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ABSTRACT
Objective  To characterise individual and area-level risks 
associated with invasive or skin and soft tissue (SSTIs) 
Staphylococcus aureus infections comparing methicillin-
resistant S. aureus (MRSA) with methicillin-sensitive S. aureus 
(MSSA); and highlight differences between children and adults.
Setting  A population-based study from 21 reporting 
laboratories located in Georgia Health District 3 (HD3), an eight-
county catchment area around metro Atlanta.
Participants  A case is a resident of HD3 from whom S. aureus 
had been isolated in 2017.
Primary outcome  Culture-confirmed S. aureus infections, 
classified as skin and soft tissue (proxy for non-invasive) or 
invasive, by methicillin-sensitivity status.
Results  The incidence of SSTIs was 19.7/100 000, 
compared with 5.2/100 000 for invasive infections. Adults 
experienced higher rates of SSTIs (22.3/100 000) and invasive 
infections (6.7/100 000) compared with children with SSTIs 
(13.0/100 000) and invasive infections (1.3/100 000). Risks 
of MRSA versus MSSA SSTIs were similar for children and 
adults. Black individuals with SSTIs were more likely to have 
MRSA than white individuals (children (OR 1.43, 95% CI 1.16 
to 1.76); adults (OR 1.24, 95% CI 1.08 to 1.42)). Adults with 
invasive MRSA were more likely to be black (adjusted OR 1.69, 
95% CI 1.25 to 2.29) compared with those with invasive MSSA. 
Children with invasive MRSA were more likely from a racial-
ethnic concentrated area (OR 4.66, 95% CI 1.85 to 11.71). 
Hotspots of MRSA were found in crowded areas with higher 
rates of black populations.
Conclusions  The risk of MRSA infections in children and 
adults can be defined by unique area-level sociodemographic 
characteristics which were distinct for those areas associated 
with MSSA infections. Place-based risks of MRSA or MSSA 
can be used to develop target public health interventions to 
decrease transmission and incidence.

INTRODUCTION
Methicillin-resistant Staphylococcus aureus 
(MRSA) infections present challenges to 
treatment and prevention in both hospital 
and community settings. In 2017, an estimated 
323 700 hospitalised cases of MRSA infections 

occurred in the USA, with 10 600 related 
deaths.1 Hospital-associated MRSA (HA-
MRSA) and community-associated MRSA (CA-
MRSA) infections have been well described 
in previous literature,2 3 highlighting the risks 
associated with invasive HA-MRSA infections 
(hospitalisation, extreme age groups, males, 
black race and haemodialysis patients)4–7 
and CA-MRSA infections (crowding, athletic 
facilities, military individuals, poor hygiene, 
previous antibiotic use and socioeconomic 
factors (households with low income, medi-
cally underserved area and area with low 
education attainment)).8 9 Skin and soft tissue 
infections (SSTIs) likely account for at least 
90% of non-invasive CA-MRSA and result in 
more than 14 million ambulatory visits per 
year.2 8 10–15 Although evidence from one 
study in 2016 showed that the incidence of 
invasive methicillin-sensitive S. aureus (MSSA) 
infections in eight US counties across five 
states is higher than the incidence of inva-
sive MRSA infections across all demographic 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Use of a large georeferenced dataset of laboratory-
confirmed methicillin-resistant Staphylococcus 
aureus or methicillin-sensitive S. aureus to identify 
individual and neighbourhood sociodemographic 
risk factors.

	⇒ Captured smaller clusters of socioenvironmental 
characteristics for individuals with confirmed in-
fections by using reliable population estimates by 
census tract.

	⇒ Exclusion of laboratory sites due to incomplete skin 
and soft tissue infection-related data or lack of geo-
referenced cases.

	⇒ Surveillance conducted in metro Atlanta may not be 
representative of other areas in the USA.
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groups,16 data evaluating non-invasive MSSA infections 
are less available.

This is the first large population-based study comparing 
adults with children with S. aureus, living in the south-
eastern USA. No previous studies have compared paedi-
atric place-based risks with those of adults, among those 
with either MRSA or MSSA infections. In this study, we (1) 
characterise individual and area-level risks associated with 
invasive infections or SSTIs caused by S. aureus comparing 
MRSA with MSSA; and (2) highlight differences between 
children and adults with these infections.

METHODS
Study design
This is a retrospective study using data from Georgia 
Emerging Infections Program (EIP) laboratory-based 
surveillance of S. aureus infections from 21 reporting 
laboratories (18 hospital based and 3 referral) located in 
Georgia Health District 3 (HD3), an eight-county catch-
ment area of approximately 3 951 039.17 This area is shown 
on a map of the USA in online supplemental figure 1. 
Georgia’s EIP has been ongoing since 2005, but in 2017, 
a time-limited expansion of its surveillance was initiated 
to include additional infections, for example, S. aureus.

Case definition
A case was defined as a resident of HD3 from whom S. 
aureus had been isolated from any clinical culture; cases 
were distinguished as MRSA or MSSA. Specimen sources 
were further categorised as invasive, non-invasive or other/
uncertain infection based on a review of culture source. 

Invasive infection included isolation of S. aureus from a 
normally sterile site (ie, blood, bone, cerebrospinal fluid, 
pleural fluid, pericardial fluid, peritoneal fluid, joint/
synovial fluid, internal organ site (lymph node, brain, 
heart, liver, spleen, kidney, pancreas, ovary or vitreous 
fluid) or other normally sterile site).5 Non-invasive infec-
tions included those from lower respiratory tract, skin 
abscess and sinuses. S. aureus isolated from other sites, for 
example, wound, skin and ‘unknown’ sites, were assessed 
for clinical relevance. ‘Free text’ and ‘comment’ fields 
associated with culture report were then reviewed by an 
infectious disease physician (AW) to classify specimens 
into respective categories. SSTIs included skin abscess 
and superficial skin infections (wounds, rashes, cellulitis, 
swabs and drainage). For this study, SSTIs are a proxy 
for ‘non-invasive’ infection. For each unique patient, if 
multiple non-invasive cultures occurred within a 14-day 
period or if multiple invasive cultures occurred within 
a 30-day period, cases were assigned as a single incident 
infection (see figure 1 for enrolment scheme).

Patient and public involvement
It was not appropriate or possible to involve patients or 
the public in the design, conduct, reporting or dissemi-
nation plans of our research.

Patient-level data
Antibiotic susceptibility testing results and demographics 
(age, race, ethnicity, gender and home address) were 
obtained from culture reports. Age was grouped into 
eight clinically relevant categories: 0–2, >2–5, >5–13, 
>13–18, 19–25, >25–45, >45–65 and >65 years.

Figure 1  Enrolment scheme for all Staphylococcus aureus cultures in adults and children, based on distribution of type of 
infection (invasive vs non-invasive) and resistance to methicillin, 2017. MRSA, methicillin-resistant S. aureus; MSSA, methicillin-
sensitive S. aureus; SSTIs, skin and soft tissue infections.
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Geocoding
World Geocoding Service in ArcMap V.10.7 software 
(ArcGIS Desktop, Redlands, California, USA: Environ-
mental Systems Research Institute) was used to georefer-
ence cases to the census tract level.

Missing data
Two referral laboratories’ data for patients with SSTIs 
were excluded from the analyses due to missing race 
assignments for 84.4% and 95.5%, respectively. From 
13 of 21 remaining laboratories, a total of 429 (2.3%) 
cultures were missing infection source. Age, gender, race 
and ethnicity were missing in less than 20% of remaining 
SSTI and invasive cases. Missing demographic data were 
adjusted through five iterations18 of multiple imputa-
tions based on distributions of age category, gender, race, 
ethnicity, methicillin sensitivity and county of residence 
using SAS V.9.4 (SAS Institute). Imputed demographics 
were used for logistic regression and incidence rates.

Area-level data
Area variables at census tract level were abstracted from 
the 2017 US Census Bureau American Community Survey 
5-Year Data.

Household crowding
The US Department of Housing and Urban Development 
defines household crowding as more than one person per 
room per dwelling unit, regardless of unit size, structure 
type, location or lot size.19

Racial-ethnic groups
Based on proportions of non-Hispanic, non-white indi-
viduals per census tract, ‘concentrated’ areas of this 
racial-ethnic group were determined by adding 10% to 
the percentage of non-Hispanic, non-white population 
for the state.20 For example, in Georgia, the average rate 
of non-Hispanic, non-white population is 37.8%, so any 
census tract >47.8% was defined as a ‘concentrated’ area 
of this racial-ethnic group.

Poverty
Census tracts where >40% of the population falls below 
the national poverty line.21

Other area-level variables
Index of income inequality uses the Gini index to repre-
sent wealth dispersal, where 0 indicates perfect equality 
and 1, perfect inequality. Proportions in each census tract 
with no health insurance, <18 years old and foreign born 
(defined by US Census) were calculated. The proportion 
of individuals with no high school diploma was calculated 
among the population >25 years old.

Statistical analyses
Overview
Patients who met the case definition for either MRSA or 
MSSA were stratified by individual patient-level and area-
level variables. Comparison of incident SSTIs with invasive 

infections, overall and by resistance, was then examined 
by χ2 test for categorical variables and two-sample t-test for 
continuous variables. Additional comparisons were done 
between paediatric versus adult infections. Incidence 
calculations used 2017 US Census data for the study area 
as the denominator. Incidence (per 100 000 HD3 popu-
lation) of SSTIs and invasive infections was calculated 
by age group, race and ethnicity. Statistical analysis was 
performed using SAS V.9.4 (SAS Institute).

Statistical models
Bivariate analyses were performed to test associations of 
variables with MRSA compared with MSSA. Individual 
patient-level and area-level demographic variables, based 
on risks or proxies for risks reported in the literature,9 22 
were selected for inclusion. Three types of multivariable 
logistic regression models were created: individual factors 
only, area factors only and multilevel (individual and 
area) factors. Multilevel logistic regression used random 
intercepts for census tract; area-level variables with a p 
value of <0.15 in adjusted models were included for initial 
consideration. These model types were applied to SSTIs 
and invasive infections among both children and adults. 
ORs were used as estimates of relative risks, and 95% CIs 
were determined. All tests were two tailed and a p value of 
<0.05 was considered significant.

Spatial analyses
Georeferencing of all data was previously done17 and 
census tract ID was determined for each case; geocode 
match accuracy was 98% overall. Standardised incidence 
ratios (SIRs) using county rate were determined. Obser-
vations of zero incidents in a census tract were adjusted 
by adding an arbitrarily small value (0.5) to the observed 
and expected incidents as risk in any census tract was 
not likely to be zero for any infection. Ratios were calcu-
lated and mapped by type of infection (invasive vs SSTIs), 
adjusted for age and race. Using Getis-Ord Gi* statistic, 
MRSA and MSSA hotspot and cold spot analyses were 
performed on incidence rates and non-aggregated data 
to determine significant spatial clustering. Significance 
was tested at various confidence levels (99%, 95% or 
90%) for each spatial cluster.

RESULTS
During 2017, 25 335 unique S. aureus infections were 
reported for HD3. Of these, 11 746 infections were 
removed as they were isolated from a source that did 
not meet our definition for invasive infection or SSTI 
(figure  1). The remaining infections included 11 331 
(44.7%) SSTIs and 2258 (8.9%) invasive infections; 3531 
SSTIs and 220 invasive infections were removed due to 
missing census tract, demographic information or incom-
plete reports from referral laboratories. Our final analysis 
included 2915 adults (45.8%) with MRSA SSTIs and 3454 
adults (54.2%) with MSSA SSTIs, as well as 525 children 
(36.8%) with MRSA SSTIs and 906 children (63.3%) with 
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MSSA SSTIs. For invasive infections, 722 adults (38.0%) 
with MRSA and 1178 adults (62.0%) with MSSA were 
identified, compared with 32 children (23.2%) with 
MRSA and 106 children (76.8%) with MSSA.

Population characteristics
Individual demographics and risks determined a priori are 
shown in table 1, stratified by SSTI versus invasive infec-
tion (see online supplemental table 1 for imputed demo-
graphics by imputation iteration and online supplemental 
table 2, which further examines demographic differences 
in children vs adults). The incidence of SSTIs in HD3 was 
19.7/100 000, compared with 5.2/100 000 for invasive 
infections. Adults experienced higher incidence of SSTIs 
(22.3/100 000) and invasive infections (6.7/100 000) 
compared with children with SSTIs (13.0/100 000) and 
invasive infections (1.3/100 000). The incidence of MRSA 
SSTIs among adults (10.2/100 000) was more than twice 
that of children (4.8/100 000), and the incidence of inva-
sive MRSA (2.5/100 000) was almost nine times that of 
children (0.3/100 000). The rates of infection types by 
methicillin resistance are displayed by demographics in 
online supplemental figure 2.

Risk factors among children and adults
Risks of MRSA versus MSSA SSTIs were similar for chil-
dren and adults. Black persons with SSTIs were more 
likely to have MRSA than white persons (children (OR 
1.43, 95% CI 1.16 to 1.76); adults (OR 1.24, 95% CI 1.08 
to 1.42)), and both adults and children with MRSA SSTIs 
were less likely to be Hispanic (children (OR 0.76, 95% CI 
0.65 to 0.89); adults (OR 0.88, 95% CI 0.78 to 1.00)) 
(table 2). Highest risk of MRSA SSTIs (over MSSA) was 
found in children <2 years, children >2–5 years and adults 
>65 years. At the area level, since the rate of no health 
insurance was highly correlated with no high school 
diploma, health insurance was dropped from adjusted 
models. After adjusting for crowding and foreign born, 
higher proportions with no high school degree increased 
adult risk of MRSA SSTIs (adjusted OR (aOR) 2.47, 
95% CI 1.29 to 4.74); living in a racial-ethnic concen-
trated area increased paediatric risk of MRSA SSTIs (aOR 
1.31, 95% CI 1.03 to 1.65) not seen with adults.

Additional multilevel model analyses revealed that black 
race was no longer a significant determinant of MRSA 
infection among children or adults (online supplemental 
table 3). Only crowding remained a significant area-level 
risk for paediatric MRSA SSTIs (aOR 1.44, 95% CI 1.02 
to 2.04), while crowding (aOR 1.35, 95% CI 1.14 to 1.59) 
and no high school degree (aOR 2.98, 95% CI 1.35 to 
6.56) remained significant area predictors of adult MRSA 
SSTIs.

After adjusting for individual demographics, adults 
with invasive MRSA were more likely to be black (aOR 
1.69, 95% CI 1.25 to 2.29) compared with those with inva-
sive MSSA (table 3). Children with invasive MRSA were 
more likely from racial-ethnic concentrated areas (OR 
4.66, 95% CI 1.85 to 11.71); no factors were significant in 

area level-adjusted models for invasive disease. A multi-
level model indicated adults with MRSA (compared with 
MSSA) invasive infections were more likely black (aOR 
1.52, 95% CI 1.21 to 1.92) and persons living in areas 
without health insurance (aOR 3.95, 95% CI 1.07 to 
14.55) after adjusting for age, ethnicity and poverty.

Spatial densities of skin and soft tissue and invasive MRSA 
and MSSA infections
After adjusting for age and race, invasive S. aureus (MRSA 
and MSSA) was distributed across fewer census tracts 
than SSTIs (figure  2). Although many census tracts 
had higher SIRs for SSTIs, particularly in central and 
northern HD3, the highest invasive SIRs were aggregated 
in smaller spatial areas. More census tracts had SIRs >2.0 
for MRSA SSTIs and invasive infections than MSSA, while 
more areas had a ratio of 1.2–2.0 for MSSA infections of 
both types (online supplemental figure 3). MRSA was 
greatest in south-central Atlanta around Fulton, DeKalb 
and Clayton counties, three of the four counties with the 
highest population densities. The distribution of S. aureus 
for adults compared with children was similar, except in 
Douglas and Newton counties where there were high SIRs 
of adult S. aureus but low for paediatric (figure  3A,B). 
More census tracts with SIRs >2.0 were seen with children, 
even though infected adults covered a greater region of 
HD3 (online supplemental figure 4).

Among 634 census tracts with adult MRSA, 30% (193) 
were identified as hotspots and within these hotspots, 79% 
(152 of 193) were in areas with ≥40% black population 
and 66% (128 of 193) were in hotspots with ≥50% black 
population. Figure 3C,D demonstrates these hotspots and 
shows the preponderance of cold spots in tracts where 
there are more white persons than black persons. Paedi-
atric MRSA hotspots were similar in distribution as adults, 
with hotspots seen in 33% (166 of 504) of census tracts 
with paediatric MRSA, and 78% (130 of 166) and 65% 
(108 of 166) of these hotspots with ≥40% and >50% black 
population, respectively. In general, this appears to corre-
spond to population density; exception to this was seen 
in Cobb and Douglas counties. We found evidence that 
highly black, densely populated regions of south-central 
Fulton–DeKalb counties and the south-side of the city of 
Atlanta were areas with significant MRSA hotspots and 
less significant MRSA hotspots in the less densely popu-
lated areas of east and south DeKalb county. Within the 
north-side of the city of Atlanta, we saw no significant 
hotspots and only a few significant cold spots.

DISCUSSION
S. aureus SSTIs occurred more often than invasive disease 
for both adults (nearly 4-fold higher rate) and children 
(roughly 10-fold higher rate); this was consistent for both 
MRSA and MSSA. Since many SSTIs are not standardly or 
routinely cultured, our findings are an underestimation 
of true SSTI incidence and therefore, an under-reporting 
of the likely even greater disparity between SSTIs and 
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invasive disease. Among children, MRSA-related SSTIs 
were >10 times that of invasive MRSA. Infants have been 
shown to be colonised with S. aureus in up to 60%,23–26 
which is consistent with our results that young children 
(0–2 years) are at increased risk of MRSA SSTIs; perinatal 
colonisation coupled with possible common paediatric 
conditions of eczema or diaper dermatitis may be explan-
atory of this finding.

A number of studies have reported on racial/ethnic 
disparities associated with MRSA-related infections.3 9 22 
In our analysis, we also found the rate of MRSA infec-
tions increased among black adults and children, regard-
less of the type of infection; however, this disparity was 
no longer evident once we adjusted for spatial clustering 
through the random effect of census tract and the area-
level crowding variable. By controlling for place-based 
crowding, we demonstrate decreased racial differences at 
the community or area level, since most densely populated 
census tracts in our catchment include predominantly 
black communities. Population crowding (household or 
community level) has been previously cited as a risk for all 
S. aureus, regardless of age, gender or race.22 27 As such, 
allocation of prevention resources, particularly in areas 
with high levels of household crowding, may reduce the 
burden of MRSA infections disproportionately affecting 
black communities living in crowded settings.

We observed the ‘Hispanic paradox’ in MRSA SSTIs 
among both Hispanic adults and children. This ‘protec-
tive effect’ has been reported by others.28 29 Reasons for 
this may be similar to those factors seen in other condi-
tions where Hispanics have better health outcomes (eg, 

overall, Hispanics living in the USA tend to have better 
diets and lower smoking rates, though they are twice as 
likely to be living below poverty and more likely to be 
uninsured30). Cultural practices in communities where 
the majority of residents are of similar ethnicity may 
lower risk of developing MRSA-related infections.31 32 
For example, decreased utilisation of antimicrobials to 
treat an infection where there might be a culturally based 
remedy may indirectly decrease the risk of development 
of MRSA. Further research into specific cultural influ-
ences is needed.

Areas of concentrated poverty did not appear to be 
a risk factor for MRSA SSTIs at the community level. 
However, transmission dynamics of SSTIs are directly 
related to the spatial proximity of individuals. Our find-
ings are consistent with others in associating crowding 
with MRSA SSTIs for both children and adults.22 27 About 
85% of children and adults with MRSA lived in areas with 
evidence of crowding. Our hotspot analyses demonstrated 
a ‘band’ inside the city of Atlanta, running from north-
west to southeast, devoid of any hot or cold spots. This 
band mapped to a predominantly industrial section with 
little crowding. In comparison, other areas have socioen-
vironmental conditions of increased opportunities for 
person-to-person transmission (eg, neighbourhoods with 
concentrated multiunit housing, K-12 schools, or daycare 
centres inhabited by children and adults alike); these 
place-based factors and their degree of contribution to 
risks need further investigation.

Communities with higher rates of foreign-born 
populations were protective against MRSA SSTIs in 

Figure 2  Standardised incidence ratio (SIR) for Staphylococcus aureus infections, stratified by type of infection (invasive (A) 
and skin and soft tissue, (B)). SSTI, skin and soft tissue infection.



9Portela GT, et al. BMJ Open 2022;12:e059327. doi:10.1136/bmjopen-2021-059327

Open access

both children and adults; however, in our adjusted 
multilevel model, we did not see an association 
between S. aureus infections and areas with higher 
rates of foreign-born residents. Piper Jenks et al also 
reported that foreign-born individuals were at higher 
risk of MSSA than MRSA infections in their analyses 
of patients presenting with SSTIs in New York.33 After 

adjusting for foreign-born population, crowding and 
areas ‘concentrated’ with non-Hispanic, non-white 
populations, we saw increased risk of MRSA SSTIs 
among children only. Additional studies are needed to 
examine more closely the relevance of years in birth-
place outside of the USA and the risks of developing 
either MRSA or MSSA infections.

Figure 3  Standardised incidence ratio (SIR) for Staphylococcus aureus infections, stratified by adults and children (A,B) and 
hot and cold spots of MRSA infections in Health District 3, comparing adults and children (C,D). MRSA, methicillin-resistant S. 
aureus.
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Modifiable determinants of health and wellness include 
income and education, so that as income level increases, 
education levels usually also increase, and both correlate 
with better health outcomes. Thus, not surprisingly, we, 
like others, saw an increased risk of MRSA SSTIs in adults 
with lower education attainment.34 Limited access to 
credible information resources (eg, internet, opportuni-
ties for preventive care or a medical home) in preventing 
MRSA SSTIs may contribute to this finding.

There were several limitations to this analysis, such 
as excluding laboratory sites due to incomplete SSTI-
related data. Additionally, the data that could not be 
georeferenced may impact the generalisability of our 
findings. Children experienced far fewer invasive infec-
tions, particularly MRSA, limiting the reliability of associ-
ated estimates. Finally, surveillance conducted in metro 
Atlanta may not be representative of other areas in the 
USA. However, the major strength of this study is the use 
of a large georeferenced dataset of laboratory-confirmed 
MRSA or MSSA to identify individual and neighbourhood 
sociodemographic risk factors. Data are representative 
of all S. aureus in a diverse geographical catchment area 
and are not limited to a single health system or commu-
nity. By using information on census tracts, we captured 
smaller clusters of socioenvironmental characteristics for 
individuals with confirmed infections. Furthermore, we 
evaluated the spatial relatedness between categories of S. 
aureus infections and computed covariates using reliable 
population estimates.

This large population-based analysis of S. aureus SSTIs 
and invasive infections in a large urban area revealed 
the importance of and contrast between place-based 
risks among children and adults for MRSA compared 
with MSSA infections. Understanding the relevance of 
geographical variations can lead to identifying those 
place-based differences in socioeconomic and socioeco-
logical variables which contribute to risk of both MRSA 
and MSSA infections. Our findings do not identify risks 
at the individual level, but rather, are based on popula-
tion effects and ecological conditions at the census tract 
level which may contribute to risks of S. aureus infections. 
The findings can then serve as the basis for developing 
targeted interventions, such as efforts to reduce crowding 
or increase equity of healthcare resources, in areas with 
significant community-level risk factors for S. aureus infec-
tions, while adjusting the approach based on the age 
group and type of infection.
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