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Abstract   

   

Bacterial sialadenitis is common in diabetics, and Staphylococcus 

aureus (SA) is the causative agent. Prescription of empiric antibiotics to 

eliminate bacteria is the best treatment in these cases. The purpose of 

this study was to investigate the effect of Minimum Inhtionibitory 

Concentration (MIC) of second, third, and fourth generation of 

cephalosporins as well as oxacillin against SA. 

Methods: In this study, 247 samples were collected from the parotid 

duct opening from type II diabetes patients. The samples were 

transferred to the laboratory in BHIB medium and were subjected to 

culture and biochemical diagnostic tests to isolate and detect SAMIC of 

Cefuroxime, Ceftriaxone, cefepime, cloxacillin, oxacillin against SA 

determined by broth microdilution method. The results were analyzed 

by SPSS18. 

Results: Among 247 type 2 diabetic patients, Staphylococcus aureus 

was isolated from 61 patients (39 women, 22 men). 51, 46, 52 and 60 

people were sensitive to 2nd, 3rd, 4th generation cephalosporin 

antibiotics and oxacillin, respectively. Of these, the lowest to the 

highest average MIC values were related to oxacillin, cefuroxime, 

cefepime and ceftriaxone. The average MIC in three antibiotics, 

oxacillin, methicillin, and cloxacillin, respectively was 0.71±0.69, 

6.24±4.04, 40.08± 33.23. The type of antibiotic used had a significant 

relationship with resistance and sensitivity. Sensitivity to oxacillin, 

methicillin and cloxacillin was observed in in 98.4%, 85.2% and 75.4% 

of patients. 

Conclusions: Oxacillin showed significantly the lowest MIC compared 

to methicillin and cloxacillin. Therefore, it can be a recommended 

antibiotic for infections caused by staph aureus to be administered to 

diabetics. Based on our results, oxacillin can be a suitable treatment 

option in diabetic patients with bacterial sialadenitis. If oxacillin is not 

available, second generation cephalosporin (cefuroxime) can be used 

against SA. 
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Introduction 

 

Diabetes mellitus (DM) is a common chronic disease that is defined by defective carbohydrate metabolism 

due to relative or absolute lack of insulin and hyperglycemia (1).Diabetes is a disorder characterized by 

hyperglycemia, which can be associated with various types of disorders such as retinopathy, ocular diseases, 

nephrosis, renal diseases and neuralgia (pain in the distribution of nerves)(2). Diabetes is classified into two 

types: type I and type II.D Mis associated with fatal tissue damage and weakness of various body functions, 

which increases microbial population in oral cavity and causes oral cavity diseases such as tooth decay, 

periodontitis, gingivitis, dry mouth and sialadenitis(3, 4). Acute purulent sialadenitis can affect both children 

and adults, and the parotid gland is mainly affected by this disease(5). Sialadenosis is frequently related with 

diseases such as diabetes mellitus, alcohol abuse and malnutrition (6). Sialadenosis is an asymptomatic 

bilateral enlargement of the parotid gland, which is also observed in diabetics (4, 7). In fact, sialadenitis is a 

general term that includes acute, chronic, or recurrent infection and/or inflammatory conditions involving the 

salivary glands (8). Acute sialadenitis usually occurs as a result of secondary viral and bacterial infections, 

whereas chronic and recurrent sialadenitis occurs in the setting of salivary duct obstruction, mainly due to 

stone obstruction and inflammatory ductal stenosis (9). Medical management of sialadenitis involves 

supportive care and antibiotics, while gland-sparing surgical intervention by sialendoscopy may enable stone 

extraction and ductal opening in appropriately selected patients (10). The microbial flora of human oral 

cavity is diversified and consists of different types of microorganisms. 

The oral cavity is infected by SA bacteria as well as other anaerobic Gram-negative species(11), and most 

oral infections in diabetic patients are associated with a high number of microorganisms (12). Decreased 

salivary flow allows bacteria, which is the main factor in this condition, to enter into the gland (12). SA is the 

most frequent bacterium cultured in these infections (13, 14). SA is a gram-positive, facultative anaerobic, 

non-motile bacterium lacking spores, which is catalase, nitrite and sometimes coagulase positive and shows 

large, round and golden-yellow colonies on blood agar medium often accompanied by hemolysis (15). 

The best treatment for acute bacterial sialadenitis is the use of antibiotics that can defend against SA(16). 

Resistance to antibiotics has turned into a global challenge, and SA has such a this ability, too.(17). Beta-

lactam antibiotics are the first line of treatment for SA infections (18). Considering the prevalence of diabetes, 

antibiotics such as beta-lactamase-resistant penicillins and cephalosporinshas been suggested to treat 

sialadenitis in diabetics; however comparison of  antibiotic  effect against SA from cephalosporin family and 

beta-lactamase-resistant penicillins (with the least complications and maximum effect has not been attempted 

in a study so far (19). Therefore, the aim of this study was to investigate the minimum inhibitory 

concentration (MIC) of three generations of cephalosporins, Oxacillin, Methicillin and Cloxacillin against SA 

isolated from oral cavity of patients with type II diabetes. 

 

Materials and Methods 

 

Study Population 

This study was conducted on 247 patients with controlled and uncontrolled DM referred to Deziani Medical 

Education Center of Golestan University of Medical Sciences (GOUMS) in 2019. Demographic information 

of patients was collected by a checklist, including age, gender, medical history, patient complaint, 

medication, last recorded hemoglobin A1c(HbA1c) and fasting blood sugar (FBS) values, and the use of 

mouthwash. Ethics approval and consent to participate was confirmed by GOUMS Ethical Committee by the 

codeIR.GS.REC.1398.347 an OUMd IR.GOUMS.REC1399.096. 

Inclusion criteria of this study were as follows:  

1) Presentation of informed consent by patients over 40 years of age 

2) Type II diabetes confirmed by a physician and laboratory tests (FBS≥126 mg/dL) 

3) No use of antibiotics over the past six months and not using mouthwash three weeks before the start of the 

study 

4) No gingival surgery or teeth scaling.  

Exclusion criteria of this study was as follows:  

1)Failure of SA isolation from patient sample 
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Sampling Method 

The patients were asked to sit on the unit. Samples were taken from the opening of parotid duct on the right 

and left side of patients using Paper Point No. 30 (Figure 1).Afterward, the samples were placed in Brain 

Heart Infusion (BHI) Broth culture medium and transferred to the laboratory. 

 

 
Figure 1. Sampling by Paper Point No. 30 from the opening of parotid duct. 

 

Bacteriological tests 

After transferring the samples to the laboratory, samples were kept in a 37-degree incubator for 12-18 hours, 

and then samples were cultured in 4 regionsfrom the BHIB medium with a loop in the blood agar medium 

containing 7.5% salt, to isolate and better growth of staphs. From the colonies grown in blood agar, 4 areas 

were cultured in mannitol salt agar medium to isolate mannitol-positive colonies (colonies that change the 

color of the culture medium from pink to yellow). We first stained these colonies and heated them to isolate 

Gram-positive cocci, then we performed the catalase test on these colonies to isolate micrococci and 

confirmed with Oxidative/fermentation glucose test (OF). We separated from micrococci. To diagnose 

Staphylococcus aureus, we performed coagulase (figure2)  and DNase tests, and when these two tests were 

positive, we identified Staphylococcus aureus The antibiotics used included second, third, and fourth 

generation Cephalosporins, as described below: second generation: Cefuroxime / third generation: 

Ceftriaxone / fourth generation: Cefepime. 

It should be noted that a sterile swab was used to inoculate the test organism on the Mueller Hinton Broth 

culture medium(20). In this study, for the mentioned antibiotics, the antibiotic sensitivity test was performed 

using the Minimum Inhibitory Concentration (MIC) method in the form of serial dilutions (Serial Dilution 

Method) according to CLSI standards (figure 3). To perform the MIC test of the evaluated antibiotics, we 

prepared the required concentrations of 612 to 0.12 μg/ml, and for bacteria, the concentration of 1.5 × 105, 

and in less than 20 minutes, we mixed the bacterial suspension and different concentrations of antibiotics in 

the wells of the 96-well plate(21). 

Then we read the light absorbance of all the wells at 570 nm wavelength and then put them at 37 degrees for 

18 to 24 hours and read their light absorbance again. In the negative control plate, the light absorbance should 

be less than 0.100 ,and in the positive control plate, the absorbance should be more than 0.250. To determine 

the MIC, we found the first well whose optical absorbance was more than 0.250 and considered the previous 

well as MIC. Schematic figures of  has been shown in figures 4&5. 

 

In this research, oxacillin was used as standard. 

 

 
Figure 2. Blood agar culture for SA 
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Figure 3. Coagulase test for differentiating staphylococcus from other micrococci 

 

 
Figure4. Schematic figure of serial dilution technique 

 

 
Figure5. Serial dilution technique 

 

Statistical Analysis 

The data obtained from the study was entered into SPSS software (version 18).Chi-square test was 

subsequently used to compare the sensitivity between the groups, and P<0.05 was considered the significance 

level. 

 

Results and Discussion 

 

SA was isolated from 61 (24.69%, 22 men and 39 women) out of 247 patients who were in the age range of 

40-70 years. The average age of type 2 diabetes patients with Staphylococcus aureus participating in the 

study was 50.98 ± 7.71 years. In this study, the highest level of sensitivity to Oxacillin was observed (60 
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patients, 98.4%), and there was only 1.6% resistance (1 case) to this antibiotic among bacteria isolated from 

patients with diabetes. In addition, there was 15 cases (24.6%) of resistance to Cloxacillin, 75.4% sensitivity 

to Cloxacillin (46 cases), 14.8% resistance to Methicillin (9 cases) and 85.2% sensitivity to Methicillin (52 

cases). The results of this study also showed that the type of antibiotic (Cloxacillin, Oxacillin, Methicillin) is 

related to resistance and sensitivity in patients (P=0.001).  

Regarding cephalosporin family antibiotics, there was 16.4% resistance to Cefuroxime (10 cases) and 83.6% 

sensitivity to this antibiotic (51 cases), 24.6% resistance to Ceftriaxone (15 cases) and 75.4% sensitivity to 

this antibiotic (46 cases), 14.8% sensitivity to Cefepime (9 cases) and 85.2% sensitivity to this antibiotic (52 

cases) among the isolated bacteria. However, there was no significant relationship between these three types 

of antibiotics with resistance and sensitivity in patients (P>0.05). Besides, in pairwise comparison of 

Cefuroxime, Ceftriaxone, and Cefepime antibiotics with Oxacillin, the latter had a greater effect on bacteria 

(P<0.05). 

In this study, no significant correlation was found between sensitivity with age, sex, duration of diabetes, 

type of treatment (drug, insulin, drug/insulin) and also with control of the disease (HbA1c). In this study, 

Oxacillin had a better performance compared to other antibiotics and had the lowest mean MIC value 

(P<0.05). Considering 50% and 90% sensitivity of patients to antibiotics (Oxacillin, Cloxacillin, Methicillin, 

Cefuroxime, Ceftriaxone, Cefepime), mean MIC valuesare shown in Table 1. 

 

Table 1. Sensitivity percent, MIC50 and MIC90 of SAisolated from Patients diabetes (n = 61) 

N= 61 
Cut-off or Range 

test 

Standard deviation ± 

meanor sensitivity 

breakpoint 

Antimicrobial 

30 
0.25-2 

0.7 ± 0.57 MIC 50  

Oxacillin 54 0.68 ± 0.57 MIC 90 

23 
8-32 

23.3 ± 8.66 MIC 50  

Cloxacillin 41 23.41 ± 8.65 MIC 90 

26 
1-4 

2.07 ± 1.16 MIC 50  

Methicillin 47 1.93 ± 1.05 MIC 90 

26 
1-4 

2.96 ± 1.07 MIC 50 
Cefuroxime 

46 2.97 ± 1/1 MIC 90 

23 
4-8 

6.26 ± 2.02 MIC 50 
Ceftriaxone 

41 6.09 ± 2.09 MIC 90 

26 
0.5-8 

3.98 ± 2.8 MIC 50 
Cefepime 

47 3.81 ± 2.4 MIC 90 

 

Diabetes is associated with infections such as gingivitis, candidiasis, tooth decay and sialadenitis. The 

widespread incidence of these infections in diabetics leads to poor oral and dental hygiene (22). Prevention 

and control of periodontal disease should be considered an integral part of diabetes control (23). Human oral 

cavity where many bacterial species form biofilm structures is the most common and active habitat for these 

bacteria. Several species of SA ,Streptococcus, Corynebacterium, Enterococcus and other bacteria are found 

in the human oral cavity (22).  

Sialadenitis is common in diseases such as diabetes, and due to antibiotic resistance of diabetics, the choice 

of primary (empiric) antibiotic is of high importance to limit the infection because diabetic patients have a 

greater tendency to disseminated infection due to compromised immune system (10). 

Treatment of infections caused by SA has been complicated because of resistance to Methicillin(24). 

Penicillin and its derivatives are always considered in the treatment of SA infections, and finally, beta-

lactamase-resistant cephalosporins and penicillins are suggested in lack of coverage due to the presence of 

Methicillin-resistant SA(25). Therefore, the aim of our study was to determine MIC of a number of 

antibiotics (Oxacillin, Cloxacillin, Methicillin, Cefuroxime, Ceftriaxone, Cefepime) against SA isolated from 

diabetics. Out of 5005 oral swab samples, A. J. Smith et al. in Scotland (2003) isolated SAbacteria from 1017 

samples (26). In Pakistan(2020), Sumaira and colleagues isolated SA in 37 cases (74%) out of 50 diabetic 

patients from among 100 oral swab samples (50 diabetics and 50 healthy subjects)(27), In Iraq, Al-Abdul et 

al.(2017)managed to isolate 13 cases (29.5%) of SAbacteria from 21 diabetic patients by sampling gingival 

crevicular fluid (GCF)(28), which was consistent with our study. Abbaset al.(2011) isolated 15.5% SA from 

200 oral samples from type II diabetic patients in Iraq (29). In 2019, Al-Farhan et al. in Iraq were able to 

isolate 55.5% SAbacteria in 20 diabetic samples among 73 periodontitis samples (30). In our study, among 

247 samples collected from diabetics, 61 cases (24.69%) of SA were isolated. We can point to things such as 
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difference in sampling (our sampling was from parotid gland), individual oral hygiene of diabetics, patients' 

lifestyle and immune system status to account for the difference in percentage of these studies with ours. 

According to the results of this study and given the MIC value for Oxacillin, Cloxacillin, and Methicillin, 

most of the isolated strains showed sensitivity to these three antibiotics; however, Oxacillin (with a 

sensitivity of 0.71±0.69 and a cut-off of 0.25-4) showed sensitivity in a lower medical dose than the other 

two antibiotics. Moreover, in relation to the state of resistance and sensitivity to the antibiotic, the highest 

sensitivity (21.4%), and the lowest resistance (1.6%) was observed for Oxacillin(only one patient resistant to 

Oxacillin) compared to other two antibiotics. 

According to the findings of this research, 14.8% of SA species in type II diabetes patients were resistant to 

Methicillin (MRSA). In 1995, Teixeira et al. stated that from 152 samples taken from patients in hospitals of 

Brazil, 85 MRSA strains were identified, all of which showed resistance to Oxacillin, penicillin, and 

gentamicin (31). Bueris and colleagues isolated 25.9% MRSA strains in 48 saliva samples from Brazil in 

2005 (32). In 2012, Batabyal et al. identified 109 cases (48.9%) of SA in 223 samples of patients from India 

with oral problems, 5.5% of which were MRSA strains (33). In the study of Godebo and colleagues in India 

(2013), among 322 wound samples, 76.7% of the isolated SA samples were resistant to Methicillin and 

Oxacillin(34). In the study of A. J. Smith et al., 95% of the strains were sensitive to Methicillin and 5% were 

resistant to it (26). In our study, among 247 samples, resistance to Methicillin was seen in 9 samples (14.8%) 

from diabetic patients. Furthermore, in our research, among Cefuroxime, Ceftriaxone and Cefepime, the 

lowest mean MIC was related to Cefuroxime (second-generation cephalosporin) and the highest to 

Ceftriaxone; therefore, Cefuroxime had a better performance against SA strains among these three antibiotics. 

However, in a pairwise comparison of Cefuroxime, Ceftriaxone, and Cefepime antibiotics with Oxacillin, the 

results showed that Oxacillin had a better performance against SA. In his study, Tartaglione mentioned the 

effect of Cefuroxime against SA strains (35), and Klein NC also stated weaker effect of Ceftriaxone on Gram-

positive bacteria (36). These cases can confirm our findings regarding Cefuroxime and Ceftriaxone. In the 

present study, no significant relationship was found between the age and sex of diabetics with resistance or 

sensitivity to antibiotics (Oxacillin, Cloxacillin, Methicillin, Cefuroxime, Ceftriaxone, Cefepime). In their 

study, Batabyal and colleagues also did not observe a significant correlation between age and gender with 

Methicillin resistance or sensitivity (33). In 2016, Lee et al. in their study on the effect of age and gender on 

antibiotic resistance in Korean patients with febrile urinary tract infections showed that age had no effect on 

resistance to antibiotics, but gender was effective on sensitivity to cefotaxime and cefoxitin (37), which was 

similar to our study. The resistance of bacteria, especially SA, to antibiotics is increasing due to frequent and 

unreasonable use of antibiotics; therefore, it is important to choose an antibiotic with a suitable spectrum of 

effect in diabetics with oral and dental problems. 

 

Conclusion 

 

Diabetics are prone to bacterial infections to a higher degree due to a weak immune system, and sialadenitis 

is also common in these patients. SAis a causative agent of sialadenitis, and antibiotic resistance is increasing 

to this bacterium. According to the results of our study, Oxacillin has a better performance against SAthan the 

second, third, and fourth generation cephalosporins, and it can be a suitable treatment option for the treatment 

of sialadenitis. Cefuroxime can be used as a proper treatment option in case of unavailability of Oxacillin and 

resistance to first-generation cephalosporin. 
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