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Abstract 

Urinary tract infections (UTIs) are one of the commonest infections 

encountered by clinicians despite the widespread availability of 

antimicrobial agents. Such Infections caused by different bacterial 

pathogens that can be acquired through both hospitals and  the 

community. The present study is aimed to isolation and diagnosis of 

Staph. aureus , detecting the optimal antimicrobial for the treatment of 

these infections. A total of (600) mid-stream urine samples were collected 

during the period from August to December, 2018 from patients  who 

were complained from UTIs at AL-Hussain Teaching Hospital in AL-

Nasiriyah City, Southern Iraq. The study included isolation and diagnosis 

of Staph. aureus based on morphological,  microscopic characterization, 

biochemical tests and confirmed by API-20 and Vitek2 systems. In 

addition , all Staph. aureus  isolates were subjected to the serological 

diagnosis of protein A by using a latex agglutination test and convention 

PCR technique was used to detect the presence of the 16S rRNA gene 

(353bp). 380 (63.33%) were positive isolates for bacteriological 

examination, the Staph. aureus  was identified with 50 samples (13.5 %). 

In addition, all Staph. aureus isolates were assayed for antimicrobial 

susceptibility against 14 selected antibiotic discs by using the disc 

diffusion method. All isolates were completely resistant to Penicillin (P), 

Oxacillin (Ox), and Ampicillin (Amp). While the most effective 

antibiotics were Nitrofurantoin, Gentamycin, isolates were susceptible to 

these antibiotics in 76%, and 60%, respectively. Also, In the analysis of 

the nucleotides sequence of the partial 16S rRNA gene, the results were 
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showed that these bacteria actually related to Staph. aureus  ,according to 

current result, three of these isolates registered globally in the NCBI Gen 

bank, and the accession numbers of these isolates are (MK910079.1),( 

MK910080.1), and (MK910081.1).  
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1. Introduction 

Urinary tract infections (UTIs) are infections caused by the presence and 

growth of microorganisms anywhere in the urinary tract and may be the 

single most common human bacterial infections [1]. The urinary tract 

includes the organs that collect, store and release urine from the body, 

including kidneys, ureters, bladder, and urethra. UTIs are among the most 

common human bacterial infections in the community or hospital settings 

and has been reported in both sexes in all age groups [2]. The prevalence 

and incidence of UTI in women are higher than in men, which is probably 

the result of several clinical factors, including anatomical differences, 

hormonal effects and behavioral patterns [3]. About 150 million people 

worldwide develop UTI each year, with high social costs [4]. UTI 

accounts for a large portion of the workload in clinical microbiology 

laboratories and enteric bacteria (Escherichia coli in particular) remain 

the most common cause of UTI, although the distribution of UTI -

allowing pathogens is changing [5]. Some other pathogens are associated 

with UTIs like Staphylococcus, Staph. aureus which is a major human 

pathogen and a widespread contaminant in hospitals. Although Staph. 

aureus  isolation from urine samples is often secondary to Staphylococcal 

bacteremia that occurs elsewhere (e.g. endocarditis cases), In some 

patients, Staph. aureus causes colonization and infection in the urinary 

tract. Instrumentation of the urinary tract and presence of an indwelling 

catheter increase the risk of Staph. aureus  carriage of the urinary tract. 

Majority of  cases Staph. aureus  bacteriuria is not associated with 

symptoms of urinary tract infection because bacteriuria nearly universally 

occurs concomitantly with long-term urinary catheterization [6]. The 

susceptibility of Staph. aureus  to the penetration of the body's defenses 

and tissue invasion and possession of virulence factors such as toxin and 



enzyme production, including high antibiotic resistance [7]. In the past 

few decades, Staph. aureus is considered as one of the most common 

nosocomial infections due to various virulence factors, acquisition of 

antibiotic resistance genes, poor sanitation, and hygiene of health care 

setting and discriminate use of antibiotics [8]. Also, Staph. aureus  has a 

number of identifying properties, including free coagulase, clumping 

factor (bound coagulase), thermonuclease, and protein A [9].  The present 

study aimed to investigate the molecular characterization of 16S RNA 

gene in Staph. aureus  isolates from UTI patients. 

2. Materials and Methods 

2.1 Samples collection 

Samples were collected from 600 UTI  patients from both sexes with 

different ages, based on the symptoms and which diagnosed by physician 

and microscopic examination of urine, Patients had taken care and 

medications in AL- Hussein Teaching Hospital in AL- Nassiriyah City 

South of Iraq , during the period from August to December, 2018.  

2.2 Isolation, Identification & biochemical tests of Staph. aureus             
Collected specimens were inoculated on several types from culture media 

which included blood agar, mannitol salt agar, and Staph 110 agar base 

according to standard methods. Staph. aureus was identified depending 

on the morphological features of culture media. Isolates were stained by 

Gram stain to detect their response to stain, shapes and their 

arrangement[10]. The biochemical tests used include Catalase, Coagulase, 

Oxidase and Novobiocin [11].The bacterial diagnosis was confirmed by 

API system and Vitek2 compact (BioMerieux, France).  

2.3 Antibiotic susceptibility test for Staph. aureus  isolates                     

    All Staph. aureus  isolates were subjected to antibiotic susceptibility by 

using disc diffusion method [12]. The inhibition zone diameters were 

measured and interpreted according to [13].  

2.4 Serological diagnosis  

All isolates were subjected to a serological diagnosis of protein A by 

using a latex agglutination test. This test consists of yellow latex particles 

that have been coated with fibrinogen and rabbit immunoglobulin G (IgG) 

specific for Staph. aureus . This test was performed according to the 

directions of the manufacturing company (Remel, UK). 



  



2.5 Molecular detection  

1. DNA extraction and purification: DNA was extracted and purified 

according to the company manufacturer instructions (Geneaid / Korea). 
2. Staph. aureus  isolates were subjected to the detection of the 16S rRNA 

gene by conventional PCR technique using specific primer pairs (Table 

1). The amplification was conducted in a thermal cycler (BioRad / USA ) 

which has been programmed with the following conditions: an initial 

denaturation step for 5 min. at 95°C with one cycle, 30 cycles of 

amplification were performed as follows: denaturation at 95°C for 30 sec 

annealing at 58°C for 30 sec and extension at 72°C for 1 min followed by 

a final extension step at 72°C for 5 min. These conditions were designed 

by the researcher in this study. 

3. DNA sequencing: Three PCR products of the 16S rRNA gene were 

selected for the sequencer. The sequencing of gene reverse and forward 

primers was done in Macrogen, Korea outside of Iraq. Basic Local 

Alignment Search Tool analysis (BLAST) was lead to a blast algorithm. 

The sample sequences designated as (No1, No2 and No3) were edited, 

aligned and compared with the reference sequences by using Unweighted 

Pair Group Method with Arithmetic Mean (UPGMA tree) with MEGA6 

software. Thus, the MEGA version 6.0 was used to construct 

phylogenetic tree.                          

The PCR primers were designed online and provided by (Macrogen, 

Korea) using NCBI Gene Bank and primers 3 plus [14] as follows 

(Table1).          

 

Table 1 : Primer sequences of 16S rRNA gene in Staph. aureus .                                                       

Product size 

(bp) 

Primer Sequences (5'-3') Gene 

353 
GTTGACTGCCGGTGACAAAC F* 16S rRNA 

Staph. 

aureus  GCTGTTACGACTTCACCCCA R* 

F: forwared, *R: reverse, T: thymine, C: cytosine, G: guanine, A: adenine 

* 



3. Results 
3.1 Isolation of Staph. aureus                    
From a total of 600 urine samples from both sexes who suffered from UTI 

infections with different ages. During the period from August to 

December, 2018, were collected and tested. The results of the present 

study showed that 380 (63.5%) isolates noted positive growth of pathogen 

collected from UTI patients while 220 samples (36.5%) showed no 

significant growth. Only (50) samples were given growth Staph. aureus  

with 13.5% while 50% were other types of bacteria and 36.5% did not 

grow, as in figure (1).  

 

 

Figure (1): The percentage of Staph. aureus and other bacteria isolated from 

600 UTI patients. 

3.2 Macroscopic & Microscopic examination 

Morphology characteristics of Staph. aureus  grow on different media, 

such as Blood agar, Mannitol salt agar and Staph 110 meduim, then 

microscopic examination was applied to all 50 isolates after being stained 

by gram stain to detect their reaction. The cells appeared as gram-positive 

cocci, mostly arranged in grapes like irregular clusters. 

3.3 Conventional Biochemical tests & Api-20 system identification 
In the initial stage of identification, all isolates were identified by 

biochemical tests such as Catalase, Coagulase, Oxidase and Novobiocin. 

All these tests positive for Staph. aureus. Then, used the API 20 Staph to 
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confirm the diagnosis of isolates from Staph. aureus  and to complete 

important biochemical tests. The result of API-20 Staph test has reveals 

that only 50 isolates identified as Staph. aureus.  

3.4 Serological diagnosis 

All of Staph. aureus  isolates were diagnosed by Staphaurex Plus which is 

a rapid latex agglutination test for the identification of Staphylococci 

which possess clumping factor, protein A and surface antigens 

characteristic of Staph. aureus . When a drop of the reagent is mixed on a 

card with Staph. aureus organisms, rapid agglutination occurs, indicates a 

positive result. As illustrated in figure (3). 

 

 

Figure (3): Latex  agglutination test for Staph. aureus 

3.5 Antibiotic susceptibility profile of Staph. aureus   

   All Staph. aureus  (n=50) was assayed for antibiotic susceptibility test 

against 14 type of antibiotics. The results showed that there was a 

variation in resistance rates of the tested bacteria. All Staph. aureus  

isolates were completely resistant to penicillin (P), Oxacillin (Ox), and 

Ampicillin (Amp) with (100%) for the three antibiotics and highly 

resistant to Trimethoprim-Sulfamethoxazole, Tetracycline (TE) and 

Rifampicin (RA)  with a percentages of (75.0%),(62.0%), and (52.0%), 

respectively. While the most effective antibiotics for Staph. aureus were 

Nitrofurantoin, Gentamycin where isolates were susceptible to these 

antibiotics in 76%, and 60%, respectively. As  shown  in figure (2). 

  



3.6 Molecular diagnosis of Staphylococcus aureus  by 16S rRNA 

Fifty isolates of Staph. aureus which were identified by biochemical test, 

API 20, Vitek 2 system and serological diagnosis were subjected to DNA 

extraction, PCR assay for sequencing of 16S rRNA gene approximately 

size (353bp). All the isolates were positive for that gene  (100%), as in 

figure (4). The DNA sequences and phylogenetic tree analysis are 

accurate and highly sensitive diagnostic methods and can be used in many 

aspects of life and practice.                                     

Figure (2): The percentage of antimicrobial susceptibility of Staph. 

aureus against isolates 14 types of antibiotic.                                                   

.                                                                                                     

 

0

10

20

30

40

50

60

70

80

90

100

Antibiotics 

Staph . aureus -S Staph . aureus -I Staph . aureus -R



Figure (4): A garose gel electrophoresis presented the analysis of PCR 

product in Staph. aureus 16S ribosomal RNA gene. M represents the 

Marker ladder with (100-2000bp) while lane (1-12) showed positive 

Staph. aureus isolates at approximately (353bp) product size. 

 

Figure (5): Phylogenetic tree analysis based on 16 ribosomal RNA gene  

 

partial sequence in local Staph. aureus human urine isolates that used for 

genetic Staph. aureus genetic analysis. The phylogenetic tree was 

constructed using the Unweighted Pair Group Method with Arithmetic 

Mean (UPGMA tree) in (MEGA version 6.0). 
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4. Discussion 

4.1 Isolation of Staph. aureus                    

Problems in managing urinary tract infections are attributed to factors 

related to the host and those related to the causative agents of urinary tract 

infections. UTIs can occur due to the pathogenicity of the organism, 

susceptibility of the host, or a combination of both factors[15]. The results 

of the present study showed that Staph. aureus was the most predominant 

gram-positive species isolated from all UTI cases with a total number of 

50/380 (13.15%). Inside Iraq, the current results agreed with [16,17] who 

recorded both of them (11%) and [18] whom recorded (14.29%) for 

Staph. aureus. Outside Iraq, the present results agreed with results of 

study [19] who document that (13.71%), of isolates identified as Staph. 

aureus that isolated from UTI patients. On the other hand, the results of 

the present study were incompatible with [20,21] where Staph. aureus  

accounted for only 0.5%, and 1.5% of isolates respectively, also the 

results of this study are disagree to other studies, like the results of 

[22,23], that described a Staph. aureus  incidence in UTI with a 

percentages of  28.9%, and 33.3%, respectively. Prior studies suggest that 

isolation of Staph. aureus  from the urine is often secondary to 

Staphylococcal bacteremia originating at another site (e.g., in cases of 

endocarditis) [24]. This is probably due to the fact that Staph. aureus  is a 

member of the normal flora of both asymptomatic carriers and sick 

persons thus takes advantage of the weak immune system. This organism 

can be spread by the hands, expelled from the respiratory tract or 

transmitted by animate or inanimate objects [25].                                                  

4.2 Antibiotic susceptibility of Staph. aureus 

Antimicrobial resistance represents a serious problem in the treatment of 

infectious diseases including UTI. Antibiotics  are  the main  treatment  

for  all  UTIs.  A variety  of  antibiotics  are  available,  and  choices 

depend on  many  factors, including whether the infection is complicated 

or uncomplicated or primary or recurrent  [26]. Where worldwide  data  

show that there is increasing resistance among urinary tract pathogens to 

conventional drugs. Antibiotic resistance by Staphylococci is on the 

increase [27]. The results of antibiotics susceptibility test for Staph. 

aureus  isolates showed that there were a high rate of resistance to most 



of  Penicillin drugs. Inside Iraq, the result of the current study seems to be 

in agreement with [16,28], who recorded that the same resistance to this 

antibiotics. Outside Iraq, the results of the present study were compatible 

with[29], whom recorded high a resistance rate to Oxacillin (100%), 

Amoxicillin (91.7%), followed by Penicillin (83.3%). Penicillin 

resistance may be due to the structural modification of enzymatic action 

(β-lactame action) or the prevention of access to target by altering the 

outer membrane permeability and may be due to the alternation of the 

antibiotic target site and sometimes the resistance is due to efflux pump 

which pumps out the antibiotic [30]. Staph. aureus develops resistance 

very quickly and successfully to different antimicrobials over some time. 

The present study showed that Staph. aureus  isolates were highly 

susceptible to Nitrofurantoin and Gentamycin, a finding that was 

consistent to that reported by [31,32] where they recorded a sensitive rate 

of (79.5% ,52.3%), and (85%, 80%), respectively. On the other hand, 

these results were incompatible with similar studies performed by [33] 

who founded completely sensitivity of Staphylococcus spp. to gentamycin 

with a percentage of (100%). Also, do not agree with the [18] where the 

isolates were (75.6%) resistant to gentamycin.  

4.3 Serological diagnosis 

Protein A was tested for all isolates of  Staph. aureus  under study. The 

method used in this research is easy to apply as well as sensitive. Staph. 

aureus  isolates showed significant variation in their containment of 

protein A associated with the cell wall. Some isolates of Staph. aureus  

were found to possess this protein. It is the result of having high protein A 

content that  is part of its wall, but the lack of possession of some isolates 

of  Staph. aureus  of this protein  these are due to many reasons, the most 

important reasons, where the type of culture medium and its components 

is of great importance in the production of protein A. Research on the 

effect of carbon source in the production of protein A indicates that the 

presence of mannitol in the culture medium leads to inhibition of protein 

production. The presence of high concentration salt affects the production 

of protein A inhibits its production and affects the correlation efficiency 

between protein A and the fraction of FC of IgG [34]. 

  



4.4 Molecular detection of Staph. aureus   

Using of Polymerase Chain Reaction (PCR) technique increases the 

accuracy and speed of Staph. aureus identification and validation [35]. 

The DNA sequences and phylogenetic tree analysis are accurate and 

highly sensitive diagnostic methods and can be used in many aspects of 

life and practice  [36]. All isolates gave a positive reaction to the 16S 

rRNA gene. This finding agrees with other local studies [37,38,39] who 

revealed the complete percentage of the 16SrRNA gene. Outside Iraq, 

some results agreed to go for from what was recorded [40,41] who 

recorded that all isolates had 16S rRNA. Also, the results of this study 

disagree with[42]. These differences may be due to many factors; such as 

the sources and number of the clinical samples used, geographical 

dependency, and the sensitivity of different techniques used. This gene 

was used for diagnosis and through this tree we found that the isolates of 

the study were genetically identical by 99% with those found in the 

genebank. The isolates of the three studies are genetically far from the 

genes taken from the genebank because they appeared in the out group, 

especially isolates No.1 and No.2 that appeared genetically identical 

while isolate No. 3 has a genetic relationship with the genes taken from 

the genebank this is confirmed by the value of the boot strap, which 

amounted to 76%. The value of the boot strap that appeared among the 

study isolates was good. The constructed phylogenetic tree showed that 

Staph. aureus  MK910079.1 and MK910080.1 were highly relative to 

each other in comparison with Staph. aureus MK910081.1 that revealed a 

close relatedness to Staph. aureus from India, Sudan and Japan, at total 

genetic changes (0.0005-0.0015%) (Fig. 5).  

 

Conclusions 

Staphylococcus aureus consider as one of important Gram positive  

causative agents of UTI infections and has become one of the most 

successful adaptable human pathogens. 
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 ** قسم التحليلات المرضية ، كلية العلوم ، جامعة ذي قار ، العراق

 المستخلص:

 الرغم على الأطباء يواجهها التي شيوعًا الإصابات أكثر من واحدة البولية المسالك التهابات تعتبر

 بكتيرية مسببات عن ناجمة الالتهابات. واسع نطاق على للميكروبات المضادة الأدوية توفر من

 من كل خلال من المرض بهذا العدوى على الحصول ويمكن واسعه بصورة تنتشر مختلفة

 الذهبية العنقودية المكورات بكتيريا عن التحري الحالية الدراسة هدفت. والمجتمع المستشفى

، والكشف عن والمعقدة البسيطة المختلفة بحالاته البولية المسالك التهاب مرضى من المعزولة

 منتصف من ادرار عينة 600 جمع تمحيث مضادات الميكروبات الأمثل لعلاج هذه الالتهابات. 

 من يشتكون الذين المرضى من 2018 ديسمبر إلى أغسطس من الفترة خلال البول مجرى

 الدراسة .العراق جنوب, الناصرية مدينة في التعليمي الحسين مستشفى في البولية المسالك التهاب

 والمجهري الوصف المظهري أساس على الذهبية العنقودية المكورات عزل وتشخيص شملت

 ، ذلك إلى اضافة Vitek2. و API-20 أنظمة بواسطة وتأكيدها الحيوية الكيميائية والأختبارات

 باستخدام A للبروتين المصلي للتشخيص الذهبية العنقودية المكورات عزلات جميع تعرضت

 16s وجود جين عن للكشف انزيم تفاعل البلمرة التقليدية تقنية واستخدمت اللاتكس تراص اختبار

RNA ( 353  حيث .)المكورات تحديد وتم ، موجبة عزلة( 380) تسجيل تمزوج قاعدي 

 العنقودية المكورات عزلات جميع خضعت ايضا (.13.5) % عزلة 50 ب العنقودية الذهبية

 الأنتشار طريقة بأستخدام المختارة الحيوية المضادات من نوع 14 ضد الدوائية الحساسية لفحص

 لمضادات تمامًا مقاومة الذهبية العنقودية المكورات عزلات جميع كانت حيث. الأقراص عبر

 فعالية الأكثر الحيوية بينما المضادات(. Amp)والأمبيسيلين ( Ox) والأوكساسيلين( P) البنسلين

 حيث ،( GN) جنتاميسين و(NIT)  نيتروفورانتوين هي كانت الذهبية العنقودية للمكورات

تحليل  ما يخصفياما  .تواليا% 60 و٪   76 بنسبة المضادات لهذه حساسية العزلات أظهرت

، أظهرت النتائج أن هذه البكتيريا مرتبطة فعليًا  16s RNAلجين تسلسل النيوكليوتيدات 

بنك عالميًا في  سجلتوفقًا للنتيجة الحالية ، ثلاثة من هذه العزلات وبالبكتريا العنقودية الذهبية، 

 MK910080.1 و (MK910079.1،وأرقام الانضمام إلى هذه العزلات هيالجينات

 .MK910081.1)و

 

الكشف ،  شخيصالمكورات العنقودية الذهبية ، التهابات المسالك البولية ، الت الكلمات المفتاحية:

 .المصلي والجزيئي

 


