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A B S T R A C T

Purpose: : To investigate the presence of bacterial pathogens on the palpebral conjunctiva, mobile phones, and
storage cases of contact lens wearers to study any possible correlation between types of bacteria isolated from
the 3 sites and to determine their antibiotic profiles.
Methods: : One hundred and eighty nine swabs from the conjunctiva, mobile phones, and storage cases were
collected from 63 contact lens wearing university students. The swabs were collected and transported to the
microbiology laboratory within one hour and inoculated on nutrient agar, MacConkey agar, blood agar and
mannitol salt agar. The subsequent bacterial isolates were identified by their cultural, morphological and bio-
chemical characteristics.
Results: : Nine bacterial species were isolated and identified in the current study namely: Staphylococcus. aureus,
Streptococcus. pyogenes, Enterococcus. faecalis, Shigella dysentery, Pseudomonas aeruginosa, Proteus mirabilis,
Citrobacter spp., Klebsiella pneumoniae and Escherichia coli. Nine (26%) mobile phone and 7 (21%) conjunctival
samples were contaminated with five different bacterial species. The highest level of contamination was detected
in contact lens storage cases where 18 (52%) bacterial isolates were detected in cases.
Conclusions: : The storage cases and mobile phones of contact lens wearing university students were highly
contaminated with pathogenic bacteria and may act as a carrier for the transmission of such bacteria to the eye
causing eye infections which can be controlled by proper hygiene and using effective disinfectant for storage
cases. Pathogenic bacteria were detected with multiple antibiotic resistance indices.

1. Introduction

Contact lenses are medical devices used for refractive, cosmetic, and
lifestyle-oriented purposes. In recent years, many individuals are
choosing to wear contact lenses for both cosmetic and optical purposes
due to the many advantages they offer over wearing spectacles, not
least of which is their aesthetic advantage. There are an estimated 140
million individuals who wear contact lenses worldwide [1].

In spite of the fact that contact lenses have many advantages, they
also carry a risk of potential ocular complications and loss of vision.
Several risk factors for corneal infection include extended wear, poor
hand hygiene, and inadequate lens and lens-case care [2]. The pro-
motion of good contact lens hygiene practices are essential to reduce
the adverse effects of contact lens use [3]. Contact lenses alter the
natural ocular environment by introducing a bio-burden of micro-
organisms to the eye’s surface from contaminated hands, lenses and lens

care solution [4]. The lens interferes with the protective function of the
mucin layer, which is resistant to bacterial adherence, and it hinders the
release of antimicrobial factors [3].

During insertion, removal, and cleaning, contact lenses are fre-
quently touched by one's fingertips and palms, which in turn handle
everything else in our surroundings, including the omnipresent cellular
phone. As a result, the risk of colonization and infection of the eye is
considerable [5].

Smartphone touchscreens are known pathogen carriers in clinical
environments. However, despite a rapidly growing number of smart-
phone users worldwide, little is known about bacterial contamination of
smartphone touchscreens in non-clinical settings. Such data are needed
to better understand the hygienic relevance of these increasingly pop-
ular items [6]. Moreover, lens case hygiene still plays an important role
in safe contact lens wear as shown in recent epidemiological studies [7].
It has also been demonstrated that identical organisms have been
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identified from both the lens storage case and the corneal ulcer of the
same patient [8]. Furthermore, another study found that the disease
severity correlates with an increase in the diversity of bacterial types
found in lens cases [9]. In another series, it was found that after re-
moving contact lenses aseptically from the eye, between 56%–65% of
contact lenses harbor microorganisms, almost exclusively bacteria, and
approximately 10% of lenses harbored gram-negative and other highly
pathogenic species [10].

This current study provides evidence that the same pathogenic
bacteria were detected on the conjunctiva, smart phone screens, and
lens storage cases of contact lens wearing university students. It high-
lights the need for awareness of the serious risk of contaminated smart
phones on the eyes’ health of contact lens users using standard diag-
nostic techniques and investigating the antibiogram characteristics of
the isolated bacteria.

2. Methods

2.1. Sample collection

The present study included a convenience sample of 63 students
who volunteered to participate from a public university in northern
Jordan. A station was established to collect 189 swabs from 63 volun-
teers as per standard aseptic procedures. One sample was collected from
each of the concave surface of the inner palpebral conjunctiva (n = 63)
and the surface of the participants mobile phone (n = 63). A sterile
cotton-wool swab moistened with sterile isotonic sodium chloride so-
lution was used to swab the interior of the contact lens solution storage
case (n = 63) of each student. The sample population was from dif-
ferent colleges belonging to the same university.

2.2. Bacterial isolation

The swabs were collected in Stuarts transport medium and trans-
ported to lab within one hour. The inoculations were cultured on nu-
trient agar, MacConkey agar, blood agar and mannitol salt agar (Bio
lab, Hungary), then incubated aerobically at 37 C for 24 hr C for 24 h.
All culture media were prepared following the manufacturer's instruc-
tions and sterilized by autoclaving at 121 °C for 20 minutes.

2.3. Identification of bacterial isolates

The bacterial isolates were identified by studying their cultural,
morphological and biochemical characteristics according to Baron et al.
and Forbes et al. [11,12]. Biochemical tests were used to confirm the
identity of each isolate. The identification tests vary according to the
Gram reactivity exhibited by the isolate. If upon Gram stain the isolate
was confirmed as Gram positive bacteria, then catalase and coagulase
tests were performed, followed by assessment of the ability of the or-
ganism to grow on bile esculin agar and then its tolerance to novobiocin
was established. Micrococci spp. was differentiated from Staphylococci
by using the bacitracin susceptibility test. For Gram negative bacteria,
the reaction pattern on triple sugar iron slant was performed followed
by testing the isolate for motility, triple sugar iron agar, indole, methyl
red, voges proskauer and citrate tests to confirm the diagnosis.

2.4. Antibiotic susceptibility test

Antibiotic susceptibility test was performed on each of the isolates
by using the disc diffusion method on Muller-Hinton agar as re-
commended by Clinical Laboratory Standards Institute "CLSI" using the
following antibiotic disks: ciprofloxacin (5 μg), ampicillin (10 μg),
norfloxacin (10 μg), erythromycin (15 μg), chloramphenicol (30 μg),
gentamicin (10 μg), tetracycline (30 μg), vancomycin (30 μg), amox-
icillin/clavulanic acid (20/10 μg), cefepime (30 μg), penicillin (10 μg),
clindamycin (2 μg), trimethoprim-sulfamethoxazole (1.25/23.75 μg)

and oxacillin (1 μg). Briefly, microorganisms were suspended in saline
to turbidity of 0.5 McFarland standards. A swab of the cell suspension
was then spread in three directions on the entire surface of a Mueller
Hinton Agar plate (MHA), and left for 15 min to air dry at room tem-
perature before antibiotic disks were applied onto the agar. The agar
plates were then incubated at 35 °C for 18–24 h. S. aureus (ATCC #
25922) was bought as lyophilized from a local supplier and used as a
control. The results were interpreted according to the guidelines of the
Clinical and Laboratory Standards Institute [13].

2.5. Multiple antibiotic resistance

Multiple antibiotic resistance was determined to investigate the
level of resistance among the isolated bacteria and was calculated ac-
cording to the following equation:

Multiple antibiotic resistance index = no. of antimicrobials to
which the isolate is resistant/no. of antibiotics to which the isolate is
subjected.

2.6. Statistical analysis

Cross tabulation analysis using the Chi-square test was performed to
assess the difference in the number of bacterial isolates from the con-
junctiva, the surface of mobile phone and the contact lens storage case.
Fisher’s-Exact test was used in cases where n < 5 leading to violation of
Chi-square assumptions. A P-value of < 0.05 was considered statisti-
cally significant in all cases.

2.7. Ethical approval

The study protocol was approved by the Institutional Ethics
Committee and each participant gave written informed consent.

3. Results

In total, one hundred and eighty nine swabs from the conjunctiva,
mobile phones and contact lens storage cases from 63 university stu-
dents were examined. Bacterial species were isolated from 22 (35%) of
the 63 tested students. Thirty four bacterial species were identified and
tested for their antibiotic susceptibility. The isolated bacteria including,
9 (26%) from mobile phone and 7 (21%) from conjunctival samples
were contaminated with five different bacterial species. The highest
contamination was detected in storage case where 18 (52%) bacterial
isolates were detected in cases.

Nine bacterial species were isolated and identified in the current
study namely:

S. aureus 7 (21%), S. pyogenes 6 (18%), E. faecalis 2 (6%), S. dys-
entery 3 (9%), P. aeruginosa 1 (3%), P. mirabilis 4 (12%), Citrobacter spp.
2 (6%), K. pneumoniae 1 (3%) and E. coli 8 (23%). The frequency of
Gram positive and Gram negative bacteria isolated from the con-
junctiva, storage cases and mobile phones swabs studied is shown in
Table 1. Fifty-six percent of isolates were Gram negative and 44% were
Gram negative. The antibiotic profile of the isolated bacteria showed a
large variation. Although some bacterial species were susceptible to 12
antibiotics, other species were highly resistant to the antibiotics used as
shown in Table 2. The S. aureus isolates were sensitive to most of the
antibiotics used and 57% of isolates (4 of 7) were resistant to ery-
thromycin and penicillin. The S. pyogens isolates showed higher rates of
antibiotic resistance compared to the S. aureus. Four isolates were re-
sistant to trimethoprim/sulphamethoxazole and oxacillin. Three of the
six isolated S. pyogens were resistant to vancomycin, tetracycline, pe-
nicillin and clindamycin. Two isolates were resistant to chlor-
amphenicol and erythromycin while a single isolate was resistant to
ciprofloxacin.

The two isolates of E. faecalis were sensitive to eight antibiotics and
resistant to 4 of the antibiotics tested namely: ampicillin, clindamycin,
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penicillin and oxacillin as shown in Table 2.
The three Shigella isolates also showed a complex profile and were

sensitive to norfloxacin, chloramphenicol, gentamicin, tetracycline and
cefepime. One isolate was sensitive to ciprofloxacin, ampicillin,
amoxicillin/clavulanic acid, clindamycin, penicillin and oxacillin. One
of the E. faecalis isolates was resistant to trimethoprim/sulphamethox-
azole and ciprofloxacin.

Two isolates were resistant to ampicillin, amoxacillin/clavulanic
acid, clindamycin, penicillin and oxacillin. A single isolate showed in-
termediate susceptibility to ciprofloxacin. Seven of the E. coli isolates
were sensitive to gentamicin, amoxicillin/clavulanic acid, cefepime,
and trimethoprim/sulphamethoxazole, while 6 of them were sensitive
to chloramphenicol, and tetracycline, 5 isolates were sensitive to nor-
floxacin only and two isolates were sensitive to ciprofloxacin. All E. coli
isolates were resistant to ampicillin, clindamycin, penicillin and ox-
acillin. Three isolates were resistant to norfloxacin, 2 isolates were re-
sistant to chloramphenicol, and tetracycline and one isolates was re-
sistant to ciprofloxacin, gentamicin, amoxicillin/clavulanic acid,
cefepime and trimethoprim/sulphamethoxazole. Five E. coli isolates
showed an intermediate susceptibility to ciprofloxacin. A single P.
aeruginosa isolate was sensitive to ciprofloxacin, gentamicin, and cefe-
pime with variable resistance to eight of the other antibiotics. The two
isolated Citrobacter spp. were sensitive to norfolxacin, chloramphenicol,
gentamicin, tetracycline and cefepime while these isolates were re-
sistant to ampicillin, amoxicillin/clavulanic acid, clindamycin, peni-
cillin, trimethoprim/sulphamethoxazole, oxacillin and showed

intermediate susceptibility to ciprofloxacin.
All P. mirabilis isolates were sensitive to norfolxacin and cefepime

while three isolates were sensitive to five antibiotics namely, cipro-
floxacin, gentamicin, chloramphenicol, amoxicillin/clavulanic acid and
tetracycline Two P. mirabilis isolates were sensitive to ampicillin and
the other two were resistant to the same antibiotic. The four isolated P.

Table 1
The isolated bacteria from the conjunctiva, mobile phones and washing solution
of the university students.

Bacteria spp. Type of specimen Total no. of isolates

C P S
Staphylococcus aureus 0 4 3 7
Streptococcus. pyogenes 3 2 1 6
Shigella dysentery 1 0 2 3
Pseudomonas aeruginosa 0 0 1 1
Entrococcus faecalis 1 1 0 2
Proteus mirabilis 1 1 2 4
Citrobacter spp. 1 0 1 2
Klebsiella pneumoniae 0 0 1 1
Escherichia coli 0 1 7 8
Total 7 9 18 34

C = Conjunctiva, P = Phone, S = Storage case.

Table 2
Antimicrobial profile of the isolated bacteria from the eye, mobile phones and washing solution among the university students.

Antibiotic S. aureus S. pyogens E. faecalis S. dysentery E. coli P. aeruginosa Citrobacter spp P. mirabilis K. pneumoniae

S R I S R I S R I S R I S R I S R I S R I S R I S R I

CIP 7 0 0 5 1 0 2 0 0 1 1 1 2 1 5 1 0 0 2 0 0 3 0 1 0 0 1
AML 7 0 0 6 0 0 0 2 0 1 2 0 0 8 0 0 1 0 0 2 0 2 2 0 0 1 0
NOR 7 0 0 6 0 0 2 0 0 3 0 0 5 3 0 0 1 0 2 0 0 4 0 0 1 0 0
E 3 4 0 4 2 0 2 0 0 N N N N N N N N N N N N N N N N N N
C 7 0 0 4 2 0 2 0 0 3 0 0 6 2 0 0 1 0 2 0 0 3 0 1 1 0 0
CN 7 0 0 6 0 0 2 0 0 3 0 0 7 1 0 1 0 0 2 0 0 3 1 0 1 0 0
TE 7 0 0 3 3 0 2 0 0 3 0 0 6 2 0 N N N 2 0 0 3 0 1 1 0 0
VA 7 0 0 3 3 0 2 0 0 N N N N N N N N N N N N N N N N N N
AMC 7 0 0 6 0 0 1 1 0 1 2 0 7 1 0 0 1 0 0 2 0 3 1 0 0 1 0
FEP 7 2 0 6 0 0 2 0 0 3 0 0 7 1 0 1 0 0 2 0 0 4 0 0 1 0 0
P 3 4 0 3 3 0 0 2 0 1 2 0 0 8 0 0 1 0 0 2 0 0 4 0 0 1 0
DA 7 0 0 3 3 0 0 2 0 1 2 0 0 8 0 0 1 0 0 2 0 0 4 0 0 1 0
SXT 7 0 0 2 4 0 1 1 0 2 1 0 7 1 0 0 1 0 0 2 0 0 4 0 1 0 0
OX 7 0 0 2 4 0 0 2 0 1 2 0 0 8 0 0 1 0 0 2 0 0 4 0 0 1 0

*S = Sensitive, R = Resistant, I = Intermediate, N = Not applicable.
CIP: ciprofloxacin, AML: Ampicillin, NOR: norfloxacin, E: Erythromycin, C: Chloramphenicol, CN: Gentamicin, TE: Tetracycline, VA: Vancomycin, AMC:
Amoxacillin/clavulanic acid, FEP: Cefepime, P: Penicillin, DA: Clindamycin, SXT: Trimethoprim/sulphamethoxazole, OX: Oxacillin.

Table 3
Multidrug resistance profile of the isolated bacteria to the tested antibiotics
(n= 14).

Parameter Frequency MAR index

S. aureus
R2 = E, P 2 0.14
S. pyogenes
R5 = TE, VA, P, DA, OX 1 0.357
R8 = E, C, TE, VA, P, DA, SXT, OX 1 0.571
R9 = CIP, E, C, TE, VA, P, DA, SXT, OX 1 0.642
Citrobacter spp
R6 = AML, AMC, P, DA, SXT, OX 2 0.5
P. aeruginosa
R6 = AML, NOR, C, AMC, P, DA, SXT, OX 1 0.545
K. pneumoniae
R5 = AML, AMC, P, DA, OX 1 0.416
E. coli
R4 = AML, P, DA, OX 2 0.333
R5 = AML, TE, P, DA, OX 1 0.416
R5 = AML, AMC, P, DA, OX 1 0.416
R5 = AML, NOR, P, DA, OX 1 0.416
R5 = AML, C, P, DA, OX 1 0.416
R8 = AML, NOR, C, CN, TE, P, DA, OX 1 0.666
R8 = CIP, AML, NOR, FEP, P, DA, SXT, OX 1 0.666
E.faecalis
R4= AML, P, DA, OX 1 0.285
R6= AML, AMC, P, DA, SXT, OX 1 0.428
S. dysentery
R6 = AML, AMC, P, DA, SXT, OX 1 0.5
R6 = CIP, AML, AMC, P, DA, OX 1 0.5
P. mirabilis
R4 = AMC, P, DA, SXT, OX 1 0.333
R5= AML, P, DA, SXT, OX 1 0.416
R6= AML, CN, P, DA, SXT, OX 1 0.5

*CIP: ciprofloxacin, AML: Ampicillin, NOR: norfloxacin, E: Erythromycin, C:
Cloramphenicol, CN: Gentamicin, TE: Tetracycline, VA: Vancomycin, AMC:
Amoxacillin/clavulanic acid, FEP: Cefepime, P: Penicillin, DA: Clindamycin,
SXT: Trimethoprim/sulphamethoxazole, OX: Oxacillin*MAR index = multiple
antibiotic resistance index = no. of antimicrobials to which the isolate is re-
sistant/no. of antibiotics to which the isolate is subjected.
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mirabilis were resistant to clindamycin, penicillin, trimethoprim/sul-
phamethoxazole, oxacillin. Only one isolate showed resistant to
amoxicillin/clavulanic acid and gentamicin. Three isolates showed in-
termediate susceptibility to ciprofloxacin, tetracycline and chlor-
amphenicol. A single K. pneumoniae isolate was sensitive to six anti-
biotics these are: norfolxacin, gentamicin, chloramphenicol,
gentamicin, cefepime and trimethoprim/sulphamethoxazole. The same
isolate was resistant to ampicillin, amoxicillin/clavulanic acid, clin-
damycin, penicillin, oxacillin and showed intermediate susceptibility to
ciprofloxacin.

It is apparent from the antibiotic resistance profile in Table 3 that E.
coli and S. pyogens isolates were the most resistant bacteria to the stu-
died antibiotics, and showed resistance to multiple antibiotics used in
this study with a ratio of 0.67 and 0.64 respectively. The most effective
antibiotics against the isolated bacteria were gentamicin, cefepime and
norfloxacin.

The multiple antibiotic resistance (MAR) indices of the isolated re-
sistant bacteria were determined with reference to fourteen different
antibiotics used in this study. The values of MAR indices are shown in
Table 3. Analysis of the MAR index of isolates showed that 22 of the
total 34 resistant bacteria studied were above 0.2 indicating the highly
resistant nature of these isolates. The highest MAR indices (Table 3)
were detected in E. coli (0.66) and S. pyogenes bacterial isolates (0.64)
followed by P. aeruginosa (0.54), S. dysentery (0.5) and Citrobacter spp.
(0.5). K. pneumoniae, E. fecalis and S. aureus had MAR index less than
0.5

Cross tabulation analysis was performed to assess the relationship
between bacterial species and the 3 sites of isolation. As illustrated in
Table 4, about 37% of microorganisms isolated from the storage case
were E. coli, followed by S. aureus and P. mirabilis (16% for each). S.
aureus was the dominant microorganism isolated from phones (50%)
followed by S. pyogenes (25%). However, about 43% of microorganisms
isolated from the conjunctiva were S. pyogenes compared to 14% for
each of S. dysentery, E. fecalis, P. mirabilis and Citrobacter spp. The
contamination rate varied considerably across the three sites, and was
highest in the contact lens storage case. The observed differences in the
proportion of species isolated from the palpebral conjunctiva, surface of
mobile phone and the contact lens solution storage case approached
statistical significance (P= 0.05) as shown in Table 4.

4. Discussion

In the current study bacteria were isolated from 22 (35%) of the 63
students tested showing the same type of bacterial species isolated by
Liaqat et al. [14] including K. pneumoniae., S. aureus, E. coli, S. pyogens.,
P. aeruginosa. E. faecalis, S. dysentery, P. mirabilis and Citrobacter spp. In
the present study 56% of bacterial species were Gram negative organ-
isms compared to only 35% detected by Liaqat et al. [14]. E. coli (23%)
was the most commonly isolated bacteria followed by S. aureus (21%)
and S. pyogens (18%) which was higher than reported previously [14].
In this study P. aeruginosa and K. pneumoniae comprised 3% of total
bacterial isolates comparing to Üstüntürk and Zeybek [15] who de-
termined that aerobic mesophilic bacteria were isolated in 45 (90%)

while Gram negative rod bacteria were isolated in 20 (40%) and
Pseudomonas spp. were isolated in 2 (4%) out of 50 contact lens storage
cases.

Despite a rapidly growing number of smartphone users worldwide,
little is known about bacterial contamination of smartphone touchsc-
reens in non-clinical settings. Such data are needed to better understand
the dangers of using smartphones on contact lens wearers. In this study,
smartphone touchscreens from the investigated student community
were contaminated by bacteria of mostly human skin origin mainly S.
aureus and S. pyogens in agreement with Meadow et al. [15] who stated
that ‘it appears unlikely that smartphone surfaces represent a greater
microbial threat for healthy persons than other commonly touched
surfaces or gadgets’ [16]. The result of current study indicates that the
rate of bacterial contamination of mobile phones in our sample was
much lower than previous studies; 96% of Saudi medical students’
mobile phones were found to be contaminated with bacteria [17] and
similar results were reported from Egypt revealing a contamination rate
of 97% for mobile phones and hands [18]. Moreover, 100% mobile
phones of college students in India showed high degree of bacterial
contamination [19]. In Mauritius, mobile phones of volunteers in the
general community revealed a bacterial contamination rate of 92%
[20].

In a previous study bacteria were isolated from 45 out of 57 (79%)
lens cases collected from university students showing a high rate of
bacterial contamination in contact lens wearers [14]. Recent epide-
miological studies showed that lens case hygiene still plays an im-
portant role in safe contact lens wear. It has also been demonstrated in
another study that identical organisms have been identified from both a
lens storage case and cornea ulcer [7]. According to Szczotka-Flynn
et al. [10], in storage cases all types of care solutions can become
contaminated, including up to 30% of preserved products with ap-
proximately 10% of lenses harbor Gram- negative and highly patho-
genic species, even in asymptomatic subjects. In the current study 78%
of the isolated bacteria from the contaminated storage cases tested (63)
were Gram negative, similar to previous studies [10].

Szczotka-Flynn et al. [10] stated that in particular, contact lens
acute red eye has been associated with P. aeruginosa. Infiltrative kera-
titis and contact lens peripheral ulcer have been associated with S.
aureus and S. pyogens. Four Gram positive and three Gram negative
bacteria were detected in the palpebral conjunctiva of the students
examined in the current study.

According to Ramachandran et al., [21] the common contaminants
in contact lens cases and preserving solutions were identified as Bacillus
spp., S. epidermidis, S. aureus, Klebsiella spp. E. coli, P. auruginosa,. The
presence of S. aureus, Streptococci spp. and Gram negative bacteria, even
in small numbers, is considered an important bioburden, since these
species are reported to be linked with corneal infection and swelling
and are hardly ever isolated in asymptomatic subjects.

The study of normal conjunctival flora by Keshav and Basu [22]
found that coagulase-negative Staphylococci (82%) and S. aureus (4%)
are the normal flora inhabiting the lid margin and conjunctiva of
normal populations [22]. In the current study S. aureus was found in
21% of the isolated samples.

Table 4
Cross tabulation analysis of the relationship between bacterial species and the site of isolation.

Isolate Site Type of microorganism p.value*

S. aureus S. pyogenes S. dysentery P. aeruginosa No (%) E. fecalis P.mirabilis No (%) Citrobacter spp. K. pneumoniae E. coli
No (%) No (%) No (%) No (%) No (%) No (%) No (%)

Storage case 3 (15.8) 1 (5.3) 2 (10.5) 1 (5.3) 0 (0.0) 2 (10.5) 1 (5.3) 1 (5.3) 7 (36.8) 0.05
Phone 4 (50.0) 2 (25.0) 0 (0.0) 0 (0.0) 1 (12.5) 1 (12.5) 0 (0.0) 0 (0.0) 1 (12.5)
Conjunctiva 0 (0.0) 3 (42.9) 1 (14.3) 0 (0.0) 1 (14.3) 1 (14.3) 1 (14.3) 0 (0.0) 0 (0.0)
Total Count % 7 (20.6) 6 (17.6) 3 (8.8) 1 (2.9) 2 (5.9) 4 (11.8) 2 (5.9) 1 (2.9) 8 (23.5)

* Fisher’s-Exact test was used.
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Pathogenic bacteria were detected with multiple antibiotic re-
sistance indices. Storage cases and mobile phones were highly con-
taminated with pathogenic bacteria and may act as a carrier for
transmission of that bacteria to the eye which may lead to eye infection.
Proper hand hygiene, disinfection of mobile phone surfaces, as well as
contact lens storage case compliance may reduce the possibility of eye
infections. The present work provides evidence that contact lens storage
cases are a potential major source of pathogenic bacteria, consistent
with previous studies, since they displayed higher bacterial con-
tamination (52%) than the mobile phones and the conjunctiva itself
which approached statistical significance (P = 0.05). The current study
highlights the need for the development of awareness about the high
risk of unsuitable disinfectants used in storage cases hygiene leading to
serious eye infections. In previous studies Anaerobic species, pre-
dominantly Propionibacterium, were obtained from 27% of conjunctival
cultures [23]. The predominant recovered anaerobes were Clostridium
spp., Gram-negative anaerobic bacilli, and Peptostreptococcus spp.
Anaerobic bacteria were also recovered from patients who wore contact
lenses and developed conjunctivitis, and were reported in cases of
keratitis [24] A limitation of this research was the lack of detection of
anaerobes and the convenience sample size. Further studies using a
larger sample size should investigate anaerobes among students who
use contact lenses.

Pathogenic bacteria were detected in palpebral conjunctiva, storage
cases and mobile phones with multiple antibiotic resistance indices. The
highest level of contamination was detected in contact lens storage
cases (52%) followed by mobile phones (26%). The transmission of
infections from these sites could be controlled proper hygiene and using
effective disinfectant for storage cases.
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