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Introduction

Multi-dose eye drops are easi ly contaminated by 
microorganisms in clinical application. Reportedly, 
the highest contamination rate of eye drops can reach  

96.46% (1). Contaminated eye drops can breed the growth 

of pathogenic or non-pathogenic microorganisms such as 

Staphylococcus epidermidis, Pseudomonas aeruginosa, Serratia 

marcescens, and yeasts (2). The use of such contaminated 
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solutions can lead to serious eye infections, such as 
endophthalmitis, keratitis, and conjunctivitis, among others 
(3-5). At the same time, these microorganisms can also 
change the pH value, destroy the effective components, and 
affect the therapeutic effect (6,7).

There are more than 70 million glaucoma patients 
worldwide, and the topical use of eye drops is still the basis 
of glaucoma treatment (8,9). Glaucoma drugs are more 
likely to be contaminated compared with antibiotic eye 
drops with antibacterial capability (10). Previous studies 
have found that the risk factors associated with eye drop 
contamination include patients’ age, unsealing time, use 
frequency, storage environment, and contact with the eyelid 
(3,10-12), but the correlation of use time and frequency 
with the contamination rate is still controversial (13-15). 
The purpose of the current study was to investigate the 
contamination of multiple-dose carteolol hydrochloride eye 
drops and to identify the independent risk factors associated 
with contamination, so as to provide a theoretical basis for 
reducing the microbial contamination rate of eye drops 
and increasing the medication safety of glaucoma patients. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1237).

Methods

Sample collection

Carteolol hydrochloride eye drops used by glaucoma 
patients who visited our hospital from May 2018 to 
December 2019 were collected. All patients reported that 
they used eye drops themselves. Gender, age, education 
level, visual acuity, intraocular pressure, glaucoma type, 
surgery history, and type of eye drops were recorded. The 
unsealing time of eye drops after opening, the storage 
method, hand cleaning before dripping, and contact with 
the eyelid or surrounding environment during infusion were 
recorded. All procedures performed in this study involving 
human participants were in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved 
by Ethics Committee of the First Affiliated Hospital of 
Soochow University (NO.064) and informed consent was 
taken from all the patients.

Specimen sampling and culture

All obtained eye drop bottles were stored in sterile bags 

and refrigerated at 4 ℃, and samples were obtained within 
24 hours. When sampling, the tip of the bottle was wiped 
with a sterile cotton swab soaked in sterile normal saline, 
then inoculated on a blood agar plate, chocolate plate, 
and Sabao weak plate, and incubated in a 35 ℃ incubator 
for 24–72 hours (16). If the flat panel showed the growth 
of microorganisms, strain identification was carried out 
according to the standard laboratory procedure.

Microbial identification

The VITEK-MS automatic microbial mass spectrometer 
[Merier (China) Company] was used to identify bacteria 
or fungi: a 48-well target plate [Merier (China) Company] 
smear method was used, α-cyano-4-hydroxycinnamic acid 
(CHCA) matrix solution [Merier (China) Company] was 
added, and ATCC8739 was used as the strain for quality 
control. The identification results were checked with the 
corresponding Myla software. The filamentous fungi which 
could not be identified by VITEK-MS were stained with 
phenol blue for morphological observation.

Statistical analysis

SPSS 21.0 software was used for data analysis. Count data 
were expressed by frequency and percentage, and the Chi-
square test or Fisher’s exact test were used for comparisons 
between groups. Measurement data were expressed by the 
mean ± standard deviation or median and interquartile 
distance, and the t-test or non-parametric rank sum test 
were used for comparisons between groups. P<0.05 was 
considered statistically significant. 

Results

A total of 244 bottles of carteolol hydrochloride eye drops 
provided by 244 glaucoma patients were collected. Among 
the volunteers, 118 were male and 126 were female. There 
were 98 patients under 60 years old and 146 patients 
over 60 years old. There were 118 patients with primary 
angle closure glaucoma, 99 patients with primary open 
angle glaucoma, 4 patients with residual glaucoma, and 25 
patients with secondary glaucoma (Table 1).

Microbial culture

Among the 244 eye drops, 16 eye drops were contaminated 
by 1 or more microorganisms, yielding a contamination rate 
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of 6.6% (Table 2). Among the 16 contaminated eye drops, 14 
(87.5%) were contaminated by a single microorganism, and 
2 (12.5%) were contaminated by 2 kinds of microorganisms 
at the same time. A total of 18 strains of microorganisms 
were detected, including 16 strains of bacteria (88.9%) and 
2 strains of fungi (11.1%). Staphylococcus epidermidis and 
Corynebacterium were the most common contaminating 
bacteria, accounting for 3/18 (16.7%) of the total 
positive bacteria, while Escherichia coli and Brevibacillus 
brevis accounted for 2/18 (11.1%). Two cases of mixed 
contamination were Bacillus badius and Brevibacillus brevis, 

and Aspergillus sydowii and Paecilomyces variotii. 

Univariate analysis of the risk factors associated with 
dripper contamination of carteolol hydrochloride eye drops 

Univariate analysis showed that the unsealing time of eye 
drops, the frequency of daily use, contact with the eyelid or 
the surrounding environment in the process of infusion, and 
the use of more than 2 kinds of eye drops at the same time 
were the risk factors associated with dripper contamination 
of carteolol hydrochloride eye drops (P<0.05), as shown in 
Table 3.

Multivariate analysis of the risk factors associated with 
dripper contamination of carteolol hydrochloride eye drops

Multivariate logistic regression analysis showed that the 
unsealing time, the frequency of daily use, and contact 
with the eyelids or the surrounding environment of eye 
drops were independent risk factors associated with dripper 
contamination of carteolol hydrochloride eye drops 
(P<0.05), as shown in Table 4.

Discussion

The dripper is the component of eye drops which 
has the closest contact with the eyelid or surrounding 
environment. In addition, the spiral design inside the eye 
drop bottle cap and the wet dripper provide protection 
for the contaminated microorganisms, which may be the 
reason for the high contamination rate of the dripper (3). 
In this study, the contamination rate of eye drops was 
16/244 (6.6%), which was lower than other reports on the 
contamination of glaucoma eye drops (10,12). There were 
2 cases of mixed contamination. One case was bacterial 
mixed contamination (Bacillus badius/Brevibacillus brevis), 
while the other case was fungal mixed contamination 
(Aspergillus sydowii/Paecilomyces variotii), and reports of 
contamination of 2 or more microorganisms have also been 
common (10,13). In previous reports, symbiotic bacteria 
in the eyes and the surrounding environment became 
the dominant contamination microbial (17-19). In the 
current study, Staphylococcus epidermidis, bacillus,  Micrococcus, 
Corynebacterium, and Staphylococcus aureus were all resident 
gram-positive bacteria in the eyelid and conjunctiva (3), 
while Escherichia coli and Proteus mirabilis were from soil or 
fecal contamination (1).

The types and sources of bacteria from the contaminated 

Table 1 General information of the providers of carteolol 
hydrochloride eye drops

General data Subtypes Value

Gender Male 118

Female 126

Age <60 98

≥60 146

Diagnosis Primary angle closure glaucoma 118

Primary open angle glaucoma 99

Residual glaucoma 4

Secondary glaucoma 25

Table 2 Microbial types and proportions 

Microbial type n Proportion (%)

Staphylococcus epidermidis 3 16.7

Corynebacterium 3 16.7

Escherichia coli 2 11.1

Brevibacillus brevis1 2 11.1

Micrococcus 1 5.5

Staphylococcus aureus 1 5.5

Klebsiella pneumoniae 1 5.5

Proteus mirabilis 1 5.5

Bacillus badius1 1 5.5

Bacillus cereus 1 5.5

Aspergillus sydowii2 1 5.5

Paecilomyces variotii2 1 5.5
1, mixed contamination of B. chestnut/B. brevis; 2, mixed 
contamination of Aspergillus sydowii/Paecilomyces variotii.
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drippers illustrated the fact that the main route of eye 
drop contamination was contact with the eyelid or the 
surrounding environment. During the use of eye drops, 
78/244 (32%) patients had a contact history with the 
eyelids, eyelashes, or conjunctiva, which was consistent 
with the results reported in other literature (20,21). 
Previous studies showed that the poor infusion capability 
of glaucoma patients was related to age, limited education, 

and poor hands-on flexibility (22,23). In the current study, 
the contamination rate was not associated with the age 
and education level of glaucoma patients. In addition, only 
27.5% of glaucoma patients reported hand washing and 
other hand cleaning procedures, although the actual effect 
of hand cleaning remains to be verified. In the current 
report, 42/244 (17.2%) patients had a history of unilateral 
or bilateral eye surgery, including glaucoma surgery, 

Table 3 Univariate analysis of the risk factors associated with dripper contamination of carteolol hydrochloride eye drops

Factors Subtypes Total cases (n)
Contaminated  

cases (n)
Contamination  

rate (%)
χ² P

Gender Male 118 10 8.5 1.371 0.242

Female 126 6 4.8

Age <60 98 6 6.1 0.051 0.822

≥60 146 10 6.8

Education level Primary school 112 8 7.1 0.220 0.946

Secondary school 60 4 6.7

University education 72 4 5.6

Unsealing time (weeks) ≤4 151 5 3.3 6.813 0.009

>4 93 11 11.8

Storage conditions Room temperature 198 11 5.6 1.720 0.190

4 ℃ 46 5 10.9

Contact history Yes 78 10 12.8 7.340 0.007

No 166 6 3.7

Drug type ≤2 165 7 4.2 4.457 0.035

>2 79 9 11.4

Frequency of daily use Twice/day 113 3 2.7 5.231 0.022

4 times/day 131 13 9.9

Surgery history Yes 42 2 4.8 0.267 0.605

No 202 14 6.9

Surgical cleaning Yes 67 4 5.9 0.867 0.352

No 177 12 6.8

Table 4 Multivariate logistic regression analysis of the risk factors associated with dripper contamination of carteolol hydrochloride eye drops

Factor β SE Wald P OR 95% CI

Unsealing time −1.246 0.582 4.588 0.032 0.288 0.092–0.900

Frequency of daily use 1.418 0.672 4.453 0.035 4.128 1.106–15.407

Contact history −1.157 0.562 4.239 0.040 0.314 0.104–0.946
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cataract surgery, and vitrectomy. However, unfortunately, 
the experience of such surgery did not improve the health 
awareness of patients, and there was no statistical difference 
in the contamination rate of drippers between the operation 
group and the non-operation group. Choy et al. (23) 
reported that the infusion success rate can be significantly 
improved after eye drop skills training in a group of elderly 
patients. Thus, some specially-designed eye drop bottles 
(24,25) or special eye drop aid systems (26) may play a vital 
role in addition to improving the infusion skills of eye drops 
and improving the safety awareness of hand hygiene.

Teuchner et al. (10) conducted microbial culture on 
eye drops used in patients' homes, the outpatient clinic, 
the ward, and the operating room, and found that the 
contamination rate of eye drops used in the operating 
room was the lowest, but there was no difference in the 
contamination rate of eye drops in the other 3 areas. 
In the current study, according to the different storage 
environments, carteolol hydrochloride eye drops were 
divided into room temperature and cold storage (4 ℃). No 
difference was observed when they were stored in the 2 
environments. These results were consistent with Su et al.’s 
findings (27).

The unsealing time of eye drops was one of the risk 
factors associated with contamination. The longer the 
unsealing time, the higher the contamination risk. The 
positive correlation between the contamination rate and the 
unsealing time has been confirmed in many studies (3,12,28). 
Multi-dose eye drops have a large capacity and long time 
span, which increases the contamination risk in the process 
of frequent use. In the current study, the contamination rate 
of carteolol hydrochloride eye drops used for >4 weeks was 
4 times the rate when used for <4 weeks, and the difference 
was statistically significant (P<0.05). However, this 
correlation has not been found in some studies (14), which 
may be due to the inconsistency of the time limit of eye 
drops selected in different studies. Single-dose eye drops do 
not contain preservatives, and patients are usually required 
to use them within 24 hours, which can reduce the risk of 
microbial contamination (27).

In the current study, we found that the use frequency 
was another risk factor associated with contamination. The 
contamination rate was only 3/113 (2.7%) for 2 times/day, 
and when the use frequency doubled (4 times/day), the 
contamination rate increased to 13/131 (9.9%), and the 
difference was statistically significant (P<0.01). According to 
the traditional concept, the more frequently the eye drops 

were used, the higher the contamination risk, which has 
been confirmed in many studies (3,29,30). However, there 
have been controversial reports on the correlation between 
use frequency and contamination. Tamrat et al. (13) pointed 
out that the contamination rate of eye drops with lower use 
frequency was higher (<4 times/day), and believed that for 
the same dose of eye drops, it tended to be used for a longer 
time, due to used less frequently,  so they may be more 
vulnerable to contamination. 

There were some limitations in the current study. First, 
vision was not included in the risk factor analysis as patients 
with poor vision was ≥20/200  in the current study, and the 
patients self-reported no difficulty in the infusion process. 
Second, the small sample size of this study might have 
introduced selection bias. Third, this study only focused on 
the contamination of carteolol hydrochloride eye drops, and 
does not represent all glaucoma drugs. 

Conclusions

The contamination risk of carteolol hydrochloride eye 
drops can be increased by using eye drops for a long time 
after opening, opening the eye drops frequently every day, 
and contacting the eyelids or the surrounding environment 
during the use of eye drops. For patients with poor infusion 
skills, the success rate of eye drop infusion can be effectively 
improved by gradual education and guidance. Single-dose 
eye drops (which do not contain preservatives) are usually 
required to be used within 24 hours, which can improve the 
safety of drug use.
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