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Abstract 
Four hundred fifty (450) students, 30 students from each college of different grades were randomly 
selected to participate in the study. Samples obtained from both sex male (205) and female (245) 
with age ranged 18-28 years. All the invited students were Questionnaire for age, stage of study, 
college, habit. This observational study was carried out in the Department of Microbiology at AL-
Shaheed Fairoz General Hospital during January 2022 to July 2022. Samples were collected from 
both the hands. The hands of the selected students were intact without any injuries or scratches 
and hadn’t been exposed to any type of disinfectants before collection of samples. The swabs were 
collected by using transport swabs then transported to the laboratory to be inoculated directly on 
blood agar medium and incubated at 37ºC for 24 hours to study characteristic of growing colonies 
and capability of blood hemolysis, then a smear were prepared from part of colony and stained 
with gram stain for the primary identification of those doubted to be gram positive or gram negative 
bacteria. After that, it was transported to selective medium and incubated) aerobically at 37°C for 
24 hours. The identification of isolated pathogenic bacteria from hand swabs of university students 
reports that Staphylococcus aureus is the most prevalent microorganism, with 35 isolates 
(22.15%), followed by E coli with 11 isolates (6.96%), Hemolytic staphylococcus with 4 samples 
(2.53%). Isolation was obtained for Pseudomonas aeruginosa with 6 isolates (3.80%). 
Susceptibility tests were performed using disk diffusion test to detect antibiotic resistance using 
14 different antibiotics for each isolates, most of them were multidrug resistance bacteria. The 
positive samples screened by phenotypic microbiological, biochemical tests, the Vietk 2 system 
and for more identification and limitation of isolates the 16S rRNA of genes sequencing was 
applied by PCR amplification assay  
Keywords: University students, Hand swabs, Pathogenic bacteria, Antimicrobal susceptibility, 
16S rRNA gene, PCR amplification assay 
 
Introduction 
Skin serves as a barrier against harmful microbes, but it is also thought to contain roughly 30 m2 
of varied microbial habitat (2). The outer layer of the body has a thickness of 2-3 mm. It serves as 
both an immunological barrier, which lessens the consequences of wounds and infections, and a 
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physical barrier, shielding the body's interior from the harmful influence of numerous external 
variables. In addition to its protective function, the skin regulates body temperature, prevents water 
loss, allows for temperature perception, and promotes the synthesis of vitamin D (3). 
Microflora covered human skin; it is interference with pathogenic bacteria and inhibits their 
growth through nutrient competition, as well as producing metabolites that prevent pathogen 
growth. On the other hand, many opportunistic Gram-positive or Gram-negative bacteria from 
such as Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa and others can enter 
the wounds. It caused a complicated infection, especially in humans, with a weak immune system 
(4). Staphylococcus is Gram-positive cocci that, with certain exceptions, are catalase-positive and 
show as clusters under a microscope. Usually, two kinds of staphylococci are distinguished using 
the coagulase test; even though, they occasionally can induce asymptomatic colonization in 
healthy people (5). The coagulase positive Staphylococcus aureus, is a frequent source of 
nosocomial and community infections and is both a transitory and a resident bacteria, it was 
selected. Additionally, Staphylococcus species are most prevalent on hands (6). Staphylococcus 
haemolyticus is one of the commensal coagulase-negative staphylococci (CoNS) that live on the 
skin; it is increasingly linked to opportunistic infections. Following S. epidermidis, it is the second 
most common CoNS to be identified from contaminated clinical samples, particularly blood 
cultures of sepsis patients (7).  
The Gram-negative Escherichia coli were selected as it is the most significant transitory bacteria 
and is responsible for a wide range of infections (6). Pseudomonas aeruginosais a Gram-negative 
opportunistic pathogen and serves as a model bacterium for research on virulence and bacterial 
social characteristics.  
Due to several pathways of antibiotic resistance and the organism's propensity to build 
multicellular biofilms, infections in these people are challenging to treat. It is a major cause of 
disease and mortality in persons with immunosuppressive and chronic illnesses, rarely colonize 
the healthy human body (8, 9). The skin microbiota support defense and immune responses, 
prevent invasion and infection by opportunistic or pathogenic organisms, and support tissue repair 
and barrier functions (10). In the 21st century, the emergence and spread of resistant bacteria to 
antimicrobial agents is considered a challenging and threat to global public health as antibiotic 
resistance leads to higher medical costs, longer hospital stays, and increased mortality rates (11). 
Epidemiological studies suggest that hand washing with soap and water can reduce the prevalence 
of diarrhea, upper respiratory infections, and other infectious diseases (12). However, the 
effectiveness of hand washing depends on a number of factors, including the temperature of the 
water, the kind of soap used, and the length of the operation. According to the U.S. Food and Drug 
Administration (FDA), the water's temperature should be 40 ± 2ºC while washing hands. The 
solubility or emulsification qualities of certain oils may be influenced by temperature, and the 
optimum flow of warm water can make the soap lather, which might assist remove dirt from the 
hands more effectively (13). 
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Materials and Methods 
Samples collection 
This was a cross sectional study on a group of students in University of Wasit in a performance 
duration extended from January 2022 to July 2022, samples obtained from both sexes with age 
range (18-28) years. Hand swabs take of 450 students in University of Wasit using transport swabs. 
This was done by rubbing a sterile swab on palm of hands (14). Each sample was provided with 
proper identification number and other details like age and sex, college, grads of study and habits 
of the students were also noted. 
 
Isolation and identification of the isolates 
The swabs were collected by transport swabs then transported to the laboratory to be inoculated 
directly on blood agar medium and incubated at 37Cº for 24 hours to study characteristic of 
growing colonies and capability of blood hemolysis, then a smear were prepared from part of 
colony and stained with gram stain for the primary identification of those doubted to be gram 
positive or gram negative bacteria. After that it was transported to selective medium and incubated) 
aerobically at 37°C for 24 hours (1).  various biochemical tests were performed, Vitek 2 systems 
were also used to confirm identity of the isolates (15). 
The identification of isolated pathogenic bacteria from hand swabs reports that: Staphylococcus 
aureus is the most prevalent microorganism, with 35 isolates (22.15%), followed by E coli with 
11 isolates (6.96%) ,Hemolytic staphylococcus with 4 samples ( 2.53%); Isolation was obtained 
for Pseudomonas aeruginosa with 6 isolates (3.80%) in addition non pathogenic bacteria 
(Staphylococcus epidermides) there were 102 (64.56%) isolates (Table 1). 

Table (1): Percentage of bacteria isolates from university students 
 
 
 
 
 
 
 
 
Antibiotic susceptibility tests 
susceptibility tests were performed using disk diffusion test to detect antibiotic resistance 
according to the standard method indicated by Clinical and Laboratory Standards Institute (CLSI, 
2020) ,using 14 different antibiotics for each isolates ,most of them were multidrug resistance 
bacteria. 
 
Extraction of the DNA 
Extraction of genomic DNA from isolate was performed by using AddPrep Genomic DNA 
extraction kit and protocol was followed as per manufacturer’s instructions .The concentrations 

Type of isolat No. Percentage 

Staphylococcus epidermides 102 64.56% 

Staphylococcus aureus 35 22.15% 

Escherichia coli 11 6.96% 

Pseudomonas aeruginosa 6 3.80% 

Staphylococcus hemolyticus 4 2.53% 
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and purity of DNA were measured by using Nanodrop (Cleaver ,UK). After extraction of the 
genomic DNA from bacterial colonies, we aimed to verify the isolates by 16S rRNA sequence 
using PCR amplification method, which is highly sensitive, compared to the most common 
microbial culture and staining techniques (16). 
 
PCR amplification procedure  
The sequence of oligonucleotide primers that were used in PCR to detect the presence of 16S 
rRNA gene were synthesized in (Macrogen/Korea) as shown in Table (2) and using the conditions 
in table (3). 
 

Table (2): Sequence and molecular size of PCR products of 16s rRNA 
Gene  Primer Sequence Product size 

(bp)  
Reference Isolates 

16S 
rRNA 

F: 
ATGACGTCAAGTCATCATGG 
R: 
AGGAGGTGATCCAGCCGCA 

355bp 

Klausegger 
et al., 1999 

Gram positive 
bacteria 

F: 
ATGACGTCAAGTCATCATGG 
R: 
AGGAGGTGATCCAGCCGCA 

353 bp 

Gram negative 
bacteria 

 
Table (3): PCR conditions used in current study 

Phase Tm (ᵒC) Time Cycles 
Initial denaturation 94ᵒC 5 min 1X 
Denaturation 94ᵒC 30 sec. 

35X Annealing 56ᵒC 30 sec. 
Extension 72ᵒC 1 min 
Final extension 72ᵒC 5 min 1X 

 
Preparing of the Agarose gel 
Agarose gel at concentration of 1.5% was obtained by adding 1 gram of agarose to 100 ml of 1X 
TAE buffer in a beaker. The components were boiled by microwave till the mixture became clear, 
then it was left at room temperature to cool to approximately 50°C. a total 5µl of prepared (RedSafe 
nucleic acid staining solution) was added to the gel and poured into the gel cast and left for about 
30 minutes to be completely solidified. The gel-plate was transferred into the gel tank and filled 
with 1X TAE buffer to point of covering the gel surface. 
Loading the PCR products 
About 5 μl of each PCR products were inserted into the middle of it correspondence hole in the 
1% gel. About 5 μl of Safe-Green 100bp Opti-DNA Marker was added to the first hole in the lines 
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of the gel to be served as a marker for measuring the size of the PCR productsFollowing the loading 
of Safe-Green 100bp Opti-DNA Marker and the samples, the electrophoresis system was set as 
following: 90 Volt, constant current, 45 minutes time. Finally, the gel was transferred into UVP 
system to fisualise the PCR products under 320 nm UV light source.as shown in Figure (1, 2). 

 
 

 
Figure (1) PCR products of the amplification of partial region of gene 16S rRNA of  

• Staphylococcus aureus (S01 – S13),(S14- S35) 
• Staphylococcus haemolyticus (H01 – H06) 
The size of the PCR product is 355 bp. The gel was 1.5% and the DNA dye is RedSafe (Intron, 
Korea). V: 90, Time: 45 minutes. M: DNA ladder 
 

 
Figure: (2) PCR products of the amplification of partial region of gene 16S rRNA of  

• E. coli (E01 – E11) 
• Pseudomonas aeroginosa (P01 – P08) 
The size of the PCR product is 353 bp. The gel was 1.5% and the DNA dye is RedSafe (Intron, 
Korea). V: 90, Time: 45 minutes. M: DNA ladder 
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Statistical analysis 
Data were analysed using the t-test and ANOVA in the GraphPad Prism Software at a significant 

differences of P0.05 (17). 
Results and Discussion 
The percentage growth positive of hand swabs from students were 35.1 % (n=158) from the total 
of 450 collected hand swabs. The percentage of Gram-negative bacterial growth were (3.8% 
n=17), 6.96% (n=11) E. coli and 3.80% % (n=6) Pseudomonas aeruginosa. While Gram-positive 
bacteria growth were 31.3% n=141, Staphylococcus aureus were 22.15% (n=35), 2.53% (n=4) 
Staphylococcus hemolyticus and 64.56% (n=102) Staphylococcus epidermides. These results were 
almost similar to other studies (1, 18). The results of cultures showed that among 450 students 
from different stages and ages, only 35 students (22.15%) were carrier for Staphyloccocus aureus 
which were methicillin-resistant Staphylococcus aureus (MRSA) (19). 
 Staphyloccocus. aurues shows the highest resistance for classe of penicillins (Amoxicillin(100%) 
this agree with (20), oxacillin (100%), pencillin (100%) this result agreed with the results obtained 
in the other local studies done by each of (21, 22, 23). Staphylococcus aureus can become drug-
resistant by genetic mutations that alter the target DNA gyrase or reduce outer membrane proteins, 
thereby reducing drug accumulation this agree with (24). The maximal S. aureus sensitivity has 
been to linezolid (88.64%), vancomycin (86.4%). The appearance of the multi-drug resistance, 
became a critical public particularly in the E. coli was concern that has been designated as 
resistance to 1 agent in 3 antibiotic classes or more (25). 
The maximum resistance level of these study for ampcillin (100%), ceftriaxone (100%), 
carbencillin (100%) followed by tetracyclline (75.0%), Amoxicillin (75.0 %), Cefixime (68.8%) 
and Cefotaxime (56.3 %), respectively. While maximal sensitivity of the E. coli has been to the 
Ciprofloxacin (87.5%), nitrofuranin (87.5%), amikacin (75.0 %) and Levofloxacin (75.0 %). In 
this investigation, it is clear that the maximal rates of resistance in E. coli have been towards beta-
lactams: All isolates (100%) have been resistant to ampicillin Similar results (95.2%, 97.2% and 
96.3%, respectively) have been reported in many other studies around the world by (26, 27, 28) 
respectively. High resistance rates (100% and 56.3%) respectively were noted against 3 rd 
generation cephalosporins: ceftriaxone and cefotaxime respectively. These results were 
comparable with results of studies conducted by (29, 30). The low level of resistance to 
chloramphenicol may (6.3%) due to the low use of this antibiotic as a systemic treatment for a 
human because of unwanted side effects such as aplastic anemia. Furthermore, Chloramphenicol 
is generally used as a local treatment as drops or ointment in otitis and conjunctivitis (31) that 
agreed with (32) which their result was 7.3% , but we disagree with (26) their result was 73.8%,. 
In current study, there is high level of resistance to tetracycline (75.0%), this result agrees with 
study by (33). Also, our study showed (87.5%) sensitivity to Ciprofloxacin that is agreed with (26) 
who mention sensitivity result was 78.6% and also agreed with (32) which their sensitivity result 
was 94.7%, but we disagree with (34) which their sensitivity result was 30.6% and sensitivity to 
Levofloxacin (75.0%) this result agree with what conducted by (35) study isolation E coli from 
Duhok city in Iraq found sensitive for ciprofloxacin and levofloxacin was (75%) of isolate. 
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In this study the antibiotic susceptibility test revealed that the most active antibiotic against 
pseudomonas aeruginosa was Imipenem followed by nitrofurantion Gentamycin and levofloxacin 
respectively. The maximum resistance level to the ceftriaxone (100%) and cefotaxime (88.9%). 
This result agreed with the results of (36) through study in Diyala, Iraq. These data are in 
agreement with the study performed by (37) in Hila City. P. aerogenosa has a polysaccharide barrier 
(alginate) around it, which is anionic and can effectively bind with the cationic antimicrobials 
e.g aminoglycosides amikacin (22.2%), gentamycin (33.3%) and restricts their entry into the cell .Moreover, 
the outer membrane of P. aeruginosa also acts as a major barrier in the passage of different molecules which are 
larger and hydrophilic in nature. Hydrophilic antimicrobials of small molecular size can easily cross the outer 
membrane of the bacteria by passage through porins this result agreed with the results obtained in the 
other local studies done by each of (38, 39). The percentage of resistance P. aerogenosa for 
Ciprofloxacin was (33.3%). These results are in agreement with that found by (40, 41). 
Students are a significant demographic of healthy people who have the potential to transfer disease 
to susceptible patients or members of the community (42). The results appear there were no 
significant differences between males and females for positive pathogenic bacterial culture, only 
to S aureus there is significant differences in S aureus growth and percentage of growth were high 
among male This may be attributed to the use of disinfectant females more than males as they 
improve as a psychological condition than fear of pollution more than males as shown in table (2). 
Also there were significant differences in the presence of E coli in the hand swabs taken from the 
students in correlation with age, while it was observed that there were no significant differences 
in S. aureus, S. heamolyticus, and P. aerogenosa isolates. As shown in table (3). 
 

Table (2): Distribution isolates growth according to the sex 
Gender S. aureus S. 

hemolyticus 
S. epidem E. coli P. 

aerogenosa 
No growth 

Male 22 62.9% 2 50.0% 48 47.1% 5 45.5% 2 33.3% 127 43.5% 
Female 13 37.1% 2 50.0% 54 52.9% 6 54.5% 4 66.7% 165 56.5% 
P-Value 0.032 0.858 0.729 0.995 0.545 0.232 

 
Table (3): Distribution isolates growth according to the age  

Age S. aureus S. 
hemolyticus 

S. epidem E. coli P. 
aerogenosa 

No growth 

(18-21) 
Y 

14 40.0% 1 25.0% 46 45.1% 8 72.7% 3 50.0% 138 47.3% 

(22-25) 
Y 

20 57.1% 3 75.0% 52 51.0% 2 18.2% 3 50.0% 149 51.0% 

(26-28) 
Y 

1 2.9% 0 0.0% 4 3.9% 1 9.1% 0 0.0% 5 1.7% 

P-Value 0.705 0.623 0.410 0.040 0.927 0.595 
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Conclusion 
The antimicrobial resistance profiles of the isolated bacterial pathogens against the tested 
antibiotics have been identified. Hands can act as a carrier for infectious agents, suggesting the 
need for proper hand hygiene and disinfecting. Hand hygiene practice, especially among those 
who are handling infectious material plays a crucial role in either increasing or decreasing the 
possibility of hand bacterial contamination. Further study is recommended for isolation and 
identification of another microorganism such as anaerobic bacteria, fungi and virus. Also identify 
the genetic diversity of the isolated bacteria and to determine the resistance genes of the multi-
drug resistant isolates. PCR is a rapid, sensitive, specific and inexpensive method; we suggest that 
it can be replaced to traditionally assays for detecting isolates. Although the 16S rRNA procedure 
differentiated of all tested clinical isolates identified 100%. Therefore, if an unknown organism 
needs to be identified, 16S rRNA sequencing is the method of choice because of the availability 
of universal primers.  
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