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Staphylococcus aureus Resistance Patterns

in Wisconsin:
2018 Surveillance of Wisconsin Organisms for Trends in Antimicrobial

Resistance and Epidemiology (SWOTARE) Program Report
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Objective: Surveillance of antimicrobial resistance patterns on a local level can reveal paradigms not
obvious on a regional or national scale. Data collection from this perspective may potentially impact
local prescribing patterns and empiric treatment guidelines.The objective of this study was to establish
a baseline Staphylococcus aureus antibiogram for the state of Wisconsin and to elucidate potential
geographic and demographic factors associated with antimicrobial resistance.

Design: Multi-center laboratory surveillance, with testing at a single site utilizing standardized media
and susceptibility testing protocols.

Methods: 309 isolates of clinically-significant S. aureus were collected from hospital microbiology
laboratories across Wisconsin in 2018, with distribution across seven geographic regions. Each isolate
was tested using reference broth microdilution methods against a panel of 15 antimicrobial agents.
Percentage susceptibility data, as well as median and 90th percentile minimum inhibitory concentration
(MIC) values, were computed for each antimicrobial agent as a function of geographic region or
demographic category.

Results: Increased resistance to penicillin (= 86.0% of isolates), erythromycin (= 56.8%), cefoxitin (2
45.5%), levofloxacin (= 25.0%), and clindamycin (= 20.5%) was observed in the Southcentral, Lake
Winnebago, and Southeast regions of Wisconsin. In addition, isolates phenotypically classified as
methicillin-resistant S. aureus (MRSA) were found to have increased rates of resistance to clindamycin,
erythromycin, and levofloxacin as compared to S. aureus isolates susceptible to cefoxitin. S. aureus
isolates demonstrated nearly 100% in vitro susceptibility to ceftaroline, dalbavancin, and telavancin.
Statewide S. aureus isolates exhibited a vancomycin MIC, of | pg/mL.S. aureus isolates from patients
aged 20-39 years were more likely to demonstrate cefoxitin resistance when compared to other age
groups (P < 0.03), while isolates from patients = 80 years were more likely to exhibit resistance to
levofloxacin and clindamycin (P < 0.046).

Conclusions: Several antimicrobial agents continue to demonstrate in vitro efficacy against clinical
isolates of S. aureus (including MRSA) throughout Wisconsin, including three agents with recently-
published susceptibility testing guidelines. However, continued surveillance efforts may be necessary in
the Lake Winnebago, Southeast, and Southcentral regions to further assess higher rates of resistance
to a number of antimicrobial agents.
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increases in antimicrobial resistance have occurred in

recent years.! In addition to agents of healthcare-
associated infection such as extended-spectrum p-lactamase-
producing Enterobacterales, carbapenemase-producing
organisms, and vancomycin-resistant enterococci,”* emerging
agents such as Candida auris® and antibiotic-resistant
Neisseria gonorrhoeae® are impacting clinical management
of patients and economics of healthcare.” This has resulted in
a need for novel antimicrobial agents and new means of
treatment for disease states involving these resistant strains.®
However, antimicrobial research and development efforts
may not come to fruition due to cost considerations or
discovery of unexpected toxicity profiles. As a result,
development efforts have largely turned to antimicrobial
compounds already in use, with the possibility of using them
in new combinations (often paired with f-lactamase inhibitor
compounds) to enhance their efficacy. Due to the paucity of
novel antimicrobial agents, antimicrobial resistance
surveillance can be a means of assessing agents that are
currently utilized.’ It is important to study these strains of
increasingly-resistant bacteria due to potentially novel
resistance mechanisms and the potential of developing
resistance to alternative therapeutic options.'

ﬁ ccording to the World Health Organization, significant

Staphylococcus aureus is a common human pathogen, with
increased antimicrobial resistance complicating therapeutic
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Southwest

measures in recent years. In 2014, portions of Southeast Asia,
the Western Pacific, and other regions of the world reported
greater than 80% of S. aureus infections having a methicillin-
resistant S. aureus (MRSA) phenotype."' In the United States,
MRSA was deemed a serious antibiotic resistance threat by
the Centers for Disease Control and Prevention in a 2013
report.'? Studies have demonstrated that MRSA isolation rates
have declined in recent years, yet additional adjunctive
surveillance and prevention may be necessary to further
decrease the spread of this pathogen. Between 2005-2008,
Diekema, et al'* documented international MRSA rates of
44.2%. By 2016, this rate declined to 39.0%. A study by
Sader, et al' reported a shift in MRSA rates from 50.0% to
42.2% between 2010 and 2016 in United States hospitals.
Landrum, et al'® reported decreased trending between 2005
and 2010 for community-onset MRSA bacteremia, hospital-
onset MRSA bacteremia, and community-onset skin and soft
tissue infection due to MRSA among United States military
personnel. By monitoring antibiotic resistance on a local
level, healthcare professionals can make informed decisions
regarding antimicrobial therapy and infection prevention.!'¢!8

In 2014, the Wisconsin Clinical Laboratory Network (WCLN)
undertook an effort to monitor statewide antimicrobial
resistance patterns.'” This means of monitoring involved a
compilation of antibiograms submitted on a voluntary basis.
Two years later,'*!” the Surveillance of Wisconsin Organisms
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Figure 1. Distribution of seven Wisconsin geographic regions defined by the SWOTARE program, 2018.
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Figure 2. Distribution of Wisconsin Staphylococcus aureus surveillance isolates on the basis of patient age, 2018.

for Trends in Antimicrobial Resistance and Epidemiology
(SWOTARE) program initiated an improved understanding of
frank and emerging resistance by both determining percentage
susceptibility data and calculating minimum inhibitory
concentration (MIC) frequency distributions by Wisconsin
region.

The purpose of this SWOTARE program investigation was to
establish a Wisconsin S. aureus antibiogram and to elucidate
potential geographic and demographic factors associated with
antimicrobial resistance. Clinically-significant S. aureus
isolates collected throughout the state were tested in a central
laboratory using a standardized method. The presented
antibiogram and associated ancillary data can serve as a
baseline for future monitoring and surveillance of S. aureus
antimicrobial resistance patterns throughout the state of
Wisconsin.

Materials and Methods
Region Demarcation
The seven bioterrorism preparedness regions of the WCLN, as

M Invasive sites

O Urogenital tract

B Lower respiratory tract

B Upper respiratory tract

0 Skin and soft tissue

originally defined in 2001, served as the basis for geographic
comparison within this study. Population density for each
region was determined by querying 2010 United States
Census population data for each county within a region
(Figure 1), with that sum divided by the aggregate land area
of counties located in that region (https://legis.wisconsin.gov/
Irb/blue-book/).

Study Site Recruitment

Three study sites were chosen from each region for provision
of bacterial isolates. To prevent potential bias from larger
population centers, two hospital microbiology laboratories
from more rural areas and one from an area of higher
population within the region were selected. Study locations
included microbiology laboratories in Eau Claire, Spooner/
Ashland, and St. Croix Falls/Amery (Northwest region);
Stevens Point, Marshfield, and Weston (Northcentral region);
Green Bay (two locations) and Manitowoc (Northeast region);
La Crosse, Platteville/Prairie du Chien, and Viroqua
(Southwest region); Madison, Janesville/Monroe, and Fort
Atkinson (Southcentral region); Appleton, Neenah, and Fond

1.0%
3.6%

| 3.2%

Figure 3. Distribution of Wisconsin Staphylococcus aureus surveillance isolates on the basis of specimen source, 2018.
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Figure 4. Wisconsin geographic differences in Staphylococcus aureus susceptibility to (A) cefoxitin, (B) levofloxacin,

(C) erythromycin, and (D) clindamycin, 2018.

du Lac (Lake Winnebago region); and, Milwaukee, West
Allis, and West Bend (Southeast region).

Selection of Isolates

Study sites were requested to forward 14-15 clinically-
significant isolates of S. aureus to a centralized testing
laboratory. Isolates were collected in consecutive (non-
duplicate) fashion regardless of cefoxitin susceptibility result.
This instruction attempted to prevent a bias toward MRSA
within the collection. Any duplicate or nonviable isolates were
excluded from the study. In addition, study sites were asked to
provide limited demographic information related to age,
gender, specimen source of isolate, and location of healthcare
encounter. Access to protected health information for the
purpose of surveillance was granted by the Marquette
University Institutional Review Board. Because of the lack of
direct involvement in the collection of specimens and because
of the utilization of de-identified isolates from routine clinical
care, the SWOTARE program was not considered to be

actively engaged in human research subjects’ research by the
Marquette University Institutional Review Board.

Test Performance

Broth microdilution antimicrobial susceptibility testing was
performed and interpreted using standards published by the
Clinical and Laboratory Standards Institute (CLSI).?*?! Each
isolate was tested against the antimicrobials listed in Table 1
in serial two-fold concentration dilutions that extended beyond
CLSI breakpoints for susceptibility and resistance (when
appropriate). Identification of MRSA phenotype occurred via
cefoxitin susceptibility testing?®** on the basis of increased
induction of mecA activity. Isolates with a penicillin MIC of <
0.12 pg/mL were subjected to nitrocefin-based B-lactamase
testing, with follow-up zone edge testing for P-lactamase-
negative isolates.”’ Isolates demonstrating a phenotype of
erythromycin resistance (or intermediate resistance) and
clindamycin susceptibility were subjected to inducible
clindamycin resistance testing.?*?*?* Cefoxitin and vancomycin
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Table 1. Wisconsin Staphylococcus aureus antibiogram with
delineation into methicillin-susceptible S. aureus (MSSA) and
methicillin-resistant S. aureus (MRSA), 2018

Antimicrobial Agent

FOX
Beta-lactams PEN
TAR
Macrolide ERY
Lincosamide CLI
Aminoglycoside GEN
Fluoroquinolone LEV
VAN
. . DAP
Glyco/lipopeptides TEL
DAL
Tetracyclines TET
DOX
Others LD
T/S

Percentage Susceptible

MSSA MRSA Total
(n=194)  (n=115)  (n=309)
100 0.0 62.8
17.0 0.0 11.0
100 99.1 99.7
67.0 16.5 48.2
81.4 63.5 74.8
98.5 100 99.0
88.7 49.6 74.1
100 100 100
100 99.1 99.7
100 99.1 99.7
100 100 100
93.8 93.0 93.5
95.9 95.7 95.8
100 100 100
99.5 97.4 98.7

Abbreviations: FOX, cefoxitin; PEN, penicillin; TAR, ceftaroline; ERY,
erythromycin; CLI, clindamycin; GEN, gentamicin; LEV, levofloxacin; VAN,
vancomycin; DAP, daptomycin; TEL, telavancin; DAL, dalbavancin; TET,
tetracycline; DOX, doxycycline; LZD, linezolid; T/S, trimethoprim-

sulfamethoxazole

susceptibility testing results were determined following a full
24-hour incubation.

Data Analysis

Percentage susceptible, intermediate, and resistant values, as
well as median MIC (MIC, ) and 90th percentile MIC (MIC,)
determinations were made on a statewide or geographic basis.
To characterize geographic variation, the statewide mean
susceptibility percentage for a given organism/antimicrobial
combination established a baseline value. An interval of 5%
on either side of that mean represented normal distribution.
Region-specific values > 5% less than the state mean indicated
areas with increased resistance. Region-specific values > 5%
greater than the state mean indicated less resistance potential.
The significance test of proportions determined if differences
in susceptibility percentage among epidemiologic comparisons
were significant. The alpha level was set at 0.05 before the
investigations commenced, and all P values are two-tailed.

Results and Discussion

Patient Demographics, Specimen Source, and Patient Location
In 2018, 309 isolates of S. aureus were submitted to the
surveillance program. Of this total, 155 (50.2%) were isolated
from males. The highest percentage of isolates was derived

from patients between the ages of 60—79 years (35.3%; Figure
2). Other age groups contributed between 12.9% and 20.1% of
isolates. Most isolates emanated from inpatient care (42.4%)
or outpatient (40.1%) encounters. The mean percentage of
isolates emanating from inpatient collections as a function of
individual study site was 39.9 + 5.82% (median 33.3%). Only
54 isolates (17.5%) resulted from emergency department
visits. Of the 309 isolates, 72.8% came from a skin and soft
tissue source (178 isolates from wounds, 26 from abscesses,
21 from tissue; Figure 3). Invasive sources comprised 19.4%
of the total isolates (50 from blood, 9 from aspirates, 1 from
bone), and 3.6% were derived from the lower respiratory tract
(8 from sputum, 3 from semi-invasive respiratory procedures).

S. aureus Antibiogram

A S. aureus antibiogram for the state of Wisconsin is presented
in Table 1. Across the state, gentamicin and trimethoprim-
sulfamethoxazole continue to maintain potency against both
MRSA and methicillin-susceptible S. aureus (MSSA) in vitro,
with > 98.7% susceptibility (95% confidence interval [CI] >
97.4, 100). Tetracyclines demonstrated slightly less potency
against MSSA and MRSA. Other Gram-positive agents such
as vancomycin and linezolid demonstrated 100% in vitro
susceptibility across Wisconsin. The vancomycin MIC,, value
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Table 2. MIC,, MIC,, and percentage susceptibility (%S) of Wisconsin Staphylococcus aureus isolates to doxycycline, stratified by

geographic region, 2018

Northwest Northcentral Northeast Southwest Southcentral Lake Winnebago Southeast Wisconsin
n 45 43 45 45 44 44 43 309
MIC,, <05 <05 <05 <05 <05 <05 <05 <05
MIC,, =05 =05 =05 4 =05 <05 =05 <05
%S 95.6 95.3 100 91.1 95.5 100 93 95.8

for Wisconsin S. aureus isolates was 1 pg/mL, which
represented at least two 2-fold dilutions below the CLSI
intermediate interpretive range of 4-8 pug/mL.>°

With respect to doxycycline, tetracycline, and trimethoprim-
sulfamethoxazole, 0.2% to 2.1% differences in percentage
susceptible values for MSSA and MRSA isolates were
observed statewide. However, a distinct difference between
MSSA and MRSA phenotypes was observed in terms of
erythromycin, levofloxacin, and clindamycin susceptibility.
Susceptibility percentages decreased by 50.5% (erythromycin),
39.1% (levofloxacin), and 17.9% (clindamycin) upon
phenotypic classification as MRSA (Table 1). Similar increases
in macrolide and fluoroquinolone resistance rates within a
MRSA phenotype were reported from a recent ocular pathogen
surveillance effort in the United States.”® In clinical practice,
utilization of levofloxacin for staphylococcal infections is
often limited to specific entities and would be used in
combination with rifampin.

Geographic Variation in Wisconsin S. aureus Resistance
Outside of penicillin, the only agents S. aureus isolates
throughout Wisconsin demonstrate appreciable in vitro
resistance to include clindamycin (74.8% susceptibility; CI
70.0, 79.6), levofloxacin (74.1% susceptibility; CI 69.2, 79.0),
and erythromycin (48.2% susceptibility; CI 42.6, 53.8) (Table
1). The identification of clindamycin-resistant isolates was
augmented by a positive inducible clindamycin resistance
result in 31.4% of 118 statewide isolates eligible for testing.
Of Wisconsin isolates tested, 37.2% (CI 31.8, 42.6) were
phenotypically classified as MRSA, with the highest rates in
the Lake Winnebago (50.0%; CI 35.2, 64.8), Southeast
(46.5%; CI 31.6, 61.4), and Southcentral (45.5%; CI 30.8,
60.2) regions (Figure 4A). Remaining agents exhibited strong
in vitro efficacy in the context of both MSSA and MRSA.

Emerging doxycycline resistance may be evident among S.
aureus isolates in Southwest Wisconsin. While the percentage
of isolates susceptible to this agent in this region exhibited
only a 4.7% deviation from the state mean (Table 2), a distinct
difference in MIC, value was observed. The Southwest
region MIC value of 4 pg/mL was at least three 2-fold
dilution values higher than the state MIC,, value. This is
important, as a doxycycline MIC of 4 ug/mL is at the upper
limit of the CLSI susceptible interpretive category.?’ Analysis
of MIC frequency distributions (in addition to susceptibility
percentages) can be helpful in predicting future trends in

resistance patterns, particularly when these MIC values still
lie within a CLSI susceptible interpretive category.

Past data from the United States?” introduced the incidence of
doxycycline resistance in MRSA phenotypes that exhibited
decreased susceptibility to oxacillin, erythromycin, and
levofloxacin. Within this phenotype, which represented 31%
of MRSA isolates surveyed, 4.2% of isolates were resistant to
doxycycline. Jones, et al?® utilized the doxycycline susceptible
breakpoint of 4 pg/mL to report 96.2% and 99.2% susceptibility
rates for worldwide MRSA and MSSA isolates, respectively.
These values were 5% greater than corresponding tetracycline
susceptibility rates. MIC frequency distribution analysis of
Wisconsin data regarding another alternative S. aureus
therapeutic agent, trimethoprim-sulfamethoxazole, did not
reveal potential emerging trends of resistance (data not
illustrated). Additional investigation into this doxycycline/S.
aureus paradigm from the Southwest region may be warranted
to further elucidate this potential emerging resistance profile.

In addition to an increased frequency of MRSA, S. aureus
isolates derived from the Southeast, Southcentral, and Lake
Winnebago regions exhibited increased resistance to
levofloxacin (Figure 4B), erythromycin (Figure 4C), and
clindamycin (Figure 4D) when compared to other Wisconsin
regions. In these regions, increased surveillance efforts
through the SWOTARE program and concomitant adjustments
to antimicrobial stewardship programs have the potential to
impact future resistance profiles. Investigations are in progress
to assess provider prescribing patterns within these regions of
Wisconsin and to determine any correlation with known
resistance patterns.

Hicks, et al® reported significant antibiotic prescription
burden within outpatient settings in the United States, with
over 260 million courses being prescribed by clinicians in
2011. Agents within seven antimicrobial classes (including
penicillins, macrolides, fluoroquinolones, and tetracyclines)
accounted for 94% of total outpatient prescriptions.
Antimicrobial resistance surveillance is particularly necessary
in the Midwest region of the United States, as an average of
897 outpatient prescriptions per 1000 persons was issued in
this 12-state region in 2011, second only to the southern
United States (931 prescriptions per 1000 persons).” Analyzing
local patterns of resistance by geographic region, patient
population, and practitioner specialty could provide insight
into antimicrobial resistance beyond that relative to inpatient
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Table 3. MIC_, MIC

507 90’

and percent susceptibility (%S) of Wisconsin Staphylococcus aureus isolates to telavancin (TEL), dalbavancin (DAL),
and ceftaroline (TAR), stratified by geographic region, 2018

Southcentral Lake Winnebago Southeast Wisconsin
44 44 43 309
0.06 0.06 0.12 0.06
0.12 0.12 0.12 0.12
97.7 100 100 99.7
Southcentral Lake Winnebago Southeast Wisconsin
44 44 43 309
0.06 0.06 0.06 0.06
0.06 0.06 0.06 0.06
100 100 100 100
Southcentral Lake Winnebago Southeast Wisconsin
44 44 43 309
0.25 0.25 0.25 0.25
0.5 0.5 0.5 0.5
97.7 100 100 99.7

TEL Northwest Northcentral Northeast Southwest
n 45 43 45 45
MIC,, 0.06 0.12 0.06 0.06
MIC,, 0.12 0.12 0.12 0.06
%S 100 100 100 100
DAL Northwest Northcentral Northeast Southwest
n 45 43 45 45
MIC,, 0.06 0.06 0.06 0.06
MIC,, 0.06 0.06 0.06 0.06
%S 100 100 100 100
TAR Northwest Northcentral Northeast Southwest
n 45 43 45 45
MIC,, 0.25 <0.12 0.25 0.25
MIC,, 0.5 0.25 0.25 0.5
%S 100 100 100 100
populations or healthcare-associated infections. The

SWOTARE program, with its inherent design allowing for
participation by rural healthcare facilities, can assist in future
analyses.

In this study, three agents with recently established CLSI
guidelines?®***! were tested against each S. aureus isolate to
contribute to the baseline antibiogram (Table 3). Telavancin
does not currently possess a resistant interpretive breakpoint;*
however, one isolate was found to be non-susceptible to this
agent (surgical tissue isolate from Southcentral region, MIC
of 0.25 ug/mL). MIC,, and MIC,, values were consistent
throughout Wisconsin for dalbavancin (both 0.06 pg/mL). S.
aureus susceptibility to telavancin and ceftaroline
demonstrated some variation with respect to MIC values;
however, none exceeded the CLSI susceptible breakpoint.
Telavancin MIC,, and MIC,, values were calculated at either
0.06 pg/mL or 0.12 pg/mL on a geographic basis. Ceftaroline
MIC,, and MIC values ranged from < 0.12 pug/mL to 0.5 pg/
mL across the state; > 95% of all isolates tested susceptible to
these three agents in each region. One daptomycin non-
susceptible isolate (MIC of 2 pg/mL) was identified from the
Southwest region of the state.

Demographic Variation S. aureus Resistance in Wisconsin

In addition to geographic variability associated with MRSA in
Wisconsin, we also observed differences as a function of
patient age. Patients aged 20—39 years generated the highest
proportion of S. aureus isolates with a MRSA phenotype
(57.4%; Table 4), while MRSA rates in patients aged 0-19
years, 40—59 years, and 60—79 years approximated 30% (P <
0.03). These findings extend those derived from a United
States tertiary care center in which MRSA was detected more

frequently in patients under the age of 24 when compared to
other age groups.*

These authors hypothesized that increased risk of MRSA
among younger individuals may be related to increased
participation in what was termed risky activity (such as team
sports). One past study®* reported the median age of
community-acquired MRSA infection to be significantly less
than that in cases of healthcare-associated MRSA infection.
Our findings contrast a European study that reported an
increased proportion of MRSA in elderly patients when
compared to younger patients.** Further investigation may be
warranted in subsequent SWOTARE collections to elucidate
a role for patient age in terms of risk for MRSA infection in
Wisconsin.

Other differences were noted with levofloxacin and
clindamycin. An increased proportion of levofloxacin-
resistant S. aureus from patients aged 80 or older was
observed compared to patients aged 0—19 or 40-59 years (P <
0.046; Table 4). This elderly population also exhibited an
increased percentage of S. aureus resistant to clindamycin
(36.3%) when compared to 20-39 year olds (16.7%, P =
0.026). Moreover, when compared to the 40-59 year-old
population, resistance rates trended higher in the 80+ years
group (P = 0.08). These data extend findings from David, et
al* who demonstrated increased S. aureus resistance to
clindamycin in elderly patients when compared to pediatric
patients. Moreover, findings from pediatric patients treated in
United States military facilities from 2005-2014 documented
annual clindamycin resistance rates between 9.3% and
14.4%.% However, recent pediatric data from the Baltimore,
Maryland area collected over a 12-year interval reported an
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Table 4. Comparative Wisconsin Staphylococcus aureus resistance to cefoxitin (FOX),
levofloxacin (LEV), erythromycin (ERY), clindamycin (CLI), doxycycline (DOX), and
trimethoprim-sulfamethoxazole (T/S), stratified by age group, 2018

Percentage Resistant to Antimicrobial Agents

Age group FOX LEV
0-19 35.0 15.0
20-39 57.4° 241
40-59 30.7 21.0
60-79 30.3 28.4
80+ 40.9 38.6°

ERY CLI DOX? T/S
55.0 20.0 2.5 0.0
51.9 16.7 1.9 1.9
43.6 21.0 4.8 1.6
42.7 28.4 5.5 1.8
56.8 36.3¢ 4.6 0.0

aPercentages reflect doxycycline intermediate resistance (MIC 8 pg/mL); isolates with MIC = 16 pg/mL

were not observed.

5P < 0.03 vs. 0-19 years, 40-59 years, 60-79 years

°P < 0.046 vs 40-59 years, 0-19 years
9P = 0.026 vs. 20-39 years

increase in clindamycin resistance rate from 21% to 38% in
MRSA clinical isolates and from 5% to 40% in MSSA
isolates.”” Sutter et al.*® also noted significant decreases in
MSSA susceptibility to clindamycin over time when compared
to pediatric MRSA isolates. As such, revisiting these
demographic studies in subsequent Wisconsin surveillance
efforts may be warranted. In the context of additional
alternative staphylococcal regimens, trimethoprim-
sulfamethoxazole resistance rates and distributions of
doxycycline intermediate MIC values did not demonstrate
variation across age groupings (P > 0.36 and P > 0.28,
respectively; Table 4).

No significant differences were noted with respect to cefoxitin,
levofloxacin, erythromycin, and clindamycin resistance rates
in isolates of S. aureus when stratified by inpatient, outpatient,
or emergency department encounter. Resistance rates ranged
from 32.8% to 41.0% between the three facility groupings for
cefoxitin (P > 0.18), 21.4% to 30.3% for levofloxacin (P >
0.10), 46.7% to 50.0% for erythromycin (P > 0.68), and
17.9% to 27.9% for clindamycin (P > 0.15). These data
further suggest that potential outpatient bias factored little
into observations made in the study.

Limitations

Limitations to the desired two rural laboratory/one larger-
population center laboratory approach to study site recruitment
included regions with fewer hospital microbiology laboratories
and regions with increased population density. The Southeast,
Northeast, and Lake Winnebago regions were represented by
fewer than two rural laboratories. The Northeast region of
Wisconsin has experienced a movement toward hospital
microbiology laboratory consolidation over the past decade.
With respect to the Lake Winnebago and Southeast regions,
population density figures of 151.4 and 670.8 inhabitants/
square mile were calculated, respectively. In contrast, three of
the Wisconsin regions exhibited population density data of <
50 inhabitants/square mile. As further evidence of measures
taken to ensure a representative sampling that was not biased

toward heavily urban centers during this 2018 surveillance
effort, 38% of participating hospital microbiology laboratories
were derived from municipalities with populations < 15,000
(per 2010 United States census data), with an aggregate 58%
of participants derived from municipalities with populations <
35,000.

A second limitation is related to potential S. aureus clonality
contributing to noted geographic variation. We were unable to
investigate this possibility during this initial surveillance
effort. As mentioned previously, approximately one-half of
isolates were derived from hospital laboratories in rural areas
of the state; these laboratories do not have the capacity to
perform molecular epidemiologic studies. In addition, the
limited demographic information requested of the study sites
did not inquire about potential mini-outbreak status of isolates.
Moreover, limited demographic information (as allowed by
Institutional Review Board) did not allow for provision of
patient identifiers, as such, retrospective investigation of
potential mini-outbreak status could not be facilitated.

Conclusion

While limited to an extent by numbers of isolates collected in
the initial year of SWOTARE S. aureus surveillance, presented
data identified both geographic and demographic-based
differences in antimicrobial resistance among Wisconsin S.
aureus isolates. By carefully analyzing regional data, trends
can be realized that are not apparent at a national level. In
addition, regions of the state that warrant increased vigilance
and intervention can be identified in efforts to mitigate
antimicrobial resistance. Continued future surveillance efforts
may reveal additional trends and contribute to stewardship and
intervention opportunities at the local level.
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