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Abstract

Background: In US cystic fibrosis (CF) patients, methicillin-resistant Staphylococcus aureus
(MRSA) rates have tripled in the past 2 decades. Known clinical risk factors include exposure to a
healthcare setting, Pseudomonas aeruginosa and CF-related diabetes. Area-level socio-
environmental exposures have not been evaluated. We explored the association of area-level
deprivation with MRSA prevalence in a pediatric CF Center in the Southeastern United States.

Methods: Patients’ residential addresses were geocoded and linked to a composite Area
Deprivation Index and Rural-Urban Commuting Area scores. The association of MRSA with Area
Deprivation Index and Rural-Urban Commuting Area scores was evaluated using logistic
regression with robust standard errors adjusted for sociodemographic covariates (age, sex, race,
mother’s and father’s education and household income), clinical risk factors (P aeruginosa, CF-
related diabetes, hospitalizations and number of clinic visits) and clustering.

Results: The study included all pediatric patients (N = 231; mean age 12) at a single CF Center.
MRSA was present in 44% of subjects. Higher area-level deprivation was correlated with rural
residence, lack of parental college education and lower household income (P < 0.001 for each). In
a multiple regression model fully adjusted for patient-level sociodemographic covariates, clinical
risk factors and clustering, neighborhood deprivation was associated with more than 2-fold
increase in the odds of having MRSA [OR 2.26 (1.14-4.45), P< 0.05].

Conclusions: Neighborhood deprivation is a risk factor for MRSA in pediatric CF, doubling the
odds of infection. Community-level socioeconomic risk factors should be considered when
developing prevention strategies and treatment plans for MRSA infection in pediatric patients with
CF.
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Cystic fibrosis (CF) is the most common autosomal recessive genetic disorder among
Caucasians, affecting 1 in 2500 live births and ~30,000 individuals in the United States.
Despite marked improvements in outcomes and survival, the primary causes of death in CF
patients remain respiratory.: As such, prevention and treatment of bacterial lung infections
remain major priorities in CF care.2:3

In addition to known pathogens, such as Pseudomonas aeruginosa and Burkholderia cepacia
complex, methicillin-resistant Staphylococcus aureus (MRSA) has emerged as a particularly
concerning organism. Between 2002 and 2017, MRSA infection rates in US CF patients
have nearly tripled, increasing from 9.2% to 25.9%.1 In one CF center with high MRSA
prevalence, MRSA rates have increased from 1% to 49% between 1997 and 2009.4

Persistent infection with MRSA is a known contributor to CF morbidity and mortality. CF
patients with persistent MRSA infection have lower lung function,>~" accelerated lung
function decline8? and impaired lung function recovery after exacerbationl® and require
increased maintenance and antibiotic therapies.6-11.12 MRSA-infected CF patients have a
27% higher risk of death and a 6.2-year shorter life than non-infected counterparts.13

Previously reported clinical risk factors for MRSA infection include co-infection with A2
aeruginosa,t*1° cystic fibrosis-related diabetes (CFRD),1° exposure to a healthcare
setting*14-16 and receiving care at a CF Center with high prevalence of MRSA.1® There is
also evidence for environmental risks, such as higher ambient temperature,1” air pollution18
and tobacco smoke exposure.1® A recent retrospective study by Jennings et all® reported that
private health insurance is associated with lower risk of persistent MRSA infection.
Additionally, population-based studies have shown that community deprivation is associated
with higher odds of MRSA in the general population.2 The role of such socio-
environmental factors for MRSA acquisition in CF has not been explored. The current study
evaluated the association between MRSA prevalence and area-level socioeconomic
deprivation. We hypothesized that neighborhood deprivation is associated with increased
prevalence of MRSA infection in pediatric CF patients.

MATERIALS AND METHODS

Study Design and Participants

This was a cross-sectional observational study of pediatric patients treated at the University
of Alabama at Birmingham CF Center from August 1, 2017 to July 31, 2018. Clinical and
sociodemographic data of the cohort were obtained from the CF Center’s Patient Registry,
through an ongoing protocol approved by the Institutional Review Board (IRB-000509005)
of the University of Alabama at Birmingham. Area-level data were obtained by geocoding
the residential addresses of patients to US Census block groups—small geographic units that
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serve as proxies for neighborhoods—and linking them to existing area-level measures as
described further.

The primary outcome measure was MRSA prevalence. MRSA-positive status was defined as
at least 1 positive respiratory culture during the 12-month observation period, while MRSA-
negative status was defined as no positive cultures during the same period.

Area deprivation was assessed with the 2013 Area Deprivation Index (ADI) for the State of
Alabama. The ADI is an existing factor-based composite measure of socioeconomic
deprivation, available in a national (1-100 scale) and state-specific (1-10 scale) versions,
with higher values indicating higher deprivation.21:22 The ADI is constructed from 17
variables in the domains of income, education, employment and housing quality collected by
the American Community Survey and aggregated to US Census block groups.21:22 In our
study, each CF patient was assigned a neighborhood ADI value according to the Census
block group in which he or she resided. Because the relationship between area deprivation
and health outcomes is nonlinear, we grouped neighborhoods into 2 disadvantage levels
based on the ADI distribution as done previously23: areas with ADI values in the bottom
50% for the sample were classified as less disadvantaged, while those in the top 50% were
classified as more disadvantaged (ADI scores 1-4 vs =5).

Rurality was assessed with the 2010 Rural-Urban Commuting Area codes, a classification
that combines US Census Bureau definitions with commuting information and ranks Census
tracts on a scale of 1-10, with higher values indicating higher rurality.2* We dichotomized
the measure as metro/non-metro (Rural-Urban Commuting Area codes scores 1-3 vs 24).

Individual socioeconomic status (SES) measures included the educational attainment of the
mother and the father (college degree vs less) and the annual household income
dichotomized at the median for both the sample and the State of Alabama ($50,000).

Covariates included age, sex, race and known risk factors for MRSA: P aeruginosa, CFRD
status, smoke exposure, hospitalizations and number of clinic visits in the past 12 months.

Statistical Analysis

The distribution of individual- and area-level characteristics was obtained by MRSA status
and for the overall sample. Bivariate relationships between MRSA status and every covariate
were estimated using simple logistic regression. Multiple logistic regression was used to
estimate models of individual- and area-level characteristics. As 86% of Census block
groups included only 1 CF patient, multilevel modeling was not feasible, but we accounted
for clustering of individuals within Census block groups by using robust standard errors.2°
Interactions between area deprivation and rurality were explored, as well as interactions
between individual- and area-level SES, and none were found to be significant. Statistical
tests were 2-sided and were performed using a 5% significance level (a = 0.05). Analyses
were performed using Stata software, version 15 (StataCorp LLC, College Station, TX).
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RESULTS

The study population included 231 patients residing in 196 Census block groups.
Characteristics of the sample (N = 231), by MRSA status and overall, are presented in Table
1. Mean patient age was 12 years (range 0-22, SD = 6), 53% were males and 91% were non-
Hispanic White. In terms of individual SES, 68% of fathers and 56% of mothers did not
have college education, and 51% had annual household income less than $50,000 (the
median for the State as well as the sample). MRSA was present in 44% of patients.

The geographic location of participants by MRSA status is depicted on Fig. 1. Each CF
subject is represented by a single dot, with red indicating MRSA-positive status, and blue
indicating MRSA-negative status. MRSA-positive status was associated with older patient
age (P=0.006), more clinic visits (P=0.030) and area-level deprivation (P=0.036). In
bivariate analysis, higher neighborhood deprivation (ADI = 5) was associated with a non-
metro residence [OR 2.57 (95% CI 1.72-3.84), P< 0.001], lack of college education [OR
7.50 (3.42-16.45) for fathers; OR 2.99 (1.63-5.46) for mothers; £< 0.001 for both] and
household income <$50,000 [OR 2.95 (1.59-5.48), 2= 0.001].

Table 2 presents results of multiple logistic regression of MRSA prevalence. To understand
the relationship between individual-level SES and area-level deprivation and their
contributions to MRSA prevalence, we estimated 3 separate multiple regression models.
Model 1 includes only individual-level SES (education of the mother and father and
household income); Model 2 includes only area-level SES (area deprivation and rurality) and
Model 3 (the full model) includes both individual and area-level SES to define the
independent contribution of each. All 3 models control for the same covariates: age, sex,
race, P, aeruginosa, CFRD, smoke exposure, number of hospitalizations and number of
clinic visits in the past 12 months. Model 1 shows that low paternal education (no college) is
associated with a 2-fold higher odds of MRSA risk [OR 2.18 (1.06-4.49), A< 0.05]. Model
2 shows that high area-level deprivation (ADI = 5) is associated with twice the odds of
having MRSA [OR 2.51 (1.34-4.71), P< 0.01]. When individual- and area-level measures
are included in the same fully adjusted model (Model 3), area deprivation remains
significant [OR 2.26 (1.14-4.45), P< 0.05] while low paternal education does not,
indicating that area deprivation captures the association of individual SES.

Patient age and >4 clinic visits annually were significant risk factors in all models. Each year
of age was associated with a 10% increase in the odds of having MRSA, while 24 annual
clinic visits more than doubled the odds of having MRSA.

DISCUSSION

We conducted a cross-sectional analysis of data from a single pediatric CF Center to
quantify the contributions of area-level socioeconomic factors for MRSA prevalence in this
population. Our findings show that high neighborhood deprivation is a risk factor for MRSA.
CF patients residing in deprived neighborhoods have twice the odds of being MRSA-
positive than those in more affluent areas, after adjusting for individual SES and previously
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identified risk factors such as age, P aeruginosa, CFRD, smoke exposure and encounters
with the health system.

This is the first report documenting a relationship between neighborhood socioeconomic
measures and MRSA risk in pediatric CF. Earlier studies have found an increased likelihood
of chronic P, aeruginosa infection in UK patients with CF residing in the most deprived
geographic areas compared with those in the most affluent areas.2® Our findings expand the
adverse effects of area deprivation to include MRSA infection. Multiple mechanisms may be
contributing to this association. Collective and concentrated poverty may affect exposure to
environmental risk factors such as tobacco smoke, indoor and outdoor air quality and
pathogens. For example, exposure to fine particulate matter based on air pollution monitors
within 30 miles of place of residence has been associated with an increased risk of 2
aeruginosa acquisition in a cohort of 3575 children aged 6 years or younger.27 It is possible
that such mechanisms facilitate MRSA acquisition as well. Further study of potential
mediators of the link between area deprivation and MRSA risk is warranted.

Prior studies have associated the increased presence of MRSA with living in warmer
climates.17:28 Indeed, CF Centers in the Southern United States have the highest proportion
of patients with MRSA (41.9%)28 However, the South is also characterized by lower
education, employment, income and healthcare coverage than the rest of the United States.2?
For example, Alabama is among the bottom 5 US states on all these indicators. The US
states in the top quartile for average annual temperature also have 9 times the odds of being
in the top quartile for average area deprivation (OR 9.2, £=0.003) calculated using the
national ADI scores (scale range 1-100). These data, along with our study findings,
highlight the potential for unmeasured socioeconomic confounders in the association
between warmer climate and MRSA infection in CF. We show that ADI can be used to
account for community-level conditions under a single metric that predicts MRSA
acquisition in pediatric patients with CF.

Analyzing the association between mean annual ambient temperature and MRSA, Collaco et
all” controlled for health insurance as a marker of SES but not for other individual-level
socio-economic indicators or area-level disadvantage. Higher MRSA prevalence in the South
may be associated with area characteristics beyond ambient temperature. Resource-deprived
areas have increased levels of air pollution,30-31 community smoke exposure32:33 and low-
quality housing that exposes residents to allergens,343% semi-volatile organic contaminants36
and inadequate ventilation.37:38 Additionally, neighborhood socioeconomic vulnerability is a
known risk factor for heat illness in Georgia3® and heat-related deaths in Arizona,*? and area
deprivation has been integrated into the Heat Exposure Integrated Deprivation Index to
predict vulnerability during extreme hot weather.4!

In our study, higher number of clinic visits predicted MRSA-positive status. This finding
corroborates prior reports of exposure to healthcare settings as a risk factor for MRSA
acquisition.*14.16 For patients receiving care in CF centers with high MRSA rates, the
combination of socio-environmental and healthcare exposures may result in a risk
proliferation that exacerbates inequities. Importantly, area deprivation was not associated
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with number of clinic visits or hospitalizations, confirming previous reports that disparities
in pediatric CF outcomes are not driven by differential healthcare access.#2-44

Notably, we do not know if the MRSA strains in the current sample are healthcare associated
or community associated (CA),® but previous research indicates a marked increase in CA-
MRSA strains among pediatric CF patients in recent years.14 CF patients with CA-MRSA
tend to be younger and less frequently co-infected with 2 aeruginosa®® In our study, 2
aeruginosa had a negative association with MRSA [adjusted OR 0.42 (0.19-0.95) P < 0.05).
Along with the reported significance of area characteristics, this may be indicative of an
increased prevalence of CA-MRSA in the sample. Future studies considering the effect of
community-level factors should include information about the strains and types of MRSA
infection.

Finally, despite an increased scientific interest in the role of socio-environmental factors for
CF outcomes, patient registries and medical records rarely include sufficient patient-level
socioeconomic data. This study shows that area-level socioeconomic measures can serve as
a proxy of patient-level data. It also highlights the need for expanding health records with
spatial data relevant for clinical decision-making. Small-area measures can be a clinically
useful tool for identifying high-risk CF patients who may benefit from protocolized MRSA
prevention and eradication approaches.4” We show that ADI can be used to account for
community-level conditions under a single metric that predicts MRSA acquisition in
pediatric patients with CF.

This study has several limitations. The cross-sectional design prevents us from making
causal inferences about the observed relationship between area deprivation and MRSA
prevalence. Results may not be generalizable to areas outside of the Southern United States
region characterized by high ambient temperature, humidity and socioeconomic deprivation.
Finally, the reported associations may not be applicable to adult CF populations.

The increasing prevalence of MRSA in individuals with CF, particularly in the United
States, demands careful assessment of risk factors and mechanisms of MRSA infection in
this population. Our study provides initial evidence of the role of the socioeconomic
environment for MRSA infection in pediatric CF patients. Future research should investigate
the association of area deprivation with MRSA infection in a geographically diverse CF
sample from multiple US regions. MRSA risk prediction models that incorporate area-level
exposures then need to be developed.

CONCLUSION

Neighborhood deprivation is a risk factor for MRSA in pediatric CF, increasing the odds of
infection more than 2-fold. Beyond established clinical variables such as frequency of
clinical encounters, living in a resource-deprived community doubles the rate of MRSA
acquisition. Area-level measures may be used as a proxy of patient-level socioeconomic data
that are not available in clinical settings. Community-level socioeconomic risk factors
should be considered when developing prevention strategies and treatment plans for MRSA
infection in pediatric patients with CF.
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FIGURE 1.
Geographic location of CF patients by MRSA status (N = 231). Red dot, MRSA positive;

blue dot, MRSA negative.
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