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Abstract 
The present study aimed to isolating and diagnosing of Staphylococcus spp., which forms the 

biofilm from different areas of males and females workers bodies in units of: magnetic resonance 

imaging (MRI), computerized axial tomography (CAT) and x-ray as well as restaurants, using some 

phenotypic and genotypic characterization methods as well as testing their ability to phenotypically 

and genetically of biofilms formation. Isolates were collected within the range of hospitals in Al-

Diwaniyah Governorate at the period from 1/11/2016 till 1/4/2017 and a total of 200 samples 

distributed equally on predefined isolation units. The results showed that superior the bacterial 

isolation percent of male workers in these units exceeded the females at all sources of isolation. 

Staphylococcus isolates were diagnosed by using the API-20 Staph system and the species of 

genus (Staph. epidermidis, Staph. haemolyticus and Staph. aureus) have been affiliated a higher 

frequency of isolates number (57 isolates), which were divided between 23, 21 and 13 isolates, 

respectively. The isolates consisted of biofilm formation were 13 isolates from Staph. epidermidis, 16 

isolates from Staph. haemolyticus and 10 isolates of Staph. aureus. Genetic diagnosis of all isolates 

was done by using the PCR technique in terms of having a 16S rRNA gene as well as investigating the 

ability of Staphylococcus isolates to biofilms formation in terms of having the icaA gene. The results 

of phenotypic investigation were identical to the results of genetic investigation. 
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Introduction 

Staphylococci of positive Gram stain were represents the bulk of the normal flora on the skin 

surface, the mucous surfaces of respiratory tract, the upper part of the digestive system and the 

urogenital tract 
(1)

. The human pathogen is the most adaptive and capable of causing a wide range of 

human diseases, ranging from abscesses and impetigo to more invasive and serious infections such as: 

osteomyelitis, septic arthritis, pneumonia and endocarditis 
(2)

. The ability of Staphylococcus to cause 

disease has been attributed to a range of virulence factors had a wide spectrum effects, which are 

associated with cell walls such as protein A, clumping factors, fibronectin binding proteins, and other 

cellular adhesives, as well as exotoxins: coagulase, haemolysin, Shock syndrome toxin-1, exfoliative 

toxins, and leucocidin toxins as the determinants of virulence 
(3)

. The evolution of the disease in 

Staphylococcus aureus is the result of interaction between a variety of host factors and bacterial 

virulence determinants 
(4)

. 

Biofilms represent the binding points of bacteria to the surfaces of living and non-living materials, 

these membranes are well arranged in clusters of one or several types of bacteria. They consist of one 

layer continuous or several layers and have a three-dimensional structure or may take other forms 
(5)

. 

The bacterial biofilm had given protection against severe conditions and is responsible for 65% of 

pathological infections, including urinary tract infection, middle ear, gum, tooth decay as well as 

injuries related to medical instruments 
(6)

. The formation of biofilms is one of the most virulent factors 

that facilitate staphylococcal involvement and tissue stabilization, it contributes to the elimination of 

immune host defenses, resulting in continuous and recurrent infections due to the difficulty of 

eliminating pathogens 
(7)

. Coagulase-negative staphylococci, which is a constituent of biofilms 
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increases antibiotic resistance about 100 to 1000 times more than an biofilm formation 
(8)

. This 

membrane is formed by the adhesion of intercellular polysaccharides and is encoded by icaADBC 

operon 
(9)

, and a major clinical problem mainly due to the high levels of antimicrobial therapy as well 

as the immune resistance of the host 
(10)

. 

The human body is affected when exposed to radiation; radiation causes significant damage to the 

DNA level, thus causing changes in genes, which are reflected in birth defects, cancer tumors and 

death 
(11, 12)

. γ-ray and x-rays come on the list of the most dangerous radiation on living cells because 

they have the ability to penetrate and transmit energy by electromagnetic waves that velocity of light 

converges at its speed, as well as moving in the vacuum 
(13)

. The effect of the magnetic field on the 

synthesis of DNA and on ionic transcription of the membrane 
(14)

. Novak et al. 
(15)

 shows that the great 

influence of the magnetic field on the bacterial cell structure is more pronounced on the properties and 

the cell membrane's viability. While Kamel et al. 
(16)

 were found that staphylococcus aureus is exposed 

to a stable magnetic field at different stresses (400, 800, 1200 and 1600) Gauss, which inhibits growth, 

and this effect varies depending on the type of microorganism and magnetic field strength. 

The Aim of the Study 
Due to the effect of radiographs by MRI, CAT and x-ray on the molecular level of 

Staphylococcus aureus, and the resulting of potential for increased pathogenic factors and the 

difficulty of controlling them with antibacterial agents, the study showed a genotypic characterization 

of Staphylococcus isolated of workers bodies in units: MRI, CAT, x-ray and restaurants as well as 

tested their ability to biofilms formation. 

Materials and methods 

a- Collection of samples: The samples were collected from hospitals in Diwaniya city: Diwaniya 

Teaching Hospital, Maternity and Children Teaching Hospital in Al-Diwaniya, Al-Hussein hospital 

for children, General Hospitals Al Hamzah, General Hospitals Afek and General Hospitals Al-

Shamiya from different areas of workers body in MRI, CAT, x-ray and restaurants, for a period of 

(1/11/2016) till (1/4/2017), with a total of (200) samples, distributed as follows: 

 50 samples of people working in the MRI unit. 

 50 samples of people working in the CAT unit. 

 50 samples of people working in the x-ray unit. 

 50 samples of people working in restaurants. 

Wipes were taken from different areas including: nose, ear, skin, wounds and urine with different 

age of both sexes. transport media swabs (Amies) were used in the isolation process to ensure their 

vitality. 

b- Culture of samples: The swabs were transferred directly to the laboratory within 20-30 minutes. The 

samples were cultured on media of blood and MacConkey agar, then incubated at 37°C for 24 

hours, as well as incubation of media that did not show growth within 24 hours for another 24 

hours before being negative. 

c- Diagnosis of bacterial isolate by API-20 Staph. system: Use the API-20 Staph. system which is 

manufactured by BioMerieux company/ France to diagnose isolates under study. This system is 

used to diagnose all species of Staphylococcus to obtain reliable results and to distinguish the 

bacterial species produced coagulase by Staph. aureus is the other species were produced this 

enzyme 
(17)

. 

d- Biofilm formation test: by transferring the growing bacterial colonies to a glass test tube containing 

Tryptic soy broth with 1% glucose, incubated at 37° C for 24 hours, and then pouring the samples 

and washing the tubes with a sterile saline phosphate solution, drying and dyeing them with 

Crystalline violet dyes and safranin for three minutes, after which the excess dye is washed with 

distilled water, then placed upside down to dry, and the observed biofilms formation in the bottom 

of the pipes and inner walls in a violet layer 
(18)

. 
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e- Polymerase chain reaction test: the test was conducted to investigate some of the causes of virulence 

and antibiotic resistance in Staphylococcus (Staph. epidermidis, Staph. haemolyticus and Staph. 

aureus), as follows: 

1. Bacterial genomic DNA extraction according to the genomic DNA Extraction Kit (Presto ™ 

Mini gDNA Bacteria Kit) and instructions supplied by the American Generaid Company. 

2. DNA Examination by the Nano drop device for the detection and measurement of nucleic acid 

concentrations. It is detected by determining the concentration of the DNA (ng/μl) and 

measuring its purity by reading the absorbance at a wavelength of 260-280 nm. 

3. Preparation of PCR Master Mix by using the AccuPower® PCR PreMix kit and its processed 

instructions from Bioneer (South Korea). 

4. Thermocycler Program to DNA amplified was programmed device according to the 

Townsend et al. 
(19)

 method for each primer. The thermocyclers for each primer were repeated 

to 30 cycles. 

5. Preparation of agarose gel according to method of Sambrook et al. 
(20)

. 

6. Agarose gel electrophoresis (1.5%) under 100 volts and 80 mA at 60 minute for detection of 

extracted DNA bands and amplified DNA representing amplified sizes or PCR products, 

according to method of Sambrouk et al. 
(20)

. 

g- Statistical analysis: all data of the results were arrangement and classified by Microsoft office 

excel-2013 program, and the results data were analyzed by using the tool of Data Analysis in the 

Analysis ToolPak of add-on scheduling software 
(21)

. Completely randomized design (CRD) was 

depended as an experimental design of the results data, as well as a comparison of the means using 

the least significant difference (LSD) test to determine the significant differences at the probability 

level (P ≤ 0.05) 
(22)

. 

Results 
1- Isolation and Diagnosis 

The current study aimed to isolation and diagnosis of Staphylococcus bacteria from different areas 

of workers bodies in the units: MRI, CAT and x-ray as well as the restaurants with a total of 200 

samples were distributed equally among these four groups, covering different areas of the body such 

as: nose, ear, skin, wounds and urine with different ages of both sexes (males and females). The results 

of the statistical analysis of primary isolation (Fig. 1) at (P < 0.05) showed the highest male isolation 

percentage compared to females for bacterial isolates in units of MRI, CAT and x-ray. While the 

percentage of females was not in restaurants compared with high percentage of male, which achieved 

the highest percentage of the other groups under study, and that the percentage of males to females 

somewhat converged in MRI unit and the same applies to the units of CAT and x-ray of where the 

percentage of females in both groups as well as males with the difference between them. 
The results of the distribution of bacterial isolates according to the sex of workers from the 

sources of isolation can be explained by the nature of workers in these units and the consequent 

frequent cleaning or sterilization operations, as well as the nature of work and its specific type of male 

sex compared with females as in restaurants. Among other, the process of direct contact between 

patients and staff in the units under study may be the cause of this isolation result due to its role in 

transmitting pathogens within MRI, CAT and x-ray which are characterized by a high level of 

cleanliness and sterilization unlike other low-level restaurants in that area. On the other hand, bacterial 

isolates of Staphylococcus species were diagnosed by using API-20 Staph. system due to it was 

characterized by speed and accuracy in the detection of bacterial species as well as the reduction of the 

process of cultural pollution (Photo 1). The interactions of bacterial isolates in conformity with the 

tests of this system, and then translated to the corresponding numbers of the result of interactions that 

were interpreted by the analytical analysis index with API-20 Staph. system. 
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Fig. 1: Distribution of bacterial isolates by sex of workers from isolation sources (n = 200) 

 

 

 

 

 

 

 
Photo 1: Results of diagnosis by API-20 Staph. system for Staphylococcus species 
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When comparing the isolation percentage between species of Staphylococcus genus (Fig. 2), the 

significant superiority (P < 0.05) was evident among them, with the first three species of high 

percentages: Staph. epidermidis, Staph. haemolyticus and Staph. aureus (33.33, 30.43 and 18.84)% 

respectively, with a significant difference between them, as well as the lower percentages of other 

species (8.70, 7.25 and 1.45)%, as shown in the same figure 

Fig. 2: Distribution of Staphylococcus isolates by species (n = 69) 

The reason for recording the highest isolation percent of the Staphylococcus species under study 

is due to its presence as a normal flora in the body and a broad-spectrum pathogen that spreads widely 

throughout the world. In addition, with the increasing colonization of species, opportunistic strains are 

increasingly present and present, Immunohistochemistry of the host and the acquisition of pathogens 

are a combination of virulence factors with direct pathogenicity as well as a number of major causes of 

acquired infections in society and hospitals 
(23, 24)

. When compared with the results of previous studies, 

the results are consistent with Jabbar 
(25)

, Jawad 
(26)

, Aziz 
(27)

, Ocokoru et al. 
(28)

 and Hassan 
(29)

 in terms 

of recording the highest percentage of isolates of the Staphylococcus from the specific areas of the 

body under study (nose, ear, skin, urine and wounds). The reason for this to Staphylococcus species 

have many factors that increase their virulence and make them able to exist in different environments; 

enzymes are one of the virulence factors produced by bacteria (catalase and urease) and break down 

complex organic compounds and analyze them into their primary components 
(30)

. In addition, 

adapting them to low temperatures (10° C) and dry or wet living conditions as well as high salinity on 

the one hand, and having the cell wall as osmotic protection and the formation of some strains to the 

capsule from the other hand is one of the most important means of defense and protection against 

chemical and mechanical damage 
(31, 32)

. 

2- Biofilm formation 

The ability of bacterial isolates from is different sources of isolation on the biofilm formation is 

illustrated by its statistical significance in table (1). The total number of biofilm formation isolates is 

40 isolates (70.18%) out of 57 isolates, in addition, 14 isolates of 23 isolates affiliated to Staph. 

epidermidis formed a biofilm (60.87%) of the total number while there were 5 isolates (23.80%) only 

of 21 isolates for Staph. haemolyticus is don't made up of the biofilm, along with the composition of 

the majority of Staph. aureus isolates of the biofilm 10 isolates (76.92%) except 3 isolates (23.07%) 

were only unable to form the biofilm. When comparing the results of the present study with the results 

of other studies, they are consistent with the results of Silva et al. 
(33)

 regarding isolates of Staph. 

haemolyticus, which a biofilm formation with 60% compared to 57.14% for current study isolates, and 
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is consistent with the results of Al-Omari et al. 
(34)

 regarding isolates of Staph. aureus which a biofilm 

formation with 87.50% versus 76.92% for under study isolates. Staph. epidermidis isolates which a 

biofilm formation with 43.47% it came a little higher than the results of Al-Hilu 
(35)

 with 26% and the 

results of Hassan 
(29)

 with 25% of the above-mentioned bacteria, and less than the results of Gad et al. 
(36)

 which reached 88.60%. The reason for the formation of biofilm by the bacterial isolates under 

study is considered one of the most aggressive virulence factors because it indicates the presence of 

bacteria in polluted and pathogenic environments 
(37)

, and it work to protect it from the immune 

inhibitors of the host by concentrates nutrients, protecting bacterial cells from antibiotics and 

pharyngeal cells 
(38)

. On the other hand, Staphylococcus has the ability to settle inside the host and 

adhere to live surfaces by forming of biofilm that protect them from host immunological defenses and 

antimicrobial therapy 
(39)

. 

Genetic investigation of the diagnostic gene for each species of Staphylococcus under study as 

well as the gene responsible for the formation of biofilms were consistent with the results of 

phenotypic investigation. Moreover, the earlier explanations related to the results of phenotypic 

investigation were fully consistent with the results of genetic screening; photo (2) showed that the 

agarose gel electrophoresis containing the results of the polymerase chain reaction assay proved that 

all isolates were present had the 16SrRNA, which in turn represented the house-keeping for each 

bacterium and bore weight of 475 base pairs of Staph. epidermidis, 407 base pairs of Staph. 

haemolyticus and 556 base pairs of Staph. aureus, respectively 
(40)

, which proves the identity of each 

of the three bacterial species.  

Some isolates under study have the icaA gene (photos 3,4 and 5), which is encoded for the 

formation of biofilm, are attributed to the same reasons mentioned in the results of phenotypic 

investigation as well as the formation of biofilm, which was obtained by Prasad et al. 
(41)

 on Staph. 

epidermidis and Pinheiro et al. 
(42)

 on Staph. epidermidis and Staph. haemolyticus, Duran et al. 
(43)

 and 

Santos et al. 
(44)

 on Staph. aureus. The difference in results from previous studies results may be due to 

the effect of radiation at the genetic level in the creation of a mutation leading to the loss of a 

particular gene or acquisition of a new gene with characteristics different from that in their natural 

strains 

Table 1: The ability of bacterial isolates according to the sources of their isolation on phenotypic 

biofilm formation 

Bacterial isolates according to isolation sources Total number 
Isolates of biofilm formation 

n % 

Staph. epidermidis 

MRI unit 23 5 21.74 

CAT unit  5 21.74 

X-ray unit  3 13.04 

Restaurants  1 4.35 

Staph. haemolyticus 

MRI unit 21 3 14.29 

CAT unit  4 19.05 

X-ray unit  4 19.05 

Restaurants  5 23.81 

Staph. aureus 

MRI unit 13 2 15.38 

CAT unit  1 7.69 

X-ray unit  3 23.08 

Restaurants  4 30.77 

Total 57 40 70.18 

LSD (P ≤ 0.05) = 0.004 
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Photo 2: Agarose gel electrophoresis containing the results of PCR to investigation of 16SrRNA for 

Staphylococcus species, M (Marker) from 100-2000 base pair (bp), while symbols refer to 

the numbering of isolates 

 

 
Photo 3: Agarose gel electrophoresis containing the results of PCR to investigation of icaA in Staph. 

epidermidis, M (Marker) from 50-1000 base pair (bp), while symbols refer to the numbering 

of isolates 
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Photo 4: Agarose gel electrophoresis containing the results of PCR to investigation of icaA in Staph. 

haemolyticus, M (Marker) from 100-2000 base pair (bp), while symbols refer to the 

numbering of isolates 

 
Photo 5: Agarose gel electrophoresis containing the results of PCR to investigation of icaA in Staph. 

aureus, M (Marker) from 100-2000 base pair (bp), while symbols refer to the numbering of 

isolates 

Conclusion 
The bacterial isolation percent of males was higher than that of females in the units of MRI, CAT 

and x-ray, as well as restaurants where there was no percent of female. Staphylococcus species (Staph. 

epidermidis, Staph. haemolyticus and Staph. aureus) had the highest isolation percent ecorded in the 

current study. The results of the genetic investigation were consistent with the results of the 

phenotypic investigation in terms of the isolates had the encoded gene to biofilm formation (icaA), as 

well as the diagnostic gene (16SrRNA) for each species of Staphylococcus. 
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