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ABSTRACT Vancomycin-resistant Enterococcus (VRE) is a leading cause of hospitalacquired infection, with limited treatment options. Resistance to one of the few remaining drugs, daptomycin, is a growing clinical problem and has previously been
described in this hospital. In response to increasing resistance, an antimicrobial
stewardship intervention was implemented to reduce hospital-wide use of daptomycin. To assess the impact of the intervention, daptomycin prescribing patterns and
clinically reported culture results from vancomycin-resistant Enterococcus faecium
(VREfm) bloodstream infections (BSIs) from 2011 through 2017 were retrospectively
extracted and the impact of the intervention was estimated using interrupted time
series analysis (ITS). We corrected for a change in MIC determination methodology
by retesting 262 isolates using Etest and broth microdilution. Hospital-wide and
within-patient resistance patterns of corrected daptomycin MICs are reported. Our
data show that daptomycin prescriptions decreased from an average of 287 days of
therapy/month preintervention to 151 days of therapy/month postintervention. Concurrently, the proportion of patients experiencing an increase in daptomycin MIC
during an infection declined from 14.6% (7/48 patients) in 2014 to 1.9% (1/54 patients) in 2017. Hospital-wide resistance to daptomycin also decreased in the postintervention period, but this was not maintained. This study shows that an antimicrobial stewardship-guided intervention reduced daptomycin use and improved
individual level outcomes but had only transient impact on the hospital-level trend.
KEYWORDS Enterococcus, antimicrobial resistance, antimicrobial stewardship,
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A

ntimicrobial resistance poses an increasing threat to public health, with the use of
antimicrobials being the leading cause of increased resistance (1). Managing
resistance evolution in an acute care setting, where the use of antibiotics is crucial to
patient survival, presents an important challenge. Evolution of resistance within patients in response to treatment is easily observed and well-documented (2, 3). Understanding the many additional factors that contribute to population-wide resistance,
such as transmission dynamics (4–6), ﬁtness of resistance mutations (7), and collateral
resistance or sensitivity (8), is more complex. In response to the increased threat posed
by antimicrobial resistance, antimicrobial stewardship practices have been put forward
as one part of the solution (9, 10). Many studies have demonstrated the ability of
antimicrobial stewardship initiatives to successfully decrease the use of targeted antimicrobials within hospitals (11). Furthermore, antimicrobial stewardship interventions
can reduce resistance within hospitals (12–15).
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FIG 1 Total days of therapy (DOT) per month in the hospital for daptomycin (A) and linezolid (B). Dotted
lines show the ﬁt results from the interrupted time series analysis.

Vancomycin-resistant Enterococcus faecium (VREfm) is an important cause of health
care-associated infections (HAI), being the second most common cause of multidrugresistant HAI (16, 17). Resistance to multiple classes of drugs has resulted in limited
treatment options, with daptomycin often being the preferred treatment (18–20). In
2011, routine daptomycin MIC determination of all VREfm bloodstream infection (BSI)
isolates was introduced at Michigan Medicine, a 1,000-bed tertiary hospital. Over the
subsequent 4 years, a continual increase in daptomycin resistance both within patients
and hospital wide was observed (2). Based on these ﬁndings, the adult antimicrobial
stewardship program implemented an intervention to reduce daptomycin use in the
hospital. Here, we assess the impact of an intervention on the use of daptomycin and
on the evolution of resistance within patient and hospital wide. Complicating the
analysis is a change in testing methodology that occurred simultaneously with the
intervention. This study also addresses the importance of considering changes in
testing methodology when investigating long-term trends in resistance and how to
correct for these changes.
RESULTS
Impact of interventions on drug use. Following the intervention, daptomycin use
in the hospital reduced from a mean of 287 days of therapy (DOT)/month to 151
DOT/month (Fig. 1A). Despite this large drop, it is difﬁcult to interpret the main effect
of the intervention due to a signiﬁcant interaction with time (relative risk [RR] ⫽ 0.98
April 2019 Volume 63 Issue 4 e01800-18

aac.asm.org 2

Daptomycin Resistance Evolution in VREfm

Antimicrobial Agents and Chemotherapy

TABLE 1 Treatment of patients with VREfm BSIsa
Early therapy

Nonempirical therapy

Period
Preintervention

Initial isolate MIC
⬍4 g/ml
4 g/ml
⬎4 g/ml
All

Proportion of patients (n)
0.84 (56/67)
0.83 (99/119)
0.82 (23/28)
0.83 (178/214)

Median DOT (IQR)
3 (2–4)
3 (2–4)
2 (1–3)
3 (2–4)

Proportion of patients (n)
0.78 (52/67)
0.71 (85/119)
0.18 (5/28)
0.66 (142/214)

Median DOTs (IQR)
9 (6–12)
7 (4–11)
2 (1–8)
8 (4–11)

Postintervention

⬍4 g/ml
4 g/ml
⬎4 g/ml
All

0.40 (21/53)
0.33 (15/46)
0.14 (2/14)
0.34 (38/113)

3 (2–4)
3 (2–4)
4 (4–4)
3 (2–4)

0.38 (20/53)
0.28 (13/46)
0.00 (0/14)
0.29 (33/113)

4.5 (2–8.5)
6 (2–10)
5 (2–10)

aEarly

[95% CI: 0.97, 0.99], P ⫽ 0.003). Following the intervention, the use of linezolid, which
is used to treat similar infections as daptomycin, increased from a mean of 168
DOT/month to 210 DOT/month (Fig. 1B). There was a signiﬁcant interaction due to a
steady increase in linezolid use during the postintervention period (RR ⫽ 1.02 [1.00,
1.03], P ⫽ 0.014). There was no signiﬁcant change in vancomycin use following the
intervention (RR ⫽ 0.94 [0.86, 1.03], P ⫽ 0.156) (see Fig. S2 in the supplemental
material). Patient days were only reliably available from 2013 onwards, and therefore,
we have reported DOT/month rather than DOT/1,000 patient days. From 2013 to 2017,
monthly DOT was highly correlated with DOT/1,000 patient days (r2 ⫽ 0.99) and,
therefore, DOT/month is likely to be highly representative of DOT/1,000 patient days.
The proportion of patients with VREfm BSIs that were treated with daptomycin
dropped after the intervention (Table 1). There was a reduction (from 0.83 to 0.34) in
the proportion of patients receiving daptomycin therapy in the early period (⬍4 days),
likely before the MIC results were available, a reduction (from 0.66 to 0.29) in daptomycin treatment later, when the MICs would be known, and a reduction in the median
length of treatment by 3 days.
Daptomycin MIC of VREfm BSI. From 2011 to 2017, 338 patients had VREfm
bloodstream infections. Daptomycin MICs of the initial isolates from 216 of these
infections were originally determined by Etest and 122 by the Trek system. Based on
clinically reported daptomycin MICs, resistance to daptomycin increased in the hospital
from 2011 through 2014, followed by a sharp decline in 2015, and then an increase
through 2016 and 2017 (Fig. 2).
MIC test method comparisons. MICs by broth microdilution (BMD) were highly
repeatable, with 99.7% of repeat testing results being within a single 2-fold dilution of
the sample mode, and 77.2% of tests being in agreement with the mode (see Fig. S3
in the supplemental material). Six of the 40 samples returned the same MIC on all eight
tests, while for one sample the replicate tests were divided equally between two MICs.
These results match the variation expected by chance (see Fig. S4 in the supplemental
material). This variation was not associated with the MIC of the sample (2 ⫽ 13.55,
degrees of freedom [df] ⫽ 9, P ⫽ 0.14).
The BMD retest MICs had a 97.0% essential agreement (within 2-fold) with samples
originally tested on the Trek system and a 98.4% essential agreement with samples
originally tested by Etest (Fig. 3). Despite good overall agreement between the two
original test methods and the BMD results, the original results for samples originally
tested on Trek were more likely to be lower when tested by BMD (2 ⫽ 9.76, df ⫽ 1,
P ⬍ 0.001), while isolates originally tested with Etest showed no signiﬁcant skew (2 ⫽
1.00, df ⫽ 1, P ⫽ 0.32). This difference indicates that a correction is required in order
to directly compare the Trek and Etest result data sets.
Adjusting for testing method. The relationship between the initial Trek and retest
BMD MICs ﬁt a linear model where the slope was not signiﬁcantly different to 1 (t ⫽
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therapy includes any days of therapy (DOTs) of daptomycin between the date of the initial BSI isolate and up to 4 days following the initial isolate date.
Nonempirical therapy includes any DOTs given greater than 4 days after the initial isolate and up to 30-days post-initial isolate. Median DOT reﬂect only those
patients who received therapy. IQR, interquartile range. Bold data are for all initial isolates for each period.
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0.03, df ⫽ 1, P ⫽ 0.98), and so the Trek data set was corrected by a single offset for all
values (equation 1).
log2共BMDretest兲 ⫽ log2共MICTrek兲 ⫹ 0.293

(1)

The relationship between the initial Etest and retest BMD MICs was linear with
neither the slope or intercept being signiﬁcantly different to 1 (slope: t ⫽ ⫺0.79, df ⫽
1, P ⫽ 0.43; intercept: t ⫽ 0.44, df ⫽ 1, P ⫽ 0.66). Therefore, no correction was required
for values initially tested by Etest.
Hospital trend. Applying the correction did not change the original trend; however
it reduced the magnitude of the decline in 2015 due to the upward shift of all MIC data
following the testing methodology change and, therefore, following the intervention
(Fig. 2). Following the intervention, there was a signiﬁcant drop in mean MIC (interrupted time series [ITS]: ␤ ⫽ ⫺0.84 [⫺1.25, ⫺0.42], P ⬍ 0.001) (see Fig. S5 in the
supplemental material); however, due to the continued increase in MIC throughout the
postintervention period, there was no overall difference in mean daptomycin MICs
before (3.61 g/ml) and after (3.73 g/ml) the intervention.
Correcting the trend using Etest as the reference method rather than BMD resulted
in the application of different correction factors, but this did not change the qualitative
results (see Fig. S6 in the supplemental material).
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FIG 2 Average daptomycin MIC for VREfm initial isolates by quarter. Open circles are calculated from original clinical MICs, and closed circles are calculated from
corrected values. Means prior to February 2015 are only shown as original values, as a correction for these values was not required. Error bars represent 95%
conﬁdence interval (CI) of the mean, and the numbers are the number of infections in each quarter. The gray circles show each initial isolate per patient as
susceptible or nonsusceptible. Gray line is a local polynomial regression (LOESS) of the daptomycin susceptibility of initial isolates, showing the moving average
of the proportion of initial isolates that are daptomycin nonsusceptible. Highlighted panel indicates the study intervention period.
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FIG 3 Comparison of original test results with repeat BMD results. (A and B) Show the outcomes of repeat testing based on original
reported daptomycin MIC. (C and D) Show the fold difference between original test results and repeat test results as a proportion of
the tested isolates. Negative fold changes occur when the original testing method is lower than the reference BMD, while positive
values indicate that the original testing method is higher than the reference BMD. (A and C) Represent isolates that were originally
tested by Trek (n ⫽ 199), and (B and D) show isolates that were originally tested on the Etest system (n ⫽ 63).

Relationship of daptomycin use to daptomycin MICs. Prior to the intervention,
mean daptomycin MIC (by quarter) and mean DOT/quarter were positively correlated
(R2 ⫽ 0.404, P ⫽ 0.008) (Fig. 4). Following the intervention, the relationship between
daptomycin DOT and daptomycin MICs remained signiﬁcantly correlated (R2 ⫽ 0.465,
P ⫽ 0.030), but the direction of the relationship changed, with an increase in MIC now
associated with a decrease in DOT (Fig. 4).
Within-patient evolution. The impact of reduced daptomycin prescribing for
VREfm BSIs can also be seen when looking at within-patient evolution of resistance. The
majority of BSIs lasted less than 3 days (the window for retesting drug susceptibilities),
although infections ranged from ⬍3 to 27 days. Increases in MIC were observed
between 3 and 27 days after the initial isolate (median, 6 days). Patients where an
increase in MIC was observed received a median of 4 doses of daptomycin prior to the
increase (range: 0 to 16 doses). From 2011 through 2014 the proportion of patients
where a subsequent VREfm isolate (within 30 days of the initial isolate) had a higher
MIC than the initial isolate rose from 3.6% (2/55) to 14.6% (7/48). Following the
April 2019 Volume 63 Issue 4 e01800-18
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FIG 4 Relationship of mean daptomycin DOT to mean daptomycin MIC. Each point is the mean of three
months (one quarter), and points are connected through time. The ﬁrst quarter of each year is indicated
by the year text. The dashed line is a linear regression through all points preintervention, and the dotted
line is a linear regression through the postintervention points. Quarters that contained any time period
within the intervention period were excluded from the regressions.

intervention and reduced daptomycin prescribing, this proportion dropped consistently each year to 1.9% (1/53) in 2017 (Fig. 5). Prior to 2015 all patients with an increase
in MIC received at least one dose of daptomycin between the date of the initial isolate
and the date of the observed MIC increase. However, in 2015 one of the four patients
with MIC increases had received no daptomycin treatment, and the one patient in each
of 2016 and 2017 with an MIC increase had received no daptomycin.
DISCUSSION
Following the intervention, daptomycin use was reduced hospital-wide and as
treatment for VREfm BSIs. There was a concurrent increase in the use of linezolid, an
alternate treatment for VREfm infections. Importantly, for VREfm bloodstream infections
ultimately identiﬁed as daptomycin nonsusceptible, the intervention resulted in a
reduction in the proportion of patients receiving daptomycin treatment in the time
before MIC data were available.
Comparative testing demonstrated a need to correct for testing methods to accurately describe MIC change over time, but this correction did not qualitatively change
the trend in resistance (Fig. 2). Consistent with previous studies (21–23), testing
methods show signiﬁcant differences, with Etest returning a higher mean MIC than the
Trek method (23). While previous studies showed BMD to give lower MICs on average
than Etest (24), our study found the BMD method to be more consistent with Etest than
Trek. While it has been suggested that BMD is not highly reproducible across laboratories and brands of media (25), BMD in our hands was highly repeatable (Fig. S3 and
S4) and, therefore, an appropriate reference method for this study.
The proportion of patients who had a within-patient increase in MIC during an
infection decreased following the intervention. This change likely reﬂects the reduced
number of patients receiving treatment with daptomycin, which more than halved
following the intervention (Table 1). While all patients who experienced increases in
resistance prior to 2015 were treated with daptomycin, in 2016 and 2017 none of the
April 2019 Volume 63 Issue 4 e01800-18
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FIG 5 Within-patient evolution. Proportion of patient with VREfm BSI where the daptomycin MIC of the
infection increases during the infection (within 30 days of the initial isolate). Numbers indicate the
number of VREfm BSI infections each year. Gray bars indicate patients who had received daptomycin
treatment between the date of initial infection and the date of MIC increase, and white bars indicate
patients who received no daptomycin treatment.

patients showing within-patient increases received daptomycin. The 2016 to 2017
within-patient increases are consistent with the sampling error seen in the repeated
testing (Fig. S4).
Daptomycin resistance in the hospital increased steadily from the beginning of the
study period in January 2011 until 2015. During this preintervention period, mean
daptomycin MICs were correlated with daptomycin use in the hospital. Following the
intervention, there was a transient drop in hospital-wide resistance, but this was
followed by an increase in daptomycin resistance that was no longer correlated with
daptomycin use (Fig. 4). Indeed, the average MIC at the end of our time series was as
high as it had been when daptomycin use was at its peak. This dissolution of the
relationship between daptomycin use and resistance suggests a shift in the drivers of
evolution in this setting. While one possibility is that the preintervention correlation is
spurious, we argue that this is unlikely, as the correlation exists across several increases
and decreases in daptomycin use that are separated in time, the correlation is consistent with the increase in within-host evolution of resistance (Fig. 4), and the interrupted
time series shows a decrease in MIC associated with the intervention (Fig. S5).
Some potential drivers of the dissolution of the relationship between resistance and
drug use deserve consideration. First, the postintervention increase could result from
more resistant strains being introduced into the hospital. Given that daptomycin is not
generally used in community settings, this suggests that selection for resistance may be
occurring at other hospitals or care facilities in the area. The price of daptomycin fell
around this time as generics became available, so it is possible that there was increased
use in other health care settings. Second, the 2016 to 2017 increase could be due to
indirect selection for daptomycin resistance via selection on a correlated trait. This
could occur if, for example, resistance to other antibiotics, disinfectants, or antimicrobial peptides confer cross-resistance to daptomycin (26–31), or if adaption to some
other environmental novelty also confers increased resistance (32). Third, hitchhiking is
also a possibility, where daptomycin resistance alleles could be carried to high frequency either due to stochastic dynamics or because they happen to be present in a
April 2019 Volume 63 Issue 4 e01800-18
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clone that for unrelated reasons had a ﬁtness advantage in the hospital setting (33).
While there are no known overlaps in resistance mutations between linezolid and
daptomycin (34, 35), coresistance is common in some settings (36). Thus, the increased
linezolid use could drive daptomycin resistance; however, an increase in linezolid
resistance was not observed in this time period. Fourth, resistance mutations with a
lower cost of resistance may have emerged (7, 37, 38), or circulating hospital strains
may have acquired compensatory mutations (39, 40). Disconnects between drug use
and MIC dynamics at a population level have been seen in other pathogen systems
(41–43), where, like here, selection at the individual level and at the population level
differed. Fifth, it is possible that changes in daptomycin utilization not captured in our
study could impact the evolution of resistance, such as the doses used or the nature of
the underlying infection. Determining which of these drivers may be acting is important, as they suggest different approaches to address the continued resistance trend.
Future work combining genome sequencing of archived strains and epidemiological
methods may be able to distinguish between importation from outside the hospital
and within-hospital spread, as well as a shift in the genetic determinants of resistance.
Limitations of this study include the retrospective observational design, which
restricts the ability to identify causal relationships, and being a single center study, so
caution should be taken with the generalization of these ﬁndings. Despite this, our
study highlights the complex interactions of antimicrobials and resistance in a hospital
setting and demonstrates the importance of looking at not only antimicrobial use but
also the impact on resistance when assessing the outcome of antimicrobial use
interventions. While minimizing the use of antimicrobials is important for reducing
within-host selection for resistance and likely plays a signiﬁcant role in hospital-wide
levels of resistance, our study suggests that simply substituting one front-line drug for
another need not restore sensitivity to the ﬁrst.
MATERIALS AND METHODS
Study strategy. A retrospective observational cohort study was conducted at Michigan Medicine to
determine the effect of antibiotic policy change on antibiotic use and hospital-wide levels of daptomycin
resistance in VREfm bloodstream infections. The study was approved by the University of Michigan
Institutional Review Board (identiﬁcation [ID] no. HUM00102282), which determined that informed
consent was not required, as all samples were collected for patient treatment purposes.
Data sets. Four data sets of daptomycin MICs and two daptomycin use data sets were used for this
study, as outlined in Table 2 and described below. Daptomycin, linezolid, and vancomycin use data were
calculated as days of therapy (DOT) per month across the entire hospital population and were extracted
from pharmacy billing databases. Individual-level clinical data were extracted retrospectively from the
electronic medical record system.
The daptomycin resistance trend data set (Table 2) includes all VREfm BSI initial isolates between
January 2011 and December 2017. This data set contains two subsets; the ﬁrst consists of MIC results
from samples originally tested by Etest (bioMérieux) that were collected prior to the testing switch date
of February 15, 2015. The second data set collected on or after the switch date contained MIC results for
samples originally tested with the Trek system (Thermo Fisher).
The testing method correction data set (Table 2) was used to determine the relationship of MICs
produced by the Etest and Trek methods. This correction allows the impact of the change in MIC testing
method to be separated from the impact of the antimicrobial stewardship intervention. This data set
consists of 262 stored Enterococcus isolates from 235 patients that were retested by both broth
microdilution (BMD) and Etest. Daptomycin MICs for 63 of the isolates were originally tested by Etest and
199 isolates with the Trek system. This sample set included all stored Enterococcus BSI initial isolates
between September 2013 and September 2016. Prior to January 2016, isolates were stored in a
haphazard fashion. Starting January 2016, all Enterococcus BSI isolates were systematically stored. From
September 2013 to December 2015 the sample set included 51% of the initial isolates tested in the
hospital, and from January 2016 to September 2016, this included all the initial isolates tested in the
hospital. Additionally, all stored daptomycin nonsusceptible Enterococcus (DNSE) BSI isolates for the same
period were included, even if they were not the initial isolate for that patient, to improve representation
of higher MIC values in the data set. For six patients, two different species of Enterococcus were isolated
from their initial sample, and both species were included as initial isolates.
The correction assay repeatability data set (Table 2) contained 40 samples that were representative
of the full correction data set based on species, vancomycin susceptibility, and daptomycin MIC (see Fig.
S1 in the supplemental material). These samples were tested a total of eight times each to assess the
repeatability of BMD.
Finally, within-patient change in daptomycin resistance was investigated for all patients with an
initial VREfm BSI isolate between January 2011 and December 2017. A within-patient increase was
April 2019 Volume 63 Issue 4 e01800-18
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TABLE 2 Data sets used in this study
No. of isolates, test results,
Samples included
Data source
patients, or doses
All VREfm BSI isolates 2011– Clinical reports: 2011–Feb 2015 338 isolates
2017 (initial isolates only)
by Etest, Feb 2015–2017 by
Trek system
Enterococcus BSIs Sept
Clinical reports: repeat testing 262 isolates, 524 test results
2013–Sept 2016
by BMD and Etest

Representative (by species, Repeat testing by BMD and
vancR, and MIC) subset of
Etest
testing method correction
samples
Within-patient change To determine proportions of All VREfm BSI isolates 2009– Clinical reports
in resistance
patients where
Jan 2018
daptomycin resistance
increases during the
infection
Days of therapy
To determine changes in
Monthly days of therapy of Hospital electronic medical
overall drug doses used in
daptomycin, linezolid, and
records
the hospital
IV vancomycin between
Jan 2011 and Dec 2017
Daptomycin use by
To investigate direct impact All doses of daptomycin
Hospital electronic medical
patient
of the intervention on
administered to patients
records
treatment of VREfm BSI
with VREfm between Jan
infections
2011–Jan 2017

40 isolates, 320 test results

574 isolates, 338 patients

3,534 doses, 254 patients

deﬁned as at least a 2-fold increase in daptomycin MIC within 30 days of the initial isolate. Isolates are
routinely tested for drug susceptibilities every 3 days.
Intervention. The adult antimicrobial stewardship program (ASP) at Michigan Medicine consists of
3 infectious disease physicians, 3 infectious disease pharmacists, and 1 infectious disease pharmacy
resident. In response to rising daptomycin nonsusceptibility among VREfm isolated from bloodstream
infections (2), the ASP launched an initiative to reduce hospital-wide daptomycin use. Over three months
(February 2015 to April 2015), the ASP led educational efforts to implement this initiative. Two 1-hour
lectures were provided to the Department of Infectious Diseases during a faculty conference and
business meeting. Targeted education was provided to the transplant infectious disease service because
the patient population they manage has relatively higher rates of VRE infection. An existing institutional
policy was continued, requiring prescribing physicians to seek preauthorization for the use of restricted
antimicrobial agents, including daptomycin, between the hours of 7 a.m. and 11 p.m., 7 days per week.
Although no prior approval was required overnight, a pharmacist member of the ASP conducted daily
prospective audits and feedback of all restricted antimicrobial agents Monday through Friday to ensure
appropriate use and dosing, facilitate de-escalation, and optimize duration of therapy. The ASP used
these procedures as opportunities to reduce the use of daptomycin hospital-wide and preferred the use
of linezolid instead of daptomycin for the empirical and deﬁnitive treatment of VRE infections when not
contraindicated.
Susceptibility testing methodology. Susceptibility testing for the testing method correction was
performed by the broth microdilution method using frozen reference panels (Thermo Fisher Scientiﬁc)
and also by Etest (bioMérieux). Both methods were preformed according to CLSI M7 guidelines (44). MIC
testing plates contained 2-fold dilutions of daptomycin with ﬁnal concentrations ranging from 0.125
g/ml to 128 g/ml. Enterococcus faecalis ATCC 29212 and Staphylococcus aureus ATCC 29213 were
included for quality control with each batch of testing.
Data analysis. For the testing method correction, general linear models allowing linear, quadratic,
and cubic terms were ﬁtted by original test type to determine the relationship of original daptomycin
MICs to the MIC for each reference method. Nonsigniﬁcant terms (P ⬎ 0.05) were removed from the
models in a stepwise fashion in order to determine the simplest model for each relationship. The models
were then applied to all VREfm initial bloodstream isolates from 2011 to 2017 based on their original
testing method to correct for the change in testing methods. Analyses were generated using SAS
software, version 9.4, of the SAS System for Windows.
Time series data were analyzed using interaction model interrupted time series (ITS). For the DOT
outcomes, we used multiplicative quasi-Poisson models, and the MIC model was regressed using the
normal distribution. Any autocorrelation in the time series was corrected for with heteroskedasticityconsistent estimation of the covariance matrix with the function vcovHAC in the R package sandwich (45,
April 2019 Volume 63 Issue 4 e01800-18
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Data set
Use
Daptomycin resistance To investigate the change in
trend
daptomycin resistance
over time
Testing method
To determine the
correction
relationship between MICs
generated by the two
different testing methods
used in the hospital to
allow for a direct
comparison of MICs over
time
Correction assay
To assess the repeatability
repeatability
of the reference assays
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46). The models consisted of terms for time and study period and an interaction between the two. If the
interaction terms had no statistical signiﬁcance, then simpler main effects models were used in order to
preserve model parsimony. Analyses were performed with R (R Core Team, 2017).

SUPPLEMENTAL MATERIAL
Supplemental material for this article may be found at https://doi.org/10.1128/AAC
.01800-18.
SUPPLEMENTAL FILE 1, PDF ﬁle, 0.3 MB.
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