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Abstract

Methicillin-resistant Staphylococcus aureus (MRSA) results in almost half of all
deaths caused by antibiotic resistant organisms. Current evidence suggests
that MRSA infections are associated with antibiotic use. This study examined
state-level data to determine whether outpatient antibiotic use was associated
with hospital-acquired MRSA (HA-MRSA) infections. The 2013 Centers for
Disease Control and Prevention (CDC) Healthcare-Associated Infections
Progress Report was used to obtain HA-MRSA infection rates. Data on the
number of antibiotic prescriptions with activity towards methicillin-sensitive
Staphylococcus aureus (MSSA) at the state level were obtained from the 2013
Medicare Provider Utilization and Payment Data: Part D Prescriber Public Use
File. Pearson’s correlation coefficient was used to analyze the relationship
between the number of antibiotic prescriptions and HA-MRSA infection rates.
The average number of HA-MRSA infections was 0.026 per 1000 persons with
the highest rates concentrated in Southeastern and Northeastern states. The
average number of outpatient prescriptions per capita was 0.74 with the highest rates in Southeastern states. A significant correlation (ρ = 0.64, P <.001)
between infections and prescriptions was observed, even after adjusting for
non-reporting hospitals. This association provides evidence of the importance
of appropriate antibiotic prescribing. Prescriber and heat map data may be
useful for targeting antimicrobial stewardship programs in an effort to manage
appropriate antibiotic use to help stop antibiotic resistance.
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Introduction
Infectious disease is the second leading cause of death
worldwide and the third leading cause of death in developed
countries.1 Over the past 70 years, the use of antibiotics and
other antimicrobial agents has greatly reduced morbidity and
mortality from infectious diseases.2 However, as these drugs
have been some of the most commonly prescribed medications
over a long period of time, some bacteria have found ways to
develop resistance towards antibiotics that are designed to kill
them, rendering the drugs less effective.2 The economic cost of
antibiotic resistance in the United States is estimated to be as
high as $55 billion per year for both direct healthcare costs and
additional costs to society associated with lost productivity.3-5
In the United States, more than 2 million people each year have
an infection that is resistant to an antibiotic, leading to 23,000
deaths.4 Methicillin-resistant Staphylococcus aureus (MRSA)
alone results in almost half of all deaths caused by antibiotic
resistant organisms.4 Antibiotic resistance is a global problem
putting current and future populations at substantial risk of injury, loss, and death and has been declared a substantial threat

to public health and national security by the Infectious Diseases
Society of America and Institute of Medicine.2,3
Antibiotic use is the single most important factor leading to
antibiotic resistance.4 The problem of antibiotic resistance could
be reduced if antibiotics were prescribed more appropriately.4
Up to 50% of antibiotics are not needed or are not optimally
prescribed.4,6 There are trillions of microorganisms in the human body made up of both beneficial and potentially harmful
bacteria.4,7 Among these microorganisms, antibiotic resistant
bacteria may be present but in small enough numbers that infection does not develop.4 An example is nasal colonization or
carriage of MRSA.8 Beneficial bacteria play a role in keeping
harmful bacteria numbers low.4 When antibiotics are given,
harmful as well as beneficial bacteria that protect the body from
infection are killed.4 The few antibiotic resistant bacteria that
are present are then allowed to multiply and infect the body
causing an antibiotic resistant infection.4 This infection can
ultimately spread to healthcare and community settings.4,9,10
Staphylococcus aureus (S. aureus) infections are among the
most common and problematic.11 Penicillin resistance among
S. aureus was detected within a decade after its introduction
worldwide in the 1940s.2 In response, new antibiotics were developed but within a decade, MRSA was identified.2 This pattern
of resistance continues to occur at an increasing rate with each
new antibiotic developed.2 Recently, economic concerns have
driven pharmaceutical companies away from new antibiotic
approvals and developments, leaving few options left to treat
antibiotic resistant S. aureus.1,2 Adding to the problem is S.
aureus’s ability to colonize and form biofilms on biomaterials
in hospitals.10 Certain strains of MRSA form biofilms contributing to the spread of hospital-acquired (HA-MRSA), which is
generally defined as a MRSA infection detected by a positive
culture taken more than 48 hours after hospital admission and
treated in the inpatient setting.10,12,13
This continual trend toward increased antibiotic resistance
highlights the urgency of ensuring that inappropriate antibiotic
use be decreased. A possible solution to antibiotic resistance is
antimicrobial stewardship.14,15 Antimicrobial stewardship refers
to a coordinated effort designed to improve the appropriate use
of antimicrobials by promoting the selection of the optimal
antimicrobial drug regimen, dose, duration of therapy, and
route of administration. These efforts can ultimately reduce
the cost of healthcare infections and can reduce the potential
for developing antimicrobial resistant organisms.16 While prior
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studies have examined inappropriate inpatient antibiotic use, to
our knowledge, the relationship between the use of outpatient
antibiotics to treat methicillin-sensitive Staphylococcus aureus
(MSSA) and the incidence of HA-MRSA has not been studied.
The goal of the study was to examine the association between
Medicare Part D antibiotic prescriptions with bactericidal or
bacteriostatic activity towards MSSA and HA-MRSA bacteremia
infection rates (incidence of infections that were reported by
healthcare facilities) by state. Our hypothesis was that states
with heavy antibiotic use would also have high rates of HAMRSA infections.
Methods
The study involved comparing per capita antibiotic prescriptions for Medicare beneficiaries to the number of HA-MRSA
infections reported by hospitals at the state level. HA-MRSA
infection data were obtained from the 2013 Centers for Disease
Control and Prevention (CDC) Healthcare-Associated Infections (HAI) Progress Report which included the number of
laboratory-confirmed HA-MRSA infections and the number
of hospitals reporting for each state.17 Because all states had
non-reporting hospitals, infection rates for each state were
adjusted to estimate infection rates as if each state had 100%
hospital reporting by dividing the infection rate by the percent
of hospitals reporting.
Inclusion criteria for the numerator for antibiotic use were
being enrolled in a Medicare Part D prescription drug plan
and being prescribed systemic antibiotics with bactericidal or

bacteriostatic activity towards MSSA according to the 2014
Sanford Guide to Antimicrobial Therapy.18
The 2013 Medicare Provider Utilization and Payment Data:
Part D Prescriber Public Use File (PUF) identified providers
using their National Provider Identifier (NPI) and the specific
prescriptions that were dispensed on their behalf, listed by brand
and generic name.19 For each prescriber and drug, the dataset
includes the total number of prescriptions that were dispensed
(original and refills), days supply, the total drug cost, and the
provider’s address.
Claims data for all providers who prescribed antibiotic
medications with MSSA coverage were downloaded and summarized at the state level. The antibiotics included are listed in
Figure 1. The metric of interest was antibiotic prescriptions per
1000 persons aged 65 and over per state, which was obtained
by dividing number of prescriptions by the state’s population
aged 65 and over. We examined the correlation between the
number of prescriptions per 1000 persons aged 65 and over, and
the number of HA-MRSA infections per 1000 persons in the
general population at the state level in the United States (US)
in 2013 using the Pearson’s correlation coefficient. Scatterplots
were used to detect outliers visually and the correlation coefficient was re-calculated after removing any outliers. Statistical
analyses were conducted in Stata v.11 (College Station, TX).
Following the guidance of the University of Hawai‘i Office of
Research Compliance, we did not seek Institutional Review
Board approval, as all of the data were de-identified and publicly
available.

Figure 1. Antibiotics and Activity Against MSSA by Generic Name.
Antibiotics included in this study by generic name with systemic bactericidal or bacteriostatic activity towards Methicillin-sensitive
Staphylococcus aureus according to The Sanford Guide to Antimicrobial Therapy 2014.
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Results
In 2013, the average percentage of hospitals reporting HAMRSA in the US was 61.5%. Reporting by individual states
varied from a high of 88.4% of hospitals reporting in Illinois to
a low of 22.0% of hospitals reporting in Maryland (Figure 2).
The US average of reported number of HA-MRSA infections per 1000 persons in the general population was 0.026 in
2013. The highest number of infections per 1000 persons were
in Alabama (0.06) and the lowest in Alaska (0.003). Figure 3
displays a heat map of the infection rates by state. The states
with the highest infection rates were primarily in Southeastern
and Northeastern regions.
In 2013, over 33 million Medicare Part D MSSA covering
antibiotics were prescribed. The average number of Medicare
Part D MSSA covering antibiotic prescriptions per 1000 persons
in those aged 65 and over in the US in 2013 was 0.74. The
highest prescribing state was Kentucky (1.25) and the lowest
prescribing state was Alaska (0.22). A heat map for the number
of prescriptions in each state shows the highest prescribing
states primarily in the Southeastern region (Figure 4).
Less than half (48%) of facilities in Hawai‘i reported HAMRSA infections. The HA-MRSA infection rate was 0.014 and
the adjusted rate was 0.03, resulting in a state ranking of 15th
and 16th, respectively, out of 50 in terms of lowest unadjusted
and adjusted infection rate respectively. The Medicare Part D
MSSA antibiotic prescribing rate was 0.5, resulting in a state

ranking of 9th out of 50 in terms of lowest prescribing rate.
There was a positive, statistically significant correlation
between the rate of HA-MRSA infections and the MSSA
antibiotic prescription rate for each state (ρ = 0.72, P < .001,
Figure 5). Because a varying proportion of hospitals reported
infections in each state, a secondary analysis was performed
using an infection rate adjusted for hospital non-reporting
(Figure 6). The adjusted analysis resulted in a positive and
statistically significant correlation (ρ = 0.64, P < .001) that was
less positive than the original correlation and also resulted in an
outlier (North Dakota). The HA-MRSA rate for North Dakota
increased from 0.038 to 0.169 after adjustment for hospital
non-reporting. When the outlier was removed, this correlation
increased considerably and became greater than that for the
unadjusted results (ρ = 0.78, P < .001).
Eighty-four percent of all MSSA covering antibiotics (or
28.8 million) were prescribed by physicians and other providers
in 10 specialty areas (Figure 7). Family practice and internal
medicine were the top two prescribers, together prescribing
more than half of all MSSA covering antibiotics. Family
practice prescribed 25.8% and internal medicine prescribed
25.7%. The third highest prescribing specialty was urology
that prescribed 6.1% of the total, followed by ophthalmology
(6.1%), nurse practitioner (5.9%), physician assistant (4.5%),
emergency medicine (3.7%), dermatology (2.1%), pulmonary
disease (2.1%), and general practice (1.7%).

Figure 2. Percentage of Hospitals Reporting HA-MRSA Bacteremia Infections by State.
The 2013 percentage of each State’s hospitals reporting the number of HA-MRSA infections in order from highest (left) to lowest (right).
The average percentage in the United States of hospitals reporting these infections was 61.5%.
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Figure 3. HA-MRSA Bacteremia Infections per 1000 Persons.
The 2013 United States heat map of the number of HA-MRSA infections per 1000 persons with the lowest numbers in white and highest
in dark gray.

Figure 4. MSSA Antibiotic Prescriptions per 1000 Persons.
The 2013 United States heat map of the number of Medicare Part D MSSA antibiotic prescriptions per 1000 persons with the lowest
numbers in white and highest in dark gray.
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Figure 5. HA-MRSA Infection Rate Related to Number of Antibiotic Prescriptions by State, 2013.
The 2013 relationship between the HA-MRSA infection rate and the number of Medicare Part D MSSA covering antibiotic prescriptions in
each state. Each state’s value is represented as a single point on the figure. The relationship was examined using the Pearson’s correlation
coefficient which resulted in ρ = 0.71 with P <.001.

Figure 6. HA-MRSA Infection Rate Related to Number of Antibiotic Prescriptions by State, 2013, Adjusted for Hospital Non-reporting.
The 2013 relationship between the HA-MRSA infection rate and the number of Medicare Part D MSSA covering antibiotic prescriptions in
each state with adjusted values. The infection rates were recalculated after adjusting for non-reporting hospitals. The adjusted relationship
was examined using the Pearson’s correlation coefficient which resulted in ρ = 0.64 with P <.001.

Figure 7. Number of MSSA Antibiotic Prescriptions for Top 10 Specialties.
The 2013 top 10 specialties who prescribed Medicare Part D MSSA covering antibiotics in order from lowest (top) to highest (bottom)
including the number of prescriptions and percentage of antibiotics prescribed out of the total number of prescribed MSSA antibiotics.
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Discussion
In this study comparing HA-MRSA infection rates to Medicare
Part D antibiotic prescriptions at the state level, we found a
significant correlation between the presence of HA-MRSA and
the number of outpatient antibiotic prescriptions with activity
towards MSSA.
Both unadjusted HA-MRSA infection rates and those adjusted
for hospital non-reporting were significantly correlated with
MSSA antibiotic prescription rates. However, after adjusting
for non-reporting hospitals, the correlation was weaker. The
adjustment for non-reporting hospitals created an outlier value
for North Dakota. North Dakota had a relatively high unadjusted
infection rate and a very small percentage of hospitals reporting. One limitation of our adjustment is that we corrected for
the number of hospitals reporting without regard to hospital
size. It may be that in North Dakota, a large hospital reported
their data and many small ones with a small number of cases
did not report. In this case, we would have over-adjusted for
non-reporting.
Previous research has shown an association between prior
antibiotic use and MRSA colonization and infection at the
population- and individual-level with an increased risk of
morbidity and mortality.2,8,20,25 An association between primary
care outpatient antibiotic prescribing and community-acquired
MRSA (CA-MRSA) has also been shown.20,26 State level antibiotic prescriptions and MRSA wound infections have been
studied.27 Research has been done on the decrease of MSSA
susceptibility over the past decade, and hospital-acquired MRSA
resistance rates have been compared with MSSA resistance
rates.28,30 The spread of certain MRSA strains have been tracked
across the United States.11 There have been studies showing an
association between antibiotic use and HA-MRSA; however,
these studies focused on a few antibiotics prescribed mainly
from an inpatient setting.9,31,33 This study adds to the existing
literature by examining the relation between outpatient antibiotic
use and HA-MRSA infections.
Although antimicrobial stewardship programs are beneficial
for reducing antimicrobial resistance, they are difficult to initiate. It takes coordination, economic resources, and in many
cases, it adds to healthcare professionals’ time and workload.
Initiating these programs may not be feasible, especially at the
national level. This study provides a possible way to help focus
the initiation of antimicrobial stewardship programs in specific
states or in specific healthcare specialties. States with high antibiotic prescribing rates or high infection rates may benefit from
these programs more than states with low prescribing or low
infection rates. More benefits could also be seen in specialties
with higher antibiotic prescribing rates over those with lower
prescribing rates.
In Hawai‘i, efforts have been made to initiate antimicrobial
stewardship programs throughout the state, especially at the
health system level. Hawai‘i ranked in the top third in terms of

lowest infection rates in the US and in the top fifth in terms of
the lowest prescribing rates. If the study’s hypothesis is correct
and higher prescribing rates means more antibiotic resistant infections, then since Hawai‘i has both relatively low prescribing
rates and infection rates, Hawai‘i seems to be contributing to the
development of HA-MRSA to a lesser extent than most other
states. This relatively low contribution combined with efforts
to initiate antimicrobial stewardship programs makes Hawai‘i
appear to be a relatively safe state in terms of developing HAMRSA.
There are several limitations to our study. First, only one
year of data (2013) on antibiotic prescriptions was included,
and data was only available for Medicare Part D subscribers.
Hence, antibiotic use was only representative of disabled and/
or elderly with Medicare Part D coverage, whereas the infection rates were representative of the entire state population.
Although it would have been ideal to include antibiotic use for
the general US population, we were limited by the availability
of publicly available data. On the other hand, our analysis
includes all patients with Medicare Part D coverage across
the US, which provides a broad sampling of patients at risk
for HA-MRSA. Second, we only had data on outpatient (not
inpatient) antibiotic use. Third, our HA-MRSA data was hospital
reported and not all hospitals submitted data. While we tried
to adjust for non-reporting, we may have some measurement
error in HA-MRSA rates. Moreover, we do not have information on HA-MRSA infections in people who did not go to the
hospital. Also, we did not correct for spacial proximity so the
significance of our correlations may be exaggerated. Finally,
data were aggregated at the state level, not at the individual
level, so we do not know whether the patients actually taking
the antibiotics were the ones with HA-MRSA infections.
Conclusion
In summary, this study shows a significant correlation between
outpatient Medicare Part D antibiotics with MSSA coverage
and hospital-onset MRSA infections in the US. Although cause
and effect cannot be established, this study supports the theory
that the indiscriminate use of antibiotics is “pushing” MSSA
towards developing into its drug-resistant counterpart, MRSA.
This study, along with results from previous studies, suggests
that antibiotic use in any setting may lead to MRSA infections
in healthcare settings. This study also highlights how publicly
available data aggregated at the prescriber level and heat map data
may be able to help focus antimicrobial stewardship programs
to specific specialties or states in order to reduce inappropriate
antibiotic use. Antibiotic resistance is a dangerous problem. Our
study helps to justify the need for immediate national action to
avoid a post-antibiotic world.
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