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ABSTRACT
Methicillin-resistant Staphylococcus aureus (MRSA) has become a leading cause of nosocomial and community-acquired infection due to pathogenic reactions, the most prevalent being impetigo, cellulitis, scalded skin syndrome, osteomyelitis, food poisoning. This systematic review and meta analysis investigates whether community-acquired (CA) and hospital-acquired (HA) S. aureus and MRSA in a tropical zone in America differs with respect to their prevalent sensitivity and antibiotic resistance when compared to temperate zones of America. For this research the Koppen climate classification system was used to define tropical zones having an average temperature above 18 °C and average relative humidity above 60%, and temperate zones having a range between -3 °C and 18 °C with variable RH depending on the season.1
Data extraction of 30 articles sorted from 343 records and meta analysis of 14 articles present that MRSA is highly prevalent in USA (0.0731), moderately prevalent in Canada (0.0572) and Brazil (0.0466) while Mexico (0.0040), Peru (0.0051) and Argentina (0.0048) present lowest prevalence of MRSA in patients. 
Likewise, the results presented in this systematic review and meta analysis show that S. aureus and MRSA carriage from nasal, throat and other swabs obtained from America present significant decline of MRSA prevalence from countries with tropical climate in comparison with the temperate zone of America. 
This investigation may facilitate more prompt and effective action for the prevention and control of MRSA infections in tropical countries of the America. In particular, the use of MRSA screening based on rapid and reliable diagnosis during inpatient and outpatient admission of patients is crucial.
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INTRODUCTION:
Staphylococcus aureus (S. aureus) has emerged as a very prevalent microorganism in the epidemiology of multiple diseases, the most prevalent being impetigo, cellulitis, scalded skin syndrome, osteomyelitis, food poisoning. S. aureus infections can occur in hospitalized patients as well as in the community, and the infections caused by Methicillin-resistant S. aureus (MRSA) strains have become particularly problematic. 
Despite the potential threat of MRSA infections in tropical regions and the climatic adaptation associated of S. aureus, most information on MRSA infections has been documented from temperate countries. In tropical zones, a considerable knowledge gap exists in correlating MRSA variants and clones, such as the activation of mecA genes that encodes for PBP2a that enables cell wall synthesis in the presence of antibiotics, in respect to drug resistance and treatment protocols. B-lactams such as oxacillin and flucloxacillin are common drugs of choice for the treatment of Staph. infections. This is relevant to understand as it is the B-lactams that MRSA tends to be resistant to.2 Based upon the research conducted, Vancomycin is currently the drug of choice for treating MRSA.3 Preliminary research was done in order to attempt to correlate the introduction of antibiotics into a region with drug resistance. Though not done at this time, it will be included in future updates in the development of this research.
The primary research question is that is there a statistically significant difference in prevalence rates of MRSA infections in tropical and temperate regions of the Americas? Secondly, is there a difference in prevalence rates of community associated and hospital associated strains of MRSA in tropical and temperate regions of the Americas? In order to answer these questions, this systematic review and meta analysis incorporates 30 studies on S. aureus and MRSA prevalence rates in hospital and community settings in the Americas. Both S. aureus and MRSA share optimum growth characteristics in that they favor warmer more humid climates with optimal growth characteristics of: temperature range of 25 °C to 37 °C4,5, 55% to 75% humidity6, and a pH of 6.5 to 7.4.4,5 Since countries with warmer climates are more prone to the infection and less likely to contain MRSA, the division of tropical and temperate zones in the Americas present a unique insight towards epidemiologic implications of MRSA. This work also lacks correlation of S.aureus’s and MRSA’s Q10 Rule data which may provide deeper understanding and should be considered in future research. Owing to lack of similar research on the correlation between tropical and temperate climatic zones, this systemic review and meta analysis will prove as a milestone in S. aureus and MRSA research statistics. It will also form the foundation for future comparative research regarding S. aureus antimicrobial resistance and susceptibility in order to understand related phenomena across the globe.
History and Background
Staphylococcus aureus is a Gram-positive facultative anaerobe that can either grow aerobically; in the absence of oxygen by fermentation yielding lactic acid; or by using an alternative electron acceptor.7 S. aureus was discovered in 1880 when Scottish surgeon Alexander Ogston observed it in pus oozing from surgical abscesses.8 Humans are natural reservoirs of S. aureus that reside harmlessly on their skin, 10-20% of the human population all over the world are persistent carriers.9 Being an extremely impactful pathogen, S. aureus infections continue to pose a significant threat to the general health of humans and animals alike on a global scale. It can cause abundant skin and soft tissue infections, pneumonia, meningitis, endocarditis, and osteomyelitis2. It can be found in all mammalian species, including humans and pets, often surviving on the skin, within the nostrils and sometimes may be observed along posterior nasopharynx.10
An epidemic is often ignited by the successful spread of a single S. aureus clone within a geographic region. Most commonly, S. aureus will spread in the healthcare setting and in the community as well. A prominent 6-year study conducted in Trinidad postulated that MRSA infection’s prevalence has increased over the years. Healthcare professionals’ hands have served as a prime source of Staphylococcal contamination. Sanitary practices, such as adequate hand hygienic measures, are recommended to control the spread of infections, especially in clinical settings. Staphylococcal species need to be countered by taking some necessary steps. Therefore, MRSA susceptibility pattern monitoring should be performed, and a newly formulated antibiotic policy should be developed.11
Methicillin-resistant Staphylococcus aureus (MRSA) has become a leading cause of nosocomial and community-acquired infection due to nosocomial or community-acquired pathogenic reaction due to its resistance to methicillin and most related antibiotics. It is responsible for producing coagulase and catalase enzymes.12 MRSA is a pandemic pathogen that spreads via various channels such as contaminated surfaces and airborne dissemination causing potentially life threating infections in the non-intact skin, bones, joints, surgical wounds, bloodstream, heart valves, urinary tract and lungs.13
MRSA began as a hospital-acquired infection and has evolved to community-acquired infections being found in animals, community centers, and day care settings.11 Standard types of antibiotics (including the penicillins) can have little to no remedial effects on MRSA. Several factors may be involved in increasing prevalence of community-acquired MRSA. One set of factors for this increase may be the lateral dissemination of MRSA from hospital to the community in discharged patients diagnosed with MRSA. This is further accompanied by the discontinuation of therapy because of the high-cost of prescribed drugs at local pharmacies.11
Accordingly, skin and soft tissue infections (SSTIs) associated with MRSA are the most common reasons for seeking medical care and MRSA hospitalization all over the world.14,15 It is reported that SSTIs hospitalizations have increased by 123% in the United States between 2001 and 2009 and the underlying health burden has also elevated due to the evolution of bacteria and increased antibiotic resistance. Further research based on 15 studies reported that worldwide S. aureus hospitalizations range between 13-74% cases associated with MRSA while European countries have seen a decrease in endemic rates of MRSA infections over the past decade.16 However, most of the world’s population which resides in the tropical regions are mostly developing or low-income countries of Latin America, East and Southeast Asia, tropical Australia and Pacific islands, the subcontinent of India, Pakistan, Middle Eastern countries and Africa1. Hence, in terms of environmental effects on the growth of MRSA, there are not an abundant or productive amount of studies available in the literature. Furthermore, one extensive 18-month analysis in Odisha, India (a city with a tropical climate similar to Anguilla, BWI) concluded that an average weekly maximum temperature above 33° C coinciding with an average weekly relative humidity between 55% and 78%, is a favorable combination for the occurrence of S. aureus associated skin infections as well as MRSA infections.17 Resultantly, a higher burden of infectious diseases in addition to a lack of microbial diagnostic facilities hinder the understanding of MRSA and its dominant clones in tropical regions.18 Additionally, researchers associate warmer temperature settings in these regions to be responsible for the significant surge in MRSA infections in tropical regions. An indication towards seasonal nature complex interaction between host, pathogen, and environment causing MRSA infection has also shed light on the underlying tropical association of the prevalence of multiple dominant clones and variant isolates of MRSA in tropical countries.17,19-21 Incidentally in these regions, multiple antibiotic resistance has also become a major issue in developing optimum infection treatment protocols at hospitals.22 Hence, higher prevalence rates of MRSA infections in warm temperature may be associated with conducive environmental settings that promote bacterial proliferation and spread of infections.22,23 
METHODS
This systematic review and meta analysis was conducted according to PRISMA24 guidelines to ensure that the research is reported consistently, transparently, and most importantly repeatable.
Search Strategy 
Countries were divided into tropical and temperate zones as per the Köppen-Geiger climate classification system1.The search was conducted using a custom R program based on the ‘RISMED’ package to extract paper titles. The PubMed data base was searched for papers using the key words MRSA or Methicillin-resistant Staphylococcus aureus and the name of the country. The R program produced a list of titles containing key words.
Inclusion and Exclusion Criteria
Peer-reviewed articles (written in English) published from January 2000 to January 2018 on MRSA prevalence within community and healthcare settings were evaluated. The titles and abstracts were screened by the authors independently for possible inclusion and exclusion criteria listed in Table 1. The full-text evaluation was conducted to report articles that included prevalence rates of S. aureus and MRSA in community or healthcare settings in the tropical and temperate countries of American continents. Inconsistencies and any disagreements were resolved by consensus. 








	Inclusion
	Exclusion

	· Studies published from January 2000 to January 2018 were included in the search.
· Studies reporting S. aureus and MRSA carriage from nasal/fecal/lesion/blood or any other specimens from humans.
· Observational studies providing information on the prevalence, frequency or proportion of S. aureus and MRSA in the tropical and temperate countries in the America. 
· Studies using the standard method for S. aureus and MRSA detection and following the CLSI guidelines for the diagnosis: minimum inhibitory concentration (MIC) measurement via broth microdilution, agar dilution, E-Test, desk diffusion, mecA gene test via PCR.
	· Articles limited to the number of isolates from various specimens and lacking demographic data of the humans involved in the study.
· Studies screening a preselected group of participants and presenting nonrandomized microbiological assessment.
· Studies with non-standard methods, studies with high risk of bias, non-human studies, review articles, congress abstract and systematic reviews. 
· Studies not defining the healthcare exposure data: Out-patients, In-patients, healthcare personnel, healthy participants etc. 
· Studies published in languages other than English.


Table 1: Eligibility Criteria for the Systematic Review and Meta Analysis
Study Selection and Characteristics
The study selection process follows the PRISMA protocols and retrieved 305 records from the PubMed database search (tropical 136, temperate 169) and an additional 38 (tropical 23, temperate 15) records were also obtained through Google Scholar search. After eliminating duplicates, the papers were screened based on titles and irrelevant papers eliminated. In a secondary screening, 76 of the articles were excluded on the basis of title screening followed by abstract screening (Figure 1). 
After gathering a unique list of articles, they were downloaded and screened for inclusion and exclusion criterion. However, a vast majority (173) of these records were excluded because those papers did not document demographic information of the patients admitted at the time of screening.
Moreover, (45) articles were excluded because they illustrated case studies instead of statistical data on the carriage and virulence of the S. aureus. Consequently, 30 articles were selected for systematic review and 14 were selected for the meta analysis. 
The geographic location of the studies covered North, Central, and South America and analyzed studies from Brazil, Colombia, Ecuador, Mexico, Panama and Peru in the tropical regions in addition to the USA, Uruguay, Chile, Canada and Argentina in the temperate regions. All included studies used standard diagnostic tools for the detection of MRSA infection and isolates. MRSA was mainly isolated from nasal swabs, however, some studies also included carriage from wounds, blood, urine, sputum, and throat, etc. 
Quality Assessment
The quality of the 30 articles was checked independently by the authors using the GRADE system.25 This system allows for a consistent scoring of each article for evidence, quality, consistency, directness and effect size. The scoring was done on a 5-point scale from -1 to 3 including zero. The total score was calculated, and high scoring articles were chosen for further analysis.
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Figure 1. PRISMA Study Selection Protocol.
Data Extraction 
Data extraction was performed, and the results were tabulated in a standard data extraction form. Data extraction variables included the country, year of publication, number of investigated cases, number of participants, their demographic data, S. aureus and MRSA isolates, sample collection and diagnostic method, frequency and the percentage of S. aureus and MRSA. 
Statistical Analysis and Data Visualization
The MRSA prevalence rates were calculated using Microsoft Excel. R STUDIO (V1.1.38) was used for performing meta analysis. Data was loaded into a .csv file and pooled estimates of prevalence rates were calculated using the fixed effect and random effects model. The algorithms defined by the ‘Metafor’ package was used for analysis. The Cochrane Q-test26 and I2 27 values were used to estimate the heterogeneity in data. The criterion for the significance for the test of heterogeneity was set to α=0.05. A funnel plot was constructed to determine publication bias among the selected studies.
To obtain genotype statistics of MRSA colonization from human specimens, several techniques have been used including Chromogenic Candida Agar isolation, multilocus sequence typing (MLST), pulsed-field gel electrophoresis, staphylococcal cassette chromosome mec (SCCmec), polymerase chain reaction (PCR) with several genotypes such as spa, sbe, eap, acrA, femB etc. 
Most studies screened virulence genes using PCR techniques. Out of the seven countries reviewed in this research, Brazil reported prevalence of SCCmec Type I, III, IV, and V; Bolivia reported prevalence of SCCmec IV; Colombia reported SCCmec I and IV; Ecuador reported SCCmec II, III; and IV Peru reported SCCmec IV while studies from Mexico and Panama quoted information on genotype and virulence. Among these countries, SCCmec III was recorded in most studies along with SCCmec IV which represent CA-MRSA and HA-MRSA respectively (Table 2). 
In the case of temperate countries, the USA reported prevalence of SCCmec II, IV, and V; Argentina reported SCC mec IV and V; Canada reported SCC II, III, and IV while studies from Chile and Uruguay did not quote information on SCC mec type. Among these countries, CA-MRSA with SCCmec IV is reported in most case and the occurrence of HA-MRSA is lower (Table 2). 
RESULTS
Genotyping was performed in (66.7%; 10/15) of tropical countries and (53.3%; 8/15) the temperate zone countries. PCR detection of SCCmecA was most commonly employed in tropical (70%; 7/10) settings while PFGE was exclusively used in countries in temperate settings (100%; 8/8).   
Less than half of the studies reported using PCR detection of the PVL genes; tropical countries         (7/15; 46.6%) and temperate countries (6/15; 40%). Accordingly, most of these studies also reported PVL negative strains in tropical countries while most countries in temperate zone reported PVL positive MRSA strains. Also, most CA-MRSA isolates were PVL positive in comparison to HA-MRSA in both zones. However, the discrepancy was observed when the mixed population of inpatient and outpatient specimens were considered in the studies where several isolates were recognized and PVL negative. 
	
	SCC mec I
	SCC mec II
	SCC mec III
	SCC mec IV
	SCC mec V

	Brazil
	✓✓
	
	✓✓✓✓
	✓✓✓
	✓

	Bolivia
	
	
	
	✓
	

	Colombia
	✓
	
	
	✓
	

	Ecuador
	
	✓
	✓
	✓
	

	Mexico
	
	
	
	
	

	Panama
	
	
	
	
	

	Peru
	
	
	
	✓
	

	United States of America
	
	✓
	
	✓✓
	✓

	Argentina
	
	
	
	✓
	✓

	Chile
	
	
	
	✓
	

	Uruguay
	
	
	
	
	

	Canada
	
	✓
	✓
	✓
	


Table 2: Types of MRSA Isolates Reported in the Studies

MRSA Carriage Rates According to the Demographic Conditions
From the results obtained from the systematic review, it is observed that in general men were more susceptible to MRSA colonization in comparison to women. Children and the elderly were more susceptible to MRSA infection than the adult population in the tropical zone while the elderly and adult population were reportedly more susceptible to MRSA carriage than neonates and children in temperate countries. 
While this study includes demographic analysis of mostly hospitalized inpatients or out patients, few cases of healthy subjects have also been reported. For example, Carvalho et al. reported a 7.6% MRSA prevalence rate in healthy daycare children who were not previously hospitalized.28 Bartoloni et al. presented another study involving urban and rural settings and reported that a rural village in Bolivia was the only location where the researchers detected MRSA carriage29.
Highest MRSA nasal carriage rates were reported at 47% in a population study in the USA while several studies failed to report this data to draw conclusions. However, the average nasal carriage rate in tropical countries was observed to be 1.11% and 16% in temperate countries. Ergo, it may be concluded that studies included in this review show a bias in terms of nasal carriage and the skew is presenting a vast difference in this context.
Pooled Estimates of Carriage Rates Assessed by Meta Analysis
Out of the 30 studies used for the systematic review only 14 (4 temperate and 10 tropical) were used to conduct the meta analysis.
Studies included in the meta analysis were tested for heterogeneity using Cochrane Q test and I2 statistics. Studies included in all of the proportional meta analyses were heterogeneous. The symmetric nature of the funnel plot showed that small study bias yielded insignificant effects (Figures 4, 6, 9). 
The MRSA prevalence in tropical and temperate countries of America was investigated using the fixed effects and random effects model. MRSA prevalence ratio in tropical countries was 40% (z-value: 39.7, p-value<0.0001) while temperate countries presented 20% (z-value:108, p-value < 0.0001) prevalence rate as per fixed effects model. Random effects model showed 40% (z-value:4.6, p-value < 0.0001) and 20% (z-value:2.81, p-value < 0.0049) for tropical and temperate countries respectively. 
One-tailed z test was used to compare whether the prevalence rate in tropical area is higher than that in temperate ones. There is a significant difference in prevalence rates of MRSA in tropical and temperate regions (Z=1.7, P-value=0.044). However, there is no significant difference in the prevalence rates of HA MRSA (Z = -1.1309, P-value= 0.1291) and CA MRSA (Z=1.03, P-value=0.1515) in tropical and temperate regions (Table 3). 
	
	MRSA Trop vs. Temp
	CA MRSA
	HA MRSA

	Tropical
	0.396 (SE 0.086)
	0.151 (SE 0.0223)
	0.4109 (SE 0.1079)

	Temperate
	0.2043 (SE 0.0727)
	0.2704 (SE 0.1032)
	0.2531 (SE 0.1087)

	Difference
	0.1917
	-0.1194
	0.1578

	Variance
	0.0127
	0.0111
	0.0235

	z Statistic
	1.7023
	-1.1309
	1.0303

	P Value
	0.0446
	0.1292
	0.1515

	Significant
	Yes (0.05 significance level)
	No (0.05 significance level)
	No (0.05 significance level)


Table 3: Comparison of Prevalence Rates
MRSA Prevalence Rates According to the Country
[image: ]As per the statistical analysis and the maps illustrated in Figure 2 through Figure 16 and they’re accompanying tables, it is demonstrated that MRSA is highly prevalent in the USA (0.0731), moderately prevalent in Canada (0.0572) and Brazil (0.0466) while Mexico (0.0040), Peru (0.0051) and Argentina (0.0048) present lowest prevalence of MRSA in patients. Among these countries, community-acquired MRSA is common in most regions except Mexico, Peru, Argentina and to some extent Bolivia (0.0179) and Colombia (0.023802232). Correspondingly, hospital-acquired MRSA is more prevalent in Canada (0.182637), Bolivia (0.0179), and Argentina (0.001965), while U.S.A (0.286) and Brazil (0.2511) present more prevalence of HA-MRSA.


















Figure 2: MRSA Prevalence Map/ Tropical vs. Temperate

	
	USA
	Canada
	Brazil
	Ecuador
	Colombia
	Bolivia
	Panama
	Peru
	Argentina
	Mexico

	Avg. Prev.
	0.0731
	0.0572
	0.0466
	0.0238
	0.0238
	0.0179
	0.0132
	0.0051
	0.0048
	0.0040

	# Screened
	35935207
	254900
	4289
	342
	688
	280
	379
	585
	47329
	500

	# S.aureus
	1517471
	1482
	695
	132
	469
	41
	N/A
	146
	1219
	210


Table 4: Mean Prevalence Rates/ Tropical vs. Temperate
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	Figure 3: MRSA Prevalence Tropical 
	Figure 4: MRSA Prevalence Tropical

	Fixed-Effects Model (k = 13)
Test for Heterogeneity:
Q (df = 12) = 1502.3198, p-val < .0001
Model Results:
estimate      se     zval    pval   ci.lb   ci.ub
0.3970  0.0100  39.7436  <.0001  0.3774  0.4166  ***

	Random-Effects Model (k = 13; tau^2 estimator: REML)
tau^2 (estimated amount of total heterogeneity): 0.0949 (SE = 0.0393)
tau (square root of estimated tau^2 value):      0.3081
I^2 (total heterogeneity / total variability):   99.30%
H^2 (total variability / sampling variability):  143.81
Test for Heterogeneity:
Q (df = 12) = 1502.3198, p-val < .0001
Model Results:
estimate      se    zval    pval   ci.lb   ci.ub
0.3960  0.0860  4.6033  <.0001  0.2274  0.5646  ***


Table 5: Mean Prevalence Rates Tropical
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	Figure 5: MRSA Prevalence Temperate
	Figure 6: MRSA Prevalence Temperate

	Fixed-Effects Model (k = 8)
	Test for Heterogeneity: 
Q (df = 7) = 23688.7189, p-val < .0001
Model Results:
estimate      se      zval                  pval   ci.lb   ci.ub     
 0.2045     0.0019  108.0571  <.0001  0.2008  0.2082  




	Random-Effects Model (k = 8; tau^2 estimator: REML)
	tau^2 (estimated amount of total heterogeneity): 0.0423 (SE = 0.0226)
tau (square root of estimated tau^2 value):      0.2056
I^2 (total heterogeneity / total variability):   100.00%
H^2 (total variability / sampling variability):  443073.72
Test for Heterogeneity: 
Q (df = 7) = 23688.7189, p-val < .0001
Model Results:
estimate      se           zval    pval     ci.lb         ci.ub    
0.2043  0.0727  2.8103  0.0049  0.0618  0.3468  





Table 6: Mean Prevalence Rates Temperate



Tropical CA MRSA Rate
[image: ]Community acquired MRSA prevalence rate was also analyzed in the meta analysis wherein the fixed effects model showed 16% (z-value:17.2, p-value < 0.0001) (CI) prevalence rate for tropical countries and 27%(z-value:54, p-value < 0.0001) (CI) for temperate countries. The random effects model quoted 15% (z-value:6.77, p-value < 0.0001) and 27% (z-value:2.61, p-value: 0.0088) for tropical and temperate countries respectively.


























Figure 7:  CA-MRSA Prevalence Heat Map
	
	Brazil
	Bolivia
	Colombia
	Ecuador
	Panama
	USA
	Argentina
	Canada

	Avg Prev.
	0.0221
	0.0179
	0.0238
	0
	0.0131
	0.0730
	0.0048
	0.0572

	# Screened
	4289
	280
	688
	342
	379
	35935207
	47329
	254900

	# S.aureus
	695
	41
	469
	132
	N/A
	1517471
	1219
	1482


Figure 7: MRSA Prevalence Map
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	Figure 8: CA MRSA Prevalence Tropical
	Figure 9: CA MRSA Prevalence Tropical

	Fixed-Effects Model (k = 12)
	Test for Heterogeneity: 
Q (df = 11) = 118.8280, p-val < .0001
Model Results:
estimate      se     zval    pval   ci.lb   ci.ub     
0.1585  0.0092  17.2786  <.0001  0.1405  0.1764  ***




	Random-Effects Model (k = 12; tau^2 estimator: REML)
	tau^2 (estimated amount of total heterogeneity): 0.0051 (SE = 0.0025)
tau (square root of estimated tau^2 value):      0.0711
I^2 (total heterogeneity / total variability):   90.30%
H^2 (total variability / sampling variability):  10.31
Test for Heterogeneity: 
Q (df = 11) = 118.8280, p-val < .0001
Model Results:
estimate      se    zval    pval   ci.lb   ci.ub     
0.1510  0.0223  6.7677  <.0001  0.1073  0.1948  ***





Table 8: CA Prevalence Rates Tropical
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	Figure 10: CA MRSA Prevalence Temperate
	Figure 11: CA MRSA Prevalence Temperate 

	Fixed-Effects Model (k = 6)
	Test for Heterogeneity: 
Q (df = 5) = 5909.3837, p-val < .0001
Model Results:
estimate      se     zval    pval   ci.lb   ci.ub     
0.2709  0.0050  53.9473  <.0001  0.2610  0.2807  ***




	Random-Effects Model (k = 12; tau^2 estimator: REML)
	tau^2 (estimated amount of total heterogeneity): 0.0638 (SE = 0.0404)
tau (square root of estimated tau^2 value):      0.2525
I^2 (total heterogeneity / total variability):   100.00%
H^2 (total variability / sampling variability):  913300.84
Test for Heterogeneity: 
Q (df = 5) = 5909.3837, p-val < .0001
Model Results:
estimate      se    zval    pval   ci.lb   ci.ub    
0.2704  0.1032  2.6197  0.0088  0.0681  0.4727  **





Table 9: CA Prevalence Temperate




Tropical HA MRSA Rate
[image: ]Hospital acquired prevalence statistics of MRSA showed that the prevalence rate in tropical countries was 41% (z-value:38.2, p-value < 0.0001) and 41% (z-value:3.80, p-value < 0.0001) for fixed and random effects model respectively while temperate countries presented 25% (z-value:85.4, p-value < 0.0001) and was 25% (z-value:2.32, p-value: 0.0198).






















Figure 12:  HA-MRSA Prevalence Map

	
	Brazil
	Bolivia
	Colombia
	Ecuador
	Panama
	USA
	Argentina
	Canada

	Avg. Prev.
	0.2511
	0.0179
	0.0237
	0.4697
	0.0132
	0.2862
	0.0020
	0.1826

	# Screened
	4289
	280
	688
	342
	379
	35935207
	47329
	254900

	# S.aureus
	695
	41
	469
	132
	N/A
	1517471
	1219
	1482


Table10:  HA-MRSA Prevalence
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	Figure 13: HA MRSA Prevalence Tropical
	Figure 14: HA MRSA Prevalence Tropical

	Fixed-Effects Model (k = 10)
	Test for Heterogeneity: 
Q(df = 9) = 1469.6102, p-val < .0001
Model Results:
estimate      se     zval    pval   ci.lb   ci.ub     
0.4122  0.0108  38.2728  <.0001  0.3911  0.4333  ***




	Random-Effects Model (k = 10; tau^2 estimator: REML)
	tau^2 (estimated amount of total heterogeneity): 0.1152 (SE = 0.0549)
tau (square root of estimated tau^2 value):      0.3395
I^2 (total heterogeneity / total variability):   99.51%
H^2 (total variability / sampling variability):  202.85
Test for Heterogeneity: 
Q(df = 9) = 1469.6102, p-val < .0001
Model Results:
estimate      se    zval    pval   ci.lb   ci.ub     
0.4109  0.1079  3.8084  0.0001  0.1994  0.6223  ***





Table 11: HA Prevalence Temperate
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	Figure 15: HA MRSA Prevalence Temperate
	Figure 16: HA MRSA Prevalence Temperate

	Fixed-Effects Model (k = 5)
	Test for Heterogeneity: 
Q(df = 4) = 16508.4839, p-val < .0001
Model Results:
estimate      se     zval                pval   ci.lb     ci.ub     
0.2533  0.0030  85.4093  <.0001  0.2475  0.2591  




	Random-Effects Model (k = 5; tau^2 estimator: REML)
	tau^2 (estimated amount of total heterogeneity): 0.0590 (SE = 0.0417)
tau (square root of estimated tau^2 value):      0.2429
I^2 (total heterogeneity / total variability):   100.00%
H^2 (total variability / sampling variability):  1056275.79
Test for Heterogeneity: 
Q(df = 4) = 16508.4839, p-val < .0001
Model Results:
estimate      se           zval    pval      ci.lb   ci.ub   
0.2531  0.1087  2.3292  0.0198  0.0401  0.4661





Table 12: HA MRSA Prevalence Temperate


DISCUSSION 
Worldwide, the prevalence rate of decline of MRSA can be divided into 3 main zones: Asia and America (low decline), East Europe (intermediate decline) and Western Europe (high decline).3,30 The data presented in this study contributes to the economic and climatic analysis of the MRSA infection. Since countries with a warmer climate are more prone to the infection and less likely to contain MRSA, the division of tropical and temperate zones of America present a unique insight towards epidemiologic implications of MRSA.31
McBride et al. addressed that humidity promotes hydration of the skin especially through the stratum corneum which in turn promotes microbial growth.32-34 Since, most tropical countries report high relative humidity and high temperature in comparison to temperate zones, it can be safely assumed that high sweat production and high environmental humidity enhances S. aureus and MRSA transmission, colonization and infection due to promotion of microbial colonies on the intact and non-intact skin as well as peripheral openings in the body.35 Likewise, increased MRSA transmission in tropical regions of America may reflect a higher frequency of MRSA colonies on the skin, throat, nares and perineum in hot and humid conditions.34,36,37 Mermel et al. reported seasonal surge of MRSA infections during warm months of the year and reported that higher CA-MRSA and HA-MRSA prevalence is observed in the second two quarters of the year. They also reported that pediatric patients experience a substantial rise in prevalence rates during the warmer seasons.20 Sahoo et al reported that temperature above 33 °C and an average relative humidity range of 55%-78% presents higher prevalence rates of S. aureus and MRSA associated infections. As per the Koppen climate classifications, tropical countries experience average temperature above 18 °C and average relative humidity (RH) above 60% while temperate climates range between -3 °C and 18 °C with variable RH depending on the season.1 Therefore, our findings suggest that the significant differences between the temperate and tropical zones of America may be correlated with temperature and relative humidity. These conclusions also assert our climatic and demographic findings in the tropical zone of America where the carriage rate in children was reportedly higher than other age groups. These results are in alignment with Mermel et al who reported three times higher seasonal variation in pediatric patients during warmer seasons than other times of the year.20 However, researchers have also reported that since the prevalence of MRSA infection is seasonal with higher occurrence in 2nd and 3rd quarters of the year, it can also create a bias in data analysis as the studies considered in this review are conducted at various time frames. Likewise, results obtained in this study may be influenced by a seasonal mismatch in temperate and tropical regions should they be conducted in dissimilar seasons. Since information related to seasonal mismatch is not documented and analyzed in this study, it may generate a bias in overall MRSA prevalence rates and underlying CA-MRSA and HA-MRSA interpretations in these climatic zones.17,31
Additional factors contributing towards increased prevalence rates of S. aureus and MRSA are overcrowding, poor hygiene and limited water availability, however, these factors have been studied in accordance with generalized microbial colonization rather than specific MRSA prevalences18.  Likewise, researchers have also associated that since most tropical countries are essentially developing countries, the prevalence of MRSA is higher in these regions especially in children.36
Similarly, Sahoo et al. documented a time series analysis of CA-MRSA prevalence in India and reported the significance of climatic as well as socioeconomic factors for increased prevalence rates.17 Alternatively, several European based studies have reported a decline of MRSA occurrence in the past decade, which indicates the relatively low prevalence of MRSA in the temperate zone around the world.10,16 Moreover, studies have reported that migration may be considered a non-negligible cause of distribution. These epidemiological studies associate MRSA with a higher influence of CA-MRSA and its isolates, describing emergence of higher CA-MRSA cases in countries with more number of tourists, refugees and immigrants.36 However no significant change in prevalence rates is observed with CA-MRSA prevalence rate reported in our studies with 15% (z-value: 6.77, p-value < 0.0001) and 27% (z-value:2.61, p-value: 0.0088) for tropical and temperate countries respectively present indications of possible bias towards the implications of migration of healthcare professionals, pediatrics and general population from tropical countries to temperate countries to misjudge the CA-MRSA occurrence in temperate region.  
Furthermore, the emergence of vancomycin resistant MRSA presents a threat to control infection in tropical countries where Panton–Valentine leukocidin (PVL) negative isolates are more commonly observed. Researchers have commented towards the nature of site where the infection has transmitted for such influences. Likewise, in tropical places where airborne infections are highly prevalent, PVL negative strains are difficult to avoid.31
Limitations 
A major limitation of this review is the limited data obtained from studies assessed for carriage rates of S. aureus and MRSA. A number of studies included achieved a moderate quality level due to which the search strategy was redefined. A large number of studies could not be included due to pooled data for nasal, fecal and throat carriage within and between the healthcare and community settings. Likewise, low socioeconomic countries of South America, especially in the tropical zone, have shown to contribute higher prevalence rates of S. aureus and MRSA, but due to low funding available on reporting through research, several variables are left unchecked. There is a need for generating more sequence base genotyping data on tropical and temperate countries in America and other countries of the world. Also, the fast emergence of American lineage is dependent on multifactorial interactions between host, pathogen and the environment.30 Thus, regular surveillance of CA and HA-MRSA and related antibiotic sensitivity patterns is necessary for the formulation of definite antibiotic policy across America where MRSA decline is happening at a very low rate compared to Asia and Europe. This investigation may facilitate more prompt and effective action for the prevention and control of MRSA infections in tropical countries of the America. In particular, the use of MRSA screening based on rapid and reliable diagnosis during inpatient and outpatient admission is crucial.
Conclusion
This systematic review and meta analysis provides insights on the climatic influence of MRSA due to which countries in tropical zone of America are more vulnerable to MRSA transmission and infection. It also discusses MRSA prevalence rate change due to demographic factors and in states that men are more prone to MRSA carriage than woman and so are the elderly population. The fast emergence of American lineage is dependent on multifactorial interactions between host, pathogen and the environment. Thus, regular surveillance of CA and HA-MRSA and related antibiotic sensitivity patterns is necessary for the formulation of definite antibiotic policy across America where MRSA decline is happening at a very low rate compared to Asia and Europe. 
This investigation may facilitate more prompt and effective action for the prevention and control of MRSA infections in tropical countries of the Americas. In particular, the use of MRSA screening based on rapid and reliable diagnosis during inpatient and outpatient admission of patients is crucial.





Future Considerations
Based upon limitations identified during the systematic review and meta analysis, the authors will be exploring various variables and correlations. As an initial effort, chi square tests were performed to check if MRSA prevalence was associated with climate. The analysis revealed a significant association between the climate and MRSA prevalence (χ2 = 667, df=3, P<0.05). Chi-square tests between climate and gender wise MRSA prevalence revealed a significant association between gender of MRSA infected patients and climate (χ2 = 8608, df=1, P<0.05). The chi-square test between climate and age wise MRSA infections revealed a significant association between age of MRSA infected patients and climate (χ2 = 11.65, df=2, P<0.05), Tables 13 – 15. 
	Climate
	S. aureus
	CA MRSA
	HA MRSA
	MRSA Detected
	Total

	Tropical (observed)
	1693
	87
	500
	587
	2867

	Temperate (observed)
	1526908
	539475.1
	325185.9
	968770.5
	3360339.4

	Total
	1528601
	539562.1
	325685.9
	969357.5
	3363206.4

	
	
	
	
	
	

	Climate
	S. aureus
	CA MRSA
	HA MRSA
	MRSA Detected
	Total

	Tropical (Expected)
	1303.072
	459.9553
	277.6343
	826.3388
	

	(O-E)
	389.9283
	-372.955
	222.3657
	-239.339
	

	(O-E)2
	152044.1
	139095.6
	49446.52
	57283.05
	

	(O-E)2/E
	116.6813
	302.4112
	178.0995
	69.32151
	666.51351

	 
	
	
	
	
	

	Climate
	S. aureus
	CA MRSA
	HA MRSA
	MRSA Detected
	Total

	Temperate (Expected)
	1527298
	539102.2
	325408.2
	968531.1
	

	(O-E)
	-389.928
	372.9553
	-222.366
	239.3388
	

	(O-E)2
	152044.1
	139095.6
	49446.52
	57283.05
	

	(O-E)2/E
	0.099551
	0.258014
	0.151952
	0.059144
	0.5686611

	 
	
	
	
	
	 

	 
	
	
	
	Chi
	667.08217

	 
	
	
	
	DF 
	3

	 
	 
	 
	 
	Crit 
	7.815

	
	
	
	
	P
	<0.05


Table 13: Chi Square Test Between Climate and S.aureus / MRSA Prevalence













	Climate
	Male
	Female
	Total

	Tropical (observed)
	189
	113
	302

	Temperate (observed)
	6546
	4925
	11471

	Total
	6735
	5038
	11773

	
	
	
	

	Climate
	Male
	Female
	Total

	Tropical (Expected)
	5.74132
	4.294695
	

	(O-E)
	183.2587
	108.7053
	

	(O-E)2
	33583.74
	11816.84
	

	(O-E)2/E
	5849.481
	2751.498
	8600.979

	 
	
	
	

	Climate
	Male
	Female
	Total

	Temperate (Expected)
	6729.259
	5033.705
	

	(O-E)
	-183.259
	-108.705
	

	(O-E)2
	33583.74
	11816.84
	

	(O-E)2/E
	4.990705
	2.347544
	7.338249

	 
	
	
	

	 
	
	Chi
	8608.317

	 
	
	DF 
	1

	 
	 
	crit
	3.841

	
	
	P
	<0.05


Table 14: Chi Square Test Between Climate and Gender Wise MRSA Prevalence














	Climate
	<15 yrs
	15-65  yrs
	>65 yrs
	Total

	Tropical (observed)
	51
	38
	42
	131

	Temperate (observed)
	543151.8
	715228.9
	838883.8
	2097265

	Total
	543202.8
	715266.9
	838925.8
	2097396

	
	
	
	
	

	Climate
	<15 yrs
	15-65  yrs
	>65 yrs
	Total

	Tropical (Expected)
	33.92758
	44.67444
	52.39798
	

	(O-E)
	17.07242
	-6.67444
	-10.398
	

	(O-E)2
	291.4674
	44.54811
	108.118
	

	(O-E)2/E
	8.590867
	0.997172
	2.063399
	11.65144

	 
	
	
	
	

	Climate
	<15 yrs
	15-65  yrs
	>65 yrs
	Total

	Temperate (Expected)
	543168.9
	715222.2
	838873.5
	

	(O-E)
	-17.0724
	6.674437
	10.39798
	

	(O-E)2
	291.4674
	44.54811
	108.118
	

	(O-E)2/E
	0.000537
	6.23E-05
	0.000129
	0.000728

	 
	
	
	
	 

	 
	
	
	Chi
	11.65217

	 
	
	
	Df
	2

	 
	 
	 
	Crit
	5.991

	
	
	
	P
	<0.05


Table 15: Chi Square Test Between Climate and Gender wise MRSA prevalence
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Figure 1: PRISMA flow diagram to illustrate the selection procedure for systematic review and
meta-analysis. (Moher, Liberati, Tetzlaff, Altman, & Prisma Group, 2009)
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