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ABSTRACT 
Background, recently some microbiologists consider microbial fitness center Surface to be different from fitness center Surface infections. 

In microbial contaminants in some fitness center Surface, the microbes multiply readily in the fitness center Surface, whereas in fitness 
center Surface infection, fitness center Surface is merely the vector for microbes that do not grow on their temporary substrate. Others 

consider fitness center Surface as intoxication of some fitness center surface by chemicals or toxins from bacteria or fungi. The objectives, 

of the review, are to survey previous work for different surfaces Gym (e.g., dumbbells, bars, and walking machines. Results: fitness center 
Surface microbial pathogen with more sensitivity and specificity, well in time, in the case of a fitness center surface, disease outbreak. Old 

methods for detection are known to be labor intensive, time infecting, or expensive.  Another way, more sensitive molecular-based detection 

methods like 16s rRNA gene; sequencing and many others are capable of providing faster results. Conclusion: DNA technology detects 
now possible on a single molecule analysis allows multiple detection reactions, thus allowing a range of characteristics to be quick and 

similar determined. Despite better detection efficiencies, results derived using molecular markers methods can be effect by the microbial 

contaminants in some fitness center Surface. 
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INTRODUCTION 

 

Microbial communities of some indoor environments such as office buildings [1], public restrooms [2], and 

hospitals [3] have been studied, where the human skin was reported as the primary source of bacteria. For 

example, investigated office space bacterial diversity in three metropolitan areas in the USA and identified more 

than five hundred (500) bacterial genera from twenty (20) different bacterial divisions through multiplex 

pyrosequencing techniques. They found that most of these genera inclined to be common inhabitants of human 

skin, nasal, oral or intestinal cavities. In another study, [2] reported the biogeographical patterns displayed by 

bacteria across ten (10) surfaces in twelve (12) public restrooms in the USA. They identified nineteen (19) 

bacterial phyla across all surfaces studied using high-throughput barcoded pyrosequencing of the bacterial 16S 

rRNA gene. On the other hand, other places, for instance, soil and outdoor air (by air conditioning), dust from 

human shoes, etc. could also be a part of potential sources of harboring and transmission of diverse 

microorganisms in closed environments. According to some earlier reports, pathogenic organisms can survive 

on inanimate surfaces for long periods of time [4] and they can be transferred from such surfaces to the human 

body through contacts of different body parts. Different surfaces such as carpets, yoga mat, clothes, equipment 
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like dumbbells, bar, etc. may provide excellent environments for the growth of distinct bacterial communities 

[5]. For example, several studies [6], reported surfaces in public places such as computers, telephones, headsets, 

desks, automated teller machines (ATM), cash machines, elevator buttons, etc. as potential sources for 

transmitting infectious microorganisms. Overall, these studies demonstrated that microbial contamination in 

various surfaces host comparatively diverse microbial communities dominated by bacteria associated with 

human and could be potential sources of bacterial pathogens that could readily be transmitted between person to 

person by simply touching the surfaces. Therefore, it is essential to study the bacterial diversity in different 

surfaces, where people are usually visited such as fitness centers, markets, hospitals, public library, etc., and 

characterize and identify the bacteria to determine the prevalence of pathogenic bacterial strains in studied areas. 

With increasing public aspiration to stay fit and healthy, there has been a remarkable increase in the number 

of people deciding to join a fitness center or "gym". Although several studies focusing on environmental 

hygiene and sanitation had reported a direct relationship between microbial load in the surrounding environment 

and the risk of pathogen transmission [7], report on the microbial diversity at fitness centers is still limited. Like 

different public sites, various equipment's that are continuously in touch of visitors can be hotspots for diverse 

pathogenic microorganisms, including antibiotic-resistant bacteria, for example, methicillin-resistant 

Staphylococcus aureus (MRSA) [8], vancomycin-resistant enterococci (VRE) [9], etc. An understanding of 

overall bacterial population and diversity in fitness centers is required to get a better insight on the risk 

associated with the pathogen propagation from such facilities. To date, most of the studies conducted at 

gymnasiums, playgrounds, athletic facilities, or places where individuals come in touch with others are 

primarily focused on the transmission of staphylococci, [10], and dependent on culture-based techniques [11]. 

However, due to the difficulty of growing a large number of microorganisms, the global diversity of microbial 

communities associated with the environment of fitness centers remains mostly unknown [12]. Interestingly, 

with the help of modern high-throughput sequencing techniques and different bioinformatics tools, it is now 

possible to study the microbial population from various sources in more detail [13]. 

Due to the physical activities with a high frequency of surface contact by individuals with different personal 

hygienic practices, gyms offer a unique setting to investigate the diversity of microbial communities as 

compared to other indoor environments [12]. However, little information is available so far on the microbial 

ecology of fitness centers located in Saudi Arabia. Therefore, the objectives of the review are to survey previous 

work for different surfaces Gym (e.g., dumbbells, bars, and walking machines. 

 

Microbial contamination on different surfaces: 

Microbial contaminations widely reported in diverse indoor and outdoor environments. However, 

environmental surface contaminations provide a potential reservoir for human pathogens to persist and cause 

infection in susceptible individuals. For instance, [14] studied the bacterial diseases of fifty (50) public 

telephones in Afyon city, Turkey, and they identified twelve (12) different types of bacteria including 

Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus on the surface of telephones. According 

to the authors, the recurrent usage of public phones is a key factor that increased the cross contamination. 

Similar findings were also reported for hospital telephones and personal pagers by a study conducted [15]. In 

another study,  investigated the degree of microbial contamination, the efficiency of various disinfectants, and 

the cosmetic and functional impacts of the disinfectants on computer keyboards. They reported that microbial 

contamination of keyboards is ubiquitous. The hospital environment can also be a reservoir of large varieties of 

microorganisms [16].  Sites that are frequently touched as well as surfaces near patients such as bed rails, tray 

tables, telephones, bedside tables, patient chairs, nurse call buttons, doorknobs, push plates, bed rails, faucet 

handles, and poles supporting intravenous fluid supplies are often profoundly contaminated [17] and had 

recognized as reservoirs for the transmittance of pathogenic microbes by many researchers [17].  A study 

conducted [18], documented the presence of pathogenic Staphylococcus aureus strains in different places in a 

hospital including patients, healthcare staff, and hospital environment. S. aureus is an opportunistic species of 

human pathogenic bacteria that can cause infections habitually in newborns, surgical, burns, diabetic patients, 

and persons who are taking drugs suppressing immune-deficiency diseases. In a similar study, [19] documented 

the prevalence of potentially human pathogenic microorganisms on different surfaces at a hospital in Spain. 

They found that toilet door handles were the most heavily contaminated ward surface. According to [19], 

architectural design can also influence the diversity and structure of the built environment microbiome. They 

used high-throughput sequencing of the bacterial 16S rRNA gene to enumerate relationships between building 

attributes and airborne bacterial communities at a hospital in the USA. They observed bacterial communities in 

indoor environments contained many taxa that are usually absent or rare in outdoor environments. They also 

found that the relative abundance of bacteria closely related to potential human pathogens was greater in indoor 

spaces than outdoors. [20]. [21] performed a cross-sectional study in ten (10) emergency basic life support 

ambulances operating in Bilbao, Spain to determine bacterial surface contamination. They observed that inner 

passenger door's handle, steering wheel and left handle of the stretcher had a higher bacterial disease and 

concluded that ambulances might also be a source of multidrug-resistant microorganisms (MDROs). Recently, 
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[22] investigated to observe the occurrence of human opportunistic pathogens and the degree of contamination 

at particular sites, including fitness centers, gas station, home, hospital, and supermarkets in Kuwait. They 

reported Staphylococcus epidermidis, Enterococcus faecalis, Staphylococcus aureus, Escherichia coli, 

Streptococcus pyogenes and Pseudomonas alcaligenes, Streptococcus agalactiae, Klebsiellaoxytoca, Klebsiella 

pneumonia, and Pseudomonas aeruginosa were common bacterial contaminants. 

 

Antibiotics and antibiotic resistance in bacteria: 

American microbiologist Selman Waksman and his colleagues coined the term "antibiotics" for the first 

time to describe chemical substances produced by microorganisms that may negatively affect the growth of 

other microorganisms, however, this definition excluded synthetic antimicrobials (for example, sulfur drugs) 

and biological products of non-microbial source having antagonistic effects on bacteria [23]. In general, 

antibiotics can be defined as one of the antimicrobial drugs that are used to treat or prevent some types of 

microbial infection by either killing them or inhibiting their reproduction and growth. Although the use of 

microbes for controlling various microbial diseases in ancient Egypt, Greece, China, and some other parts of the 

world is well-documented, the modern era of antibiotics started with the discovery of penicillin from 

Penicilliumnotatum. Since then, many structurally diverse and highly productive medicines have discovered, 

and their clinical use has saved many millions of lives from distinct microbial infections,[24]. 

At present, antibiotics available in the market are either produced by microbial fermentation or are derived 

via semi-synthetic route using the existing antibiotic backbone structure that targets points of vulnerability 

within microbial pathogens. Based upon their mode of action, antimicrobial agents can be grouped into three 

broad categories: (a) those that target the cell envelope of bacteria, those that block the production of new 

proteins, and (c) those that focus DNA or DNA replication [25]. For example, penicillins, cephalosporins are β-

lactam group antibiotics that are primarily inhibitors of penicillin-binding proteins (PBPs) that usually assemble 

the peptidoglycan layer of most bacteria. On the other hand, vancomycin is a glycopeptide that is effective 

against gram-positive bacteria only and kills bacteria by preventing synthesis of the bacterial cell wall. It binds 

to the D-alanyl-D-alanine portion of the peptide side chain of the subunits of precursor peptidoglycan, thus, 

prevents these subunits from being accessed by the PBPs. While several others antibiotics such as macrolides, 

chloramphenicol, tetracycline, linezolid, and aminoglycosides target synthetic protein machinery via interaction 

with ribosomal subunits. Other "mechanistic" groups interfere with the nucleic acid synthesis [e.g., 

fluoroquinolones (FQ) and rifampin], while some others exert their effects by interfering with the metabolic 

pathways (e.g., sulphonamides and folic acid analog) or by disrupting bacterial membrane structure (e.g., 

polymyxins, daptomycin, etc.) [23]. 

 

Identification of bacteria: 

Polyphasic taxonomical studies such as phenotypic, genetic, and phylogenetic information have been used 

to identify and study microbial diversity. Phenotype includes morphological, physiological, and biochemical 

features of the microorganism [26]. On the other hand, different PCR-dependent and PCR-independent 

molecular methods have been employed to get insights into microbial genetic and phylogenetic relationships 

[13]. 

 

Bacterial identification based on morphological and biochemical features: 

Bacteria routinely identified according to their morphological and biochemical characteristics. Although 

there are few morphological traits, and little variation in those characters, bacterial identification based on their 

morphology still has significant value for taxonomic study [27]. To determine cultural features of bacteria, much 

attention is paid to the way they grow on the solid media, since different species may produce very distinct 

colonies [28]. Bacterial colony may differ from each other on solid agar media in shape (e.g., circular, irregular, 

rhizoid etc.), size (e.g., small, medium, large), and elevation (e.g., elevated, convex, concave, 

umbonate/umbilicate etc.), surface (e.g., smooth, wavy, rough, granular, papillate or glistening etc.), margin 

(e.g., entire, undulate, crenated, fimbriate or curled, etc.), pigmentation (e.g. yellow, green etc.), opacity (e,g., 

opaque, translucent), degree of growth (e.g., scanty, moderate or profuse), etc. [28].Also, cell shape (such as 

cocci, bacilli, spirilli) has also been used to describe different bacterial species [29]. Gram staining technique 

developed by Hans Christian Gram allows classifying bacteria as either Gram positive or Gram negative. This 

method offers a convenient identification and classification tool that utilizes the structural properties of bacterial 

cell walls and remains useful till now [28].Light microscopy do observations of bacterial morphology, and 

generally, morphological traits and gram reaction constitute the first stage of bacterial identification. In addition 

to Gram reaction, different selective media have also been developed to characterize bacteria. For example, 

MacConkey agar can selectively isolate gram-negative bacteria as well as differentiate them based on lactose 

fermentation. In this media, the presence of bile salts and crystal violet dye inhibit the growth of most of the 

gram-positive bacteria and the change of neutral red dye to pink color indicates the ability of lactose 

fermentation by bacterial strains. Presence or absence of flagella and their arrangement also serve as a useful 
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and reliable morphological trait for identifying and grouping bacterial species [28]. Apart from above mentioned 

morphological features, various biochemical properties of bacteria such as oxidase, nitrate reduction, amino acid 

degrading enzymes, levan formation, gelatin liquefaction, fermentation or carbon utilization profile, etc. are 

used routinely for identifying and classifying many groups of bacteria. It is important to note that "Bergey's 

Manual of Systematic Bacteriology" and "Bergey's Manual of Determinative Bacteriology" has been served as a 

guide for determining the identity of prokaryotic organisms including unknown bacteria, based on their 

structural and functional attributes by arranging them into specific familial orders. 

 

Bacterial identification based on 16s rRNA gene sequencing: 

Bacterial license based on their morphological, nutritional and biochemical criteria cannot provide a natural 

taxonomic order according to the evolutionary relationship [13]. Therefore, culture-based approaches to 

characterize and identify bacterial isolates have currently switched to the molecular and genetic level [13]. 

Since, with some exceptions, most bacteria possess similar arrangements of 16S : 23S : 5S ribosomal RNA 

(rRNA) genes, rRNA present in the ribosome or rDNA in the genome  has been used as one of the most useful 

species signature molecules for the detection and identification of bacteria [30]. PCR based molecular 

techniques such as direct electrophoresis of amplified fragments, ribosomal intergenic spacer analysis (RISA), 

denaturing gradient gel electrophoresis (DGGE), temperature gradient gel electrophoresis (TGGE), single-strand 

conformation polymorphisms (SSCPs), amplified ribosomal DNA restriction analysis (ARDRA), random 

amplification of polymorphic DNA (RAPD), REP-PCR (BOX element), terminal restriction fragment length 

polymorphisms (T-RFLPs) as well as PCR-independent approaches guanine plus cytosine (G + C) content, 

DNA-reassociation kinetics and DNA:DNA hybridization, DNA microarrays, and reverse sample genome 

probing (RSGP) are found very useful in studying the microbial diversity in environmental samples [28]. 

However, with the advent of sequencing technology, the comparison of rRNA sequences has been 

considered as a more powerful tool than other PCR-dependant and PCR-independent techniques for the 

identification of microorganisms and deducing phylogenetic as well as the evolutionary relationship among 

bacteria, archaebacteria, and eukaryotic organisms. Although all the three types of rRNA molecules, i.e., 5S, 

16S and 23S and spacers between these can be used for phylogenetic analyses, 16S rRNA gene, also referred to 

as the small subunit (SSU) rDNA, has become the most extensively used gene for bacterial identification, 

investigating their evolution and inferring phylogeny [30]. 16S rDNA is small in size (approximately 1500 

bases), but large enough to provide an adequate amount of phylogenetic data, and therefore, it is faster and 

cheaper to sequence with relatively few primer reactions (Pitcher and Fry, 2000). Also, its universal distribution, 

highly conserved nature, the fundamental role of the ribosome in protein synthesis, no horizontal transfer, and 

its rate of evolution which represents an appropriate level of variation between organisms has made this 

molecule a suitable phylogenetic marker in bacterial ecology [32]. Moreover, a 16S rRNA gene sequence allows 

identifying bacteria at genus and even at the species level and display considerable variability even in closely 

related taxonomic groups [24]. The degree of variation in the 16S rRNA gene sequences also provides an 

estimate of the phylogenetic distance present between different species [33]. Usually, conserved, semi-

conserved and variable regions within the bacterial SSU rDNA, relating to inter- and intraspecies relationships 

are the primary targets for the design of PCR primers, depending on the level of discrimination required. Also, 

most bacterial genomes carry multiple copies of the 16S rDNA that increases PCR sensitivity [30]. To date, a 

large number of bacterial isolates belonging to different genera such as Acinetobacter, Bacillus, 

Corynebacterium, Ehrlichia, Klebsiella, Micrococcus, Pseudomonas, Salmonella, Staphylococcus, etc., from 

varied sources have been identified through 16S rRNA gene sequencing [12]. Apart from rRNA gene, sequences 

of other highly conserved housekeeping or protein encoding genes such as gyrB[34]recA[35]. have also been 

demonstrated to represent useful markers for phylogenetic and taxonomic analysis of bacteria at the species 

level. 
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