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Abstract  Background: Antiseptics and disinfectants are chemical agents that inhibit or destroy microorganisms 
on living tissue (antiseptics) and on inanimate surfaces and objects (disinfectants). These chemical agents have been 
used extensively in hospitals and other health care settings for a variety of topical and hard surface applications. 
Objective: The aim this study was to determine bacterial contamination of commonly used antiseptic and 
disinfectant solutions and to perform antimicrobial susceptibility test of isolates in Gondar University Hospital, 
Northwest Ethiopia. Methods: In this cross sectional study a total of 86 diluted antiseptic and disinfectant samples 
were collected and assessed for possible bacterial contamination. Isolation of bacterial contaminants was done by 
culturing for aerobic bacteria on blood and Mac Conkey agar plates using surface plating method. Preliminary 
identification of bacteria was made based on gram reaction and colony characteristics. Further identification of 
bacteria was made using a series of biochemical tests then antibiotic susceptibility patterns of bacterial isolates were 
determined as per the standard procedures using 7 antimicrobial agents. Finally data were calculated manually using 
scientific calculator. Results: Among 86 samples studied, 3 (3.5%) of them were contaminated by aerobic bacteria. 
All the bacterial isolates were Klepssilla species (3K. pneumonia and 1 K. ozanae). These bacterial contaminants 
were isolated from 2 samples of 0.05% bleach and 1 sample of 70% alcohol. All the three isolates of K. pneumonia 
were multi-drug resistant, while K. ozanaewas sensitive to all antimicrobial agents tested. Conclusion and 
recommendation: The contamination of diluted antiseptic and disinfectant solutions was as high 3(3.5%). All the 
bacterial contaminants of these antimicrobial substances were Klebsiellaspecies of which all K. pneumonia species 
were multidrug resistant that poses a health risk to patients. Periodic assessment of antiseptic and disinfectant 
solutions for possible microbial contamination should be conducted. 
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1. Back Ground 
Antiseptic and disinfectants are chemical agents that 

inhibit or destroy microorganisms on living tissue (antiseptics) 
and inanimate surfaces and objects (disinfectants) [1]. 
These chemical agents are used extensively in hospitals 
and other health care settings for a variety of topical and 
hard surface applications. In particular, they are an 
essential part of infection control practices and aid in the 
prevention of nosocomial infections [2]. This wide spread 
use of antiseptic and disinfectant products has prompted 
some speculation on the development of microbial 
resistance, in particular, whether antibiotic resistance is 
induced by antiseptics or disinfectants [3].  

A wide variety of active chemical agents (biocides) are 
found in these products, many of which have been used for 
hundreds of years for antisepsis and disinfection including; 

alcohols, phenols, iodine, and chlorine [4]. Most of these 
active agents demonstrate a broad spectrum of 
antimicrobial activity and they are used to reduce microbes 
on the living tissue or surface of medical equipments and 
other inanimate objects [1]. The mechanism of resistance 
to antiseptic and disinfectant solutions includes cellular 
impermeability, biofilm formation, efflux and mutations at 
the target site or over expression of a target site [5].  

As a therapeutic significance a number of bacterial 
contaminants isolated from antiseptics and disinfectants 
have exhibited resistance to commonly used antimicrobial 
agents. It has also been reported that contaminated 
antiseptics and disinfectants exhibit decreased efficacy 
and effectiveness [6]. The response of different types of 
microorganisms to antiseptics and disinfectants vary and 
result in micro-biostatic or microbiocidal effects [5]. 
Multiple nosocomial out breaks have resulted from a lack 
of intrinsic antimicrobial activity of antiseptics, resistant 
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pathogen, over dilution of the antiseptics, or the use of 
contaminated antiseptics [7].  

Bacterial contamination of disinfectant solutions is 
common with preparation by unskilled personnel, use of 
unsterilized containers and prolonged use [1] with other 
contributing factors for the high levels of contamination 
(dilution of disinfectants with tape water, inadequate care 
of stock solution bottles and long storage of the diluted 
disinfectants in the wards) [8]. 

In adequate disinfection of medical devices or 
environmental surfaces may result from lack of intrinsic 
antimicrobial activity of the disinfectant, an incorrect 
choice of chemical disinfectant, a resistant pathogen, over 
dilution of the disinfectant, inadequate duration of 
disinfection, lack of contact between the disinfectant and 
the microbes, or the use of contaminated disinfectants [9]. 
With the emergence of pathogens such as methicillin–
resistant staphylococcus aureus (MRSA), vancomycin 
resistant entericocci (VRE) and gram negative bacteria, for 
example, Pseudomonas aeruginosa and acinetobacter 
species which are resistant to multiple antibiotics, there is 
an increased need for effective antisepsis and disinfection [10].  

As with antibiotic resistance, resistance to these 
germicides may be an intrinsic property or may arise 
either by chromosomal gene mutation or by the 
acquisition of genetic materials [11]. As a result of this 
health care associated infections are important causes of 
morbidity and mortality all over the world [5]. The center 
for disease control and prevention (CDC) has estimated 
that health care associated infection accounts for an 
estimated 1.7 million infections, 99,000 deaths and $ 4.5 
billion in excess health care costs annually [12]. Despite 
best efforts to eliminate these infectious microorganisms, 
they continue to emerge and re-emerge which contribute 
to human illness and death especially as a result of 
hospital acquired infections. The successful eradication of 
these pathogens with antiseptic/disinfectant solutions has 
been complicated by the development of highly resistant 
strains. As a result of extensive use of antiseptic/ 
disinfectant solutions, a significant proportion of the 
pathogens have not only developed resistance, but they 
also grow in the solution of these biocides [13]. The 
activity of biocides against microorganisms is not always 
consistent due to several basic methodological problems 
as well as high intrinsic resistance due to differences in 
membrane structure [14]. Persistent reports have shown 
that disinfectants designed for the control of infectious 
microorganisms are themselves subjected to microbial 
contamination [15]. It has become increasingly obvious 
that infections acquired in hospitals lead to increase 
morbidity and mortality which has also added noticeable 
to economic burden. As different researchers show that 
contaminated antiseptics or disinfectants pose a health risk 
to patients particularly in the pediatric and surgical wards 
[16]. Bacteria isolated from contaminated antiseptic/ 
disinfectant solutions exhibit increased resistance to 
commonly used antibiotics which contributes a serious 
public health problem, giving the fact that bacteria have 
the ability to share resistance markers, and once a 
resistance develops for one agent, a cross-resistance to 
other agents can occur [13]. Nosocomial infections 
associated with contaminated antiseptic products are 
difficult to assess. Several factors may limit the 
identification of infections related to antiseptics or 

disinfectant products [17], however; it is a recognized 
public health problem worldwide with the prevalence rate 
of 5-10% [18]. Generally these infections pose a problem 
of enormous magnitude globally by prolong 
hospitalization, increase cost of health care, and decrease 
the effectiveness of the treatment [19].  

Our hospital had been using various antiseptics 
extensively, but there is no report on the microbial 
contamination of these biocides from any referral hospital 
from this part of the country. This study was aimed to 
determine the prevalence of bacterial contamination of 
commonly used antiseptic and disinfectant solutions, 
isolation of the bacteria and evaluation of sensitivity of the 
isolated bacteria to few of the antibiotics in routine 
patients’ use at this hospital.  

2. Materials and Method  

2.1. Study Area and Period  
The study was conducted at Gondar University teaching 

Hospital which is located in Gondar town in Amhara 
regional state. Gondar is 739 km far from Addis Ababa to 
the northwest of Ethiopia. By the time being the 
University is working and striving for providing different 
services for the community including conducting different 
under graduate and post graduate programs and problem 
solving research activities. This teaching hospital is one of 
the biggest tertiary level referral and teaching hospitals in 
the region. A large number of people from the surrounding 
areas and nearby regions visit the hospital both for 
inpatient and as an outpatient treatment. This teaching 
hospital consists of an operating room, intensive care unit 
(ICU), 13wards with 327 beds, outpatient department, and 
one main laboratory. The study was carried out from 
March - June, 2013.  

2.2. Study Design 
A hospital based cross sectional study was conducted. 

Information and antiseptic and disinfectant samples which 
were relevant to this study were collected from wards, 
laboratory rooms, intensive care unit (ICU), and inpatient 
department.  

2.3. Sample Size Determination 
During the study period there were a total of 4 types of 

antiseptic solutions (ethanol alcohol, tincture iodine, 
savlon, and hydrogen peroxide) and 1 disinfectant (bleach) 
which were in-use in wards, laboratory rooms, intensive 
care unit (ICU), and inpatient department were included in 
this study.  

2.4. Sample Collection, Isolation and Identification  

2.4.1. Sample Collection  
For the sake of consistency of the data obtained, 

samples were collected two times from each site with two 
weeks interval. After mixing about 10ml diluted (working) 
solutions of antiseptics and disinfectants were collected 
aseptically with sterile test tubes (with 15 ml capacity). 
Then the collected samples were immediately labeled and 
transported to the microbiology laboratory.  
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2.4.2. Isolation and Identification of Bacteria  
Isolation of bacteria was made by diluting samples 1 to 

9 with Tryptone soya broth and incubating at 37°C for 24 
hours. After 24 hours of incubation they were sub cultured 
on blood agar and Mac Conkey agar plates and incubated 
at 37°C for 24-48 hours before reporting negative. 
Preliminary identification of bacteria was made based on 
gram reaction, colony characteristics, and changes in 
physical appearance in differential media. Based on the 
gram reactions obtained further identification of bacteria 
was made by a series of biochemical tests (triple sugar 
iron agar, indole, Simon’s citrate agar, lysine iron agar, 
urea, mannitol, and motility) (26).  

2.4.3. Antimicrobial Susceptibility Test of Isolates  
The antimicrobial susceptibility test of the isolates was 

performed according to the national committee for clinical 
laboratory standards (NCCLS) method usingKibry-Bauer 
disk diffusion test on Mulle-Hinton agar. In short the 
isolated bacterium was suspended in a nutrient broth and 
incubated for 30min to make it comparable with 0.5% 
McFarland standard. After incubation a sterile cotton swab 
was dipped in to the suspension and bacteria were 
inoculated on to the Muller-Hinton agar. A total of 7 
antimicrobial agents were used at the following 
concentration: Sulfamethoxazol/trimethoprim 25μg; 
Chloramphinecol 30μg; Nitrofurantoin 100μg; Ampicillin 
10μg; Amoxicillin 30μg; Ciprofloxacin 10μg, and 
Gentamycin 10μg. These antibiotic discs were placed by 
using disc dispenser and the plates were incubated for 24 
hrs at 37 OC. Finally results were interpreted as 
‘Resistant’, ‘Intermediate’ or ‘Susceptible’after measuring 
the zone of inhibition and being compared with the 
standards. Escherichia coli ATCC 25922 and S. aureus 
ATCC25923 were employed as strain of quality control 
for the antimicrobial susceptibility test [27].  

2.5. Data Analysis and Interpretation  
The data obtained were calculated manually using 

scientific calculator and presented in the form of texts and 
statistical summary tables.  

2.5.1. Quality Control  
Quality of the data obtained was insured by following 

standard procedures of each step. The functionality of 
instruments was checked regularly before starting the 
procedure. Wire loops were sterilized with flame. Sterility 
of the culture media plates were checked by incubating 
15% of prepared plates at 37°C for 24 hours and assessed 
for possible contamination. Bacterial suspensions of 
isolates were compared with 0.5% McFarland standard 
and sterile cotton swabs were used to inoculate bacterial 
suspension on Mueller Hinton medium. Escherichia coli 
ATCC 25922 and S. aureusATCC25923 were employed 
as strain of quality control for the antimicrobial 
susceptibility test [27]. Inoculated plates were incubated at 
37°C for 24 hours and zones of inhibition were measured 
and interpreted using interpretative Chart.  

2.5.2. Ethical Clearance  
The study was approved by the ethical review 

committee of the School of Biomedical and Laboratory 
Sciences, University of Gondar before the actual data 
collection. Then the director of the hospital communicated 
with the staffs who were working at the sample collection 
sites for giving permission for us. Then hospital health 
care service room heads were informed about the purpose 
of the study.  

3. Result 
A total of 86 samples of antiseptic and disinfectant 

solutions were collected from wards, inpatient department, 
ICU, and laboratory rooms yielded bacterial growth with 
prevalence of 3/86 (3.5%). Two out of twenty one samples 
of 0.05% bleach and one out of twenty five samples of 
70% alcohol were contaminated by aerobic bacteria. All 
of the isolates of bacterial contaminants were Klebsiella 
Spp. (3 K.Pneumoniae and1 K. Ozaenae). K. pneumoniae 
was isolated from two samples of 0.05% bleach and one 
sample of 70% alcohol while K. ozaenaewas isolated from 
one sample of bleach together with K. pneumoniae (Table 1). 

Table 1. Bacterial contaminants of antiseptic and disinfectant solutions and their percentage of contamination in Gondar University Hospital, 
Ethiopia, 2013 
Antiseptic/disinfectant 
solution 

Number of sample 
tested 

Number of contaminated 
sample 

Percentage of 
contamination (%) Isolated bacteria 

70% Alcohol 25 1 4 1 K. pneumoniae 

2% savlon 14 0 0  

2% Tincture iodine  14 0 0  

3% H2O2 12 0 0  

0.05% of Bleach 21 2 9.25 2 K. pneumoniae and 1 K.ozaenae 

Total 86 3 3.5  
Keys: K. pneumoniae= Klebsiellapneumoniae, K. ozaenae= Klebsiellaozaenae 

Except laboratory rooms all stock antiseptic solutions 
were diluted in the pharmacy and distributed to Wards, 
inpatient department and ICU, but in laboratory sections 
concentrated alcohol was diluted into 70% with distilled 
water by the laboratory personnel themselves. From the 
result of our interview in most health care service rooms 
under study bleach was diluted with tape water. In all 
cases the containers were recycled bottles that originally 
contained the concentrated antiseptics/disinfectants, and in 

other instances they were glass bottles bought for this 
purpose. All antiseptic and disinfectant solutions 
investigated were found to be before their expired date. 
After and before working hours all in-used antiseptic 
solutions were stored in closed condition with their lids in 
shelves. Among different health care service rooms under 
study bacterial contamination of antiseptics and 
disinfectant solutions were observed in Orthopedics Ward, 
medical Ward and General Ward. Bacterial contaminants 
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isolated from 0.05% of bleach solution were obtained 
from medical and Orthopedics ward whereas; in general 
ward the isolate was obtained from 70% alcohol (Table 2). 
(Table 3). 

3.1. Antimicrobial Susceptibility Test  

Drug susceptibility patterns of bacterial isolates were 
determined using disk diffusion techniques and the result 
showed that all the K. pneumoniae isolates were resistant 
to most antimicrobials tested. This organism was sensitive 
only for Ciprofloxacin and Nitrofurantoin whereas K. 
ozaenaewas sensitive for all antimicrobial agents (Table 3). 
(Table 2). 

Table 2. Prevalence of bacterial contaminants of disinfectants and antiseptics solutions by source in Gondar University teaching Hospital, 
Ethiopia, 2013 

Sample 
Wards 

No. of samples 
Lab. Rooms 

No. of samples 
Impatient department 

No. of samples 
ICU 

No. of samples 
Total Tested positive Tested positive Tested positive Tested positive 

  No   No %  No %  No % 

savlon 11 0 0 0 0 0 2 0 0 1 0 0 14 

70% alcohol 13 1 7.7 9 0 0 2 0 0 1 0 0 25 

3%H2O2 10 0 0 0 0 0 1 0 0 1 0 0 12 

2% Tincture iodine 12 0 0 0 0 0 1 0 0 1 0 0 14 

0.05% bleach 11 2 18 8 0 0 1 0 0 1 0 0 21 

Total 57 3 0 17 0 0 7 0 0 5 0 0 86 

Table 3. Bacterial contaminants of antiseptic and disinfectant solutions and their drug susceptibility patterns in Gondar University Hospital, 
Ethiopia, 2013 

No Antiseptic and disinfectant solutions Bacterial isolates 
Drug sensitivity pattern of isolated bacteria 

Antibiotic discs 

 SXT CHL F AMP AMC CIP GEN 

1 Bleach K.pneumoniae I R S R R S R 

2 Bleach K.pneumoniae I R S R R S R 

3 Bleach K.ozaenae S S S S S S S 

4 Alcohol K.pneumoniae I R S R R S R 
Key: I=Intermediate, R=Resistant, S=Sensitive, AMC=Amoxicillin, AMP=Ampicillin, CHL= Chloramphenicol, CIP=Ciprofloxacin, F= Nitrofurantoin, 
GEN= Gentamycin, SXT= Sulfamethoxazol/Trimethoprim. 

4. Discussion 
Samples of antiseptic and disinfectant solutions 

obtained from Wards, inpatient department, ICU, and 
laboratory rooms yielded bacterial growth with prevalence 
of 3.5% which obviously pose a health risk to patients in 
sensitive areas of the hospital such as pediatric/neonatal 
wards, ICU, and surgical ward. This result is slightly 
higher than studies conducted in Trinidad 2.8% and 
Thailand 1.8%, 2.1% conducted at different periods [1, 
20]. The most feasible explanation for this high 
prevalence of contamination may be due to the fact that 
studies conducted in these countries include different 
antiseptic and disinfectant solutions in their study than our 
samples which might have higher strength of bactericidal 
activity resulting low prevalence. In fact our result is 
favorably comparable with the 3% prevalence found in 
Danish hospitals [24].  

Considerably higher levels of prevalence have been 
reported from other countries including 7.9 % in Malaysia 
[22], 15.14% in India [23], 34.4 % and 63.1% in Nigeria 
[8,25] and 43 % in Japan [21]. With regard to these higher 
levels of prevalence, the active ingredients of those 
antiseptic and disinfectant solutions in these studies might 
be weak to kill those bacterial contaminants rather they 
might contribute for genetic modification of bacteria 
resulting occurrence of new resistant strains. In addition to 

this some of these studies included leftover diluted 
antiseptic and disinfectant solutions in their study which 
might weak bactericidal activity resulting highly 
vulnerable for bacterial contamination.  

In this study all the bacterial isolates were Klebsiella 
species which is supported with the study conducted in 
India of which 22.72% of the bacterial isolates were 
Klebsiella spp. Among the five antiseptic and disinfectant 
solutions investigated, bleach was highly contaminated 
with 9.5% samples of bleach being contaminated with 
Klebsiella spp. Similarly in Thailand 12.5% samples of 
bleach solution were contaminated [20]. This reflecting 
that with the extensive use of bleach as a medical 
equipment and general disinfectant in this Hospital there 
might be emergence of resistant Klebsiella strains those 
might adapt the active ingredients of this solution, 
nevertheless; when we compare we should have to 
consider the types and concentrations of different 
antiseptic/disinfectants solutions. 

All the samples of savlon, tincture iodine, and hydrogen 
peroxide weren’t showing any visible growth for aerobic 
bacteria. This suggests that resistant strains for the active 
ingredients of these solutions might not be emerged 
indicating these chemical substances are still active to all 
aerobic bacteria, but studies conducted in Nigeria indicate 
that 1% savlon was the most contaminated, with 15% of 
the samples being positive for aerobic bacteria [6]. In this 
study all the isolated bacterial contaminants were 
Klebsiella spp. Whereas, all the aerobic bacteria isolated 
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from disinfectant samples in four hospitals of Trinidad 
were Pseudomonas spp. [6] and also in Nigeria 
Pseudomonas spp. Found to be the most bacterial 
contaminants of antiseptic and disinfectant solutions 
accounting 67.2% [8]. This might be due to different 
antiseptic and disinfectant solutions might have selective 
antimicrobial activity as a result of difference in bacterial 
cell wall permeability for different antiseptic/disinfectant 
solutions.  

For the therapeutic relevance, all the 3 isolates of K. 
pneumoniae were resistant to most of the antimicrobials 
tested, whereas; K. ozaenaewas sensitive to all antimicrobial 
agents. Similarly most Pseudomonas spp. isolates from 
antiseptic and disinfectant solutions elsewhere were multi 
drug resistant [6,8]. This may be due to cross resistance to 
antibiotics which is obviously stated that bacteria isolated 
from contaminated antiseptic/ disinfectant solutions 
exhibit increased resistance to commonly used antibiotics, 
giving the fact that bacteria have the ability to share 
resistance markers, and once a resistance develops for one 
agent, a cross-resistance to other agents can occur [13]. In 
this study anaerobic bacteria were not investigated due to 
limited laboratory facilities. 

5. Conclusion  
In the current study, the overall contamination rate of 

bacterial contaminants of antiseptic and disinfectant 
solutions was 3.5%. All the bacterial contaminants of 
antiseptic and disinfectant solutions were Klebsiella 
species. Multiple antibiotics resistance to most of the 
antibiotics tested were extremely high which should be 
given great emphasis on the therapeutic regimens for these 
bacterial species. This contamination rate is obviously 
unacceptable because of the health risk to patients in high-
risk areas of the hospital such as pediatric/neonatal wards, 
ICU, and surgical ward. Further study should be 
conducted with comprehensive way and large sample size 
and there should be periodic assessment of antiseptic and 
disinfectant solutions for possible microbial contamination. 

Abbreviation  
AMC: Amoxicillin, AMP: Ampicillin, CDC: Center for 

Disease Control and Prevention, CHL: Chloramphenicol, 
CIP: Ciprofloxacin, F: Nitrofurantoin, GEN: Gentamycin: 
Intermediate, K. ozaenae: Klebsiellaozaenae, K. 
pneumoniae: Klebsiellapneumoniae, MRSA: Methicillin 
Resistant Staphylococcus Aureus, R: Resistant, S: 
Sensitive, SPPs: Species, SXT: Sulfamethoxazol/ 
Trimethoprim, VRE: Vancomycin Resistant Enterococci.  
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