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Background. Patients entering nursing facilities (NFs) are frequently colonized with antibiotic-resistant organisms (AROs). To
understand the determinants of ARO colonization on NF admission, we applied whole-genome sequencing to track the spread of 4
ARO species across regional NFs and evaluated patient-level characteristics and transfer acute care hospitals (ACHs) as risk factors
for colonization.

Methods. Patients from 6 NFs (n = 584) were surveyed for methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-
resistant Enterococcus faecalis/faecium (VREfc/VREfm), and ciprofloxacin-resistant Escherichia coli (CipREc) colonization. Genomic
analysis was performed to quantify ARO spread between NFs and compared to patient-transfer networks. The association between
admission colonization and patient-level variables and recent ACH exposures was examined.

Results. The majority of ARO isolates belonged to major healthcare-associated lineages: MRSA (sequence type [ST] 5); VREfc
(ST6); CipREc (ST131), and VREfm (clade A). While the genomic similarity of strains between NF pairs was positively associated
with overlap in their feeder ACHs (P < .05 for MRSA, VREfc, and CipREc), limited phylogenetic clustering by either ACH or NF
supported regional endemicity. Significant predictors for ARO colonization on NF admission included lower functional status and
recent exposure to glycopeptides (adjusted odds ratio [aOR], > 2 for MRSA and VREfc/VREfm) or third-/fourth-generation ceph-
alosporins (aOR, > 2 for MRSA and VREfm). Transfer from specific ACHs was an independent risk factor for only 1 ARO/ACH pair

(VREfm/ACH19: aOR, 2.48).
Conclusions.

In this region, healthcare-associated ARO lineages are endemic among connected NFs and ACHs, making patient

characteristics more informative of NF admission colonization risk than exposure to specific ACHs.
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Healthcare facilities are hotspots for the emergence and spread
of antibiotic-resistant organisms (AROs) [1]. Since the 1990s,
the use of post-acute care facilities, such as nursing facilities
(NFs), has grown dramatically to care for diverse and com-
plex patient populations after discharge from acute care hos-
pitals (ACHs) [2, 3]. NF patients are at particularly high risk
of acquiring AROs because they tend to be older, with multiple
comorbidities, and are often treated with antibiotics [4]. Recent
studies reported that between 30% and 65% of NF patients are
colonized with at least 1 ARO, and 4% of NF patients are diag-
nosed with an ARO infection during their stay [5-7].
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Like in ACHs, there is ongoing endemic transmission of
AROs within NFs. In addition to within-NF transmission, NF
patients are often colonized when admitted. A recent Michigan-
based multisite surveillance study found that more than half of
NF patients were colonized with at least 1 ARO at the time of
admission [8]. This study also provided empirical evidence sup-
porting the importance of regional dissemination of AROs via
patient transfer, as nearly all patients were directly admitted
from ACHs. However, while a role for patient transfer is ap-
parent, it remains unclear whether the high burden of ARO col-
onization entering NFs is more greatly influenced by the clinical
characteristics of incoming patients or recent exposure to high-
risk healthcare facilities whose infection prevention practices,
antibiotic stewardship, and/or architectural design increase risk
of ARO acquisition [9]. Understanding the relative contribu-
tion of these patient- and facility-level factors is essential for the
design of optimal interventions to reduce ARO burden both at
the level of individual healthcare facilities and across regional
healthcare networks.
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Here, we sought to improve our understanding of re-
gional ARO dissemination by examining the distribution of
ARO lineages across healthcare facilities and characterizing
patient factors and prior healthcare exposures that are as-
sociated with the risk of colonization at NF admission. We
focused our analysis on the 4 most common ARO species ob-
served in our study NFs: methicillin-resistant Staphylococcus
aureus (MRSA), vancomycin-resistant Enterococcus faecalis
(VREfc), VRE faecium (VREfm), and ciprofloxacin-resistant
Escherichia coli (CipREc). All 4 pose serious threats to public
health according to the Centers for Disease Control and
Prevention [10]. We hypothesized that these AROs dissem-
inate regionally with patient transfer, and that both patient
clinical characteristics and recent ACH exposure contrib-
uted to the risk of colonization at the time of NF admission.
By combining whole-genome sequencing (WGS), patient
transfer data, and clinical metadata, we investigated the
relationship between ARO transmission networks and pa-
tient movement patterns, and the relative contributions of
patient-level risk factors and prior healthcare exposures to
the high rates of importation of a diverse set of AROs into
regional NFs.

METHODS

Overview of Study Design and Study Population

Leveraging surveillance cultures collected in a recent study
[8], the current study used genomic and patient metadata
to characterize the regional transmission and risk factors
associated with the colonization of the 4 different ARO lin-
eages simultaneously. At the time of funding, data from 584
patients (90% of total patients enrolled in the parent study;
N = 651) were complete and included in the analysis. In brief,
between November 2013 and October 2015, patients were
enrolled from 6 NFs in southeast Michigan, shortly after ad-
mission (mean, 5.6 days [standard deviation, 3.0 days]; range,
0-14 days). Patient demographic information, clinical data,
and recent healthcare exposure were gathered at enrollment.
More than 95% of patients were directly discharged from an
ACH. Details about antibiotic use prior to NF admission were
manually extracted from medical records review. We focused
our antibiotic analysis to the top 3 classes administered in
this study population—namely, first/second-generation ceph-
alosporins (n = 61), third/fourth-generation cephalosporins
(n = 80), and glycopeptides (n = 73). Functional status was
measured using the Physical Self-Maintenance Scale, ran-
ging from full independence (score of 6) to full dependence
(score of 30) in 6 categories of self-maintenance activities.
Multiple body sites (hands, nares, oropharynx, feeding tube
insertion site, suprapubic catheter site, groin, perianal area,
and wounds) were cultured at enrollment, days 14 and 30,

and monthly thereafter for up to 6 months. MRSA, VRE, and
CipREc were isolated as described previously [8].

Genomic and Population Structure Analyses

For each ARO of interest, the earliest isolate from each patient
was used for WGS and analyzed using a customized pipeline as
described in detail in the Supplementary Materials. Sequence
data are available under BioProject PRINA435617.

We focused our analysis on dominant sequence types (STs)
or genetically similar isolates that comprised the majority of the
collection for each ARO species. In patients who were culture-
negative at admission and became culture-positive during stay,
their isolates were removed from subsequent analyses if they
were closely related to another patient’s isolate from the same
NE WGS data allowed us to identify single-nucleotide vari-
ants between isolates within the same species, which were then
used to estimate gene flow between NFs using an adaptation
of Wright F statistic (Fsp) [11]. For Fsp analysis, only facil-
ities with > 5 isolates were included. A low Fsp suggests that
2 NFs share a genetically homogenous population, and vice
versa. Permutation tests were used to evaluate whether isolates
were more likely to cluster by healthcare facility (ACH or NF)
more than expected by chance alone. See the Supplementary
Materials for detailed methods.

Patient Transfer Network Analysis

The identity of the discharge hospital of each enrolled patient
was collected at the time of enrollment. The connectedness
between NFs was calculated by quantifying the similarity in
the distribution of discharge ACHs from where they received
their patients using the Kullback-Leibler divergence method. In
brief, the proportion of patients in a specific NF admitted from
a set of ACHs was compared to that of patients in another NE
If 2 NFs had patients admitted from the same set of ACHs in
identical proportions, the difference in patient transfer pattern
would be zero for that NF pair (no divergence/dissimilarity),
and vice versa. Only ACHs discharging at least 10 patients were
included in the analysis. See the Supplementary Materials for R
packages used for calculation.

Statistical Analysis

We used Spearman rank correlation to test the association be-
tween geographical distance, NF connectedness, and ARO
genomic similarity. Logistic regression models were used to de-
termine the odds ratios (ORs) and associated 95% confidence
intervals (95% Cls) of risk factors. We constructed a separate
model for each ARO and included colonized patients and pa-
tients not colonized with any ARO at enrollment as controls.
We used 1-way analysis of variance to identify patient char-
acteristics that differed significantly between ACHs. The final
multivariate model for admission colonization was adjusted for
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risk factors with a P value of < .1 in univariate analyses. All sta-
tistical analyses were performed in R.

RESULTS

The Burden of High-priority ARO Species Was Due to Regional
Dissemination of Epidemic Lineages

To characterize the strains circulating among regional health-
care facilities, we performed WGS on the first isolate of the
4 high-priority AROs cultured from each colonized patient
(MRSA, n=117; VREfm, n =129; VREfc, n =75; CipREc,
n = 64). The majority of isolates for all 4 ARO species were col-
lected upon admission (Supplementary Figure 1). Extraction of
multilocus sequencing types (MLSTs) from WGS data revealed
that the vast majority of isolates from all 6 NFs belonged to STs
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Figure 1.

commonly associated with healthcare facilities (Supplementary
Figure 2). In particular, 76.0% of MRSA isolates belonged to
ST5 and closely related isolates (n = 89/117), 90.6% of CipREc
isolates belonged to a subclade of ST131, ST43, or were closely
related to ST43 (n = 58/64) [12], and 90.1% of VREfc isolates
analyzed were ST6 (n = 68/75). While multiple STs were ob-
served for VREfm, ST412, the most dominant ST in our VREfm
population, belongs to the hospital-associated clade A [13]. The
close genetic relatedness of isolates in our collection suggests
that the VREfm strains circulating in regional facilities were
also likely members of clade A [14] (Supplementary Figure 3).
The presence of common ARO lineages in all 6 NFs over the
3-year study period suggests these ARO strains are endemic to
the regional healthcare network (Figure 1A). This notion was

'ZU

C -
—o0

[Pl g T

|lmmm%ﬂ

— 0.001

— 0.001

High prevalence of antibiotic-resistant organisms (ARQs) in regional nursing facilities due to endemic spread of epidemic lineages. A, Percentage of patients col-

onized with prevalent AROs within major healthcare lineages (methicillin-resistant Staphylococcus aureus [MRSA]: sequence type [ST] 5 and ST5-like; vancomycin-resistant
Enteraococcus faecalis [VREfc]: ST6; ciprofloxacin-resistant Escherichia coli [CipREc]: ST43/131 and ST43/131-like, and clade A vancomycin-resistant Enterococcus faecium
[VREfm] isolates) at the time of enrollment or during nursing facility stay, by nursing facility. Each color corresponds to the colonization prevalence of a specific ARO. B and
C, Phylogenetic tree of VREfc isolates labeled by patient’s most recent acute care hospital (ACH) exposure (B) and patient’s nursing facility (NF) residence (C) at the time of
isolate detection. Isolates collected at the time of admission are shown as solid circles, and those collected during follow-up visits are shown as filled circles. Follow-up
isolates pruned from analysis due to close genetic distance with an admission or earlier isolate within the same NF are shown as solid black circles. Sequence type of each
isolate is shown on the right. The tree was inferred from maximum likelihood (RAXML) analysis with midpoint rooting. Scale bar represents substitutions per nucleotide site.
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further supported by the genetic intermixing of isolates from
the current study and a previous surveillance conducted during
May 2010-April 2013, involving 12 southeast Michigan NFs not
included in the current study [15] (Supplementary Figure 4).

High Interconnectivity Among Study NFs Leads to a Lack of Genetic
Clustering of ARO Strains by Facility

We next set out to determine if the strain-level resolution pro-
vided by WGS would allow tracking the spread of these en-
demic healthcare-associated lineages across regional facilities.
To maximize our sampling of strain diversity within each NE
we included both enrollment and follow-up isolates that were
phylogenetically distinct from other isolates within the same
NE as they may represent isolates acquired from patients not
enrolled in the study, or were present at a level below limit of
detection at enrollment. Regardless of the underlying basis,
we included all phylogenetically nonredundant isolates in our
subsequent analyses of regional transmission (Supplementary
Figure 5; see Supplementary Methods for removal of redundant
follow-up isolates).

Based on the premise that patient transfer mediates regional
spread, we hypothesized that NFs receiving patients from the
same feeder ACHs would harbor more genetically similar
strains. However, inspection of the core-genome phylogeny did

not support this hypothesis, as strains appeared highly inter-
mixed when labeled by feeder ACHs. The lack of clustering by
facility was corroborated by phylogenetic permutation tests,
which found no statistical support for clustering by most ACHs
or NFs on any of the ARO core-genome phylogenies (Figure 1B
and 1C showing VREfc phylogeny as a representative example;
Supplementary Figures 6-8). To further evaluate the relation-
ship between the genomic similarity of strains in different
NFs and the overlap in their feeder ACHs, we computed the
patient-sharing similarity between each pair of NFs and com-
pared this to the genomic similarity of strains for each NF
pair (Figure 2). While we observed a positive correlation be-
tween patient sharing and the genomic similarity of NF strains
for each ARO lineage investigated (Spearman p = 0.44-0.75;
P < .05 for MRSA, VREfc and CipREc, P = .10 for VREfm), we
found that the correlation was heavily driven by NF 1, which
was located geographically further from the other 5 NFs, and
had less overlap in feeder ACHs (Figure 3; Supplementary
Figures 9-11). This suggests that while patient transfer and geo-
graphical distance influence the genomic similarity of bacterial
populations between healthcare facilities, for highly intercon-
nected facilities that are geographically proximate, the frequent
intermixing of prevalent ARO lineages can preclude a clear de-
lineation of such relationships.
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Figure 2. Patient-sharing network between regional acute care hospitals (ACHs) and study nursing facilities (NFs). Visualization of patient sharing network involving 6 NFs
(blue nodes) and 11 ACHs (pink nodes) in southeast Michigan, 2013—-2016. Directed arrows represent patient flow from an ACH to an NF, with the number of patients trans-
ferred shown in red. Only ACH/NF pairs with >5 patients transferred are shown.
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Figure 3. Genomic relatedness among antibiotic-resistant organisms (AROs) isolates from different nursing facilities (NFs) associated with patient sharing and geographic
proximity. Relationship between the genomic similarity of isolates between each pair of nursing facilities (NFs) and overlap in feeder acute care hospitals (ACHs) between
the NF pair (A), and geographical distance between NF pair (B). Patient sharing between NFs (x-axis, A) indicates the extent of divergence in the proportion of patients
from feeder ACHs between 2 NFs. Lower values indicate higher similarity. Isolate similarity (y-axis, A and B) indicates the divergence of the population structure of each
ARO. Lower values indicate more genomic homogeneity between 2 NFs. Spearman rank correlation coefficients are shown on the right. The colors of the data points and
regression lines correspond to different AROs. Closed circles denote NF pairs excluding facility 1; open circles denote NF pairs including facility 1. Abbreviations: CipREc,
ciprofloxacin-resistant Escherichia coli; MRSA, methicillin-resistant Staphylococcus aureus;, NF, nursing facility; VREfc, vancomycin-resistant Enterococcus faecalis; VREfm,

vancomycin-resistant Enterococcus faecium.

Characteristics of Patients and Transfer Hospital Influence Risk for ARO
Colonization on Admission to NFs

The above results suggest that the burden of ARO colonization
on NF admission for all 4 tested ARO species is driven by trans-
mission of epidemic lineages at connected healthcare facilities.
We next sought to understand the factors that determine which
specific patients are at increased risk for ARO colonization on
NF admission. In particular, we hypothesized that patient risk
will be influenced by a combination of the colonization pressure
at connected ACHs (eg, high-risk feeder facilities) and patients
harboring clinical features associated with risk of colonization
(eg, high-risk patients). To delineate the contribution of patient-
and facility-level factors to colonization risk, we constructed
an individual multivariate regression model for each ARO spe-
cies, including patient characteristics with a P < .1 in univariate
analyses and recent ACH exposure. We focused on ACHs that
discharged at least 50 patients to our 6 study NFs collectively.

The remaining ACHs were collapsed into an “Other” group and
served as the reference in analyses. Multivariate models for each
individual ARO indicated a dominant role of patient factors,
with lower functional status (adjusted odds ratio [aOR], > 1 for
all 4 AROs), exposure to glycopeptides (aOR, > 2 for VREfm,
VREfc, and MRSA) and exposure to third/fourth-generation
cephalosporins (aOR, > 2 for MRSA and VREfm) being signif-
icant risk factors for colonization at admission (Table 1). After
controlling for patient-level factors, transfer facility was a sig-
nificant risk factor for only 1 ARO/ACH pair (VREfm/ACH19:
OR, 248 [95% CI, 1.06-5.83]); the only other ARO/ACH
pair with an OR > 2 was for CipREc/ACHI10 (OR, 2.27 [95%
CI, .82-6.46]). However, we note that while we treated antibi-
otic exposure as a patient-level factor, antibiotic use was signifi-
cantly different among patients transferred from different ACHs
(Table 2), which could be indicative of antibiotic prescribing pat-
terns at connected ACHs influencing NF admission prevalence.
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Table 1.
to a Nursing Facility, by ARO

Associations Between Patient Characteristics, Facility Exposure, and Colonization With an Antibiotic-resistant Organism (ARO) Upon Admission

Methicillin-resistant
Staphylococcus aureus

Vancomycin-resistant
Enterococcus faecium

Vancomycin-resistant
Enterococcus faecalis

Ciprofloxacin-resistant
Escherichia coli

Characteristic (n=67) (n =101) (n =49) (n =34)
Urinary catheter use in past 30 d 1.37 (.7-2.6) 1.69 (.94-3) - -
Lower functional status 1.15 (1.08-1.23) 1.08 (1.02-1.15) 1.07 (1-1.14) 1.11 (1.02-1.2)

Length of hospital stay
Charlson comorbidity score
Exposure to 3rd/4th-gen

2.48 (1.03-5.81)

1.06 (1.02-1.11)
1.05 (.91-1.19)
3.96 (1.97-8.09)

1.17 (1.01-1.35)

cephalosporins

Exposure to glycopeptides 2.95 (1.23-6.93)

2.77 (1.29-5.94)

2.62 (1.02-6.41) -

Hospital 8 0.63 (.19-1.8) 1.18 (.45-2.94) 0.43 (.09-1.43) 0.7 (.1-3.03)
Hospital 10 0.77 (.32-1.8) 0.83 (.35-1.9) 0.59 (.22-1.47) 2.27 (.82-6.46)
Hospital 19 1.3 (.44-3.54) 2.48 (1.06-5.83) 0.7 (.18-2.18) 1.64 (.33-6.42)
Hospital 20 0.51 (.17-1.35) 0.63 (.22-1.61) 0.51 (.16-1.42) 1.63 (.47-4.76)
Hospital 26 0.93 (.37-2.25) 1.6 (.7-3.61) 1.2 (.47-2.92) 1.63 (.42-5.06)
Data are presented as odds ratios (95% confidence intervals). An individual multivariate regression model was built separately for each antibiotic-resistant organism (ARO). “~" indicates that

the covariate was not included in the final model because the Pvalue was > .1 in the univariate analysis. Risk factors significantly associated with ARO colonization at admission are bolded.
Functional status was measured by physical self-maintenance score. Hospitals with < 50 discharges were collapsed and used as the referent group.

Table 2. Clinical Characteristics of All Patients Discharged From Each Major Acute Care Hospital (>50 Discharged Patients) and the Prevalence of
Antibiotic-resistant Organism Colonization at Nursing Facility Admission, by Discharge Hospital

Hospital 8 Hospital 10 Hospital 19 Hospital 20 Hospital 26 Other Hospitals

Characteristic (n = 55) (n =101) (n=61) (n=287) (n =90) (n = 190) PValue
Male sex, % 45 43 44 44 36 42 .844
Urinary catheter use in past 30 d, % 26 23 31 33 31 29 .695
Age, y, mean (SD) 71.44 (13.81) 71.71 (12.62) 73.61 (12.96) 7756 (9.21) 79.8 (10.46) 74.34 (11.88) <.001
Physical self-maintenance scale, 14.45 (5.06) 14.01 (4.47) 13.9 (4.09) 13.98 (4.13) 15.17 (4.79) 14.28 (4.73) 467

mean (SD)
Length of hospital stay, d, mean (SD) 784 (5.61) 6.58 (5.12) 79 (6.77) 6.16 (5.3) 6.9 (4.31) 752 (9.16) 478
Charlson comorbidity score, mean (SD) 2.91 (1.89) 3.39(2.38) 2.84 (1.9) 2.13(2.2) 2.47 (1.97) 2.23(1.82) <.001
Black race, % 96 71 72 0 7 22 <.001
Exposure to 1st/2nd-gen 0 5 1 1 9 16 .004

cephalosporins, %
Exposure to 3rd/4th-gen cephalosporins, % 1 18 23 1 13 1 145
Exposure to glycopeptides, % 4 16 13 9 17 13 2
MRSA colonization at discharge, % 9 1 13 7 12 14 .662
VREfm colonization at discharge, % 18 14 33 8 23 15 .002
VREfc colonization at discharge, % 5 8 7 6 1 10 .67
CipREc colonization at discharge, % 4 10 5 7 6 4 452

One-way analysis of variance was used to compare patient characteristics and antibiotic resistant-organism prevalence at different hospitals.

Abbreviations: CipREc, ciprofloxacin-resistant Escherichia colii MRSA, methicillin-resistant Staphylococcus aureus; SD, standard deviation; VREfc, vancomycin-resistant Enterococcus

faecalis; VREfm, vancomycin-resistant Enterococcus faecium.

DISCUSSION

The lack of effective infection prevention and antibiotic stew-
ardship programs in NFs has been hypothesized to be a major
driver of the high rates of antibiotic resistance [16, 17]. However,
an overlooked contributor to antibiotic resistance in NFs is the
high rates of patients colonized with AROs entering these fa-
cilities [8, 18]. Here, we focused on 6 regional NFs where the
admission prevalence of ARO colonization was > 50%. To gain
insights into the patient populations and transmission pathways
mediating the high rates of ARO colonization on admission to
these NFs, we integrated genomic analyses, patient transfer
data, and clinical information. While our data support a role

for patient transfer in regional dissemination of each studied
ARO species, in these regional healthcare networks individual
patient characteristics—in particular physical disability and an-
tibiotic exposure—were better predictors of ARO colonization
than specific transfer facility. We hypothesize that this observa-
tion is a consequence of long-term regional endemicity of ep-
idemic ARO lineages making the risk for ARO exposure more
even across regional facilities via the constant influx of colon-
ized patients.

MLST analysis of each ARO species revealed that most iso-
lates found in the 6 regional NFs in the current study, and the
12 NFs in a previous study, belonged to epidemic ARO lineages
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associated with healthcare settings, suggesting that these epi-
demic lineages have been stably circulating in the region over
time. The endemic spread of these lineages across regional
networks was further demonstrated by an overall lack of phy-
logenetic clustering by NF or transfer ACH. We hypothesize
that this lack of clustering by facility is a reflection of the high
rates of interfacility transmission leading to rapid movement of
closely related strains. The rapid intermixing of strains across
proximate healthcare facilities is further supported by the rela-
tive genetic isolation of ARO strains from NF 1, where the pa-
tient transfer pattern and geographical location made it most
distant from the other NFs.

We observed that patient clinical characteristics were the pri-
mary risk factors for colonization with all 4 AROs on NF admis-
sion. Consistent with previous studies, physical disability and
exposure to antibiotics were risk factors for colonization with
each of the AROs studied, the latter likely driven by selection
for resistant organisms (vancomycin/VRE and cephalosporins/
MRSA). As antibiotic prescription patterns vary greatly across
ACHs, this highlights the potential for regional antibiotic stew-
ardship interventions to impact ARO colonization prevalence
[19, 20]. We note that while patient characteristics and antibiotic
exposure were dominant risk factors for ARO colonization, we
did observe that recent exposure to ACH19 was an independent
risk factor for VREfm colonization, suggesting that there were
unmeasured facility-level factors that contributed to its associ-
ation with high VREfm prevalence. This finding supports the
premise that high-risk facilities in regional healthcare networks
can be identified by performing admission screening at selected
sentinel facilities and quantifying the independent contribution
of recent facility exposures to ARO colonization risk [21].

We note several strengths in our study. First, the unique
parent dataset allowed us to investigate the regional transmis-
sion of 4 different AROs simultaneously and assess the com-
monality of risk factors for colonization with different AROs.
Second, the linkage of patient metadata to the curated patient
movement data allowed us to empirically discern the risk fac-
tors for colonization unique to each organism. Importantly,
curated patient transfer data allowed us to accurately assign
each patient to their previous ACH, which may be difficult with
aggregate data derived from billing records, especially when
multiple campuses of the same hospital share the same provider
identifier [22].

Our study has several limitations. First, the 6 NFs
participating in the parent study were in metropolitan Detroit
area within 40 km (25 mi) of each other. The close proximity of
NFs, frequent patient transfer, and a lack of data on commu-
nity exposures make it challenging to delineate with certainty
the location where each patient acquired ARO colonization. In
particular, it is possible that the patients in our study did not
acquire their ARO strains during their most recent hospitaliza-
tion, but remained persistently colonized following acquisition

during a prior healthcare or community exposure [23]. This
possibility could account for the lack of clustering of isolates by
transfer ACH. Second, we had few data on recent community
exposures, leaving unclear the potential role of the community
networks in ARO spread. However, we note that most of the
ARO lineages observed in study NFs are rarely observed among
healthy individuals residing in the community, suggesting
that these lineages preferentially spread in healthcare facilities
[24-26]. Third, we only sequenced 1 isolate from each patient,
potentially not capturing the full genetic diversity of the bacte-
rial population. While our approach for comparing the genetic
diversity of AROs between NFs would be unaffected by missing
genetic variation unique to each patient’s colonizing popula-
tion, the failure to capture multiple independent strain acquisi-
tions could reduce our precision.

Together, the integration of genomic and patient transfer
analyses in this study provided evidence that ARO burden was
driven by epidemic lineages that were endemic across the re-
gional healthcare network. Thus, to effectively disrupt the re-
gional transmission of AROs, healthcare facilities will need to
work together to identify high-risk patients and facilities, mon-
itor epidemiological trends, and implement more effective com-
munication strategies to control regional prevalence of these
persistent resistance threats [21, 27, 28].
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