
Firesbhat et al. BMC Microbiol          (2021) 21:309  
https://doi.org/10.1186/s12866-021-02378-w

RESEARCH

Bacterial profile of high-touch surfaces, 
leftover drugs and antiseptics together 
with their antimicrobial susceptibility patterns 
at University of Gondar Comprehensive 
Specialized Hospital, Northwest Ethiopia
Atsedewoyn Firesbhat1, Abiye Tigabu2*, Birhanemeskel Tegene3 and Baye Gelaw2 

Abstract 

Background:  The hospital environment serves as a source of nosocomial infections, which pose a major therapeutic 
challenge. Although many bacteria species are common in hospital environments, their distribution, frequency, and 
antimicrobial susceptibility pattern from high-touch surfaces, leftover drugs, and antiseptics in different wards remain 
largely unknown. Hence, the aim of this study was to assess the magnitude and frequency of bacterial contaminants 
and their antimicrobial susceptibility patterns.

Methods:  A total of 384 samples were collected from five selected wards and processed according to standard bac-
teriological procedures. Samples were collected from high-touch surface using swabs and inoculated on Blood agar, 
MacConkey agar, Chocolate agar and Mannitol salt agar plates, and incubated at 37 °C for 24 h. On the other hand, the 
leftover drugs and 80% ethanol samples were collected using sterile cotton swab immersed in sterile tryptone soy 
broth then inoculated on culture medias and incubated at 37 °C for 24 h. Identification of bacteria species was done 
using the morphological characteristics, Gram stain, and biochemical tests while antimicrobial susceptibility tests 
were done using modified Kirby-Bauer disk diffusion technique following the Clinical Laboratory Standards Institute 
2021guidelines.

Results:  Among the 384 samples processed, 102 (26.6%) were culture positive and a total of 114 bacterial isolates 
were identified. Gram-positive bacterial isolates were predominant, 64.9%, while Gram-negatives were 35.1%. The 
most frequently isolated bacteria were coagulase negative Staphylococci (38.6%) followed by S. aureus (13.2%) and 
P. aeruginosa (11.4%). On the other hand, the proportion of bacteria isolated from surgical ward, post-natal ward, 
orthopedic ward, trauma ward, and neonatal intensive care unit ward were 24.6, 21, 20.2, 18.4,15.8%, respectively. 
Sinks were mainly contaminated with Klebsiella species (81.8%) and A. baumannii (55.6%), while A. baumannii (22.2%) 
was the most contaminant for 80% ethanol. Gram-positive bacteria had significantly high resistance levels to penicillin 
(67.6%), cotrimoxazole (67.8%), and cefepime (80%). On the other hand, Gram-negative bacteria revealed the highest 
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Background
Nosocomial infections are infections acquired during 
hospitalization, which are important causes of morbid-
ity and mortality in hospitals throughout the world [1, 
2]. Environmental surfaces in health care facilities can be 
a reservoir for bacteria and serve as a source of nosoco-
mial infections (NIs). Environmental contamination con-
tributes to the transmission of bacteria when health care 
workers contaminate their hands or gloves by touching 
contaminated objects, or when patients come into direct 
contact with contaminated surfaces [3]. Bacteria can be 
transferred to health care workers and patients [4]. The 
hand contact surfaces of the hospital environments are 
the main sources of many bacterial isolates such as S. 
aureus, E.  coli, Enterococcus, Streptococcus, Acinetobac-
ter, Salmonella, Shigella, Klebsiella, Proteus, and Pseu-
domonas species [5].

High-touch surfaces are frequently contacted surfaces 
by health care workers, patients, and visitors, which may 
be a reservoir for nosocomial pathogens and a source for 
transmission of healthcare-associated pathogens, which 
has led to multiple outbreaks of healthcare-acquired 
infections [6, 7]. Leftover drug is the medicine which 
remains after the consumer has used it. Sterile prepara-
tions must be done to control contamination by bacte-
ria and other microbes. During the medication process, 
both the leftover drugs and the 80% alcohol can be con-
taminated. Contamination by bacterial isolates is also 
reported on high touch surfaces. In addition, hands of 
healthcare workers in particular and the hospital envi-
ronment in general have been linked to contamination 
and serious infections and outbreaks [8, 9]. Multidrug-
resistant bacteria defined as non-susceptibility to at least 
one agent in three or more antimicrobial classes. Despite 
the widespread availability of antibiotics, multidrug-
resistant (MDR) bacterial isolates remain a worldwide 
therapeutic problem [10].

The burden of NIs is much higher in developing coun-
tries due to poor ventilation systems, high dusting, over-
crowded settings, spread through sneezing and coughing, 
high movement of personnel [11]. The major contribut-
ing factors for increased nosocomial infection rates are 
overuse of antimicrobials, long-term stay in health care 
facilities, failure of infection control procedures in many 

hospitals, and a high number of immune-compromised 
patients [12]. The increased use of antimicrobial agents, 
advancement of life-saving medical practices (invasive 
procedures), and poor infection prevention practices are 
associated with the ever-increase of hospital-acquired 
infections in developing countries [13].

Preparation of parenteral medication in hospitals is 
a complex process with a risk of microbial contamina-
tion during reconstitution of the medicines in the clini-
cal area before administration to the patient [14]. The 
contamination rate of parenteral medication in hospital 
environments is between 1.09–20.70 and 0.00%–0.66%, 
respectively [15]. Antiseptics are commonly used antimi-
crobial agents in health care settings that can kill, inhibit, 
or reduce the number of microorganisms on the hands of 
health care workers, the skin of the patients, and achieve 
surgical hand antiseptics before invasive medical pro-
cedures. The human skin has a wide variety of microor-
ganisms that may provide a protective mechanism but 
can also serve as a source of infection [16, 17]. Antisep-
tic preparation by unskilled personnel in a contaminated 
environment, use of unsterilized containers, and pro-
longed use can lead to microbial contamination, which 
may contribute to infection and death [18–21].

According to the World Health Organization 2019 
NIs fact sheet report, one hundred million patients were 
affected each year globally and the prevalence of NIs in 
developed and low- and middle-income countries were 
estimated between 3.5–12% and 5.7–19.1%, respec-
tively [22]. The emergence of multidrug-resistant bacte-
rial strains in the hospital environment particularly in 
developing countries is an increasing problem which is 
an obstacle for management of NIs [23, 24]. The mag-
nitude of multidrug-resistance among the bacterial iso-
lates is becoming critical, and approximately 60% of the 
NIs involve antimicrobial-resistant bacteria [25–32]. 
Although there are some study reports on bacterial con-
tamination of the hospital environments in Ethiopia, 
there is a paucity of information about the bacterial pro-
file contaminating the high touch surfaces, leftover drugs 
and 80% ethanol together with the drug susceptibility 
pattern of the bacterial isolates. Therefore, this study was 
designed to assess the proportion and antimicrobial sus-
ceptibility patterns of bacterial isolates from high-touch 

resistance levels to tetracycline (82.4%), amoxicillin-clavulanic acid (76.5%), cefepime (66.7%), ceftazidime (67.5%), and 
piperacillin (92.3%). Moreover, the proportion of multidrug resistant bacteria isolates was 44.7%.

Conclusions:  Data of the present study showed that coagulase negative Staphylococci was the dominant bacterial 
isolates followed by S. aureus and P. aeruginosa. The proportion of multi-drug resistant bacteria isolates was relatively 
high. Therefore, appropriate infection prevention and control measures should be implemented.
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surfaces, leftover drugs, and 80% ethanol at University of 
Gondar Comprehensive Specialized Hospital (UoGCSH), 
Ethiopia.

Methods
Study area
The study was conducted at UoGCSH, which is located 
in Gondar city, Ethiopia. It is one of the largest teaching 
hospital in the Amhara regional state providing surgical, 
medical, pediatric, gynecologic, obstetric, oncologic, and 
ophthalmologic services for more than 7 million people 
coming from Amhara, Tigray, and Benishangul Gumuz 
regions. It is a multidisciplinary specialized hospital with 
700 inpatient beds and consists of an operating room, 
intensive care units, fistula center, different wards, and 
outpatient departments.

Study design and period
A hospital-based cross-sectional study was conducted at 
UoGCSH from the 1st of December 2020 to 20th March 
2021. Frequently touched hospital surfaces that are more 
likely contacted mutually by patients, visitors, and health 
care workers, leftover drugs that remained after the 
patient used it, and leftover 80% ethanol were included 
in this study. However, Surfaces that were not mutually 
touched to the activities of health care workers, patients, 
and visitors, empty leftover drugs, and absence of leftover 
80% ethanol at the petridish on which the alcohol depos-
ited were excluded.

Sample size determination and sampling techniques
The sample size was determined using a single population 
proportion formula. Since there are no study reports of 
bacterial isolates on high touch surfaces, leftover drugs, 
and 80% ethanol in the study area and no pilot study per-
formed in the study area, the sample size was determined 
using the expected prevalence of 50%, precision level 5% 
and confidence interval 95%. Therefore, a total of 384 
samples, 136 from high touch surfaces, 208 from leftover 
drugs, and 40 from 80% ethanol were collected using a 
convenient sampling technique.

Sample collection
Environmental samples from high-touch surfaces such 
as ward sinks, door handles, patients’ bed sheets, bedside 
tabletops, and blood withdrawal tables were collected at 
the time the patient and health care workers occupied the 
room. Briefly, sterile test tubes and cotton-tipped swabs 
moistened with sterile normal saline were used to collect 
surface samples [5]. At each sampling site, sterile cotton 
swabs moistened with sterile normal saline were used to 
collect surface samples on 10 cm by 10 cm area/100 cm2/ 
surfaces [11]. Surface samples were collected every 

morning after the cleaning was completed [33]. Moreo-
ver, leftover drugs were collected immediately after the 
medication was given to the patient by the nurse. Before 
sampling, the medication vials were shaken vigorously 
and the top cover rubber was disinfected with 705 etha-
nol. The cover rubber of each vial was opened by using 
sterile forceps and the Leftover content of the vial was 
sampled using sterile cotton tipped swab.

According to the WHO alcohol-based handrub formu-
lations, 80% ethanol was prepared by mixing 833.3 ml of 
ethanol (96%), 41.7 ml of H2O2 (3%) and 14.5 ml of glyc-
erol (98%) dissolved in 1000 ml of distilled water. Twenty-
five ml of 80% ethanol was poured aseptically in to the 
150 mm sterile petridish containing 10 small sized ster-
ile cotton swabs, and distributed for each of the hospital 
wards. All the cotton swabs soaked in the 80% ethanol 
were used for disinfection purposes by the health worker 
at each of the hospital wards but swab samples were col-
lected from the leftover alcohol in the petridish. Then, a 
sterile swab was used to take the ethanol sample left in 
the petridish, followed by depositing it in sterile tryptone 
soy broth. All type of samples were labeled properly with 
a unique identification number at the time of collection 
and transported using vaccine carrier which had ice box 
to maintain the temperature at 2-8 °C until it reaches to 
bacteriology laboratory of UoGCSH.

Laboratory identification techniques
The collected surface swab samples were inoculated onto 
Blood agar, MacConkey agar, Chocolate agar and Manni-
tol salt agar and incubated at 37 °C for 24–48 h. Further-
more, swab samples collected from leftover drugs and 
80% ethanol pre-incubated at 37 °C for 24 h to enhance 
bacteria multiplication in broth before inoculation to 
solid culture media. Then, broths were centrifuged at 
3000 rpm for 3 min and finally the sediment inoculated 
on to Blood agar, MacConkey agar, Chocolate agar and 
Mannitol salt agar and incubated aerobically at 37 °C for 
24–48 h. Gram-negative bacteria were identified using a 
series of biochemical tests such as Simmons citrate agar, 
indole production, urease test, lysine decarboxylase, oxi-
dase test, triple sugar iron agar, H2S production, citrate 
utilization and motility tests. On the other hand, Gram-
positive bacteria were identified based on Gram reaction, 
hemolytic pattern, optochin test, bacitracin test, catalase, 
coagulase, bile esculin, and salt tolerance tests [33].

Antimicrobial susceptibility test
Antimicrobial susceptibility test was carried out for 
each bacterial isolate using Kirby–Bauer disc diffusion 
method. Briefly, three to five selected pure colonies were 
taken and transferred to a tube containing 5 ml of sterile 
normal saline and mixed gently to form a homogeneous 
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suspension until the turbidity of the suspension becomes 
adjusted to 0.5 McFarland standards [34]. Then, using 
sterile cotton-tipped swabs, the bacteria distribute evenly 
over the entire surface of Mueller-Hinton agar (MHA), 
and MHA supplemented with 5% sheep blood used for 
Streptococcus and Enterococcus species. The inoculated 
plates were left at room temperature for 15 min, and then 
using sterile forceps a set of antibiotic discs were placed 
on the inoculated MHA plates.

Antimicrobials were selected according to Clinical 
Laboratory Standard Institute guideline (CLSI 2021) 
and these antibiotic discs were ciprofloxacin (5 μg), 
gentamicin (10 μg), tetracycline (30 μg), cotrimoxazole 
(25 μg), ceftazidime (30 μg), vancomycin (30 μg), pipera-
cillin (100 μg), imipenem (10 μg), meropenem (30 μg), 
cefuroxime (30 μg), amikacin (30 μg), cefepime (30 μg), 
augmentin (30 μg), ampicillin (10 μg), penicillin (10 IU), 
erythromycin (15 μg), cefoxitin (30 μg), doxycycline 
(30 μg), and clindamycin (2 μg) [30]. After placing these 
antibiotic discs, the plates were allowed to stand for 
another 15 min at room temperature to dissolve antibiot-
ics in the media. The plates then were incubated at 37oC 
for 18 to 24 h. Finally, zones of inhibitions were measured 
using a ruler and interpreted according CLSI 2021guide-
lines [35]. Cefoxitin susceptibility of S. aureus and CoNS 
isolates were tested by placing cefoxitin (30 μg) antibiotic 
discs on MHA using Kirby–Bauer disc diffusion method 
and then incubated aerobically at 35∘C for 24 h. Finally, 
S. aureus isolates zone of inhibition > 22 mm classified 
as susceptible and < 21 as non-susceptible. S. aureus iso-
lates resistant to cefoxitin (≤ 21 mm) were confirmed as 
methicillin-resistant S. aureus. Furthermore, CoNS iso-
lates zone of inhibition > 25 mm classified as susceptible 
and < 24 mm as non-susceptible.

Data quality control and analysis
Sample collection, transportation, bacteriological cultiva-
tion, and biochemical assays were done according to the 
standard operating procedures of the College of Medi-
cine and Health Sciences bacteriology laboratory. Five 
percent (5%) of the prepared culture media were ran-
domly selected and incubated aerobically for 24 h at 37 °C 
to cheek the sterility of culture media. In addition, known 
strains of S. aureus (ATCC 25923) and E. coli (ATCC 
25922) were inoculated to check the performance of the 
prepared culture media. Inoculation of culture media, 
colony characterization, and measurement of susceptibil-
ity test were checked by an experienced microbiologist at 
UoGCSH. To standardize the density of the inoculum of 
bacterial suspension, 0.5 McFarland turbidity standard 
was used [34]. All data were checked for completeness 
and analyzed using Statistical Package for Social Sciences 

software version 20. Descriptive statistics were computed 
and results were summarized using tables and graphs.

Results
Overall culture results
In this study, a total of 384 samples were collected and 
the proportions of samples were 35.4% (n = 136), 54.2% 
(n = 208) and 10.4% (n = 40) for high touch surfaces, left-
over drugs and 80% ethanol, respectively. These samples 
were from the surgical ward, post-natal ward, orthope-
dic ward, trauma ward, and neonatal intensive care unit 
(NICU). Among these swab samples, 26.6% (n = 102) 
were culture positive, and a total of 114 bacteria were 
isolated. Multi-bacterial contamination was detected in 
10.5% (n = 12) samples. In this study, a high proportion 
of bacterial isolates (84.2%; n = 96/114) were from high-
touch surfaces compared to leftover drugs and 80% etha-
nol (Fig. 1).

Frequency of bacterial isolates
Data on the frequency of bacterial isolates showed that 
64.9% (n = 74) were Gram-positive bacteria but the rest 
35.1% (n = 40) were Gram-negative bacteria. Among the 
Gram-positive bacteria isolates, the proportion of coagu-
lase negative Staphylococci (CoNS), S. aureus and Ente-
rococcus species were 59.5% (n = 44), 20.3% (n = 15) and 
12.2% (n = 9), respectively. On the other hand, the pro-
portion of Gram-negative bacteria isolates were 32.5% 
(n = 13), 25% (n = 10), 17.5% (n = 7), and 10% (n = 4) for 
P. aeruginosa, K. pneumoniae, A. baumannii and E. cloa-
cae, respectively (Table 1).

Proportion of bacterial isolates among different hospital 
wards
In the current study, the highest bacterial isolates were 
detected from surgical ward (24.6%; n = 28), followed by 
post-natal ward (21%; n = 24), orthopedic ward (20.2%; 
n = 23), trauma ward (18.4%; n = 21), and NICU (15.8%; 
n = 18). The frequency of Gram-positive bacteria was 
57% in the surgical ward, 66.7% in the post-natal ward, 
78.3% in the orthopedic ward, 66.7% in the trauma ward, 
and 55.6% in NICU. The predominant Gram-positive 
bacteria were CoNS responsible for 42.9% in the surgical 
ward, 56.5% in the orthopedic ward, 42.9% in the trauma 
ward, and 33.3% in NICU. S. aureus was the dominant 
bacteria isolated in the post-natal ward accounting for 
20.8%. On the other hand, the proportion of the Gram-
negative bacteria was 30% in the surgical ward, 20% in 
each post-natal ward and NICU, 17.5% in the trauma 
ward, and 12.5% in the orthopedic ward. Among the 
Gram-negative bacteria isolates, P. aeruginosa was the 
dominant bacteria (39.3%) in the surgical ward, K. pneu-
moniae in the post-natal ward (12.5%), and in NICU 
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(27.8%). Moreover, A. baumannii accounted for 14.3 and 
8.7% proportion among trauma and orthopedic wards, 
respectively (Table 2).

The proportion of bacteria isolates from different type 
of samples
Data were collected from 136 high touch surfaces such 
as bedsheet (n = 36), bedside table (n = 37), sink (n = 25), 

door handles (n = 24) and blood withdrawal tables 
(n = 14) (Table  3). All samples collected from bedside 
tables and bedsheets were positive for bacterial contami-
nation. Among the bacteria isolated, the proportion of 
CoNS was 31.8% for bedside tables, 43.2% for bedsheets, 
and 11.4% for door handles. Sinks contaminated with 
Klebsiella species (81.8%) and A. baumannii (55.6%). 
Blood withdrawal tables were mainly contaminated by 
Enterococcus species (22.2%). On the other hand, A. bau-
mannii (22.2%) was the most contaminant for ethanol-
based hand rub formulations. Among the leftover drugs, 
only one vial was contaminated by CoNS and the other 
one by S. pyogenes (Table  3). These contaminated lefto-
ver drugs were lidocaine and adrenalin injection from the 
trauma ward and ceftriaxone from the post-natal ward. 
All of the leftover drugs collected from surgical ward 
(n = 45), orthopedic ward (n = 45) and NICU (n = 35) 
were negative for bacterial contamination. Among 40 
samples of 80% ethanol, four samples showed bacte-
rial growth. Three of them were from the orthopedic 
ward and one from the surgical ward. However, ethanol-
based hand rub formulations collected from trauma, 
post-natal ward, and NICU were negative for bacterial 
contamination.

Antimicrobial susceptibility profile of gram‑positive 
bacteria isolates
A total of 73 Gram-positive bacteria were subjected 
to antimicrobial susceptibility test and the major-
ity of the CoNS isolates were susceptible to gentamicin 
(65.9%, n = 29), clindamycin (63.6%, n = 28) and doxy-
cycline (63.6%, n = 28). Half of the CoNS isolates were 

Fig. 1  Proportion of bacterial isolates from 80% ethanol, leftover drugs and high touch surfaces from December 2020 to March 2021

Table 1  Frequency of Gram-positive and Gram-negative 
bacteria from December 2020 to March 2021

CoNS coagulase negative Staphylococci

Types of species Frequency (N) Percent (%)

Bacterial Isolates CoNS 44 38.6%

Staphylococcus 
aureus

15 13.2%

Enterococcus species 9 7.9%

Viridans streptococci 3 2.63%

Streptococcus pyo-
genes

2 1.75%

Bacillus species 1 0.88%

Pseudomonas aer-
uginosa

13 11.4%

Klebsiella pneumoniae 10 8.8%

Acinetobacter bau-
mannii

9 7.9%

Enterobacter cloacae 4 3.51%

Providentia stuartii 2 1.75%

Klebsiella ozaenae 1 0.88%

Burkholderia cepacia 1 0.88%

Total 114 100
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susceptible to ciprofloxacin (50%, n = 22), and tetracy-
cline (50%, n = 22). However, only lower number of CoNS 
isolates were susceptible to erythromycin (38.6%; n = 17), 
penicillin (31.8%; n = 14) and cotrimoxazole (21.7%; 
n = 10). The majority of S. aureus isolates were suscepti-
ble to gentamicin and cotrimoxazole (each 53.3%; n = 8) 
and ciprofloxacin (60%; n = 9). Additionally, the majority 
of the Enterococci species were susceptible to ampicillin 
(77.8%, n = 7), gentamicin (66.7%, n = 6) and vancomycin 
(66.7%, n = 6). Moreover, one Viridans streptococci isolate 
was susceptible to erythromycin, clindamycin, tetracy-
cline, cefepime, and vancomycin. All S. pyogenes isolates 
were found susceptible to erythromycin but non-suscep-
tible to other tested antibiotics. On the other hand, 50% 
(n = 22) of the CoNS isolates were non-susceptible to 
cefoxitin (< 24), which is considered methicillin-resistant 
CoNS. While 13.3% (n = 2) of S. aureus isolates were sus-
ceptible to cefoxitin (> 22) and 86.7% (n = 13) of S. aureus 
isolates were non-susceptible to cefoxitin (< 21), which 
confirmed as methicillin-resistant S. aureus. Gram-pos-
itive bacteria had significantly high resistance levels to 
penicillin (67.6%), cotrimoxazole (67.8%), and cefepime 
(80%) (Table 4).

Antimicrobial susceptibility pattern of the gram‑negative 
bacteria isolates
In this study, antimicrobial susceptibility tests were 
done for 40 Gram-negative bacteria isolates. All isolates 
of P. aeruginosa (100%, n = 13) isolates were susceptible 
to gentamicin, while eleven (84.6%) and nine (69.2%) 
of them were susceptible to amikacin and imipenem, 

respectively. But only one P. aeruginosa isolate was sus-
ceptible to ciprofloxacin and piperacillin. The majority 
of A. baumannii isolates were susceptible to ciprofloxa-
cin (88.9%), amikacin (88.9%), and 77.8% of them were 
susceptible to cotrimoxazole and imipenem. Data also 
demonstrated that all K. ozaenae isolates were suscepti-
ble to all tested antimicrobial agents, except augmentin. 
Furthermore, K. pneumoniae isolates were susceptible 
to amikacin, gentamicin, cefepime, cotrimoxazole, imi-
penem, ceftazidime, cefuroxime and ciprofloxacin; (9, 
90%), (70%, 7), (70%, 7), (70%, 7), (70%, 7), (60%, 6), (50%, 
5), and (50%, 5), respectively. Amikacin (100%), imi-
penem (100%), ciprofloxacin (75%), cefuroxime (50%), 
gentamicin (50%), and ceftazidime (50%) are effective 
against E. cloacae isolates. Moreover, amikacin (100%), 
gentamicin (100%), and imipenem (100%) are effective 
antimicrobial agents for P. stuartii isolates, and merope-
nem (100%) effective for B. cepacia isolate. Gram-neg-
ative bacteria revealed the highest resistance levels to 
tetracycline (82.4%), amoxicillin-clavulanic acid (76.5%), 
cefepime (66.7%), ceftazidime (67.5%), and piperacillin 
(92.3%) (Table 5).

Multidrug resistance pattern of bacterial isolates
Multidrug-resistant isolates refer to an isolate resistant 
to at least one antibiotic in three or more drug classes. 
In this study, the prevalence of MDR isolates was 44.7% 
(n = 51). Multidrug-resistance was detected among 
Gram-positive and Gram-negative bacteria, 54.8 and 
27.5%, respectively. Out of 114 bacterial isolates, 59.l 
% (n = 26) of the CoNS isolates were found multidrug 

Table 2  The proportion of bacteria isolated from different wards at UoGCSH from December 2020 to March 2021

CoNS coagulase negative Staphylococci, NICU Neonatal Intensive Care Unit

Bacterial isolates Type of ward

Surgical
n (%)

Post-natal
n (%)

Orthopedic
n (%)

Trauma
n (%)

NICU
n (%)

Total

CoNS 12 (42.9) 4 (16.7) 13 (56.5) 9 (42.9) 6 (33.3) 44 (38.6)

Staphylococcus aureus 3 (10.7) 5 (20.8) 4 (17.4) 2 (9.5) 1 (5.6) 15 (13.2)

Enterococcus species 1 (3.6) 4 (16.7) – 2 (9.5) 2 (11.1) 9 (7.8)

Viridans streptococci – 1 (4.2) 1 (4.3) 1 (4.8) – 3 (2.6)

Streptococcus pyogenes – 1 (4.2) – – 1 (5.6) 2 (1.8)

Bacillus species – 1 (4.2) – – – 1 (0.9)

Pseudomonas aeruginosa 11 (39.3) 2 (8.3) – – – 13 (11.4)

Klebsiella pneumoniae – 3 (12.5) – 2 (9.5) 5 (27.8) 10 (8.8)

Acinetobacter baumannii 1 (3.6) 1 (4.2) 2 (8.7) 3 (14.3) 2 (11.1) 9 (7.8)

Enterobacter cloacae – 1 (4.2) 1 (4.3) 1 (4.8) 1 (5.6) 4 (3.5)

Providentia stuartii – – 2 (8.7) – – 2 (1.8)

Klebsiella ozaenae – – – 1 (4.8) – 1 (0.9)

Burkholderia cepacia – 1 (4.2) – – – 1 (0.9)

Total 28 (24.6) 24 (21) 23 (20.2) 21 (18.4) 18 (15.8) 114
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resistant and 36.4% (n = 16) were methicillin-resistant. 
Ten S. aureus isolates (66.7%) were multidrug-resistant, 
and 13 of the S. aureus (86.7%) isolates were MRSA. All 
S. pyogenes and P. stuartii isolates were found MDR. Sur-
prisingly, two S. aureus isolates from bedsheet and two 
viridian streptococci isolated from the sink were non-sus-
ceptible to all tested antimicrobials (Table 6).

Discussion
High-touch surfaces in the hospital are potential sources 
of nosocomial infections, which increases the risk of 
contamination among susceptible hosts [36, 37]. In this 
study, the overall bacterial contaminations of high touch 
surfaces, leftover drugs, and 80% ethanol was 26.6%, 
which is lower than a study carried out at Tikur Anbessa 
Specialized Teaching Hospital, Addis Ababa, Ethiopia 
(86%) [38]. This difference might be due to differences 
in diagnostic techniques and infection control policies. 
Data showed that CoNS and S. pyogenes were isolated 
from both high-touch surfaces and leftover drugs. On the 
other hand, CoNS and A. baumannii were isolated from 
both high-touch surfaces and 80% ethanol. The possible 
reason might be the existence of bacterial cross-contam-
ination among high-touch surfaces, leftover drugs, and 
80% ethanol.

In this study, culture result showed that 70.6% of high-
touch surfaces were contaminated by bacteria. Bacterial 
contamination of high-touch surfaces reported in Zimba-
bwe [39] and Morocco [40] were reported 86.2 and 96.3%, 
respectively. On the other hand, previous study reports 
from Ethiopia [11], Sudan [41], and Nigeria [42] demon-
strated that bacterial contamination rate were 46.3, 29.7, 
and 39.4%, respectively. Differences in hand hygiene, fre-
quency of surfaces decontamination, ventilation system, 

the use of antiseptics, and disinfection techniques could 
account for these discrepancies. Higher levels of bacterial 
contamination of high touch surfaces observed in this 
study could be attributed primarily due to the use of inef-
fective disinfectants during surface cleaning, inadequate 
use of standard precautions (hand hygiene and contact 
precautions), and the migration of the organisms through 
airflow [26, 39, 43]. This situation is prominently linked 
to hospitals that show an unwillingness to put funds into 
contamination control such as the ventilation systems, 
lack of information about the level of contamination and 
ineffectiveness of commonly used disinfectants in hospi-
tals, and those with inappropriate waste controls [44, 45].

Among the leftover drugs processed, 0.96% (2/208) 
was found contaminated by CoNS and S. pyogenes, which 
entailed that the drugs that were administered to patients 
might be contaminated by bacteria from the hands of 
attendants that brought those drugs from the pharmacy 
to the ward, contaminated air, and surfaces of the ward. 
Previously, Baniasadi S. et al reported on microbial con-
tamination of single and multiple-dose vials (5.36%) [14]. 
In contrast, another study conducted in Iran on bacte-
rial contamination of single and multiple-dose vials after 
multiple uses revealed that none of the vials were con-
taminated [46]. This difference could be due to the dif-
ference in sanitation practices that have been established 
like contamination of nurses’ hands/room, air, and sur-
faces of the treatment room.

From the total 80% ethanol samples processed, 4 (10%) 
showed bacterial growth. This finding was higher than 
the studies conducted in Thailand (1.8%) [18]. This dif-
ference could be due to the difference in sample size, 
hygienic status of the hospital environment, and the way 
of using alcohol by health care personnel. Microorgan-
isms isolated from 80% ethanol were mainly environmen-
tal microbes. Bacillus species, CoNS, and A. baumannii 
were the isolated bacteria, and the highest number of 
isolates recovered in the orthopedic ward followed by the 
surgical ward. This implies that the risk of contracting 
the nosocomial infection from 80% ethanol in orthope-
dic ward might be higher. The highest number of isolates 
in the orthopedic ward could be due to incorrect asep-
tic technique followed by the nurse while using the 80% 
ethanol.

In the present study, 64.9 and 34.1% of isolates were 
Gram-positive and Gram-negative, respectively. The 
dominancy of Gram-positive bacteria was reported in 
studies in Bahirdar (81.6%) [11], Tikur Anbesa hospital 
(56.3%) [12], Mekelle (68.4%) [47], and in abroad in Iran 
(60.7%) [48] and Nigeria (52.2%) [49]. The higher fre-
quency of Gram-positive bacteria might be due to resist-
ance to dry conditions of the hospital environment and 
transmission from the skin and nasal cavity of health care 

Table 6  MDR pattern of bacterial isolates at UoGCSH from 
December 2020 to March 2021

MDR multi-drug resistant, CoNS coagulase negative Staphylococci, ERY 
erythromycin, PEN penicillin, COT cotrimoxazole, CD clindamycin, CXT 
cefoxitin, TE tetracycline, DOX doxycycline, CFP cefepime, VAN vancomycin, 
CIP ciprofloxacin, CIP ciprofloxacin, CAZ ceftazidime, PRL piperacillin, AMC 
amoxicillin clavulanic acid, CXM cefuroxime

Bacterial isolates Number of MDR 
isolates (%)

Antimicrobials 
resisted by most 
isolates

CoNS 26/44 (59.1) ERY, PEN, COT

Staphylococcus aureus 10/15 (66.7) CD, PEN, CXT, TE, DOX

Viridans streptococci 2/3 (66.7) ERY, CD, TE, CFP, VAN

Streptococcus pyogenes 2/2 (100) PEN, CD, CFP, TE, VAN

Pseudomonas aeruginosa 4/13 (30.8) CIP, CAZ, CFP, PRL

Klebsiella pneumoniae 3/10 (30) TE, CIP, AMC, CXM

Enterobacter cloacae 2/4 (50) AMC, TE, COT

Providentia stuartii 2/2 (100) CAZ, CXM, COT, CIP, TE
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personnel and patients. However, studies conducted in 
Zimbabwe [39] and Morocco [40] showed Gram-nega-
tive bacteria as the predominant environmental isolates. 
These variations could be due to differences in the study 
period, hospital setting, and the visit of already colonized 
or infected patients in the ward.

Among different wards examined, the highest num-
bers of bacteria were recovered from the surgical ward 
(24.6%), followed by post-natal (21%) and orthope-
dic ward (20.2%). This finding is in line with a study 
conducted from the surgical ward, the post-natal and 
orthopedic wards in Bahir Dar were 32.6, 25.9, 16.3%, 
respectively [11]. The possible explanation for the 
reported high bacterial contamination in these wards 
could be due to high and unrestricted human traffick-
ing, particularly medical and health science students 
who were attached to the hospital as part of their prac-
tical learning process and visitors of the patients. The 
highest bacterial contaminated samples were from the 
bedside tables and bedsheets, which is in line with the 
findings in Ethiopia [11] and Morocco [50]. Bedside 
tables and bedsheets were mainly contaminated by CoNS 
(31.8 and 43.2%), S. aureus (53.3 and 40%), and P. aerugi-
nosa (38.5% each), respectively. Comparable results were 
obtained on bedside tables and bed samples from stud-
ies conducted in Morocco [50]. The sources of such con-
tamination could be cross-contamination from a patient’s 
flora, health care workers’ hands, and contamination dur-
ing the washing process.

On the other hand, CoNS isolates were the most fre-
quently isolated bacteria, 44 (38.6%) followed by S. 
aureus, 15 (13.2%), which is Lower than the findings 
from Bahirdar referral Hospital (44 and 37.4%) [5] but 
relatively higher than the report from Ayder Comprehen-
sive Specialized Hospital (35.4 and 29.1%) [47], northern 
Ethiopia. S. aureus constitutes the normal human skin 
and mucous membranes flora [51], and they are regu-
larly shed onto the hospital environment by patients and 
medical personnel. These isolates were also indicators of 
inadequate clinical surface hygiene [52, 53]. Moreover, 
these bacteria were also resistant to common disinfect-
ant methods and hence spread easily in the environment, 
which enables them to colonize and infect the patients 
receiving health care services [54].

The majority of the isolates of CoNS showed suscep-
tibility to gentamicin (65.9%), clindamycin (63.6%), and 
doxycycline (63.6%). This result agrees with a study con-
ducted in Bahir Dar referral hospital (73.3, 82.8 and 71%) 
[11] and Tikur Anbesa (86.4, 96.3 and 55.7%), respec-
tively [12]. On the other hand, majority of S. aureus 
isolates were susceptible to gentamicin (53.3%), cipro-
floxacin (60%) and cotrimoxazole (53.3%). This finding 
agrees with the study reported in Bahir Dar (73.3, 77.5 

and 50.5%) [11] and Tikur Anbesa (90.4, 89.2 and 65.8%) 
[12], respectively. The majority of the Enterococcus spe-
cies showed susceptibility to vancomycin (66.7%) and 
ampicillin (77.8%). This result agrees with the report in 
Tikur Anbesa [12] with a sensitivity of 75% to ampicillin. 
The majority of P. aeruginosa isolates were susceptible 
to amikacin (84.6%), gentamicin (100%), and imipenem 
(69.2%), which agrees with a study reported from Tikur 
Anbesa; amikacin (100%), and gentamicin (87.5%) [12]. 
The isolates of A. baumannii showed susceptibility to 
ciprofloxacin (88.9%), amikacin (88.9%), gentamicin 
(88.9%), cotrimoxazole (77.8%), and imipenem (77.8%), 
which agrees reports from Tikur Anbesa [12].

Most of the K. pneumoniae isolates showed suscepti-
bility to amikacin (90%), 70% each to gentamicin, cotri-
moxazole, cefepime, imipenem, and 60% to ceftazidime, 
which agrees with the study reported from Bahir Dar 
[11] with their susceptibility result of gentamicin (59%) 
and cotrimoxazole (73%) and Tikur Anbesa [12] with 
their susceptibility result of gentamicin (62.5%) and cip-
rofloxacin (75%). The majority of E. cloacae showed 
sensitivity to ciprofloxacin (75%), amikacin (100%), and 
imipenem (100%). This finding agrees with the study 
reported by Tikur Anbesa [12] with 100% susceptibil-
ity to ciprofloxacin. The findings of this study showed 
that 44.7% of bacterial isolates were multidrug-resistant. 
This finding is lower than reports from Bahirdar (75%) 
[11], Tikur Anbesa (56%) [12], Zimbabwe (75%) [39] and 
Iran (79.4%) [48]. Multi-drug resistance was detected 
among Gram-positive and Gram-negative bacteria, 54.8 
and 27.5%, respectively. This finding disagrees with the 
reports from Tikur Anbesa (45.8 and 73.8%) [12] and Iran 
(47.8 and 83.1%) [48], respectively. The persistent pres-
sure of disinfectants on the microorganisms present in 
the hospital environment may lead to the emergence of 
MDR strains [55]. As a limitation of this study, selection 
bias might be introduced because of the convenient sam-
pling technique. Additionally, we didn’t address risk fac-
tors in this study.

Conclusion and recommendations
In this study, different types of bacterial isolates were 
identified at different settings of the hospital that could 
predispose patients attending medical care. CoNS, S. 
aureus, and P. aeruginosa were the most commonly iso-
lated bacteria from high-touch surfaces. Significant mul-
tidrug-resistance isolates were found from high-touch 
surfaces and the vial of ceftriaxone. Multidrug-resistance 
isolates were found among CoNS and S. aureus bacteria 
isolates, and a significant proportion of the S. aureus iso-
lates were methicillin resistant. Regular sanitation and 
disinfection, continuous surveillance and monitoring of 
the bacterial types and their drug susceptibility patterns 
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from contact surfaces and antiseptics should be practiced 
periodically to minimize the cross-contamination of bac-
teria to medications and antiseptics.
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