iﬁcrease the incidence of bac~
terial growth., This point is fhe most important piece of information
to be found by this study. Since contact lens wear does always present

an increased risk of corneal abrasion, it is very important that the
2 &LQCQW%\ACQ, of s proporbion  Would Whave been Sic\)\f\i-ﬁ Caut
ot 959 dml\glclwqe \evel U e popu[q«“oms weve neveased

_%6 2o Subjects.
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presence of this foreign body does not increase the incidence of bacteria
in the normal conjunctiva,

The bacterial type of major concern for possible pathogenie reac-
tions with a corneal abrasion are the graﬁ negative rods. As can be
seen from the data, there was no occurrence at all of this type in the
contact group, while there ware 3 subjects (5%) in the non-wearer group
that did have this type dominahnt in the cuiture taken from them. While
this difference is.again statistically iﬁsignificant (z = 1.45) for this
size study, this comparison is of prime pathological importénqe and is
one in which larger studies should pay close attention to.

As for recommendations for further studies concérﬁed with this
area, several suggestions could be offered. Most impoftantly a larger
subject population should be attempted with also a less restricted
background. It would bs interesting to see ths results from a more
diversified subje-t population. Also, blood agar media with a candle
jar incubator could be used in additlon to a g=neral purpose media
{i.e. TSA) to increase the number of bacterial species that could be
detected. Although it was not the purpose of fhis papér to determine
the exact identity of the bacteria grown, this information would Be
very useful and valuabls from future projects (e.g;'it could have beeﬁ
useful to de;ermine if the gram positive“cocci'for eéch group sthed
the same ratio of albus to aureus), Also if available, thé small

uniform sponges used by recent researchers (Hadley,

Aronson, and GoodnerlQ)
might be a more efficlent and more controlled method of collecting the

conjunctival bacterial samplss.
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Summary

The purposé of this study was to compare the ineidence of bacterial
growth from the conjinetival samples taken from a group of contact lens
waarers to a group who do not wear contacts. A total of 203 samples
were taken from the two groups, with 42 subjects being in the contact
lens group, and 60 subjects in the other. The subjects were all pri-
marily male students betwéen the ages of 2?3 to 30. Other background
information on the contact lens group yielded by a questionaire was thﬁt
most of them were full-times wearers, and maintained current accepted
contact lens hygiene recommendations (ie. washing hands frequently, ﬁsing
separate wetting and soaking solutions, #nd storing their lenses wst).

The results of the samples taken on T.S5.A. media exhibited a lower
occurrence of bacterial growth for the contact group than the non-~contact
group. A‘statistiCal”evaluétion“of.thg*differehées.in:propoitions‘of,the
tWO?groubs showad them to be mathmatically equal for this studyvsize.
Thig was also true of the differences in gram negétive rod growthfﬁro-
pértions; as well as the percentages of past eye probléms.

The primary conclusion from this study is that there appsars téyée
ﬁo disruption of the normal conjunctivai flora if good contact lens and

personal hygiene guidelines ars folled. Thers may even be some indication
4 ° ) :

that some of the naturally occuring possible pathogens may‘be reduced

or eliminated by these current methods of patient and product managementl.

.
4

)

¢
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