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Abstract
Background Antibiotic resistance persists as a global health challenge, among which methicillin-resistant Staphylococcus aureus (MRSA) is the most common and serious threat. Although certain control strategies have been implemented, the incidence and prevalence of MRSA remain high, especially in Asia
Objective To analyze the risk factors associated with MRSA infection in Asia
Methods A systematic review was conducted through PubMed, Scopus, and EBSCOhost, searching for observational studies which analyze the risk factors associated with MRSA infection in Asia. Studies selected were reviewed and assessed with STROBE’s criteria.
Results Sixteen observational studies were included, with a total of 10,253 subjects, consisting of 4 cohort studies, 4 cross-sectional studies, and 8 case-control studies. We find that certain social behaviors, such as sharing of personal items, limited daily activities and exposure to post-surgery individuals increases the risk of MRSA infection. Antibiotics use, especially when used extensively, is also found to elevate the risk. Furthermore, invasive medical procedures ease the entry of MRSA into the body, thus increasing risk of infection. 
Conclusion The knowledge of these factors is hoped to help in establishing guidelines for infection prevention and control strategies, helping to halt the rise in antibiotics resistance, as well as reducing the prevalence of MRSA infection worldwide.
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Introduction
Antibiotic resistance constitutes a major infectious disease burden worldwide. Among them, drug-resistant Staphylococcus aureus is the most common yet serious threat.1 It is the leading cause of bacteremia and other infections such as infective endocarditis, osteoarticular, pleuropulmonary, skin and soft tissue, and device-related infections.2 In terms of prevalence, about one-third of worldwide population is colonized by Staphylococcus aureus. Additionally, methicillin-resistant Staphylococcus aureus (MRSA) infection is the most common form of S. aureus infection, ranging from 13 to 74%.1 Asia, including Indonesia, is among the regions with the highest incidence of MRSA. A study in 2011 stated that 28% of all S. aureus infection in Indonesia is MRSA.3
Staphylococcus aureus is a Gram-positive, commensal bacteria, yet it can also cause pathogenicity in human. Staphylococcus aureus bacteremia (SAB) is the most common manifestation of S. aureus infection. It may cause central nervous system damage2, infective endocarditis1-3, osteomyelitis2, necrotizing pneumonia2, embolism phenomenon2, urinary tract infections2, and ultimately, mortality1-3. The overall mortality rate of S. aureus infection ranges from 22 to 66% and is consistently higher than other causes of bacteremia and infective endocarditis. Its high mortality rate indicates the emergency to find an appropriate and effective treatment.2
Methicillin, a semi-synthetic β-lactam antibiotic, was first introduced in 1959 in response to benzylpenicillin-resistant S. aureus, a β-lactamase (blaZ)-producing strain which is able to inactivate β-lactam. However, as soon as methicillin was introduced, methicillin-resistant S. aureus (MRSA) strains were isolated. MRSA expresses methicillin-hydrolyzing β-lactamase as well as an additional penicillin-binding protein (PBP2a) which can take over the transpeptidation reactions of the host’s penicillin-binding protein (PBP), causing the inactivation of methicillin’s action. Furthermore, the utilization of various types of antibiotics over the years gives rise to multi-resistant MRSA strains, which was achieved by mutations in genes coding for target proteins. Obviously, this phenomenon makes treatment of MRSA far more challenging.4
MRSA is actually highly preventable by comprehensive control of infection and treatment.5 The Indonesian Ministry of Health has agreed to adopt a situation analysis tool developed by South East Asia Regional Office (SEARO) of World Health Organization (WHO) to implement global action plan on antimicrobial resistance (GAP-AMR) initiated by WHO. It is a stepwise and incremental approach consisting of five phases, where the last phase is defined as a fully operational antimicrobial containment program. Even though Indonesia has achieved the third phase by implementing initial control, the incidence and prevalence of MRSA remains high.6 Therefore, we conducted a review to identify the risk factors of MRSA infection which could be prevented and applied to reduce incidence and prevalence of MRSA, which could lead to severe complications and mortality. Moreover, MRSA infection is chosen because it is the most prevalent form of S. aureus infection and causes a huge clinical burden from health standpoint.

Methods
We conducted a systematic review of observational studies based on PRISMA statement from PubMed, Scopus, and EBSCOhost using the keywords “methicillin-resistant Staphylococcus aureus OR MRSA”, “risk factors OR factors OR factors associated”, and “Asia”. Subsequently, inclusion criteria were set to filter the results including: observational study and study identifying preventable risk factors. In addition, exclusion criteria were also set: irretrievable full-text articles, immunocompromised patients, unknown or inappropriate study types and settings, and incompatible language (articles not in English or Bahasa Indonesia).
Afterwards, we extracted essential data from articles including: author and year of publication, study design and setting, sample size, mean or range of sample age, method of statistical analysis used, and outcome which is picturized by odds ratio, confidence interval 95%, and p value for each factor. Lastly, the articles will be assessed through STROBE’s criteria (Strengthening the Reporting of Observational Studies in Epidemiology) of combined observational study which includes 22 criteria where 1 point is given for every criterion met. The quality assessment was conducted by two reviewers collaboratively and concluded after consensus were reached.
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Figure 1. Flow chart of literature search strategy for this systematic review

Results
Search results and study selection
Articles from the literature search were selected based on the inclusion and exclusion criteria set above. Contents were screened for eligibility, study design, and extractable outcomes. The studies were further assessed with STROBE’s criteria to ensure its quality. The search yielded 16 observational studies, consisting of 4 cohort studies, 4 cross-sectional studies, 8 case-control studies. 
Study characteristics and findings
The data extracted and characteristics of included studies are shown in Table 1.  A pooled total of 10,253 subjects were included in the study. Outcomes were given in terms of odds ratio (OR). Results of quality assessment based on STROBE’s criteria were given in the appendix on the last part of this paper.
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	Author and Year (STROBE’s score)
	Study Design
	Location
	Sample Size
	Range/ mean of sample age
	Method of analysis
	Outcome
	OR
[95% CI]
	p value

	Suh HJ et al7, 2018
(19.47/22.00)
	Multicenter cohort study
	South Korea
	752
	62 years
	Student’s t-test
Chi-square test
Fisher’s exact test
Multivariate logistic regression

	Post-surgery
	2.050
[1.640-2.563]
	<0.001

	
	
	
	
	
	
	Dialysis
	1.679
[1.297-2.173]
	<0.001

	
	
	
	
	
	
	History of MRSA isolation
	1.475
[1.075-2.024]
	0.016

	
	
	
	
	
	
	Long-term hospitalization
	4.456
[2.974-6.677]
	<0.001

	Shirai Y et al8, 2017
(18.13/22.00)
	Retrospective cohort study
	Tokyo, Japan
	120
	36.30 weeks
	Univariate analysis
Multivariate logistic regression
	Central venous catheterization
	4.843
[1.975-11.878]
	0.001

	Yoon YK et al9, 2016
(21.67/22.00)
	Prospective multicenter cross-sectional study
	South Korea
	345
	67 years
	Pearson’s chi-squared test
Fisher’s exact test
McNemar’s test
Student’s t-tests
Mann-Whitney U test
Wilcoxon’s signed-rank test
Multivariate conditional logistic regression analysis
	Nosocomial infection
	2.62
[1.28-5.37]
	0.009

	
	
	
	
	
	
	Prior exposure to glycopeptides
	3.24
[1.08-9.67]
	0.035

	
	
	
	
	
	
	Severe sepsis or septic shock
	5.45
[2.14-13.87]
	<0.001

	
	
	
	
	
	
	Charlson’s comorbidity index (per 1-point increment)
	1.52
[1.27-1.83]
	<0.001

	Gu FF et al10, 2016
(17.77/22.00)
	Cross-sectional study
	Shanghai, China
	443
	84 years 
(47-101 years)
	Chi-squared test
Fisher’s exact test
Student’s t-test
Mann-Whitney U test
Multilevel regression analysis
	Previous hospitalization 
	2.56
[1.21-5.42]
	0.014

	
	
	
	
	
	
	Presence of an invasive device 
	3.46
[1.68-7.11]
	0.001

	
	
	
	
	
	
	Chloramphenicol therapy
	7.67
[1.81-32.58]
	0.006

	
	
	
	
	
	
	Macrolides therapy 
	2.80
[1.06-7.40]
	<0.001

	
	
	
	
	
	
	Respiratory infection 
	2.02
[1.06-3.86]
	0.030

	
	
	
	
	
	
	Impaired mobility 
	2.03
[1.09-3.78]
	0.024

	
	
	
	
	
	
	Senile pruritus 
	2.29
[1.21-4.30]
	0.008

	
	
	
	
	
	
	Any antibiotic therapy 
	2.91
[1.50-5.64]
	0.001

	
	
	
	
	
	
	Broad-spectrum cephalosporins therapy
	3.23
[1.36-7.66]
	0.013

	
	
	
	
	
	
	Quinolones therapy 	
	2.08
[1.07-4.07]
	0.028

	Wong JG et al11, 2016
(18.27/22.00)
	Case-control study
	Singapore
	1200 
	69 years
	SEM statistical technique
Chi-squared test
Kruskal-Wallis test
Multinomial logistic regression
GSEM package
	HA-MRSA
	
	

	
	
	
	
	
	
	   Length of stay
	1.49
[8.70-25.50]
	<0.010

	
	
	
	
	
	
	   Cumulative antibiotic exposure 
	3.50
[2.30-5.30]
	<0.010

	
	
	
	
	
	
	   Prior hospitalization
	6.20
[3.30-11.50]
	<0.010

	
	
	
	
	
	
	CO-MRSA
	
	

	
	
	
	
	
	
	   Cumulative antibiotic exposure 
	1.60
[1.10-2.40]
	0.010

	
	
	
	
	
	
	   Prior hospitalization
	12.30
[8.40-17.90]
	<0.010

	
	
	
	
	
	
	   Community care
	2.60
[1.50-4.50]
	<0.010

	Yao Z et al12, 2015
(20.33/22.00)
	Case-control study
	Guangzhou, China
	275 
	-
	Chi-squared test
Univariate and multivariate logistic regression models Wald test
 
	Prior hospitalization ≥ 3
	2.80
[1.30-5.80]
	0.007

	
	
	
	
	
	
	Chronic Obstructive Respiratory Disease (COPD)
	5.90
[1.70-20.70]
	0.006

	
	
	
	
	
	
	Respirator
	3.80
[1.00-13.90]
	0.047

	
	
	
	
	
	
	Tracheal intubation
	8.20
[1.50-45.10]
	0.016

	Chou YH et al13, 2014
(18.27/22.00)
	Case-control study
	Taipei, Taiwan
	100
	46.30 years
	Logistic regression analysis
Multivariable logistic regression
	Receiving antibiotic treatment for SSTIs in the year before infection 
	6.02
[1.28-28.23]
	0.020

	
	
	
	
	
	
	Previous exposure to an individual who had had surgery within the last year
	3.63
[1.05-12.60]
	0.040

	
	
	
	
	
	
	MRSA nasal carriage
	4.46
[1.25-15.89]
	0.020

	Jung WJ et al14, 2013
(18.57/22.00)
	Retrospective cohort study
	Seoul, South Korea
	943
	≥ 20 years
	Chi-squared test
Fisher’s exact test
Mann-Whitney U test
Multivariate logistic regression
Hosmer-Lemeshow test
Receiver operating characteristic (ROC) curve analysis
	Hospitalization for ≥2 days in the preceding 90 days
	1.77
[0.99-3.15]
	0.053

	
	
	
	
	
	
	Intravenous antibiotic treatment within 30 days
	2.23
[1.15-4.32]
	0.018

	
	
	
	
	
	
	Single infiltrate on chest radiography
	0.55
[0.33-0.94]
	0.029

	
	
	
	
	
	
	MRSA history in the previous 1 year
	6.05
[2.99-12.22]
	<0.001

	
	
	
	
	
	
	Pneumonia Severity Index (PSI) score ≥ 120
	2.40
[1.18-4.86]
	0.015

	Leung YH et al15, 2012
(18.17/22.00)
	Matched case-control study
	Hong Kong
	254
	34.00 years
	Bivariate analysis
Multivariate analysis
Logistic regression model

	Sharing of personal items 
	4.71
[1.43-15.59]
	0.010

	
	
	
	
	
	
	Frequent hand-washing (10-19 times a day)
	0.21
[0.06-0.72]
	0.010

	Wang CY et al16, 2012
(19.17/22.00)
	Case-control study
	Taiwan
	541
	62.00 years
	Student’s t-test
Chi-square test
Fisher’s exact test 
	Congestive heart failure (OR=4.23) 
	4.23
[1.86-9.58]
	0.001

	
	
	
	
	
	
	Nursing home admission
	40.99
[2.19-765.95]
	0.013

	
	
	
	
	
	
	Nasogastric tube feeding in 3 months
	5.29
[1.27-22.02]
	0.022

	Lu S et al17, 2011
(17.77/22.00)
	Cross-sectional study
	Taiwan
	502
	56.03 years
	Multiple logistic regression analysis
	Diabetes mellitus 
	3.174
[1.231-8.186]
	0.017

	
	
	
	
	
	
	Chronic kidney disease
	3.47
[1.186-10.152]
	0.023

	
	
	
	
	
	
	Current use of catheters or tubes
	4.192
[1.587-11.071]
	0.002

	
	
	
	
	
	
	Urinary complaints
	3.758
[1.178-11.986]
	0.017

	Al-Talib et al18, 2010
(19.50/22.00)

	Retrospective cohort study
	Malaysia
	1979
	-
	Fisher’s exact test
Multiple logistic regression analysis
	Duration of hospitalization
	1.03
[1.002-1.811]
	0.034

	
	
	
	
	
	
	Previous antibiotic
	10.107
[2.027-81.571]
	0.005

	
	
	
	
	
	
	Bedside invasive procedures
	20.493
[4.145-83.949]
	<0.001

	Wang SH et al19, 2010
(20.17/22.00)
	Retrospective case-control study
	China
	118
	60.80 years
	Conditional univariate
Multivariate logistic regression model

	Duration of diabetes
	1.13
[1.05-1.221]
	0.001

	
	
	
	
	
	
	Osteomyelitis
	20.89
[6.49-67.27]
	<0.001

	
	
	
	
	
	
	Surgery
	5.14
[1.52-17.42]
	0.009

	
	
	
	
	
	
	Glycosylated hemoglobin (HbA1C)
	1.46
[1.13-1.88]
	0.003

	Gadepalli R et al20, 2009
(18.77/22.00)
	Cross-sectional study
	New Delhi, India
	781
	34.20 years
	Multiple logistic regression analysis
	Duration of hospital stay (≥20 days)
	2.83
[1.67-4.78]
	<0.001

	
	
	
	
	
	
	Intra-hospital transfer
	1.91
[1.17-3.12]
	0.01

	
	
	
	
	
	
	Osteomyelitis
	2.90
[1.55-5.44]
	0.001

	
	
	
	
	
	
	Non-infectious dermatosis
	3.64
[2.40-5.52]
	<0.001

	
	
	
	
	
	
	Neurological disorders
	2.22
[1.24-3.97]
	<0.01

	
	
	
	
	
	
	Aminoglycosides
	1.74
[1.18-2.56]
	<0.01

	
	
	
	
	
	
	Clindamycin
	4.73
[2.38-9.40]
	<0.001

	Lo WT et al21, 2008
(17.63/22.00)
	Case-control study
	Taiwan
	1615
	14 years
	Multivariate unconditional logistic regression model
	Antibiotic use in the past 12 months
	29.37
[10.72-80.50]
	<0.001

	Washio M et al22, 1997
(20.67/22.00)
	Case-control study
	Japan
	285
	79.28 years
	Chi-square test
Logistic regression analysis
	Hypoalbuminea
	1.73
[1.27-2.36]
	0.043

	
	
	
	
	
	
	Use of antibiotics other than third-generation cephems
	1.73
[1.20-2.50]
	0.020

	
	
	
	
	
	
	Administration of third-generation cephems
	3.12
[2.16-4.50]
	0.010

	
	
	
	
	
	
	Limited in activities of daily living (ADL)
	2.50
[1.64-3.82]
	0.017



Discussion
a. Analysis of the Study
Based on the above included studies, we grouped the risk factors of MRSA infection into 3 main categories: social behaviors, antibiotics use, and medical procedures. 
Social Behaviors
Some social behaviors are associated with elevated risk of MRSA infection. There are three social behaviors associated with risk factors of MRSA infection, they are: sharing of personal items, limited daily activities, and exposure to post-surgery individuals. According to Yiu-hong et al15, patients who usually share their personal items (i.e. nail clippers, towels, razors, underwear, cosmetics) with other persons are three times more susceptible to MRSA infection than those who don’t (OR = 4.71, 95% CI = 1.43-15.59). MRSA tends to colonize predilection sites such as intertrigo areas (e.g. axillae, groin), gastrointestinal tract, and anterior nares. Colonization of MRSA provides a reservoir for the bacteria to infect the host when host defenses are breached, either by shaving, aspiration, insertion, or surgery. The utilization of razors and nail clippers are clearly capable of breaching physical barrier.23 On the other hand, towels, underwear, and cosmetics can cause skin occlusion, a phenomenon where the skin is blocked off by something which cause elevation of pH which favors the growth of Staphylococcus aureus.24
Limitations of activities of daily living (ADL) were assessed by the ability of geriatrics to do simple movements such as: ability to eat by themselves, walk by themselves, and urinate and have bowel movements by themselves. Those with completely limited ADL were given zero points, while those without any limitation were given three points.22 Washio et al22 found that the risk of MRSA infection gets higher as the limitation of ADL gets more severe (OR = 2.50, 95% CI = 1.64-3.82). This is achieved because contacts from person to person are more frequent in patients with limited ADL. MRSA, which is commonly colonized on the skin, is commonly spread from patient to patient via the hands of healthcare workers. Therefore, it is highly reasonable if MRSA infections occur more often in patients with limited ADL.
Antibiotics Use
The use of antibiotics is found to have a significant effect in increasing the risk of MRSA colonization and infection. Chou13, Jung14, Al-Talib18, Lo21, and Washio22, in their studies, found that previous antibiotic exposure elevates the risk of MRSA by 6.02, 2.23, 10.11, 29.37, and 1.73 times respectively. Gu et al10, in his study, specifically found that therapy with chloramphenicol, macrolides, and quinolones raises the risk by 7.67, 2.80, and 2.08 times respectively. Furthermore, study by Wong et al11 further confirm these findings, as he found that cumulative antibiotic exposure increases the risk of MRSA, both hospital-acquired and community-acquired MRSA, by 3.50 and 1.60 times respectively. These results show consistency with a previous meta-analysis done by Tacconelli et al25, which investigates specifically on the association between antibiotic exposure and risk of MRSA isolation.
Extensive usage of antibiotics, especially when not given appropriately, gives a competitive advantage to bacteria with resistance, therefore allowing them to persist and multiply further. This in turn, enhances the spread and transmission of MRSA, especially in hospitals where there is an extensive use of antibiotics. Moreover, hospitals are associated with those who are vulnerable, such as the elderly and those with weakened immune system, thus easing the pathway for MRSA infection. This is confirmed by 6 of 16 studies, in which hospitalization is found to increase the risk of MRSA infection. Studies by Suh7, Gu10, Wong11, Yao12, Jung14, and Al-Talib18 found that hospitalization elevates this risk by 4.46, 2.56, 6.20, 2.80, 1.77, and 1.03 times respectively. In addition, Wang et al16 in his research also found that nursing home admission significantly increases risk of MRSA by 40.99 times. This shows that those who are vulnerable, such as the elderly and those with weakened immune system in hospitals are easy targets for MRSA infection. Therefore, it is important to establish a stricter guideline and antibiotic policy to enforce a better antibiotic stewardship and prevent antibiotics overuse, especially in hospitals and nursing centers, to keep those at vulnerable risk from further harm.
Medical Procedures
Invasive medical procedures, as well as insertion of medical devices, are found to be one of the major risk factors for MRSA infection. Gu et al10, in his study, found that presence of medical devices increases the risk of MRSA infection by 3.46 times. This result is further justified by 7 other studies assessing more specific invasive procedures and devices, including surgery, dialysis (OR=1.68), central venous catheterization (OR=4.84), use of respirator (OR=3.80), nasogastric tube feeding (OR=5.29), tracheal intubation (OR=8.20), and use of catheters and tubes (OR=4.19). 
Invasive medical procedures breach the body’s barrier. This eases the pathway of pathogens into the body, such as the bloodstream, urinary and respiratory tract, as well as the abdominal cavity, making the body susceptible to MRSA infections.26 Proper sterilizations and the avoidance of unnecessary procedures are therefore needed to reduce transmission of MRSA in clinical settings. One important method of infection control is hand hygiene. Hands are the most common means of horizontal transmission of infections, especially between patients and health care personnel, showing the significance of hand washing.27 This is consistent with a study by Leung et al15 included in the above review, which stated that frequent hand washing is a protective factor which reduces the risk of MRSA infection (OR=0.21, 95% CI = 0.06–0.72). These results emphasize the importance on educating the public and health care personnel on the importance of sterilization and hygiene in preventing the transmission of infectious diseases, including MRSA infection.
b. Limitation of the Study
The strength of this study lies on the relatively large number of samples included and the comprehensive analysis of risk factors from each study. However, this study is not without limitation due to the exclusion of inaccessible articles and incompatible language.
Moreover, thirteen out of sixteen studies included in the review were conducted in East Asia (Japan, South Korea, China, and Taiwan), and thus, there is a chance that these factors are not fully applicable in other regions of Asia.
c. Future Application and Research
The result of the above systematic review can be further applied and help guidelines-making process to help primary health care providers in educating the public to prevent MRSA infection by maintaining good hygiene, as Leung et al15 showed that frequent hand-washing reduces the risk of MRSA infection. This is especially true since only 19% of the world population washes their hands regularly.28 However, more researches need to be conducted in order to explore more applicable protective factors, as there are only few protective factors currently known.

Conclusion
This systematic review comprehensively analyzes the risk factors associated with MRSA infection in Asia. Based on our review, we grouped and concluded the outcomes into 3 main factors: social behaviors, antibiotics use, and medical procedures. Sharing of personal items, limited daily activities and contact with post-surgery individuals are among the behaviors associated with increased risk of MRSA infection. Antibiotic exposure, especially when used extensively and inappropriately, also significantly increases this risk. Finally, invasive medical procedures elevate the risk of MRSA infection due to the breaching of body’s natural behavior, easing the entrance of the pathogen.
We hope that the results of this systematic review could serve as a basis to make guidelines regarding infection prevention and control strategies through better antibiotic stewardship and regulations. The implementation of such control strategies is hoped to help increase public awareness concerning antibiotics resistance, encourage future proper use of antibiotics, thereby helping to reduce the prevalence of MRSA infections worldwide.
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