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Abstract: Background: The association between obesity and the oral 

microbiome has received great attention. Objective: This study aimed to 

determine the association of oral Staphylococcus aureus with different body 

mass index people. Material and Methods: A total of 155 saliva samples 

were collected. The individuals were grouped into three categories according 

to their BMI, normal weight, overweight and obese individuals. A loopful 

of saliva sample was cultured and incubated at 37°C for 24. Staphylococcus 
aureus isolates were diagnosed by colony characteristics, morphology, and 

biochemical tests. Results: The oral carriage rate of Staphylococcus aureus was 

61.3% (65.1% females and 56.5% males). The Staphylococcus aureus rate was 

68% in married and 60% in single people. The differences of oral carriage rates 

of Staphylococcus aureus in obese (73.6%) and overweight (85.4%) populations 

was statistically significant (p<0.0001) compared to the rate in normal weight 

group (34%). Among males, the highest oral carriage rate of Staphylococcus 
aureus was in overweight individuals (82.6%). Likewise, in females, the 

highest rate of salivary Staphylococcus aureus was among the overweight 

group (88.9%). Regarding marital status, in single people, the differences 

of Staphylococcus aureus in obese (p=0.0003) and overweight (p<0.0001) 

people was significantly compared to normal weight people. But, in married 

people, the differences in Staphylococcus aureus rates among all groups were 

statistically not significant (p=0.0935). Conclusion: Staphylococcus aureus 

was significantly related to overweight and obese individuals. The human oral 

Staphylococcus aureus may play a key role in the manifestation of obesity. The 

oral microbiota could provide a new target for improving the physical well 

being of humans. 
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Colonización oral por Staphylococcus aureus en personas 
con diferente índice de masa corporal.

Oral carriage of Staphylococcus aureus in 
people with different body mass index.

Resumen: Antecedentes: la asociación entre la obesidad y el microbioma oral 

ha recibido gran atención. Objetivo: Este estudio tuvo como objetivo determinar 

la asociación de Staphylococcus aureus oral en personas con diferentes índices de 

masa corporal. Material y Métodos: Se recolectaron un total de 155 muestras de 

saliva. Los individuos fueron agrupados en tres categorías según su indice de masa 

corporal: normopeso, sobrepeso y obesos. Se cultivó un asa de muestra de saliva 

y se incubó a 37°C durante 24 horas. Los aislamientos de Staphylococcus aureus 
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al estado civil, en solteros, las diferencias de Staphylococcus 

aureus en obesos (p=0,0003) y con sobrepeso (p<0,0001) 

fueron significativas compararadas con normopeso. 

Pero, en personas casadas, las diferencias en las tasas de 

Staphylococcus aureus entre todos los grupos no fueron 

estadísticamente significativas (p=0,0935). Conclusion: 

Staphylococcus aureus salival se relacionó significativamente 

en individuos con sobrepeso y obesidad. El Staphylococcus 

aureus oral humano puede jugar un papel clave en la 

manifestación de la obesidad. La microbiota oral podría 

proporcionar una nueva diana para mejorar el estado físico 

de los humanos.

Palabras Clave: Staphylococcus aureus; microbiota; boca; 

índice de masa corporal; obesidad; Irak

INTRODUCTION.
Obesity is considered one of the greatest health risks 

in today's societies and is estimated to be prevalent 

in more than 30% of the world's population.1 Obese 

people have higher annual health care and medication 

costs compared to people of normal weight.2 

Epidemiological studies have mentioned potential 

environmental exposures, including diet, sedentary 

lifestyle, chronic inflammation, and microbiome status, 

as increasing the risk of obesity.3 The interaction 

between genetics and the environment is the most 

important factor contributing to obesity as well as is 

the result of complex pathological adaptations of body 

cells.4 Among these, the microbiome has received 

great attention since the previous decade.5 

Researches on human gut microbiota have 

showed that the alteration in the ratio of Firmicutes 

to Bacteroidetes (F/B) has been associated with 

obesity and its metabolic disorders.6 Several studies 

have shown differences in the occurrence of the 

composition of the oral microbiome in obese people.7 

It has been found that the salivary microbiome had 

a higher phylogenetic diversity in individuals with 

obesity.8,9 Studies have reported that between 94% 

and 100% of healthy adults had oral colonization 

of Staphylococcus spp, from which 24% to 36% is 

characterized by the oral carriage of Staphylococcus 

aureus.10 Oral infections by Staphylococcus  aureus 

may lead to conditions such as endodontic infections, 

osteomyelitis, gastroenteritis, the formation of an 

abscess, septicemia, and pneumonia.11,12 Of further 

concern, the oropharynx is often colonized with 

methicillin-resistant strains (MRSA), which can be 

difficult to kill.13-15 The composition of commensal 

organisms at different body sites can differ between 

obese and normal weight individuals, which could 

affect the pathogenicity of these organisms.16 Obesity 

is often associated with Staphylococcus aureus nasal 

colonization.17 

National Health and Nutrition Examination Survey, 

interestingly, reported that obesity is associated with 

higher nasal prevalence Staphylococcus  aureus in 

both men and women.18 Studies revealed that there 

was a positive association between high body mass 

index (BMI) values and nasal carriage Staphylococcus  

aureus.19 Also, a higher occurrence of S. aureus 

has been recorded in the saliva of obese women 

compared with a control group.20,21 So far, there are 

limited data on this issue in the Kurdistan region, 

Iraq. The objective of this study was to investigate 

the differences in the composition of Staphylococcus  

aureus between obese, overweight and normal weight 
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se identificaron mediante las características de la colonia, la 

morfología y las pruebas bioquímicas. Resultados: La tasa 

de colonización oral por Staphylococcus aureus fue del 61,3% 

(65,1% mujeres y 56,5% hombres). La tasa de colonización 

por Staphylococcus aureus fue del 68% en casados y del 

60% en solteros. Las diferencias de las tasas de portación 

oral de Staphylococcus aureus en las poblaciones obesas 

(73,6%) y con sobrepeso (85,4%) fueron estadísticamente 

significativas (p<0,0001) en comparación con la tasa en el 

grupo de peso normal (34.0%). Entre los hombres, la tasa 

más alta de portadores orales de Staphylococcus aureus 

fue en individuos con sobrepeso (82,6%). En las mujeres, 

la tasa más alta de Staphylococcus aureus salival se también 

se presentó en el grupo con sobrepeso (88,9 %). En cuanto 
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Isolation and identification of Staphylococcus  
aureus

A loopful of the collected saliva sample was 

inoculated on enrichment blood agar (LabM – UK), and 

selective and differential mannitol salt agar (LabM – 

UK), and incubated aerobically at 37°C for 24 hr. The 

identification of Staphylococcus  aureus isolates was 

performed under standards and guidelines as follows: 

For isolation and identification, initially, the bacterial 

colonies were classified by Gram staining of bacterial 

colonies, and then the bacteria were identified 

based on colony characteristics (mannitol salt agar 

fermentation), morphology, and biochemical tests 

including catalase test and coagulase test.27,28

Statistical analysis 
All statistical analysis of the recorded data was 

performed using the Minitab 18 software. A Chi-square 

test was used and the differences among variables 

were considered significant at a p-value of <0.05.

Ethics Statement 
Verbal informed consent was obtained from all 

volunteers. The research design and methodology 

were approved by the scientific committee of the 

department of biology, college of sciences, University 

of Duhok, Kurdistan Region, Iraq

RESULTS. 
A total of 155 individuals (69 males and 86 

females) were recruited in the current study. Saliva 

samples of all participants were cultured and S. 

aureus was identified. In general, the oral carriage 

rate of Staphylococcus  aureus was 61.3% (95/155).

 Regarding gender, the oral carriage rate of 

Staphylococcus aureus in the female population (65.1%; 

56/86) was higher than the rate in the males population 

(56.5%; 39/69), and this difference was statistically not 

significant (p=0.2749).  

BMI for all 155 individuals was calculated and 

people were categorized into three groups: 53 obese 

individuals with BMI (≥30 kg/m²); 41 overweight 

individuals with BMI (between 25.0 and 29.9 kg/

m²); 61 normal-weight individuals (control) with 

BMI (between 18.5 and 24.9 kg/m²). Out of 53 

obese individuals, 39/53 (73.6%) were positive for 

people in Duhok city, Kurdistan region, Iraq by using 

culture methods

MATERIALS AND METHODS.
Study setting and design
This cross-sectional study was conducted between 

November 2018 and June 2019. A total of 155 saliva 

samples were collected randomly from healthy 

adult university students. Samples were collected 

from both genders (86 females and 69 males) aged 

between 19-35 years. Information related to these 

patients such as gender, age, marital status, weight, 

height, was obtained.

Body Mass Index (BMI)
The Body Mass Index (BMI) of all participants 

was calculated according to the WHO guidelines.22 

The individuals were grouped into three categories 

according to their BMI, normal-weight individuals 

(BMI between 18.5 kg/m2 and 24.9 kg/m2), overweight 

individuals (BMI between 25.0 kg/m2  and 29.9 kg/m2) 

and obese individuals (BMI ≥30.0 kg/m2).

Exclusion criteria
The exclusion criteria involved: the existence of 

any systemic disease, use of medications, smoking, 

pregnancy/lactation, using antibiotics (in the last 

three months), any chronic disease such as psychiatric 

disorders, anorexia, acute relapse, etc. Also, insufficient 

quantity (<2 mL) saliva samples were excluded. 

Samples collection
Saliva samples were collected under sterile conditions 

based on a previous study by Wu et al.9 Unstimulated 

whole saliva was collected from participants with 

an absence of severe periodontal destruction in 

the morning, between 9:00 am and 12:00 pm, in a 

dedicated area in Duhok city.  Before taking the sample, 

the participant was asked to refrain from drinking, 

eating, and tooth brushing one hour before sampling. 

The mouth was rinsed with water to remove any food 

residue. After 10 minutes, about 5 ml of saliva was spat 

into a 50 mL DNA-free sterile container labelled with 

an identification number, age, gender, date and time of 

collection. The collected samples were transported to 

the microbiology laboratory within 1 hour, where the 

samples further processed.9
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Figure 1. Male (A) and female (B) distribution of salivary Staphylococcus aureus in different BMI groups.

Staphylococcus  aureus In overweight subjects, 35/41 

(85.4%) carried Staphylococcus aureus Whereas, the 

carriage rate of oral Staphylococcus aureus in the 

normal weight (control) group was 34% (21/61).

The frequency of Staphylococcus  aureus in obese 

and overweight groups was higher compared to the 

rate in normal weight group and these differences 

were statistically significant (p<0.0001), (Table 1). In 

males, the oral carriage rates of oral Staphylococcus 

aureus in obese, overweight and normal weight 

individuals were 64.7% (11/17), 82.6% (19/23) and 

31% (9/29) respectively. 

The oral Staphylococcus aureus in obese and 

overweight male groups was higher compared to 

the rate in normal group and these differences were 

statistically significant (p=0.0261 and p=0.0002 

respectively), (Table 1).Among females, the rates of 

salivary Staphylococcus aureus in obese, overweight 

and normal weight people were 77.8% (28/36), 

88.9% (16/18) and 37.5% (12/32) respectively. 

There were statistically significant differences when 

comparing the obese (p=0.0007) and overweight 

(p=0.0004) females with normal weight (control) 

females (Table 1 and Figure 1).

Generally, the Staphylococcus aureus carriage rate 

in married individuals (68%; 17/25) was higher than 

the rate in single individuals (60%; 78/130) but this 

difference was statistically not significant (p=0.452). 

Regarding the BMI groups, in single people, the oral 

carriage rates of Staphylococcus aureus in obese, 

overweight and normal weight individuals were 

72.1% (31/43), 87.1% (27/31) and 35.7% (20/56) 

respectively.  

In married people, the rates of Staphylococcus  

aureus in obese, overweight and normal weight 

individuals were 80% (8/10), 80% (8/10) and 

20% (1/5) respectively, (Table 2).  The rate of oral 

Staphylococcus aureus in obese and overweight single 

people was significantly higher compared to the 

rate in the single normal weight people (p=0.0003 

and p<0.0001 respectively). In married people, the 

differences in Staphylococcus aureus rates in obese 

and overweight people com-pared to normal weight 

people were statistically not significant (p=0.0935)
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BMI groups Staphylococcus aureus  Staphylococcus aureus

 positive (n=95) negative (n=60)
 Single  Married   Single  Married  
 n (%)   n (%) n (%) n (%)

Normal (n=61) 20 (35.7) 1 (20) 36 (64.3) 4 (80)

Overweight (n=41) 27 (87.1) 8 (80) 4 (12.9) 2 (20)

Obese (n=53) 31 (72.1) 8 (80) 12 (27.9) 2 (20)

Total 78 (60) 17 (68) 52 (40) 8 (32)

DISCUSSION.
The incidence of obesity has grown significantly. 

In 2016, globally, overweight and obese adults were 

about 2 billion and 650 million respectively.22 During 

the previous decade, the role of the microbiome in 

obesity has aroused curiosity, illustrated by  several 

studies on  the topic.5 Obese individuals present 

predominance of Firmicutes and a relatively low 

proportion of Bacteroidetes.23 The oral cavity is 

colonized by a complex microbiota and the largest 

and most diverse group is bacteria.24 Recently, an 

association between the salivary bacterial profile and 

obesity was reported in many studies.7,25,26 

The occurrence of Staphylococcus aureus, which 

belongs to the phylum Firmicutes, as a component of 

resident oral flora is controversial.12 The emergence 

of multidrug resistance in this bacteria is of major 

public health concern.27-29 They are generally reco-

gnized as transient organisms and relatively few 

detailed studies of the distribution of staphylococci 

in the mouth have been conducted.30

In the current study, the existence of Staphylococcus  

aureus in saliva samples was studied. The overall 

carriage of oral Staphylococcus aureus was 61.3%. 

Females had a slightly higher rate (65.1%) than 

males (56.5%). The rate of carriage in this study was 

BMI groups  (SD) Gender* S. aureus  Mean±SD**  S. aureus  Mean±SD**  Total
  positive   negative
  (n=95) (%)  (n=60) (%)  

Obese (n=53) Male 11 (65) 33.36±2.70 6 (35) 32.93±1.47 17 (25)

 Female 28 (78) 36.96±5.66 8 (22) 33.32±2.53 36 (42)

 Total 39 (73.6)  14(26.4)  53 (34.1)

Overweight (n=41) Male 19 (83) 27.31±1.33 4 (17) 27.25±0.94 23 (33.3)

 Female 16 (89) 27.45±1.52 2 (11) 28.4±0.98 18 (20)

 Total 35 (85.4)  6 (14.6)  41 (26.4)

Normal weight (n=61) Male   9 (31) 21.41±1.89 20 (69) 21.76±1.67 29) 42)

 Female 12 (37.5) 20.95±1.99 20(62.5) 21.43±1.54 32 (37.2)

 Total 21 (34.4)  40(65.6)  61 (39.3)

Table 1. Distribution of oral Staphylococcus aureus in people with different BMI groups in different genders.

 * M: males, F: females. ** Mean weight of individuals, SD=Standard deviation 

Table 2. Distribution of salivary Staphylococcus aureus in single and married people in different BMI groups.
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higher than in others that reported varied rates of 

oral S. aureus incidence.31-33 Also, the current study 

demonstrated that the frequency of Staphylococcus  

aureus oral carriage was higher in females. This result 

was in agreement with previous studies showing that 

Staphylococcus aureus oral carriage rate was higher in 

females than males.34 

While other studies showed that males were 

more often carriers than females.35,36 Although, 

this insignificant difference of the oral carriage rate 

of Staphylococcus aureus in males and females, the 

microbial differences between the genders could be 

due partly to the effects of reproductive hormone 

modulation of immune defense, microbial virulence, 

and cell physiology.37 An increase in weight gain may 

have a significant impact on human reproductive 

function in which 6% of female primary infertility is 

attributable to adiposity.38 

Although tremendous research focused on the 

causes of obesity, there is still a misunderstanding 

of its exact mechanism.39 In the present study, it 

was found that the difference of oral Staphylococcus 

aureus carriage rates in obese (73.6%), overweight 

groups (85.4%) was statistically significant compared 

to normal weight people (34.4%). These results are 

in line with other studies: In Baghdad, Iraq, Hamad 

et al.,20 conducted a study on the correlation of nasal 

carriage Staphylococcus aureus and obesity. 

They marked a positive association between high 

BMI values and nasal carriage of Staphylococcus 

aureus. In another study, a higher occurrence of 

Staphylococcus aureus has been recorded in the saliva 

of obese women compared with the control group.21 

However, this study was not in agreement with 

Stensen et al.,40 who found that the normal weight 

people were more carriers of throat Staphylococcus 

aureus than overweight and obese people. Our 

finding suggests that excess body weight could 

serve as a marker for increased susceptibility to 

bacterial colonization. Also, this finding may indicate 

that S. aureus has a role in increasing weight gain in 

obese and overweight people. The frequency of oral 

Staphylococcus aureus substantially varied between 

different BMI categories. 

A statistically significant difference was observed 

between the oral abundance of Staphylococcus aureus 

in obese and overweight people in both genders 

groups compared to normal weight people in these 

groups. According to previous data, the predictors of 

Staphylococcus  aureus are varied by sex and age and 

some evidence related the status of altered levels of 

hormones in both sexes such as leptin resistance and 

sex hormone levels. 

Hudek et al.,21 found a higher occurrence of this 

major human pathogen, Staphylococcus aureus, in the 

saliva of female obese, but a significantly low presence 

of the bacteria Streptococcus oralis, Streptococcus mitis, 

and Serratia ureilytica compared with the normal 

female group. Evidence found a specific species 

from saliva which belongs to phylum Firmicutes that 

was related to the overweight status in females. 

There is strong evidence that the prevalence of 

Firmicutes, particularly Selenomonas noxia can play an 

important role in the regulation of weight and body 

composition.25,26,41

Although, married people (68%) were insignifi-

cantly higher carriers for oral Staphylococcus aureus 

than single people (60%), the Staphylococcus aureus 

rate in single people in the obese and overweight 

group was significantly higher in comparison to 

normal weight single people. A previous study, in 

Taiwan, was in agreement with our results indicating 

that the nasal carriage rate of Staphylococcus aureus 

was significantly higher in married people compared 

with unmarried people.42 

However, another study, in Nigeria, found no 

significant difference in the colonization rate of 

Staphylococcus aureus in married and single people.43 

This variation in colonization rate of Staphylococcus 

aureus in married and unmarried people, in a different 

geographic area, could be due to the fact that the 

marital status is not a notable factor in colonization 

and there is no activity or behaviour of any of the 

groups, which predisposes them to Staphylococcus 

aureus infection. 

Interestingly, it was declared that the microbial 

communities were of greater diversity in married 

individuals than the unmarried individuals suggesting 
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that human microbiota is influenced by the marital 

relationships and documenting the health benefits 

of marriage.44 Furthermore, it was found that the 

married individuals have a more similar oral microbiota 

composition compared to unmarried individuals and 

this variation of microbial communities can be caused 

by many factors including the human diet.45 A high 

prevalence of Staphylococcus aureus nasal colonization 

has been found among obese people.17, 18 

Also, a high occurrence of Staphylococcus aureus 

was found to be associated with the saliva of the 

obese group.20,21  One possible mechanism by which 

the microbial species belonging to phylum Firmicutes 

lead to higher weight and fat gain is their ability for 

formation SCFA which can provide more calories 

when they are oxidized by the animal.46,47 Goodson 

et al.,25  hypothesized that oral bacteria contribute 

to obesity by three mechanisms, first, they redirect 

energy metabolism by increasing insulin resistance in 

response to increasing tumor necrosis factor (TNF). 

Secondly, bacteria increase metabolic efficiency 

(consuming even small amounts of calories) that 

causes the body to gain weight without changing the 

exercise and diet. Third, they can increase the appetite 

of the host, although there is no research to support 

this hypothesis.25 

Furthermore, a strong specific association was 

found between early intes-tinal colonization with 

Staphylococcus aureus and an increase in circulating 

soluble CD14, a marker of systemic inflammation. 

Thus, it was speculated that Staphylococcus aureus 

could act as a trigger of low-grade inflammation, which 

leads to the development of obesity.48,49 Also, it was 

suggested that high levels of serum LPS and chronic 

exposure to Staphylococcus aureus superantigens 

dysregulates the inflammatory level and triggers 

body weight gain.20

It has been demonstrated that obesity affects the 

ability of the immune system to adequately respond 

to an infection caused by some periodontal and dental 

caries pathogens. Fat is considered as a reservoir for 

inflammatory cytokines, and it has been suggested 

that obesity probably affects periodontal disease 

through this pathway.50

Based on data in our study and other similar 

studies, it is possible to assume that the expansion 

of some bacteria such as Staphylococcus aureus in the 

saliva may be an indicator of changes in the microbial 

ecology and contributing to obesity. A potential 

therapy for controlling the weight gains in both obese 

and overweight has emerged by selective modulation 

of gut microbiota using probiotics and/or prebiotics.

This could be an alternative step for classical 

treatments, including both bariatric surgery and 

non-surgical multicomponent approaches, which 

are known to be with side effects and high costs. 

Obesity is a complex multifactorial condition and 

the reasons for the connection between obesity and 

oral bacteria are undoubtedly complex and diverse 

that relations can be indirect, as they are related to 

diet, drugs, smoking, or maybe related to different 

physiological natures of the host.51,52

If the human oral microbiome proves to play 

a key role in pathogenesis and manifestation of 

obesity, the next step could be new and promising 

therapeutic approaches such as probiotics or 

prebiotics, which have already emerged and applied 

as selective modulation for intestinal microbiota. In 

the future, oral microbiota will provide a new target 

for improving the physical state of humans. 

Collaborative approaches between obesity and 

dental professionals need to be further explored 

to raise awareness and promote better care. 

Maintaining oral hygiene is necessary to reduce the 

prevalence of oral opportunistic pathogens. Further 

studies with larger sample size and individuals with 

different socioeconomic status may be required to 

clarify the exact relationship between oral bacteria 

and obesity

CONCLUSION.
This study provides evidence that salivary Staphy-

lococcus aureus was significantly related to the 

individuals who are clinically labelled obese. The 

persons with higher BMI are more likely to harbor oral 

colonization of Staphylococcus aureus.

7

Qadir RM & Assafi MS.  
Oral carriage of Staphylococcus aureus in people with different body mass index.

J Oral Res 2021; 10(5):1-11. doi:10.17126/joralres.2021.060



ISSN Print 0719-2460 - ISSN Online 0719-2479. Attribution 4.0 International (CC BY 4.0).  www.joralres.com/2021

Conflict of interests: The authors have no conflicts 

of interest.

Ethics approval: The study was approved by the 

scientific committee of the department of biology, 

college of sciences, University of Duhok, Iraq.

Funding: None.

Authors’ contributions: Qadir RM: Conceptualization, 

Data curation, Formal analysis, Investigation, 

Methodology, Resources, Visualization, Writing. 

Assafi MS: Conceptualization, Formal analysis, 

Investigation, Methodology, Project administration, 

Supervision, Visualization, Writing – review & editing.

Acknowledgements: None.

8

Qadir RM & Assafi MS.  
Oral carriage of Staphylococcus aureus in people with different body mass index.

J Oral Res 2021; 10(5):1-11. doi:10.17126/joralres.2021.060



ISSN Print 0719-2460 - ISSN Online 0719-2479. Attribution 4.0 International (CC BY 4.0).  www.joralres.com/2021

1. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, 
Margono C, Mullany EC, Biryukov S, Abbafati C, Abera SF, 
Abraham JP, Abu-Rmeileh NM, Achoki T, AlBuhairan FS, Alemu 
ZA, Alfonso R, Ali MK, Ali R, Guzman NA, Ammar W, Anwari P, 
Banerjee A, Barquera S, Basu S, Bennett DA, Bhutta Z, Blore 
J, Cabral N, Nonato IC, Chang JC, Chowdhury R, Courville KJ, 
Criqui MH, Cundiff DK, Dabhadkar KC, Dandona L, Davis A, 
Dayama A, Dharmaratne SD, Ding EL, Durrani AM, Esteghamati 
A, Farzadfar F, Fay DF, Feigin VL, Flaxman A, Forouzanfar MH, 
Goto A, Green MA, Gupta R, Hafezi-Nejad N, Hankey GJ, 
Harewood HC, Havmoeller R, Hay S, Hernandez L, Husseini 
A, Idrisov BT, Ikeda N, Islami F, Jahangir E, Jassal SK, Jee SH, 
Jeffreys M, Jonas JB, Kabagambe EK, Khalifa SE, Kengne AP, 
Khader YS, Khang YH, Kim D, Kimokoti RW, Kinge JM, Kokubo Y, 
Kosen S, Kwan G, Lai T, Leinsalu M, Li Y, Liang X, Liu S, Logroscino 
G, Lotufo PA, Lu Y, Ma J, Mainoo NK, Mensah GA, Merriman TR, 
Mokdad AH, Moschandreas J, Naghavi M, Naheed A, Nand D, 
Narayan KM, Nelson EL, Neuhouser ML, Nisar MI, Ohkubo T, 
Oti SO, Pedroza A, Prabhakaran D, Roy N, Sampson U, Seo H, 
Sepanlou SG, Shibuya K, Shiri R, Shiue I, Singh GM, Singh JA, 
Skirbekk V, Stapelberg NJ, Sturua L, Sykes BL, Tobias M, Tran 
BX, Trasande L, Toyoshima H, van de Vijver S, Vasankari TJ, 
Veerman JL, Velasquez-Melendez G, Vlassov VV, Vollset SE, 
Vos T, Wang C, Wang X, Weiderpass E, Werdecker A, Wright JL, 
Yang YC, Yatsuya H, Yoon J, Yoon SJ, Zhao Y, Zhou M, Zhu S, 
Lopez AD, Murray CJ, Gakidou E. Global, regional, and national 
prevalence of overweight and obesity in children and adults 
during 1980-2013: a systematic analysis for the Global Burden 
of Disease Study 2013. Lancet. 2014 Aug 30;384(9945):766-
81. doi: 10.1016/S0140-6736(14)60460-8. 
2. Sturm R. The effects of obesity, smoking, and drinking on 
medical problems and costs. Health Aff (Millwood). 2002 Mar-
Apr;21(2):245-53. doi: 10.1377/hlthaff.21.2.245.
3. Rothschild D, Weissbrod O, Barkan E, Kurilshikov A, Korem 
T, Zeevi D, Costea PI, Godneva A, Kalka IN, Bar N, Shilo S, Lador 
D, Vila AV, Zmora N, Pevsner-Fischer M, Israeli D, Kosower N, 
Malka G, Wolf BC, Avnit-Sagi T, Lotan-Pompan M, Weinberger 
A, Halpern Z, Carmi S, Fu J, Wijmenga C, Zhernakova A, Elinav 
E, Segal E. Environment dominates over host genetics in shaping 
human gut microbiota. Nature. 2018 Mar 8;555(7695):210-
215. doi: 10.1038/nature25973. 
4. Williams LM. Hypothalamic dysfunction in obesity. Proc 
Nutr Soc. 2012; 71:4:521-33.
5. Piombino P, Genovese A, Esposito S, Moio L, Cutolo PP, 
Chambery A, Severino V, Moneta E, Smith DP, Owens SM, 
Gilbert JA, Ercolini D. Saliva from obese individuals suppresses 
the release of aroma compounds from wine. PLoS One. 2014 Jan 
22;9(1):e85611. doi: 10.1371/journal.pone.0085611. 
6. Ley RE, Bäckhed F, Turnbaugh P, Lozupone CA, Knight 
RD, Gordon JI. Obesity alters gut microbial ecology. Proc Natl 
Acad Sci U S A. 2005 Aug 2;102(31):11070-5. doi: 10.1073/
pnas.0504978102.
7. Zeigler CC, Persson GR, Wondimu B, Marcus C, Sobko T, 
Modéer T. Microbiota in the oral subgingival biofilm is associated 
with obesity in adolescence. Obesity (Silver Spring). 2012 
Jan;20(1):157-64. doi: 10.1038/oby.2011.305.

8. Takeshita T, Kageyama S, Furuta M, Tsuboi H, Takeuchi 
K, Shibata Y, Shimazaki Y, Akifusa S, Ninomiya T, Kiyohara Y, 
Yamashita Y. Bacterial diversity in saliva and oral health-related 
conditions: the Hisayama Study. Sci Rep. 2016 Feb 24;6:22164. 
doi: 10.1038/srep22164. 
9. Wu Y, Chi X, Zhang Q, Chen F, Deng X. Characterization of 
the salivary microbiome in people with obesity. PeerJ. 2018 Mar 
16;6:e4458. doi: 10.7717/peerj.4458.
10. Gupta MN, Sturrock RD, Field M. A prospective 2-year 
study of 75 patients with adult-onset septic arthritis. 
Rheumatology (Oxford). 2001 Jan;40(1):24-30. doi: 10.1093/
rheumatology/40.1.24.
11. Melrose TR, Walker AR, Brown CG. Identification 
of Theileria infections in the salivary glands of Hyalomma 
anatolicum anatoli cum and Rhipicephalus appendiculatus using 
isoenzyme electrophoresis. Trop Anim Health Prod. 1981; 
13:2:70-8.
12. Wertheim HF, Melles DC, Vos MC, van Leeuwen W, van 
Belkum A, Verbrugh HA, Nouwen JL. The role of nasal carriage 
in Staphylococcus aureus infections. Lancet Infect Dis. 2005 
Dec;5(12):751-62. doi: 10.1016/S1473-3099(05)70295-4. 
13. Kralovic SM, Melin-Aldana H, Smith KK, Linnemann 
CC Jr. Staphylococcus lugdunensis endocarditis after tooth 
extraction. Clin Infect Dis. 1995 Mar;20(3):715-6. doi: 10.1093/
clinids/20.3.715-a. 
14. Assafi MS, Mohammed RQ, Hussein NR. Nasal carriage 
rates of Staphylococcus aureus and ca-methicillin resistant 
Staphylococcus aureus among university students. Int. J. 
Microbiol. Res. 2015; 5:4:123-7.
15. Hussein NR, Alyas A, Majeed M, Assafi MS. Prevalence rate 
and prevalent genotypes of ca-mrsa in kurdistan region: First 
report from iraq. Int. J. Pure Appl. Sci. Technol. 2015; 27:1:44-9.
16. Turnbaugh PJ, Bäckhed F, Fulton L, Gordon JI. Diet-
induced obesity is linked to marked but reversible alterations in 
the mouse distal gut microbiome. Cell Host Microbe. 2008 Apr 
17;3(4):213-23. doi: 10.1016/j.chom.2008.02.015
17. Lipsky BA, Pecoraro RE, Chen MS, Koepsell TD. Factors 
affecting staphylococcal colonization among NIDDM out-
patients. Diabetes Care. 1987 Jul-Aug;10(4):483-6. doi: 
10.2337/diacare.10.4.483.
18. Gorwitz RJ, Kruszon-Moran D, McAllister SK, McQuillan G, 
McDougal LK, Fosheim GE, Jensen BJ, Killgore G, Tenover FC, 
Kuehnert MJ. Changes in the prevalence of nasal colonization 
with Staphylococcus aureus in the United States, 2001-2004. J 
Infect Dis. 2008 May 1;197(9):1226-34. doi: 10.1086/533494. 
19. Olsen K, Danielsen K, Wilsgaard T, Sangvik M, Sollid JU, 
Thune I, Eggen AE, Simonsen GS, Furberg AS. Obesity and 
Staphylococcus aureus nasal colonization among women and 
men in a general population. PLoS One. 2013 May 7;8(5):e63716. 
doi: 10.1371/journal.pone.0063716. 
20. Hamad SL, Melconian AKA. Bacterial endotoxin, 
Staphylococcus aureus nasal carriage and obesity among type 
two diabetes mellitus patients. Karbala International Journal of 
Modern Science. 2018; 4:1:93-99.    
       
 

REFERENCES.

9

Qadir RM & Assafi MS.  
Oral carriage of Staphylococcus aureus in people with different body mass index.

J Oral Res 2021; 10(5):1-11. doi:10.17126/joralres.2021.060



ISSN Print 0719-2460 - ISSN Online 0719-2479. Attribution 4.0 International (CC BY 4.0).  www.joralres.com/2021

21. Huđek A, Škara L, Smolkovič B, Kazazić S, Ravlić S, Nanić L, 
Osvatić MM, Jelčić J, Rubelj I, Bačun-Družina V. Higher prevalence 
of FTO gene risk genotypes AA rs9939609, CC rs1421085, and 
GG rs17817449 and saliva containing Staphylococcus aureus 
in obese women in Croatia. Nutr Res. 2017 Dec 18;50:94-103. 
doi: 10.1016/j.nutres.2017.12.005. 
22. WHO. World health organization. Obesity and overweight.  
2020  [cited 2020 https://www.who.int/news-room/fact-
sheets/detail/obesity-and-overweight. 5/10/2021].
23. Koliada A, Syzenko G, Moseiko V, Budovska L, Puchkov 
K, Perederiy V, Gavalko Y, Dorofeyev A, Romanenko M, Tkach 
S, Sineok L, Lushchak O, Vaiserman A. Association between 
body mass index and Firmicutes/Bacteroidetes ratio in an adult 
Ukrainian population. BMC Microbiol. 2017 May 22;17(1):120. 
doi: 10.1186/s12866-017-1027-1.
24. Benn A, Heng N, Broadbent JM, Thomson WM. Studying the 
human oral microbiome: challenges and the evolution of solutions. 
Aust Dent J. 2018 Mar;63(1):14-24. doi: 10.1111/adj.12565
25. Goodson JM, Groppo D, Halem S, Carpino E. Is obesity an 
oral bacterial disease? J Dent Res. 2009 Jun;88(6):519-23. doi: 
10.1177/0022034509338353. 
26. Qadir RM, Assafi MS. Frequency of Selenomonas noxia in 
oral microbiota of obese and normal weight people in Duhok-
Iraq SJUOZ. 2019; 7:4:120-124.
27. Habeeb A, Hussein NR, Assafi MS, Al-Dabbagh SA. 
Methicillin resistant Staphylococcus aureus nasal colonization 
among secondary school students at Duhok City-Iraq. J 
Microbiol Infect Dis. 2014; 4:2:59-63.
28. Hussein NR, Assafi MS, Ijaz T. Methicillin-resistant 
Staphylococcus aureus nasal colonisation amongst healthcare 
workers in Kurdistan Region, Iraq. J Glob Antimicrob Resist. 
2017; 9:78-81.
29. Assafi MS, Hado HA, Abdulrahman IS. Detection of 
methicillin-resistant Staphylococcus aureus in broiler and 
broilers farm workers in Duhok, Iraq by using conventional and 
PCR techniques. Iraqi Journal of Veterinary Sciences. 2020; 
34:1:15-22.
30. Socransky SS, Haffajee AD. Periodontal microbial ecology. 
Periodontol 2000. 2005; 38:135-87.
31. Smith AJ, Robertson D, Tang MK, Jackson MS, MacKenzie 
D, Bagg J. Staphylococcus aureus in the oral cavity: a three-
year retrospective analysis of clinical laboratory data. Br Dent 
J. 2003 Dec 20;195(12):701-3; discussion 694. doi: 10.1038/
sj.bdj.4810832.
32. Ohara-Nemoto Y, Haraga H, Kimura S, Nemoto T. 
Occurrence of staphylococci in the oral cavities of healthy adults 
and nasal–oral trafficking of the bacteria. Journal of Medical 
Microbiology. 2008; 57:1:95-99.
33. Hamdan-Partida A, Sainz-Espuñes T, Bustos-Martínez J. 
Characterization and persistence of Staphylococcus aureus 
strains isolated from the anterior nares and throats of healthy 
carriers in a Mexican community. J Clin Microbiol. 2010 
May;48(5):1701-5. doi: 10.1128/JCM.01929-09
34. Damen JG, Cosmas EU, Daminabo VM. Nasal Carriage of 
Staphylococcus Aureus among Healthy Students in a Nigerian 
University. 2018. 
35. Zghair MH, Hussain MS, Sahib AA. Studying Some Factors 
Affecting in Gingivitis Caused by Staphylococcus aureus. Inter J 
Pharmaceutical Quality Assurance. 2019; 10:02:280-4.
36. Assafi MS, Polse RF, Hussein NR, Haji AH, Issa AR. The 
Prevalence of S. aureus Nasal Colonisation and its Antibiotic 
Sensitivity Pattern amongst Primary School Pupils. Scien J 
University of Zakho. 2017; 5:1:7-10.

37. Humphreys H, Fitzpatick F, Harvey BJ. Gender differences 
in rates of carriage and bloodstream infection caused by 
methicillin-resistant Staphylococcus aureus: are they real, do 
they matter and why? Clin Infect Dis. 2015 Dec 1;61(11):1708-
14. doi: 10.1093/cid/civ576.
38. Kopelman P. Health risks associated with overweight 
and obesity. Obes Rev. 2007 Mar;8 Suppl 1:13-7. doi: 
10.1111/j.1467-789X.2007.00311.x
39. Komaroff M. For Researchers on Obesity: Historical Review 
of Extra Body Weight Definitions. J Obes. 2016;2016:2460285. 
doi: 10.1155/2016/2460285.  
40. Stensen DB, Småbrekke L, Olsen K, Grimnes G, Nielsen 
CS, Simonsen GS, Sollid JUE, Furberg AS. Hormonal 
contraceptive use and Staphylococcus aureus nasal and throat 
carriage in a Norwegian youth population. PLoS One. 2019 Jul 
5;14(7):e0218511. doi: 10.1371/journal.pone.0218511. 
41. Boutaga K, Savelkoul PH, Winkel EG, van Winkelhoff AJ. 
Comparison of subgingival bacterial sampling with oral lavage 
for detection and quantification of periodontal pathogens 
by real-time polymerase chain reaction. J Periodontol. 2007 
Jan;78(1):79-86. doi: 10.1902/jop.2007.060078.
42. Lai CF, Liao CH, Pai MF, Chu FY, Hsu SP, Chen HY, Yang 
JY, Chiu YL, Peng YS, Chang SC, Hung KY, Tsai TJ, Wu KD. 
Nasal carriage of methicillin-resistant Staphylococcus aureus 
is associated with higher all-cause mortality in hemodialysis 
patients. Clin J Am Soc Nephrol. 2011 Jan;6(1):167-74. doi: 
10.2215/CJN.06270710. 
43. Ajani T, Elikwu C, Nwadike V, Babatunde T, Anaedobe C, 
Shonekan O, Thompson T. Nasal carriage of methicillin resistant 
Staphylococcus aureus among medical students of a private 
institution in Ilishan-Remo, Ogun State, Nigeria. 2020. African J 
Clin Experimental Microbiol. 21: 311-317
44. Dill-McFarland KA, Tang ZZ, Kemis JH, Kerby RL, Chen G, 
Palloni A, Sorenson T, Rey FE, Herd P. Close social relationships 
correlate with human gut microbiota composition. Sci Rep. 2019 
Jan 24;9(1):703. doi: 10.1038/s41598-018-37298-9.
45. Kort R, Caspers M, van de Graaf A, van Egmond W, Keijser 
B, Roeselers G. Shaping the oral microbiota through intimate 
kissing. Microbiome. 2014 Nov 17;2:41. doi: 10.1186/2049-
2618-2-41. 
46. Krajmalnik-Brown R, Ilhan ZE, Kang DW, DiBaise JK. 
Effects of gut microbes on nutrient absorption and energy 
regulation. Nutr Clin Pract. 2012 Apr;27(2):201-14. doi: 
10.1177/0884533611436116.  
47. Jumpertz R, Le DS, Turnbaugh PJ, Trinidad C, Bogardus C, 
Gordon JI, Krakoff J. Energy-balance studies reveal associations 
between gut microbes, caloric load, and nutrient absorption in 
humans. Am J Clin Nutr. 2011 Jul;94(1):58-65. doi: 10.3945/
ajcn.110.010132.
48. Kalliomäki M, Collado MC, Salminen S, Isolauri E. Early 
differences in fecal microbiota composition in children may 
predict overweight. Am J Clin Nutr. 2008 Mar;87(3):534-8. doi: 
10.1093/ajcn/87.3.534. 
49. Lundell AC, Adlerberth I, Lindberg E, Karlsson H, Ekberg 
S, Aberg N, Saalman R, Hock B, Steinkasserer A, Hesselmar B, 
Wold AE, Rudin A. Increased levels of circulating soluble CD14 
but not CD83 in infants are associated with early intestinal 
colonization with Staphylococcus aureus. Clin Exp Allergy. 2007 
Jan;37(1):62-71. doi: 10.1111/j.1365-2222.2006.02625.x. 
50. Sharma N, Bhatia S, Sodhi AS, Batra N. Oral microbiome 
and health. AIMS Microbiol. 2018 Jan 12;4(1):42-66. doi: 
10.3934/microbiol.2018.1.42.     
 

10

Qadir RM & Assafi MS.  
Oral carriage of Staphylococcus aureus in people with different body mass index.

J Oral Res 2021; 10(5):1-11. doi:10.17126/joralres.2021.060



ISSN Print 0719-2460 - ISSN Online 0719-2479. Attribution 4.0 International (CC BY 4.0).  www.joralres.com/2021

51. Kozak AT, Davis J, Brown R, Grabowski M. Are overeating 
and food addiction related to distress tolerance? An examination 
of residents with obesity from a U.S. metropolitan area. Obes 
Res Clin Pract. 2017 May-Jun;11(3):287-298. doi: 10.1016/j.
orcp.2016.09.010. 

52. Barry D, Clarke M, Petry NM. Obesity and its 
relationship to addictions: is overeating a form of addictive 
behavior? Am J Addict. 2009 Nov-Dec;18(6):439-51. doi: 
10.3109/10550490903205579.    
 

11

Qadir RM & Assafi MS.  
Oral carriage of Staphylococcus aureus in people with different body mass index.

J Oral Res 2021; 10(5):1-11. doi:10.17126/joralres.2021.060


