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Abstract 

The study aimed to find an association between Type two diabetes mellitus 

(T2DM) patients, obesity and the rate of nasal carriage of Staphylococcus aureus 

(NCSA) producer of TSST-1 in patients with T2DM compared with non-diabetic 

control groups. T2DM patients and control subjects were selected from outpatient 

of "The Specialist Center for Diseases of Endocrine and Diabetes" in Baghdad.  The 

subjects were divided into 4 groups: Group I included 21 obese T2DM patients; 

Group II included 20 lean T2DM patients; Group III included 20 obese as control 

group and Group IV included 21 lean as control group.  The study included  sample 

with size (n= 82), male and female, with the ages ranged from 35 to 75 years, and 

the patients were not on any kind of anti-diabetic treatment. A total number of the 

nasal carriage S. aureus isolates were 38, of them 23 S. aureus (56.1 %) were 

isolated from the groups of patients with T2DM and 15 S.aureus isolates (38.46 %) 

were isolated from the control groups. Molecular method was used to detect the 

presence of tstH gene in S. aureus isolates indicating that the presnce of toxic shock 

syndrome toxin-1. The results revealed the presence of this gene in 12 (63.16%) S. 

aureus isolates collected from T2DM patients and 7 (36.84 %) isolates collected 

from control groups. 
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 السكري من النمط الثاني ىمرض لدىالمكورات العنقودية الذىبية المعزولة من الأنف والسمنة 
 

 اليس كريكور اغوب ممكونيان ،*ساره لفتو حمد
 العراق بغداد، بغداد، جامعة العموم، كمیة الاحیائیو، التقنیات قسم

 الخلاصة
ومعدل بكتیریا  والسمنة ىدفت ىذه الدراسة إلى إیجاد علاقة بین مرض السكري من النمط الثاني

ذیفان متلازمة المنتجة لو  المعزولة من الانف Staphylococcus aureus المكورات العنقودیة الذىبیة
مع الاشخاص الأصحاء غیر  مقارنةً لدى مرضى السكري من النمط الثاني ( TSST-1) 1-الصدمة السمیة

من "المركز  الأصحاء الاشخاص و مرضى السكري من النمط الثاني كل من المصابین بالسكري. تم اختیار
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 عمى الدراسةشممت  .بأوزان طبیعیة فراد الأصحاءالأ من شخصمن 11الأصحاء وشممت المجموعة الرابعة 

ISSN: 0067-2904 



Hamad and Melconian                       Iraqi Journal of Science, 2016, Vol. 57, No.4C, pp: 2840-2848 

 

1732 

سنة عمماً ان مرضى  53الى  53من  تراوحت اعمارىم من الذكور والاناث حیث (n= 82) عینة بحجم
 .Sبكتیریا المكورات العنقودیة الذىبیة لكان العدد الكمي  السكري من النمط الثاني لم یتمقوا اي نوع من العلاج.

aureus معزولة من مرضى السكري من النمط  (% 56.1)عزلة  15عزلة، منيا  53 الانف المعزولة من
استعممت الطریقة الجزیئیة  ( معزولة من الاشخاص الاصحاء.38.46)% S. aureusعزلة  13الثاني و 

متلازمة  للإشارة الى وجود ذیفان S. aureus في بكتیریا العنقودیة الذىبیة  tstHلمكشف عن وجود الجین 
S. aureus %(65.16 )عزلة   11(. أظيرت النتائج وجود ىذا الجین في TSST-1) 1-دمة السمیةالص

( المجموعة من %56.34)  S. aureusعزلات  5من مرضى السكري من النمط الثاني و التي تم جمعيا 
 .الاشخاص الأصحاء

Introduction  

     Staphylococcus aureus is a Gram positive cocci, facultative anaerobic and an opportunistic 

pathogen that colonizes the skin and mucosal surface of the human host [1, 2]. Hence  considering a 

major human pathogen that cause a variety of infections in both healthy and immunocompromised 

individuals and this can lead to numerous complications and in some cases to death [3]. Carriage of S. 

aureus in the nose appears to play a key role in the epidemiology and pathogenesis of infection. 

Earlier studies recorded the mean carriage rate in the general population is 37.2 % and in non-insulin 

dependent diabetic patients is 29.0 % [4]. In other study conducted by Kutlu et al. [5] was found that 

the S. aureus colonization in DM patients is 41.9 %. Persistent nasal colonization of S. aureus (NCSA) 

was range from 20–30% of healthy adults indicates a major risk factor for infections with the 

bacterium [6]. This should be considered seriously known that this bacterium produces several 

virulence factors and superantigens from which is the Toxic Shock Syndrome Toxin-1 (TSST-1) [7]. 

TSST-1 is a protein encoded by tstH gene, which is a part of the mobile genetic elements 

staphylococcal pathogenicity island 1 [8]. A mature TSST-1 protein possesses a coding sequence of 

559 base pair [9]. Long time exposure  to SAgs, such as TSST-1, possibly happening through 

recurrent S. aureus colonization and infection in obese individuals, may result in impaired glucose 

metabolism and the development of T2DM in the overweight and obese [10]. It is known that there is 

a strong evidence betweenT2DM and genetics, but obesity contributes 55 % of T2DM cases [10, 11]. 
Therefore; the aim of this study was to investigate the association between obesity and S. aureus nasal 

colonization and type two diabetes mellitus (T2DM). 

Materials and Methods 

Subjects   

     Nasal swabs were collected from a sample (n = 82), which consisted of T2DM patients and controls 

with the age range from 35 – 75 years. The samples were collected from outpatients of  "The 

Specialist Center for Diseases of Endocrine and Diabetes" in Baghdad during the period of 16
th
 

November 2015 to 9
th
 February 2016. 

Diagnosis of diabetes 

     Diagnosis of diabetes was based on the criteria indicated by the American Diabetes Association 

(ADA), (2012) [12], fasting blood  sugar level (FBS) ≥126 mg/dL. Subjects in healthy control groups 

have FBS below 110 mg/dl. 

Measurement of Body Mass Index (BMI)  

     The BMI is defined as the individual's weight divided by the square of their height. According to 

the World Health Organization (WHO) [13] the BMI ≥ 30.0 kg/m
2
 considered as obese. 

Isolation and identification of Nasal carriage S. aureus 

     Nasal samples were collected from each subject under aseptic conditions using a sterile nasal swab. 

The nasal swab was inserted into the nose at approximately 1-inch and rotated three times clock-wise 

and three times anticlock-wise [3]. The swabs were immediately cultured onto mannitol salt agar and 

incubated at 37°C for 18-24 hours. Biochemical identification was carried out according to Bergey's 

manual [14] and confirmed using API Staph system (Bio-Merieux). 

Detection of Toxic Shock Syndrome Toxin-1 (TSST-1)   

 Determination of TSST-1 was carried on using molecular method. S. aureus DNA were extracted 

and purified using G-spin™ Total DNA Extraction Kit (Promega, USA) according to the protocol 

stated by the kit manufacturer. The DNA concentration and purity were estimated using the Nanodrop. 

About 2μl of each sample was taken and the optical density (O.D) at wave length of 260 nm and 280 
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nm was measured which lead to estimate DNA purity ratio according to this formula: DNA purity = 

O.D at 260 / O.D at 280 [15].  

Primer   

The tstH gene was amplified using primer design by Monday and Bohach [9] Table-1. 

 

Table 1- The sequence and product size of the primer used in this study. 

Gene Primer Nucleotide sequences 

(5'                            3') 

Gene  Size 

(bp) 

tstH Forward 5'-GCTTGCGACACCTGCTACAG-3' 

559 

Reverse 5'-TGGATCCGTCATTCATTGTTAT-3' 

 

Polymerase Chain reaction (PCR) Amplification Mixture and Conditions  

     Each 25 μl PCR mix contained the ingredients listed in Table- 2. DNA amplification was carried in 

a thermal cycler (Multi gene optimax-USA) according to Monday and Bohach [9]. A negative control 

without template DNA was used in each reaction to reveal the hazardous cross contamination of the 

PCR components. 

 

 Table 2- The Master Mix components. 

Item Volume 

Nuclease free water 8.5 µl 

Master mix 12.5 µl 

Forward Primer (10pmol/ µl) 1 µl 

Reverse Primer (10pmol/ µl) 1 µl 

Total volume 23 µl 

Then added genomic DNA 2 µl  (100ng/µl) + mix 23 µl = 25 µl 

 

PCR Program  
A PCR program was adopted according to Monday and Bohach [9] as shown in Table-3. 

 

 Table 3- PCR Program.  

Steps Temperatures Time Number of Cycles 

Initial denaturation 95°C 5 min 1 

Denaturation 95°C 1 min 

30 Annealing 60°C 1 min 

Extension 72°C 1 min 

Final extension 72°C 7 min 1 

 

Determination of PCR Specificity 

The quantity and amplification size of PCR products were confirmed by Agarose gel 

electrophoresis of 10μl of amplified DNA with 100-10000 bp Ladder (promega) on 2% agarose gel for 

1 hour at 90 voltages. The agarose gel was stained with ethidium bromide and visualized by UV 
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transilluminator at 320 nm and then were photographed by gel Documentation System. The specific 

size of PCR products were estimated by comparing with the ladder bench top PCR markers [16]. 

Results and Discussion 

A sample (n = 82) were enrolled in the present study. The results revealed four groups: Group I 

included 21 obese untreated T2DM patients Table-4, Group II included 20 lean untreated T2DM 

patients Table-5, Group III included 20 obese control individuals Table-6 and Group IV included 21 

lean control individuals Table-7. The duration of T2DM disease was ranged from 10 days to 3 years 

for the patient groups and from those 15 out of 41 T2DM patients (36.58%) were observed to have a 

family history of T2DM disease (father or mother or both).  

BMI values for T2DM patients groups were at range 22-38.6 kg/m
2
 while in healthy control groups 

the BMI values were at range 20.8-53 kg/m
2
. Tables- 4, 5, 6 and 7 illustrate the differences between 

the study groups. 

  

Table 4- Obese T2DM patients group with different ages, FBS and BMI values. 

Obese 

T2DM 

patients 

No.  

BMI kg/m
2
 Age FBS (mg/dL) 

Obese 

T2DM 

patients 

No. 

BMI kg/m
2
 Age FBS (mg/dL) 

1 31.2 84 136.8 12 32 58 135 

2 32 45 207 13 35.9 49 154.8 

3 32.4 56 207 14 36.7 41 136.8 

4 33.3 41 250.2 15 31.14 35 147.6 

5 37.7 61 340.2 16 30.5 53 153 

6 34.1 48 135 17 32.4 50 135 

7 31.2 38 140.4 18 34.9 60 203.4 

8 35 36 144 19 34.6 45 140.4 

9 31.25 38 131.4 20 33.9 44 135 

10 35.9 48 196.2 21 37.5 55 185.4 

11 38.6 35 185.4  

  BMI= Body Mass Index; FBS= fasting blood sugar. 
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Table 5- Lean T2DM patients group with different ages, FBS and BMI values. 

Lean 

T2DM 

patients 

No. 

BMI kg/m
2
 Age 

FBS 

(mg/dL) 

Lean 

T2DM 

patients 

No. 

BMI kg/m
2
 Age 

FBS 

(mg/dL) 

1 25.3 48 277.2 11 22 38 352.8 

2 29.4 67 199.8 12 24.4 38 139.6 

3 25.3 35 253.8 13 26.8 45 154.8 

4 26.7 41 133.2 14 25.7 50 149.4 

5 25.3 41 266.4 15 27.5 75 142 

6 24.2 37 145.8 16 27.3 57 139.6 

7 28.3 35 142.2 17 29.7 69 131.2 

8 23.4 52 136.8 18 27.3 38 198 

9 29.6 37 136.8 19 25.7 45 198 

10 27.7 40 262.8 20 24.1 68 144 

   BMI= Body Mass Index; FBS= fasting blood sugar. 

 

Table 6- The measurement of BMI, ages and FBS for obese control group.  

Obese 

control 

No. 

BMI kg/m
2
 Age FBS (mg/dL) 

Obese 

control 

No. 

BMI kg/m
2
 Age FBS (mg/dL) 

1 33.2 45 84.6 11 31 35 102.6 

2 34.9 82 88.2 12 45.26 58 81 

3 33.8 41 97.2 13 35.8 48 90 

4 50.1 37 100.8 14 31.72 39 100.8 

5 42.2 35 108 15 49 40 110 

6 32.1 45 95.4 16 35.5 42 82.8 

7 37.1 40 81 17 33.2 51 110 

8 53 43 102.6 18 36.7 54 93.6 

9 32.9 40 106.2 19 33 36 99 
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10 31.6 45 88.2 20 30 40 104.4 

    BMI= Body Mass Index; FBS= fasting blood sugar. 

 

Table 7- The measurement of BMI, ages and FBS for lean control group.  

Lean 

control 

No. 

BMI kg/m
2
 Age FBS (mg/dL) 

Lean 

control 

No. 

BMI kg/m
2
 Age FBS (mg/dL) 

1 28.13 47 110 12 27.5 41 97.2 

2 29.4 45 106.6 13 29.3 36 102.6 

3 26.5 42 100.8 14 23 46 91 

4 29.7 43 90 15 26.3 35 108 

5 29.2 44 102.6 16 22.5 37 84.6 

6 27.7 51 93.6 17 20.8 37 91 

7 27.3 50 104.4 18 24.5 37 106 

8 28.8 60 86.4 19 27 36 102.6 

9 26.1 40 90 20 24.3 36 93.6 

10 27.3 58 99 21 24.1 35 84.6 

11 28.5 35 99  

BMI= Body Mass Index; FBS= fasting blood sugar. 

 

According to the traditional results (culture, biochemical and API Staph system), NCSA was 

accounted 56.1 % in T2DM patients groups (obese and lean), while in control groups (obese and lean) 

accounted 38.46 % Table-8. In T2DM patients groups, NCSA were found in 12 (60 %) of obese 

individuals and in 10 (62.5 %) of overweight individuals. 

Table 8- S. aureus Nasal Carriage percentage in T2DM patients compared with control individuals. 

Nasal Carriage of 

S. aureus 

T2DM Patients groups Healthy control groups 

No. % No. % 

Number 23 56.10 15 38.46 

Total number 41 --- 39 --- 

Molecular method for detection of 44 S. aureus isolates from both T2DM patients and controls for 

the production of TSST-1 revealed that only 19 isolates were found to be positive for tstH gene 

Figure-1 of them,  the high percentage (63.16 %) of the producer were isolated from T2DM patients 
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groups, while lower percentage (36.84%) of S. aureus TSST-1 producers were isolated from control 

groups Table-9.   

 

Figure 1-  Agarose gel electrophoresis of the PCR products for tstH genes. 

     Fragments were fractioned by electrophoresis on 2% agarose gel (1hr/ 90V), 1X Tris-borate buffer 

and visualized using UV transilluminator after staining with Ethidium Bromide. Ladder (L) = 100-

10000bp. Samples 1, 7 and 18 isolated from obese T2DM patients (Group I No. 1, 18 and 21 
respectively), Sample 6 isolated from lean T2DM patient (Group II No. 2), Sample16 isolated from 

obese control (Group III No. 6) and Sample 14 isolated from lean control (Group IV No. 6). The other 

samples do not have tstH gene.  

Table 9- S. aureus isolates producer of TSST-1 percentage in groups of T2DM patients compared 

with control groups. 

S. aureus isolates producer 

of TSST-1 

T2DM Patients groups Healthy control groups 

No % No % 

Number 12 63.16 7 36.84 

Total number 19 --- 19 --- 

 

Infections correlated with S. aureus are frequently observed in diabetic patients and lead to 

significant morbidity and death [17]. It has been shown that the NCSA have an increased risk for 

acquiring S. aureus infections [18]. In the present study, the percentage of NCSA in the T2DM 

patients (56.1 %) was found to be considerably higher than that in the controls (38.46 %). AL-Kazaz 

[19], found that the percentage of S. aureus in nasal samples was 40%.  Also, another study was found 

that the mean NCSA In the general population was 37.2% [4]. However, in few studies has been 

reported that the rate of NCSA in diabetic patients is higher than that in the control group, as in the 

study of Ahluwalia et al. [20], who found that the prevalence of NCSA in DM patients was 56.6 %, 

while in the control group it was 14.8 %.  Data from the study of Alizargar et al. [21], performed on 

healthy population shows lesser rates of NCSA in a healthy individuals. This presence may be due to; 

being one of the main causes of hospital (Nosocomial infections) and community-acquired infections 

which can lead to serious consequences [22]; as one of the important pathogens with potential to cause 

opportunistic infection for being a member of the normal flora in the body [23]; in addition of 

possessing many virulence factors which enables it to penetrate body tissue and participate in 

pathogenesis of infection [24]. In T2DM patients groups, NCSA for individuals with obesity and 

excess body weight were 12 (60 %) and 10 (62.5 %) respectively, this may be an indication of 

increased susceptibility to bacterial colonization.  Considering the strong correlation between obesity 

and T2DM, and proposed roles of microbes in the pathophysiology of obesity, it is possible that S. 

500 bp 

 L  1     2     3   4     5     6     7    8    9   10   11   12  13  14   15  16   17  18   19                                      

19    

559 bp 
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aureus existence in obese group might have an effect on the obesity progress, resulting in the T2DM 

development [6]. High percentage (63.16 %) of S. aureus isolates producer of TSST-1 were isolated 

from the T2DM patients, while lower percentage (36.84%) of S. aureus TSST-1 producers were 

isolated from the controls. The presence of negative results by the other isolates for TSST-1 

production can be due to the absence of tstH gene. These results are close to the results of Neill et al. 

[25] who found that TSST-1 is usually produced by some strains of S. aureus associated with toxic 

shock syndrome. Most of the S. aureus isolates that were TSST-1 positive were collected from the 

study groups who were suffering from obesity (high BMI values).This is due to the role of this 

bacterium in obesity and T2DM disease. Since all the pathogenic S. aureus isolates in human produce 

superantigens, obese individuals have a high risk of frequent exposure to superantigens. The TSST-1 

of S. aureus, an essential exotoxin in pathogenesis, induces inflammation, lipolysis, and chronic 

insulin resistance in multiple tissues results in impaired systemic glucose tolerance, the hallmark 

finding in T2DM in humans, suggesting a role of S. aureus and its SAg in the progression of T2DM 

[10].  
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