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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 ·.question-

aire 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 moref 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 ~~t. 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 insignifi

cant for~= 0.025 and Z = 1.9615). 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 t'le contact lens 

wearer. 

Int!"oduction 

From the time that contact lenses first came into p!"actical use 

with the Tuohy lens in 1948 until fairly !"ecently, little concern has 

been given to the dangers of possible bacteriological contamination of 
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the normal flora of the eye by the lens. DoGtors, optometrists and 

ophthalmologists alike, were concerned more with the comfort and visual 

acuity of the patient. Today with over 8 million Ame:r-icans wearing 

contact lenses, the dangers of bacterial infection have to be carefully 

studied and analyzed. Fortunately over the last years, more attention 

has been paid to these small unsterile foreign bodies that are worn by 

so many people and many improvements have been achieved. 

Considering the large number of wearers, the incidence of serious 

ocular infection is relatively small -- lvhich is probably due to the 

natural defense mechanisms of the normal eye and conjunctiva: i.e, the 

continuous washing action of the tears, the lysozymes present in those 

tears that attack bacteria, the resistance of the inta.ct corneal epi-

thelium, and the rapid regeneration of that tissue layer. However, 

since the weP-ring of a conta.ct 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 of the normal flora of the eye j_s the skin, with 

the bacterial types being almost identical. As stated by Axenfeld7, 

"It is only to be expected that all those organisms can be found in it 

which occur in air, in washing water, in the skin around, or on 
-

anything with which the eye may come in contact". The normal non-

pathogenic residents of the conjunctiva include non-hemolytic Staphyl-

ococcus albus, the diptheroids, Corynebacteritun xerosis. Corynebacterium 

be frequent conjunctival inhabitants are Staphylococcus aureus (gram 
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positive cocci), Haemophilus species (Koch-Weeks Bacillus), Diplococcus 

pneumoniaa, Neisseria gonorrhoeae, alpha and beta Streptococcus, 

Herellea, and of course Pseudomonas aeruginosa (gram negative motile 

rods ). Fungi such as Candida albicans, Aspergillus, Nocardia, Cephalo

sporium, and Mucor are also capable of surviving in the conjunctival 

environment. 

There have been many varied and often contradictory theories and 

studies to determine how to reduce any possible pathogenic dangers to 

the eye. As an example of the often questionable ba.ses for these 

attempts, Filderman and Wbite9 state the example where bacteriostatic 

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 out, their efficacy 

is extremely doubtful. Lenses from which bacteriostats could leach 

would be considered drugs by the FDA and would have to recieve drug 

approval for ocular application. 

In a study of 63 contact lens patients before incorporation of 

effective anti-microbials in contact lens solutionst Kapeta.n:sky, et al . l~, 

found (from cultures of the eye, carrying case, and ttTetting or soaking 

solutions), that 65% exhibited no growth or non-pathogenic g..-owth, a.nd 

that 35% showed the presence of potential pathogens (the potential path

ogens were fot:.nd in the eyes of14 of the 63 subjects), with~ aeruginosa • 

being the most common. They also concluded in their study, that the 

longer the subject wore lenses (6 months or more), the higher wa:s the 

incidence of bacterial growth. One of their recommendations ;.;as the 
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elimination of soaking solutions. Other studiesf also before effective 

anti-microbials, have found that wet storage may ha,re been a possible 

source of pathogens16 and have suggested ventilated dry lens cases. 

Today it has been found that the cause of many of these earlier 

storage contaminations was the design of lens cases and the use of sponge 

or other materials in the construction that deactivA.ted the bacteriolytic 

and bacteriostatic components of the solutions and acted as ari ideal 

reservoir and surface for bacterial growth. The apparent decrease in 

severe ocular infections of contact l ens wearers in the last few years 

is probably due to three main factors 1: ( l) (~ontact lens storage cases 

have been designed to eliminate foreign material; (2) soak:i.ng solutions 

are more effective in their bacteriocidal action, with the increase in 

preservative concentrations and the use of additional pre servatives (EDTA)~ 

(J) both patients and the vision care specialist have become increasingly 

aware of the possible bacteriological dangers and have realized the 

importance of good ccmtact lens hygiene -- i.e. washing of hands fre-

quently • discard:il'l.g and replacing soaking solutions l:"egularly, and the 

use of smaller dosage dispenser bottles to avoid solution contamination. 

It is the purpose of this study to see if these new concepts and 

designs for the contact lens wearer can, coupled TN.i.th his own natural . 
ocular defense mechanisms, reduce the , possibility of serious ocular 

infection. A questionaire has been designed to see just what methods 

the contact lens wearers are using (or aren't) for their own protection. 

Then the main objective is to compare conjunctival samples ta.ken from a 

group th1'l.t do not wear contact lenses, .With cthose ' taken fromcontact 
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lens wearers, and determine the incidence of bacterial growth and obtain 

a general picture (gram negative or positive, rod or cocci) of the type 

of bacteria that do grow. 

' 
Methods 

The original goal of the study was to have tOO contact lens wearers 

and :1.00 non-contact lens wearers as the subjects. Approval vras 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 questionai:ra (see 

Figure 1 for a sample of the questirmaire). 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 1.3-65. Also all contact 

lens wearers had to have worn their lenses for at least one month, and 

had to be up to at -, least 6 hours per day wearing time. 

Conjunctival samples were taken from all subjects by pulling the 

lower lid down, and swabbing the inside of the lid with a moistened 

Swube 2009 disposable applicator (a single cotton applicator in a l?x 

100 mm tube from Falcon: Div, Becton, Dickinson & Co., 1950 Williams 

• 
Drive, Oxnard, CA., 93030). A sa.mple was taken from each eye and re-

corded separately~ These swabs had been previously prepared by the 

researchers by injecting 1 cc. sterile saline solution in each to 

mcisten the swab, thus reducing patient discomfort. St qndard aseptic 

techniques were observed at all times. 
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Patient No. 

1) Name1 

2) Age: 1)-18 19-22 23-30 

3) Sexr Male Female 

4) Occupation: 

Manual 

Housewife 

Do you wear contacts? 

.Office 

Student 

Yes 

JO-+ 

No 5) 

6) How many hours a day do you wear them? 

IndutJtrial 

Other 

Clel"k 

6-8 8-10 10-12 12~14 above 14 

7) How long have you worn contact lenses? 

6 mos. 1. year 2 years 3 years or more 

8) Do you wash your hands before inserting your lenses? 

Naver Seldom Often Always 

9) w~at type of solution do. you use? 

All purpose ( 3 in 1) Separate sol' ns None 

10) Do you store your lenses? 

Wet Dry 

U) Have you had any past eye probl.ms7 

Itchiness Dryness 

Yes 

Red-eye 

-- Figure 1 --

No 

Red lid:r 

Page 6 

other . 
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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 purpose media for a large ba'cterial population growth. 

There are some species of bacte:ria that are not culturable by this media 

selection however, such as some non-fermenting types, some types of gram 

negative rods and diplococci (Neisseria), Haemophilus. and some types of 

Streptococci. However. such exclusions would apply to both wearers and 

non-~~arers, and would not therefore invalidate the results of this study. 

The plates w~re then incubated for 48 hours and then examined for any 

colony growths. A general description of the major colonies was recorded. 

Samples were taken from colonies, gram stained, and then examined and 

evaluated by an outside observer (Mrs. Lynn Rainer, MT (ASGP) ) • 

All questionaires were then evaluated as to the number and responses 

to each question. The results of the bacterial growths and types were 

also tabulated and analyzed for percentage comparisons. These proportions 

were then further analyzed for statistical significance by the proceedure 

given by Walpole15 ( ot= 0.025 and Z = 1.96). 

Results 

When the data collection was cut off for the study, 60 subjects ·had 

been tasted for the non-contact wearer group and 42 subjects had been ·. 

tested for the contact lens wearers -- thus resulting in 1:1.9 samples (1. 

was contaminated before plating) and 84 samples respectively. Due to 

clinic scheduling conflicts between researchers in the study, the time 

ihvolved in studying for National Boards (both the researchers and many 
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of the subjects), and the lack of expected clinic contact lens subjects. 

only about 50% of our projected subject goal'was attained. As a comment 

to any readers considering a follow-up study on this project or area, i~ 

would be very beneficial to oegin taking samples from the subjects during 

the first semester, at least, of the senior year in order to escape the 

conflicts and the busy season of the final semester. 

An analysis and compilation of the responses to the questionaire 

are shown as follows: 

Question Lens Wearers Non-1-;earars 
(42 subjects) (60 subjects) 

#2) Age: 
:13-18 o% (0) o% (0) 
19-22 3:% ( 14) 15% ( 9) 
23-30 64% (27) 77% (46) 
31-65 3% ( l) 8:1> (5) 

if3) Sex: 
Male 88% ( 37) 95% (57) 
Female 12% (5) 5% (3) 

1f4) Occupation 
Manual a% ( 0) o% (0) 
Office 5% (2) 3% (2) 
Industrial a% ( 0) 0~ (0) 
Clerk o% (0) o% (O) 
Housewife (fj; (O) ?% (l) 
Student 90% ( 38) 92.% (55) 
Other 5% ( 2) 3% (2) 

#6) How many' hours a day do you wear them? 
6-8 1o% (L!-) 
8-10 5% (2) 
1.0-l2 t?% (7) 
1.2-:1.4 28% ( 12) 
above jl.j. 4o-;b (17) 
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Questionaire responses continued: 

Question Lens Hearers 
(42 subjects) 

1f7) How long have you worn contact lenses? 
6 months 17% (7) 
1 year 1.9% (8) 
2 years 5% (2) 
3+ years 5'1% (25) 

~8) Do you wash your hands before inserting your 
Never 2% ( 1) 
Seldom 5% (2) 
Often 33% (t4) 
Always 6o% (25) 

19) What type of solutions do you use? 
All purpose (3 in 1) 21.% (9) 
Separate solutions 79-:h (33) 
None o% (0) 

#lO) Do you store your lenses? 

#H) 

Wet 
Dry 

Have you had any past: eye 
No 
Yes 

Itchiness 
Dryness 
Red-eye 
Red lids 
Other 

95% (40) 
5% (2) 

problems? 
69% (29) 
31% ( 13) 

2.a% (1.) 
9.5% (4) 
9.5% (4) 
5.o;b <z> 
5.o% <z) 

lenses? 

Page 9 

Non-wearers · 
(60 subjects) 

so% (48) 
2o-% ( t2) 

5.o% (3) 
5.0.~ (3) 
3. ~3% (2) 
3.3% ( 2) 
3.3% (2) 

Note: The di,fferences in the proportions of populations in question 
#11 were found to be statttically insignificant for the size of the 
populations involved15 ( using the values of ~ = 0.025 and Z = 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 cocci) from the samples taken 

are given below: 

Bacterial Results Lens Wearers Non-wea:rers 
(84 samples) ( 11.9 samples) 

No Growth 83. Yfo (70) 72. 'ffi (86) 

Growth 16.7<ifo ( 14) 27.7% (33) 
gram positive cocci 14.3% (:!.2) 21.8% (26) 
gram positive rods o.o% ( 0) o.o% (0) 
gram negative cocci 2.4% ( 2) 3.L~% (4) 
gram negative rods o.o% ( 0) 2.5~ (3) 

Note: The difference in the proportions of populations in the bacterial 
growth categories were found to be statistically insignificant (z = 1.83) 
for the size of the populations involvedl5 (using the values of 

d.. = o.o2y- and z = l.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 wearers. 

Analysis and -Discussion 

As was noted earlier in the beginning of the "Results" section, we 

were not able to obtain as many subjects as we ht>.d originally hoped to, 

but the ·number that was obtained should be enough to give at least an 

estimated comparison of the bacterial populations in the two study 

groups. Of?taining a larger subject sample would have been much easier 

had the study been started at the beginnir1g of the academic year and if 
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Figure 2: Comparison of results of 
conjunctival swabs taken on contact 
lens wearers (84 samples) versus non
contact lens wearers (1l9 samples). 
The number in parentheses above each 
bar indicate the actual number of 
samples. from the particular gr oup for 
that category. 
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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 observations 

can be made from both the non-contact lens wearers 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-JO. 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, since many extraneous factors (i.e. age, environment, 

sex, etc.) are screened out. In 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 !f1l, the one concerning any ocular complaints or symptoms. 

Here,a ·thigher percentage of the contact lens wearers (Jl~) had more 

problems than the non-wearer group (20%), especially concerning dryness 

and red-eye. This difference was found to be statistically insignificant 

( z ·-= 1. 39), though, for r::l.. = 0. 025 and Z= 1. 96:t5. It may be interesting 

to keep this in 'llind when the comparison of bacterial populations is 

discussed later on. 

To continue with a discussion of the questions answered by the 

contact lens wearers only, it can be seen that the majority of those in 

our study had v.;orn their lenses for more than three years (59%) and wore 

them more than t4 hours pe-r day (40'%). Thus it would be a legitimate 

generalization to say that most of the subjec+.s in this group were 

fully adapted wearers (chronologically at least). It can also be 
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observed that most torearers \•rash their hands either often ( 33%) or 

always (60~) before inserting their lenses. Separate solutions were also 

used by the majority (7~) and wet storage ( 95% ) was generally utilized •.. 

All of these observations .would tenO.. to support the conclusion that 

the contact lens group follows most of the cu.,..rently approved and recom-

mended proceedures 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 lens group had a lo1;.rer 
··~"~.:. 

percentage of groWth than the no.n-contact lens group ( i6, 7% occurrence 

of growth for the contact wearers versus 27~7% growth for the non-wearer 

* group -- a difference of H. o%). By testing the difference between these 

two proportions statistically, however, it was found that for o<.. = 0.025 

and Z == L 96, the difference was insignificant ( z = 1.83) and the two 

proportions could be considered equal1.5, Therefore it cannot validly 

be concluded that the contact lens wearer definitely will have less 

bacterial growth than the normal population. We can only say that there 

is an indication toward those possibilities for the particular group 

examined in this study. 

There are, however, several important and meaningful conclusions 

that can be safely made from the results of this project, Firstly, it 
. 

could he concluded that at least (with the type of subjects in this study 

population) contact lens wear does not increase the incidence of bac-

terial growth. This point is the most important piece of information 

to be found by this study. Since contact lens wear does always present 

ap increased risk of corneal abrasion, it is very important that the 

¥< ~ &~~fe.v-Q.AA.Cc- o\ -+tt~s pr-cpo d-~ ovt WoLJ.cl. h,ti\J!L be~\ ~~'JV\i~; C:.G.M.t 

u_-t- qrs 0)
0 

c&-VJ~dtA/\Q..CL \v.a\, \~ -\-\\e. eopu.la.-\~ov\S WQ("Q.. \\o\QV'"ea..s~~ 

·-\-o \~Cl S~A.b_j~c~S . 
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pr.esence of this foreign body does not increase the incidence of bacteria 

in the normal conjunctiva. 

The bacterial type of major concern for possible pathogenic reac-:--

tions with a corneal abrasi:m are the gram negative rods. As can be 

seen from the data, there was no occurrence at all of this type in the 

contact group, while there were 3 subjects (5%) in the non-wearer group 

that did have this type dominant in the culture taken from them, While 

this difference is again statistically insignificant (z = 1.45) for this 

size study, this comparison is of prime pathological importance and is 

one in which larger studies should pay close attention to. 

As for recommendations for further studies concerned with this 

area, several suggestions could be offered. Most importantly a larger 

subject population should be attempted with also a less restricted 

background. It would be interesting to see the results from a more 

diversified subje~t population. Also, blood agar media with a candle 

jar incubator could be used in addition 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 this paper to determine 

the exact identity of the bacteria irown, this information would be 

very useful and valuable from future projects (e.g. it could ha.ve been 

useful to determine if the gram positive cocci for each group showed 

the same ratio of a.lbus to aureus). Also if available, the small 

uniform sponges used by recent researchers (Hadley, Aronson, and GoodnerlO) 

might be a more efficient and more controlled method of collecting the 

conjuncti va1 bacterial samples. 



Contact Lens Study cont. Page 15 

Summary 

The purpose of this study was to com pare the incidence of bacterial 

grovrth from the conjtincti val samples taken from a group C>f contact l ens 

wearers 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, a.nd, 60 subjects in the other. The subjects were alJ. pri -

marily male students between the ages of ?3 to 30. Other background 

information on the contact lens group yielded by a question.'l.ire was thA.t 

most of them were full-time wearers, and maintained current accepted 

contact lens hygiene recommendations (ie. washing hands frequently, using 

separate wetting and soaking solutions, and storing their lenses wst). 

The results of the samples taken on T.S.A. media e~hibited a lower 

occu"t"rence of bacterial groli'th for- the contact group than the nori:-contac.t. 

group. k s t ati.st±cal ··ev§tluation ·of th~ ·'differences in . proportions ·· of, the 

two 1 groups showed them to be mathmatically equal for this stucly size. 

This was also true of the differonces in grain negative rod growtq"pro-

portions. as well as the percentages of past eye problems. 

The primary conclusion from this study is that there appeArs to be 

_no disruption of the normal conjunctival flora if good contact lens and 

personal hygiene guidelines ar~ felled. Ther9 may even be some indication 

that some of the naturally occuring possible pathogens may be reduced 

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