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ABSTRACT 
 

Multiple studies have shown that hospital settings are poorly cleaned during terminal cleaning. 

The adequacy of these cleaning methods has been undermined by presence of multi drug resistant 

bacteria on hospital surfaces. This case is even more serious in developing countries leading to 

health care- associated infections that pose a great threat to patients, visitors and health care 

providers in hospital settings. 

This study used various microbiological techniques to test for antibiotic susceptibility profiles of 

bacteria present at Thika Level 5 Hospital surfaces, Kenya. A simple random cross sectional study 

was performed, with a total of 85 samples being collected from five different sites. The sites 

included male and female wards, health care personnel offices, latrine, and kitchen surfaces. 

Samples were collected using sterile swabs, dipped in normal saline, and transported to the 

laboratory within 2Hours for processing. 

Of the 85 plates cultured, 47 plates showed bacterial growth (55%) on selective media with a 

significant P value of 0.0357. Seven different species of bacteria were identified biochemically 

from all sites, Escherichia coli was the most abundant species (28%), and the least was Salmonella 

typhii (5%). Multiple drug resistance was common in the different bacteria identified. All isolates 

were resistant to chloramphenical and susceptible to gentamycin. The most resistant 

microorganism was Staphylococcus aureus (50%), and the least resistant microorganism was 

Klebsiella pneumoniae (12.5%). The antimicrobial resistant bacterial species identified in this 

study have been documented to cause serious health care associated infections. These results 

present a significant public health concern because there is a possibility of patients, staff and 

visitors contacting nosocomial infections when they come into contact with surfaces at Thika Level 

5 Hospital surfaces, Kenya. 
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INTRODUCTION 

The study of bacteriology begun in 1976 when Antonie van Leeuwenhoek discovered small living 

creatures microscopically (1632-1723), and communicated his findings with Robert Hooke (1635-

1703) [1]. The spread of diseases like syphilis prompted the development of antibiotics, including 

Salvarsan which may be among the first antibiotics to be produced  [2]. From then till now a 

number of antimicrobials have been developed especially with the emergence of antibiotic 

resistant bacteria [2]. 

Several studies have provided evidence of the existence of antimicrobial agents on environmental 

surfaces. This case is more severe when it comes to hospital surfaces [3–5]. Contamination of 

hospital environmental surfaces including porous (like curtains and bed sheets), and non-porous 

hard surfaces (like tables and charts) may be due to a variety of factors such as dispersion that 

leads to widespread environmental contamination, enhanced strain survival, and relative resistance 

to disinfectants used on environmental surfaces [4,6]. Ensuring a healthy environment during 

hospitalization has been said to be critical in combating hospital acquired infections [5].  

Cleaning of hospital surfaces has been the key step geared towards reducing hospital care-

associated infections (HAIs), but studies show that terminal cleaning techniques are  not that 

effective in decontaminating hospital environmental surfaces  [3,5,6]. This is even serious with the 

emergence of environmentally resistant microorganisms like methicillin-resistant Staphylococcus 

aureus (MRSA), vancomycin-resistant Enterococcus (VRE), Clostridium difficile, Acinetobaacter, 

and norovirus [4].  

Developing countries have been shown to have endemic HAIs that present a major burden and 

public health safety issue when it comes to patient, visitors and health care providers safety in 

hospital environments [7]. Kenya is one of the developing countries in the world and has been 

documented to show antimicrobial resistance [8]. This study will focus on a single hospital in 

Kenya to isolate, characterize and identify medically significant pathogens in hospital 

environmental surfaces that show resistance to antibiotics. 
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METHODS 

Study site 

Thika Level 5 Hospital is a governmental hospital with a bed capacity of 300 and seven inpatient 

wards. The hospital is located 50 kilometers north east of Nairobi town, which is in the central 

province of Kenya [9].  This hospital provides pediatric, surgical, medical, gynecological, and 

obstetric services to a mixed rural to urban population [10]. 

Study design and sample size 

The study design was a cross sectional hospital based study and samples were randomly collected 

from different sites in the hospital. A total of 85 samples were collected for this study due to 

financial constraints. 

Number of bacterial samples collected per surface  

The sample sites or location were grouped into five major regions. These regions included region 

1 which was the male ward, region 2 which was the female ward, region 3 which was the healthcare 

personnel offices, region 4 which was the kitchen ,and region 5 which was the latrine surfaces. A 

total number of 17 samples were collected randomly from every site. The surfaces to be sampled 

randomly in these sites included a variety of keyboards, kitchen surfaces, hospital trays, crash carts, 

charts, medical records, and a patient’s entire bedside area which also includes the patient’s 

bedside table, chair, frame etc. 

Sample collection 

Sterile cotton wool swab sticks wetted by dipping in normal saline were used to collect 

samples from hospital surfaces. Samples were collected by swabbing different surfaces in the 

five sites including non-porous hard surfaces (example like chairs and tables), and porous 

surfaces (examples like curtains and bed sheets). The swabs were stored in sterile tubes, 

tightly capped and labelled appropriately ready for transportation in an ice cool box to the 

Jomo Kenyatta University of Agriculture and Technology (JKUAT) Medical Microbiology 

Laboratory for processing. 

Sample inoculation 

The swab sticks were each used within 2 hours after collection to inoculate plates of Eosin 

Methylene Blue (EMB), Mannitol Salt Agar (MSA), Deoxycholate Citrate Agar (DCA), 

MacConkey, and Cysteine Lactose Electrolyte-deficient (CLED) according to the manufacturer’s 

instructions [11]. The plates were incubated for 24h at 37℃. Bacterial colonies that grew on these 

media were sub cultured on nutrient agar. All isolates that grew as pure cultures were tested 

biochemically. 
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Sample identification 

Bacteria was identified based on the isolates morphological and biochemical characteristics. 

Morphological characteristics observed after 24h growth were based on colony appearance, size, 

color, shape, elevation, and gram stain. Biochemical tests were done for identification of suspect 

organisms. The biochemical tests performed were starch, indole [12], urease, catalase [13], Voges-

Proskaeur (VP) [14], gelatin broth, citrate utilization, and methyl red tests according to the 

manufacturer’s instructions. The test results were recorded to be either positive or negative. 

Antimicrobial susceptibility testing 

Suspected organisms identified biochemically were tested for their antibiotic susceptibility 

profiles using commercially purchased antibiotic discs.  The zones of inhibition were measured 

in mm and rounded off to the nearest whole number to classify bacteria to be either susceptible, 

intermediate or resistant based on CLSI 2010. Antibiotics used for this study were Ampicillin 

(25 µg), Tetracycline (25 µg), Clotrimazole (25 µg), Streptomycin (10 µg), Kanamycin (30 µg), 

Gentamicin (10 µg), Sulphamethaxozole (200 µg), and Chloramphenicol (30 µg).   

Data analysis and presentation was done using Microsoft Excel and GraphPad prism software. 
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RESULTS 

Of the 85 plates cultured, 47 (55%) plates grew bacteria. Most growth was observed in MSA (34%), 

followed by CLED (30%), EMB (26%), MacConkey (6%), and DCA (4%). The growth of bacteria 

on the different media was significant with a P value of P=0.0357 calculated by a two way ANOVA 

based on GraphPad prism software as shown in figure 1.Of the total 17 samples swabbed from 

different sites, most bacterial growth occurred in kitchen site surfaces (82%), followed by latrine 

site surfaces (53%), and the rest of the three sites showed equal bacterial growth (47%).  
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Figure 1. Number of bacterial growth on various media per sampling area. 

 K-Kitchen, FW- female ward, MW-Male ward, HCPO-health care personnel office, L-latrine 

 

Four representative samples per site that grew on culture were subjected to biochemical tests for 

identification. Seven different bacteria were identified biochemically with the highest isolate being 

Escherichia coli (28%), and the lowest being Salmonella typhii (5%) as presented in figure 2. E. 

coli was isolated from all surfaces except latrine surfaces, which accounts for its high prevalence. 

Proteus vulgaris and Enterobacter aerogenes were isolated from single sites which include latrine 
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and male ward sites respectively. Four of the seven bacteria identified biochemically were seen on 

Kitchen surfaces, hence showing the highest diversity among the five different sites. 

 

Figure 2: Total number of bacteria identified biochemically 

 

Multiple drug resistance was common in different bacteria isolated from hospital surfaces as 

shown in figure 3. All isolates were resistant to Chloramphenical and susceptible to gentamycin. 

The most resistant microorganism was S. aureus (50%), and the least resistant microorganism was 

Klebsiella pneumoniae (12.5%). Pseudomonas aeruginosa showed resistance to 3 antibiotics and 

intermediate to two antibiotics making it the least susceptible microorganism in the hospital 

surfaces. 
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Figure3: Antibiotic susceptibility results 

AMP- Ampicillin, TET- Tetracycline, CLO- Clotrimazole, STR-Streptomycin, KAN- 

Kanamycin, GEN- Gentamycin, SMX- Sulphamethaxozole, CHL- Chloramphenical. 
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DISCUSSION 

This study aimed at isolating, characterizing and establishing the antimicrobial profiles of various 

bacteria present on hospital surfaces. Growth of bacteria observed on culture and subculture 

provided a basis for the subsequent characterization using various biochemical tests, and antibiotic 

susceptibility to test resistance. 

Bacteria that were isolated from various surfaces grew significantly (P=0.0357) on different media 

as shown in figure 1. 55% of the total plates grew different bacterial isolates, this is almost similar 

to a study done previously [11].  The biggest percentage of bacterial growth was observed on MSA 

(34%), followed by CLED (30%), EMB (26%), MacConkey (6%), and DCA (4%). An evaluation 

on growth observed on various surfaces shows that; kitchen surfaces were the most contaminated 

occupying 30% of the total number of plates that grew. Contamination of kitchen surfaces can be 

from various sources including humans and food. Just like in this study, Salmonella and other 

bacteria species have been shown to be isolated from kitchen surfaces including chopping boards 

[15]. Female and male wards showed growth only on MSA, CLED, and EMB. This is the same 

case with the health care personnel office isolates. Latrine surface isolates showed growth in four 

of the five media cultured. It was the second highest contaminated surface after the kitchen surfaces. 

The significant growth observed provides evidence of contamination on various site surfaces in 

Thika Level 5 Hospital surfaces.  

Out of the 19 bacterial isolates tested biochemically, only 7 suspected bacterial organisms were 

identified (Figure 2) with E. coli being the most abundant species (28%), and S. typhii being the 

least abundant species (5%). Previous studies have also shown that different bacteria can be 

isolated from environmental surfaces with different prevalence [16]. Bacteria being located in 

hospital surfaces has been linked with HAIs, and this presents a great challenge to both the 

clinicians and health care officers [3,4]. Weber and his colleagues also listed factors that can 

facilitate surface environment-mediated transmission of selected pathogens. Here they highlighted 

that pathogens can survive in environmental surfaces for a very long time, and these pathogens 

can remain harmful in the environment especially in hospital surfaces [4].  In this study, hospital 

surface environmental contamination could also be attributed to the fact that large number of 

patients visit this hospital. Since Thika level 5 Hospital is a public hospital, many patients prefer 

services here due to its affordability. This poses a potential threat of cross contamination from 

patients, visitors and workers in this hospital who are in constant contact with hospital 

environmental surfaces. This case has also been highlighted by a study done in various hospitals 

in Kenya [16]. A review done by Russotto and his colleagues highlighted that 20-40% of 

nosocomial infections arise from cross contamination from healthcare personnel hands. They also 

stated that inanimate surfaces in a patients zones are directly contaminated when patients shed 

bacteria, or indirectly due to the constant interactions with heath care workers hands and touching 

surfaces, in the patient zones [17]. 

Multi drug resistant bacteria were found to be present in Thika Level 5 Hospital surfaces as shown 

in Figure 3. Gentamicin was the most effective antibiotic due to all bacteria being susceptible to 

this antibiotic. Gentamicin has been shown to be an effective antibiotic against various bacteria 
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and potential applications of this antibiotic against gram positive and gram negative bacteria are 

being explored [18,19]. Chloramphenicol was the worst performing antibiotic with all bacteria 

showing resistance to this antibiotic.  Chloramphenicol resistance has been studied and 

mechanisms that confer resistance to this antibiotic have been established. These mechanisms 

include some bacteria like E. coli being able to inhibit and inactivate the antibiotics activity 

completely [20]. E. coli has been studied before and this bacteria has been documented to show 

resistance to tetracycline and a wide variety of antibiotics [21]. In this study E. coli was resistant 

to only two antibiotics gentamicin and kanamycin. S. aures isolated in this study was resistant to 

four (50%) out of the 8 antibiotics tested. Previous studies have shown the presence of antibiotic 

resistant S.aureus in many environmental surfaces including hospitals, especially methicillin-

resistant Staphylococcus aureus [3,6]. A study done in Thika Level 5 Hospital in 2011 showed the 

presence of drug resistant S.aureus isolated from  patients nasal swabs attending this hospital [9]. 

These patients may spread this bacteria to environmental surfaces through cross contamination 

posing a risk factor to fellow patients, workers, and visitors. K. pneumonia was resistant only to a 

single antibiotic (gentamicin). Contrary to this study, extended-spectrum β-lactamase producing 

strains of Klebsiella pneumoniae have been shown to cause resistance to many antibiotics [22,23]. 

P. aeruginosa showed resistance to 3 antibiotics and intermediate to two antibiotics making it the 

least susceptible microorganism in the hospital surfaces. This bacterial species has showed varying 

susceptibility and resistance patterns to antibiotics in other studies [24]. Resistance of bacteria to 

the various antibiotics could be attributed to various facts e.g. biofilm formation, genetic 

composition and production of various enzymes capable of inhibiting antibiotic activities on the 

bacterial cell [25]. 

These results present a significant public health concern because there is a possibility of patients, 

staff and visitors contacting HAIs when they come into contact with these surfaces. The burden of 

contacting HAIs especially in developing countries is high. This is even elevated with inadequate 

hygienic conditions, understaffing, poor infrastructure, overcrowding and many other factors that 

are seen in resource limited hospitals [7]. 

Conclusion 

This work provides evidence that different bacterial species exist in the hospital environmental 

surfaces. Isolation of these potentially pathogenic bacteria from hospital surfaces suggests that 

people visiting hospitals should exercise proper hygienic techniques including hand wash, use of 

disinfectants and/or sanitizers, and where possible use of gloves when in contact with hospital 

surfaces. This will help reduce the burden of nosocomial infection. The presence on antibiotic 

resistant bacteria suggests that more effective antimicrobials should be used during terminal 

cleaning and decontamination of hospital surfaces.  
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