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Introduction 

The hospital environment is a significant reservoir of 

pathogens for transmission to patients in different ways 

including contaminated surfaces. This is more so in 

emergency rooms because of the high influx of patients, 

patients’ relations and health care providers. They may 

harbor potential pathogens and contaminate surfaces, or 

equipment they come in contact with. Contaminated 

surfaces have been reported to increase the prevalence of 

nosocomial infections especially at both extremes of life 

(1). Nosocomial infections, otherwise known as hospital-

acquired infections (HAI) are those infections acquired in 

hospitals or healthcare service units, that first appear 48 

hours or more after hospital admission or within 30 days 

after discharge following in patient care (2). Many surfaces 

and equipment in the hospital environment may not be 

adequately decontaminated and can become reservoirs of 

pathogens.  

 

It has been reported that commonly used disinfection 

techniques are sometimes incapable of eradicating fomites 

reservoirs of nosocomial pathogens such as methicillin-

resistant Staphylococcus aureus (MRSA) (3). This is a 

major public health concern because antimicrobial resistant 

organisms are increasingly responsible for higher morbidity 

and mortality rates from nosocomial infections (2-4). There 

is increasing evidence that contaminated inanimate surfaces 

especially those frequently touched by hand, can contribute 

to the spread of healthcare associated pathogens (5-7). 

Every year approximately two million patients in the 

United States acquire nosocomial infections, and at least 

90,000 of them die (8-10). There is poor documentation 

about the prevalence of hospital acquired infections in 

developing countries; however, published data show that 

the burden of HAI is greater in Africa than in developed 

countries (6,11). There is also paucity of data on the 
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bacterial profile of frequently used medical equipment and 

surfaces in hospitals especially in the context of developing 

countries; only nine studies have been carried out at in over 

50 teaching hospitals in Nigeria (1,5,12-18). 

Knowledge of the bacterial profile and sensitivity patterns 

of any hospital environment is a key factor in infection 

control and good antibiotic stewardship. De-escalation to 

pathogen-directed therapy is one of the “4 D’s of optimal 

antimicrobial therapy.” It is based on the clinical response, 

culture and susceptibility results as well as local resistance 

patterns in order to avoid the emergence of bacterial 

resistance (19). In addition, the spread of pathogenic strains 

can also be controlled by appropriate hospital hygiene 

measures (20). Thus this study aimed to determine the 

profile of nosocomial bacteria isolated from medical 

equipment and surfaces in the children’s emergency room 

of Enugu State University Teaching Hospital and their 

sensitivity patterns in order to fight against healthcare-

associated infections. 

Materials and Methods 

This hospital-based cross sectional study was conducted in 

the Children’s Emergency Room (CHER) of Enugu State 

University Teaching Hospital, Enugu, Nigeria (ESUTH) 

between April and May 2019. It is the Enugu State owned 

Teaching Hospital, located at the center of Enugu, the 

capital city of Enugu State. It is a major referral center for 

the state and other border states. The Children’s Emergency 

Room is a 14-bedded ward, and it attends to an average of 

70 patients every week. Ethical approval for the study was 

obtained from Research and Ethics Committee of the 

ESUTH, Enugu before the commencement of the study 

(ESUTHP/C-MAC/RA/034/104; 11th April 2019). 

Information about cleaning of hospital surfaces was 

obtained from the cleaning staff of the emergency room. 

Data collection and laboratory methods: The sample size 

was 118 taking into account the number of Bed surfaces (7 

side bed-rails and 4 foot bed-rails), Electrical appliances 

(11 fan switches, 8 light switches, 1 X-Ray viewing box 

switch, 3 suction machine plug-ins, 2 oxygen concentrator 

plug-ins, 2 nebulizer plug-ins, 1 electric kettle plug-in, 1 X-

Ray viewing box plug-in, 1 drugs refrigerator handle), 

Furniture surfaces(6 desks surfaces, 10 chairs arm-rests, 3 

table drawer handles, 7 bedside tables), Door 

knobs(14),Wall/floor surfaces (n=25) (8 wall surfaces, 5 

floor surfaces, 4 curtain poles, 8 pillars), and Portable 

medical apps n=12 (4 drip stands, 3 “veronica” bucket taps, 

1 bassinet scale, 1 food trolley, 2 ward stethoscope, 1 ward 

mercury in-glass thermometer) in the ward. See table 1. 

Table 1: Swabbed surfaces 

Surface  Number 

Bed surfaces  11 

Electrical appliances 30 

Furniture surfaces 28 

Door knobs 14 

Portable medical appliances 12 

Wall/ floor surface 25 

 

Samples were collected from the surfaces using sterile 

cotton swabs moistened with normal saline (0.9% w/v). 

Collection commenced in the morning, two hours after 

routine cleaning. The samples were sent to Spectrum 

Diagnostic and Research Laboratories (Proficiency testing 

by European Society for External Quality Assessment 

(ESfEQA) and inoculated into Cystine–lactose–electrolyte-

deficient agar (CLED), Salmonella Shigella Agar and blood 

agar plates. The inoculated agar plates were incubated at 

37
o
C for 24 – 48hrs for primary bacterial isolation. Distinct 

bacteria strains were selected on the basis of colony, 

morphology, gram staining, lactose fermentation, coagulase 

and or catalase test. Full identification of the bacteria was 

done by conventional biochemical tests depending on the 

organism isolated. Antimicrobial susceptibility testing was 

determined for each isolate by the Agar diffusion method 

using Standard Nutrient Agar 1 discs containing the 

following antibiotics: Cefoxitin (30μg), Ciprofloxacin 

(5μg), Erythromycin (5μg), Gentamicin (10μg), 

Amoxicillin-Clavulanate (30μg), Ampicillin (10μg), 

Nitrofurantoin (300μg), Levofloxacin (5μg), Ceftriaxone 

(30μg), Ceftazidime (30μg), Cefuroxime(30μg), Ofloxacin 

(5μg), Ofloxacin+Ornidazole (10μg), 

Cefixime+Clavulanate (30μg), Cloxacillin (5μg). 

Methicillin resistant Staphylococcus aureus (MRSA) was 

detected by Cefoxitin disc using diffusion method; the 

Cefoxitin disc was produced by Oxoid Ltd. Company, UK. 

Data Analysis and Interpretation: The data obtained 

were analysed using SPSS version 20.0 (Chicago IL). 

Frequency distribution statistical analysis was used to 

compute the results. Results were presented in prose, tables 

and charts. 

Results 

Out of 118 samples collected from various sites, bacterial 

growth was observed in 83 (70.3%) specimens while the 

remaining 35(29.7%) did not show bacterial growth. A total 

of 101 bacterial isolates were cultured from the 83 sites. 

Mixed bacterial flora were isolated from various sites. 

There were 72.2% gram positive bacteria and 27.8% gram 

negative bacteria.  Staphylococcus aureus was the most 

common isolate cultured from 54 different sites. Details of 

specimen and bacterial isolates are depicted in Table 2. 

Majority of Staphylococcus aureus isolates were from 

furniture surfaces 27.8% (15/54), followed by walls/floor 

surfaces 24.1% (13/54), bed surfaces 14.8% (8/54), 

electrical appliances 14.8% (8/54), door knobs 9.3% (5/54) 

and portable medical appliances 9.3% (5/54). Among 

Staphylococcus aureus isolates, 25.9% (14/54) were MRSA 

and remaining were methicillin-susceptible Staphylococcus 

aureus (MSSA). The antimicrobial resistance pattern of 

Staphylococcus aureus isolates is shown in Table 3. All the 

isolates of Staphylococcus aureus were susceptible to 

Levofloxacin and Cefixime+Clavulanate. Among Gram 

negative bacteria, Escherichia coli, Klebsiella species and 

Proteus species were isolated. All the Gram negative 

isolates were susceptible Ciprofloxacin and Ceftriaxone. 

The antimicrobial resistance pattern of Gram negative 

isolates is depicted in Table 4. Figure 1 shows the overall 

distribution of the bacterial isolates. 
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Table 2: Swabbed Surfaces and their bacterial isolates 

Swabbed Surfaces  S. Aureus 

(n=54) 

E. Coli  

(n=14) 

Klebsiella  

S. (n=13) 

CoNS* 

(n=19) 

Proteus  

S. (n=1) 

Total  

Bed surfaces  11 8 (14.8%) 1 (7.1%) 1 (7.7%) 1 (5.3%) - 11(100%) 
Electrical apps 30 8 (14.8%) 2 (14.3%) 7 (53.8%) 7 (36.8%) 1 (100%) 25 (83.3%) 

Furniture 26 15 (27.8%) 5 (35.7%) 3 (23.1%) 5 (26.3%) - 28 (107.7) 
Door knobs 14 5(9.3%) 2 (14.3%) 1 (7.7%) - - 8 (57.1) 
Wall/floor surfaces 25 13 (24.1%) 3 (21.4%) - 4 (21.1%) - 20 (80%) 

Portable medical appliances  12 5 (9.3%) 1 (7.1%) 1 (7.7%) 2 (10.5%) - 9 (75%) 

*Coagulase-negative staphylococci (CoNS) 

 

Table 3: Antibiotic resistance pattern of Staphylococcus aureus (MRSA and MSSA) isolates 

Antibiotics S. aureus isolates (n=54) 

Frequency (%) 

MRSA isolates (n=14) 

Frequency (%) 

MSSA isolates (n=40) 

Frequency (%) 

Augmentin 1 0 1 (100) 

Ofloxacin 8 2 (25) 6 (75) 

Cloxacillin 9 6 (66.7) 3 (33.3) 

Erythromycin 29 7 (24.1) 22 (75.9) 

Ceftriaxone 3 3 (100) 0 

Gentamycin 2 2 (100) 0 

Cefuroxime 1 1 (100) 0 

Ceftazidime 45 12 (26.7) 33 (73.3) 

Oflox + Ornidazole 0 0 0 

Levofloxacin 0 0 0 

Cefixime + Clavulanate 0 0 0 

 

Table 4: Antibiotic resistance pattern of Gram negative isolates 

Antibiotics E. coli n=14 (%) Klebsiella n=13 (%) Proteus n=1 

Ampicillin 8 (57.1) 8 (61.5%) 0 

Nitrofurantoin 1 (7.1%) 0 0 

Gentamycin 1 (7.1%) 0 0 

Cefuroxime 1 (7.1%) 3 (23.1%) 0 

Ceftazidime 2 (14.3%) 1 (7.7%) 0 

Ciprofloxacin 0 0 0 

Ceftriaxone 0 0 0 

 

 
Figure 1: Bacterial isolates 
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Information obtained from the cleaning staff of the 

emergency room, revealed that the floors are mopped twice 

or thrice a day with detergent solution and occasionally 

with bleach. There are no standardized practices of 

cleaning/disinfecting table tops and benches, surface of 

electrical appliances, wall surfaces, ceilings, door knobs 

and portable medical appliances. The cleaning staff 

received no periodic training or assessment for competence. 

Discussion 

The bacteriological profile of surfaces and commonly used 

equipment in this study, yielded a wide range of organism 

including Staphylococcus aureus, Coagulase negative 

staphylococcus (CoNS), Escherichia coli (E. coli), 

Klebsiella species, and Proteus species. The overall 

prevalence of bacterial contamination of hospital surfaces 

and equipment was 70.3%. This is similar to results 

obtained by Saka et al. (69.7%), Okon et al. (70%) and 

Bhatta et al. (78%) at Ilorin, Maiduguri and Nepal 

respectively (5,8,12). However, it was significantly higher 

than the result obtained from Ethiopia (43.8%) by Worku et 

al. (3). The difference may be explained by the presence of 

sanitary team leaders who supervise sanitary teams 

employed by the government of Ethiopia, to ensure 

disinfection of hospital surfaces.  

The predominant bacterial contaminant in this study was 

Staphylococcus aureus accounting for 53.4% of the 

organism isolated followed by CoNS. It was the most 

frequent isolate on all the surfaces and equipment cultured. 

Similarly, Saka et al. (5), Bhatta et al. (8), and Muhammed 

et al. (13) reported predominance of Staphylococcus aureus 

in their various studies at Ilorin, Sokoto and Nepal 

respectively. The higher prevalence of Staphylococcus 

aureus may be due to ubiquitous distribution in human 

body as part of the normal flora of the anterior nares, 

nasopharynx, and the skin (21). Also Staphylococcus 

aureus has predilection for inanimate surfaces and is 

relatively resistant to drying, heat and sodium chloride (5). 

On the other hand, Okon et al. (12) reported a 

predominance CoNS at Maiduguri, and Gracia- cruz et al. 

(22) in Mexico reported predominance of Klebsiella spp. 

Coagulase negative staphylococcus was the second most 

common isolate in this study, accounting for 18.8% of 

isolates. Because CoNS may contaminate clinical 

specimens, care has to be exercised in assessing its 

significance especially from superficial sites 

(23). However, it has been reported as the most common 

cause of colonization of central lines and hence central line 

associated blood stream infections (24). Furthermore, it has 

been found to cause pronounced systemic infections in 

immunocompromised hosts (23). Of the gram negative 

organisms identified in this study, Escherichia coli was the 

most common isolate accounting for 13.9%. Others were 

Klebsiella spp (12.9%) and Proteus spp (1%). Similar 

studies have shown the presence of Escherichia coli, 

Klebsiella spp, and Proteus spp on inanimate objects in 

hospitals (5,3,13). These organisms especially Escherichia 

coli are well implicated in nosocomial infections (25).  

Furniture surfaces yielded the most isolates. These surfaces 

are frequented by patients, visitors and health care workers 

making for easy spread of the potential pathogens among 

unsuspecting users. 53.5% (15/28) specimens collected 

from furniture surfaces showed growth of Staphylococcus 

aureus and 17.8% (5/28) yielded Escherichia coli. Bed rails 

contamination rate was 100% (11/11) of which 

Staphylococcus aureus was the most predominant isolate. 

Similarly, high bed rails contamination rate was reported by 

Saka et al. (5). 

Door handle contamination in this study was recorded to be 

57.8% (8/14). The implicated organisms were 

Staphylococcus aureus. Escherichia coli, and Klebsiella 

spp. Similarly, Odigie et al. (18) reported Staphylococcus 

aureus, Pseudomonas spp, and Escherichia coli as common 

isolates from door handles. The risk of transmission of 

pathogens through door handles is increased as nursing 

staff, clinicians, and visitors frequently touch them (8). 

Majority of the medical devices in the present study yielded 

bacterial growth with Staphylococcus aureus being the 

most predominant isolate. Similarly, Uneke et al. (16) and 

Shiferaw et al. (26) reported a prevalence of 79% and 87% 

respectively. This is not surprising as it has been reported 

that health care workers and medical students have been 

found not to follow standard cleaning protocols for medical 

equipment such stethoscopes (3).  

There was a high percentage of ceftazidime resistant 

Staphylococcus aureus (83.3%). Although there is paucity 

of data in clinical settings about Staphylococcus aureus 

resistance to ceftazidime, in vitro studies have shown that 

ceftazidime is less active against Staphylococcus aureus 

(27). Among Staphylococcus aureus isolates, 25.9% were 

MRSA. The presence of MRSA is a source of concern 

because of the risk of MRSA associated nosocomial and 

community infections. The organism can survive for days 

in hospital settings due to the ability to form biofilm on 

inanimate objects which prolongs their survival and spread 

(8,20). All the cultured gram negative organisms were 

sensitive to Ciprofloxacin and Ceftriaxone. There was no 

documented resistance of Staphylococcus aureus to 

Levofloxacin and Ofloxacin+Ornidazole. A high rate of 

erythromycin resistant Staphylococcus aureus was also 

demonstrated in this study (53.7%). Similarly, Bhatta et al 

(8)
 

reported 56.8% resistance to erythromycin by 

Staphylococcus aureus. This resistance to erythromycin 

may be explained by the use of other macrolides to treat 

infections caused by bacteria other than Staphylococcus 

aureus. Thus commensal staphylococci in humans will be 

exposed to macrolides and this may contribute to 

erythromycin resistance being commonly encountered in 

clinical isolates (28).
 

Ampicillin resistance of the gram negatives was 

significantly high with 57.1% resistance documented by 

Escherichia coli. A similar result was obtained by 

Hammuel et al. (14). This resistance to ampicillin is due to 

production of β-lactamase enzyme by Escherichia coli and 

it is a major therapeutic challenge today in the treatment of 

hospitalized and community-based patients (29).  

Standard cleaning protocols for hospitals emphasize 

consistency and thorough scrubbing of surfaces. For 

instance, the South Australian health cleaning policy 
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requires daily cleaning with detergent and disinfectant of 

all elements in a patient’s room, spot cleaning of walls and 

ceiling as spills occur (30). However, there are no standard 

cleaning protocols for most hospitals in Nigeria. Based on 

information obtained from the cleaning staff in the present 

study, there was no awareness of established cleaning 

protocols and the need for periodic training or assessment 

programs. They were also unaware of the need for 

consistency and thoroughness while cleaning surfaces. 

Worku et al (3). in Ethiopia documented similar findings by 

members of the sanitary team who had no idea of regular 

cleaning and disinfection of walls and ceilings except in 

situations where there was visible contamination. It has 

been recommended that cleaning staff be properly trained 

and knowledgeable in hygiene matters appropriate to their 

work activities with yearly assessments for competency 

(30).
  
  

Conclusion 

Staphylococcus aureus, Coagulase negative staphylococcus 

and Escherichia coli were the commonest isolates. TheSre 

was high ampicillin resistance by gram negatives but all the 

Gram negative isolates were susceptible to Ciprofloxacin 

and Ceftriaxone. There were no established cleaning 

protocols or periodic assessment of cleaning staff to 

identify competency issues. More efforts are needed to 

ensure improved hygiene standards in order to control the 

contamination of surfaces and reduce the burden of 

nosocomial infections. 
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