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The epidemiology of new acquisition of antibiotic-resistant organisms (AROs) in community-based skilled nursing facilities
(SNFs) is not well studied. To define the incidence, persistence of, and time to new colonization with methicillin-resistant Staph-
ylococcus aureus (MRSA), vancomycin-resistant enterococci (VRE), and ceftazidime-resistant (CAZr) and ciprofloxacin-resistant
(CIPr) Gram-negative bacteria (GNB) in SNFs, SNF residents were enrolled and specimens from the nares, oropharynx, groin,
perianal area, and wounds were prospectively cultured monthly. Standard microbiological tests were used to identify MRSA,
VRE, and CAZr and CIPr GNB. Residents with at least 3 months of follow-up were included in the analysis. Colonized residents
were categorized as having either preexisting or new acquisition. The time to colonization for new acquisition of AROs was cal-
culated. Eighty-two residents met the eligibility criteria. New acquisition of AROs was common. For example, of the 59 residents
colonized with CIPr GNB, 28 (47%) were colonized with CIPr GNB at the start of the study (96% persistent and 4% intermittent),
and 31 (53%) acquired CIPr GNB at the facility (61% persistent). The time to new acquisition was shortest for CIPr GNB, at a
mean of 75.5 days; the time to new acquisition for MRSA was 126.6 days (P � 0.007 versus CIPr GNB), that for CAZr was 176.0
days (P � 0.0001 versus CIPr GNB), and that for VRE was 186.0 days (P � 0.0004 versus CIPr GNB). Functional status was signif-
icantly associated with new acquisition of AROs (odds ratio [OR], 1.24; P � 0.01). New acquisition of AROs, in particular CIPr

GNB and MRSA, is common in SNFs. CIPr GNB are acquired rapidly. Additional longitudinal studies to investigate risk factors
for ARO acquisition are required.

The prevalence of antibiotic-resistant organisms (AROs), such
as methicillin-resistant Staphylococcus aureus (MRSA), vanco-

mycin-resistant Enterococcus spp. (VRE), and resistant Gram-neg-
ative bacteria (GNB) has been well studied (4, 11, 18, 28, 30). It is
estimated that one-third of the 1.6 million skilled nursing facility
(SNF) residents in the United States are colonized with at least one
ARO. MRSA is the most common ARO studied, and cross-sec-
tional point prevalence studies in SNFs show a wide range of col-
onization rates, with 10 to 50% of residents being colonized with
MRSA (20, 22, 26, 31, 33). Multidrug-resistant (MDR) Gram-
negative bacteria have been found to colonize over 20% of resi-
dents of long-term care facilities (23), while prevalence rates for
VRE are found to be lower at 4 to 9.6% (2, 3, 26). The presence of
indwelling devices, functional impairment, prior hospitalization,
and antimicrobial usage are all considered to increase the risk of
multiple ARO colonization (7, 12, 20, 32, 35, 36).

In contrast to the large quantity of cross-sectional data avail-
able, there are limited prospective studies that document new ac-
quisition rates in SNFs. In one prospective study by Bradley et al.
(5), specimens from multiple body sites were cultured monthly
for a year, and it was found that 25% of SNF veterans were colo-
nized with MRSA upon initial culturing. Over the course of the
year of study, 10% of admitted residents newly acquired MRSA at
the facility. Another study by Stone et al. (29) found a 48% prev-
alence of MRSA on weekly cultures obtained over an 8-week pe-
riod in a long-term care facility. Only 29% of newly admitted
residents were colonized on their initial culture, indicating a rela-
tively large number of new acquisitions at the facility. A recent
prospective study documented that 39% of long-term care resi-
dents acquired at least 1 MDR Gram-negative organism during a
1-year sampling period (24). Other short-term prospective stud-
ies documented new acquisition of ceftazidime-resistant (CAZr)

GNB in 22 of 86 (25.6%) colonized surgical intensive care unit
patients during their stay over the 5-month study period (10) and
new acquisition of VRE in 6 of 32 (19%) chronic hemodialysis
patients for whom cultures were obtained every 5 days until dis-
charge (9). A more recent prospective study with hemodialysis
patients found that 22 (40%) of the 55 who had follow-up cultures
acquired a new ARO, with totals of 20, 15, and 13% of patients
acquiring MDR GNB, VRE, and MRSA, respectively (27).

The main objective of this prospective study was to further
characterize new acquisition of multiple AROs in community-
based SNFs, with a focus on defining the time to acquisition and
persistence of colonization. To define the dynamics of new ARO
acquisition in residents of SNFs more precisely, residents were
followed for a period of at least 90 days and up to 1 year.

MATERIALS AND METHODS
Study design and population. We conducted a large prospective micro-
bial study involving 15 SNFs located in the southeast region of Michigan.
The goal of this parent study was to define the attributable fraction of
device-associated infections and ARO colonization. The project was ap-
proved by the University of Michigan and Veterans Affairs Ann Arbor
Healthcare System Institutional Review Boards. Any resident with an in-
dwelling device and a randomly selected control were considered to be
eligible for this study. Of 483 eligible residents, 178 (37%) were enrolled in
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the parent study. The main reasons for nonenrollment were refusal to give
informed consent by the residents (23%) or their family or legal guardian
(32%), inability to contact family or legal guardian (21%), and discharge
from the facility or device discontinuation (23%). We obtained written
informed consent from all enrolled residents or from the individual hold-
ing a durable power of attorney. Each resident was enrolled for up to 1
year, and monthly cultures were obtained. Clinical and demographic data
were obtained by chart review.

Of the 178 patients enrolled in the parent study, 90 residents had an
indwelling device (a urinary catheter, feeding tube, or both) and 88 resi-
dents did not. In order to achieve our stated objective in this substudy of
defining new acquisition in residents who stay in a facility long-term, we
included only residents who had a minimum of 90 days of follow-up.
Eighty two residents (46%) from 12 SNFs qualified for this analysis, in-
cluding 21 residents (25.6%) with an indwelling device.

Baseline demographic and clinical data. Baseline information was
obtained from the resident’s chart, such as age, weight, gender, presence of
an indwelling device, Charlson’s comorbidity score, functional status,
hospitalization, antibiotic usage, and duration of residence at the facility.
At each subsequent visit, information on hospitalization and antibiotic
usage was gathered. The Lawton and Brody Physical Self Maintenance
Scale (PSMS) was used to assess functional status (15), and mean values
for Charlson’s comorbidity score were calculated to assess comorbidity
(6). Residents were considered hospitalized if they stayed at the hospital
for at least one night. The use of any antibiotic was included in quantifying
antibiotic usage.

Microbiological methods. Cultures were obtained from the nares,
oropharynx, groin, and perianal area during each monthly visit. If present,
specimens from wounds and skin around feeding tube or suprapubic
catheter sites were also cultured using Culturette swabs (Becton Dickin-
son Inc., Sparks, MD). Standard microbiological methods were used to
identify positive colonization with Staphylococcus aureus, vancomycin-
resistant Enterococcus spp. (VRE), and GNB. S. aureus isolates were fur-
ther tested for methicillin resistance using oxacillin screening plates, and
GNB isolates were tested for both ceftazidime and ciprofloxacin resistance
by disc diffusion (Sensi-Disc; BD BBL, Sparks, MD). Strains that showed
intermediate sensitivity to CIP or CAZ were considered to be resistant.

Definitions of preexisting colonization, new acquisition, intermit-
tent colonization, and persistent colonization. Colonized residents were
divided into two categories: those with a resistant organism present at the
start of the study, or having “preexisting colonization,” and those with a
resistant organism acquired at the facility during the time of the study, or
having “new acquisition.” Adhering to the Society for Healthcare Epide-
miology of America recommendation for measuring AROs (8), residents
with new ARO acquisitions were those with no positive culture for that
organism recovered on the first visit (day 0) followed by a positive culture

on any subsequent visit. Each type of ARO was evaluated independently
for new acquisition. For example, a resident with preexisting MRSA could
have a new acquisition of ciprofloxacin resistance (CIPr) during the study
period.

For each category, the status of the colonization was defined as either
persistent or intermittent carriage. Definitions for persistent and inter-
mittent carriage vary widely in the literature (14, 16, 21, 23, 25, 34). We
used the definitions established by Muder et al. (21), as these were the
most appropriate for prospective studies in the SNF setting. Under this
definition, an intermittent carriage is defined as two or more negative
cultures after a single positive culture for any of the organisms, whereas
persistence is defined as two or more positive cultures separated by fewer
than two negative cultures. If there was no culture taken after a single positive
culture, it was conservatively classified as an intermittent colonization.

The time to acquisition was calculated for each new acquisition, measured
by the visit day that the organism was first identified in culturing samples.

Statistical analysis. Colonization rates were calculated by estimating
the percentage of residents who were colonized with the organism at any
anatomic site at any time in the study. Student t tests were performed to
analyze differences in mean functional status and Charlson’s comorbidity
score. Residents who newly acquired an organism were considered to have
prior hospitalization or antibiotic usage if these events occurred at any
time before the first identification of colonization. To be conservative,
noncolonized residents were considered to have prior hospitalization or
to have taken antibiotics if these events occurred at any point during the
study. Residents with a preexisting colonization were considered to have
prior hospitalization or antibiotic usage if these events occurred within 30
days prior to the start of the study. For hospitalization and antibiotic
usage, chi-square tests were performed to compare the probabilities be-
tween colonized and noncolonized residents. Statistical analysis was per-
formed using STATA 10, and P values of �0.05 were considered signifi-
cant. We also compared residents who newly acquired any ARO with
residents not colonized with any ARO at any point, using a multivariate
logistic regression model to assess the risk factors leading to new acquisi-
tion. Risk factors included in the analysis were functional status, Charl-
son’s comorbidity score, prior hospitalization, and antibiotic usage. Resi-
dents with a preexisting colonization who did not acquire any other new ARO
during the study period were excluded from the multivariate analysis.

RESULTS
Demographics. The demographics of the subpopulation used for
analysis are shown in Table 1, by groups with and without indwell-
ing devices. Indwelling devices were present in 26% of the popu-
lation with at least 90 days of follow-up (total population, n � 82).
Residents with indwelling devices were younger, had more co-

TABLE 1 Baseline data for the 82 SNF residents enrolled in the study

Characteristic

Value for SNF residents:

P valueWithout indwelling device (n � 61) With indwelling device (n � 21)

Age (yr, mean � SD) 83.49 � 9.85 77.52 � 13.88 0.03
Wt (lb, mean � SD) 157.46 � 43.41 160.60 � 46.12 0.78
No. (%) male 12 (20) 10 (48)
No. (%) white 59 (97) 16 (76)
Comorbidity score (mean � SD) 2.25 � 1.59 3.00 � 1.52 0.06
PSMS (mean � SD) 19.31 � 5.19 24.00 � 4.95 �0.01
Follow-up days in the study (mean � SD) 278.36 � 81.82 228.57 � 95.57 0.02
Admission time in facility (mo, mean � SD) 39.10 � 44.54 45.98 � 101.23 0.67

No. (%) with:
Prior hospitalization 7 (11) 12 (57) �0.001
Antibiotic usage 43 (70) 17 (81) 0.35
Ciprofloxacin usage 12 (20) 4 (19) 0.95
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morbidities, were more functionally dependent, and had a shorter
follow-up period than residents without them.

Colonization with antibiotic-resistant organisms. Overall,
CIPr GNB were the most prevalent ARO, colonizing 59 of 82 res-
idents in this study (72%) (Fig. 1). A significant proportion, 31 of
59 (53%) residents colonized, newly acquired the organism at the
facility. Of these new acquisitions, 19 (61%) remained persistently
colonized on subsequent cultures. Of the 28 (47%) residents with
preexisting colonization, 27 (96%) remained colonized at subse-
quent visits. Escherichia coli and Proteus mirabilis were the two
most common CIPr GNB persistently colonizing residents, often
cocolonizing the same resident (Table 2).

MRSA colonized 52 residents (63%), 32 of whom (62%) newly
acquired the organism at the facility, with equal numbers of resi-
dents being colonized persistently or intermittently. Of those with
preexisting colonization, most (17 [85%]) remained colonized at
subsequent visits.

CAZr GNB had a lower prevalence, colonizing 21 residents
(26%). A majority of colonization with CAZr GNB (15 [71%]) was
newly acquired at the facility, with 2 (13%) residents being persis-
tently colonized. VRE were the least prevalent of all the AROs,
colonizing only 15 residents (18%). Ten residents newly acquired
VRE (67%), 2 of whom (20%) were colonized persistently.

FIG 1 Flow chart displaying the total number of residents colonized and the percentage of colonization for each organism. Unless otherwise stated, the
percentages in parentheses represent the percentage of residents colonized out of the number of residents colonized in that group with that organism (e.g., 17
[85%] of 20 preexisting colonizations were intermittent). MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant enterococci; CAZr,
ceftazidime-resistant Gram-negative bacillus; CIPr, ciprofloxacin-resistant Gram-negative bacillus.

TABLE 2 Numbers of SNF residents with persistent CIPr GNB
colonization, by species

No. and name(s) of species present

No. of residents with:

Preexisting
colonization
(n � 27)

New
acquisition
(n � 19)

1
Escherichia coli 10 3
Proteus mirabilis 2 4
Pseudomonas aeruginosa 1 0
Providencia stuartii 2 0
Morganella morganii 1 4

2
E. coli, P. mirabilis 7 4
E. coli, P. stuartii 0 1
P. mirabilis, P. stuartii 0 1
P. mirabilis, Pseudomonas fluorescens 1 0

3
E. coli, P. mirabilis, M. morganii 0 1
E. coli, P. mirabilis, K. pneumoniae 1 0

�4 1 0
No single persistent species 1 1
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In the group with devices, MRSA was the most prevalent ARO,
colonizing 18 (85.7%) residents with devices at any time during
the study (Fig. 2B). CIPr GNB were also prevalent, colonizing 17
(81.0%) residents with devices, while VRE and CAZr GNB each
colonized 6 (28.6%) residents with devices. In comparison, in
residents without an indwelling device, CIPr GNB were the most
prevalent ARO (42 [68.9%]), followed by MRSA (34 [55.7%]),
CAZr GNB (15 [24.6%]), and VRE (9 [14.8%]). Due to higher
rates of preexisting colonization, residents with indwelling devices
had lower rates of new ARO acquisition. In contrast, the majority
of colonized residents without devices newly acquired the ARO
during the study period (Fig. 2A). As expected, groin and perirec-
tal areas gave the highest yield to identify new colonization with
both CIPr and CAZr GNB (Table 3).

Time to new acquisition of ARO. Average time to new acqui-
sition in all residents was the shortest for CIPr GNB, at 75.5 days
(standard deviation [SD], �65.7) (Table 4). The time to new ac-
quisition for MRSA was 126.6 days (�79.1), which was signifi-
cantly longer than that for CIPr GNB (P � 0.007). CAZr GNB and
VRE also had significantly longer average times to new acquisi-
tion, at 176.0 days (� 94.1; P � 0.0004 versus CIPr GNB) and
186.0 days (�108.4; P � 0.0001 versus CIPr GNB).

In residents with devices, the times to new acquisition for both
MRSA and CIPr GNB (75.0 and 80.0 days, respectively) were
shorter than those for CAZr GNB or VRE (135.0 and 225.0 days,
respectively). Residents with devices acquired MRSA more rapidly
than those without devices (Table 4) (P � 0.03). In residents with-
out devices, CIPr GNB had the shortest mean time to new acqui-

FIG 2 The total numbers of residents in the groups without (A) and with (B)
indwelling devices are displayed in the largest, leftmost boxes, followed by the
numbers and percentages of those residents colonized with the antibiotic-
resistant organism. To the right of these boxes, the numbers of the colonizing
organisms that were newly acquired are indicated, along with the correspond-
ing percentage. MRSA, methicillin-resistant Staphylococcus aureus; VRE, van-
comycin-resistant enterococci; CAZr GNB, ceftazidime-resistant Gram-nega-
tive bacillus; CIPr, ciprofloxacin-resistant Gram-negative bacillus.

TABLE 3 Anatomic sites colonized with resistant GNB, by device status

Anatomic site

% of residentsa:

With indwelling device (n � 52 anatomic sites in 17 residents) Without indwelling device (n � 85 anatomic sites in 44 residents)

CAZr

GNB only
CIPr

GNB only
CIPr and CAZr

GNB Cocolonized Total
CAZr GNB
only

CIPr GNB
only

CIPr and CAZr

GNB Cocolonized Total

Nares 0 3.8 1.9 0 5.8 0 3.5 0 0 3.5
Oropharynx 0 11.5 1.9 1.9 15.4 0 2.4 1.2 0 3.5
Groin 1.9 19.2 1.9 5.8 28.8 1.2 29.4 0 12.9 43.5
Rectum 1.9 21.2 0 5.8 28.8 2.4 40.0 0 4.7 47.1
Wound 1.9 1.9 3.8 0 7.7 1.2 0 0 1.2 2.4
Device site 0 11.5 0 1.9 13.5 0 0 0 0 0

Total 5.8 69.2 9.6 15.4 100 4.7 75.3 1.2 18.8 100
a For each group, n is the total number of anatomic sites colonized in that group. Data represent the percentage of colonization at that anatomic site out of the total number of
anatomic sites colonized for that group. For the group with a device, there were 52 sites colonized in 17 residents (out of 21; 4 were not colonized) with a total of 134 follow-up
months. For the group without a device, there were 85 sites colonized in 44 residents (out of 61; 17 not colonized) with a total of 396 follow-up months. CIPr and CAZr GNB, GNB
resistant to both classes of antibiotics. Cocolonized, two or more classes of resistant GNB identified at the same site (i.e., CAZr GNB and CIPr GNB).

TABLE 4 Average time to new acquisition of AROs

Organism(s)

Days to acquisition (avg � SD) for residents:

P value
(without device
vs with device)All (n � 82)

Without
indwelling
device
(n � 61)

With
indwelling
device
(n � 21)

MRSA 126.6 � 79.1 143.8 � 78.1 75.0 � 60.0 0.03
VRE 186.0 � 108.4 176.3 � 113.9 225.0 � 106.1 0.60
CAZr GNB 176.0 � 94.1 182.3 � 90.4 135.0 � 148.5 0.53
CIPr GNB 75.5 � 65.7 74.4 � 66.0 80.0 � 70.1 0.85
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sition, at 74.4 days. The times to new acquisition in residents with-
out devices for MRSA, VRE, and CAZr GNB were considerably
longer, at 143.8, 176.3, and 182.3 days, respectively.

Risk factors for new acquisition of ARO. We compared resi-
dents who newly acquired any ARO (n � 57 [70.0%]) with resi-
dents who were not colonized with any ARO at any point (n � 11
[13.4%]). Residents with a preexisting colonization who did not
acquire any other new AROs were excluded (Table 5). Compared
with noncolonized residents, colonized residents with a new ac-
quisition were more functionally dependent (mean PSMS � 20.9
versus 15.9). This was the only significant risk factor identified
using a multivariate logistic regression model (odds ratio [OR],
1.24; 95% confidence interval [CI], 1.05 to 1.46; P � 0.01). Prior
hospitalization, antibiotic usage, Charlson’s comorbidity score,
and device use were not statistically significant.

DISCUSSION

In this prospective study, we showed that ARO colonization rates
have increased considerably in recent years and that new acquisi-
tion of AROs is common. The proportion of residents with a new
acquisition exceeded the proportion of residents who were colo-
nized at the start of the study, for all AROs. Residents with an
indwelling device had higher rates of preexisting colonization. In
contrast, residents without devices had a higher percentage of new
acquisition than those without devices.

CIPr GNB were the most prevalent ARO, colonizing 72% of
residents during the study period. An earlier study, published in
1998, on CIPr in an SNF found low colonization rates, with a mean
prevalence of 2.6% (17). Since then, there appears to have been a
rapid rise in colonization with CIPr GNB. The time to new acqui-
sition for all residents was shortest for CIPr GNB, at 75.5 days,
suggesting a relatively rapid acquisition of CIPr. CIPr E. coli and P.
mirabilis seem to be of particular concern, as they were found to
colonize residents persistently over long periods of time. We chose
to test all GNB separately for ciprofloxacin and ceftazidime resis-
tance in order to understand the magnitude of resistant GNB.
These antimicrobials were chosen to reflect prescribing practices
in the SNF setting, in which fluoroquinolone and cephalosporin
use is common (3). Our results suggest that resistant GNB are a
major concern in SNFs and should prompt reevaluation of empir-
ical treatment for common infections.

We also evaluated the roles of various risk factors in the acqui-
sition of ARO colonization. As expected, residents with indwelling
devices had greater ARO colonization rates. They also had a

shorter time to new acquisition of MRSA, which to our knowledge
has not been previously reported. Impaired functional status is
also a risk factor for MRSA colonization and infections (1, 5, 7).
Our findings confirm this, demonstrating that residents who
newly acquired an ARO were more functionally impaired than
those residents who were not colonized. It can be hypothesized
that residents with impaired functional status require more assis-
tance in activities of daily living, therefore increasing the likeli-
hood of transmission. Hospitalization is also correlated to an in-
creased risk of colonization and infection with AROs in SNFs (2,
13, 35, 36), although this was not significant, possibly due to our
sample size. Antibiotic usage was frequent and was not correlated
to colonization or new acquisition of AROs. Further efforts
should be made to investigate the link between antibiotic usage
and acquisition of AROs.

A major strength of our study is that we prospectively cultured
specimens from multiple anatomic sites of residents for extended
periods of time. As a result, we have been able to perform a more
comprehensive assessment of new ARO acquisition and thereby
ARO transmission in SNF residents. Rates of prevalence of ARO
colonization have been extensively described, but the studies have
often been performed at a single SNF, used clinical cultures, or
described colonization at a single anatomic site (2, 16, 23, 24). It is
increasingly recognized that colonization at multiple anatomic
sites is common (19), and therefore the multisite sampling may
account for the higher rates of colonization.

A limitation of our study is that new acquisition of AROs in
SNFs may have been underestimated due to the fact that we did
not enroll solely new admissions to the facility. Therefore, baseline
colonization could represent undetected acquisition at the facility
before enrollment for some residents. New acquisition may also
have been overestimated, as it is possible that residents had a pre-
existing colonization that was not found on the initial culture.
However, with a mean time to acquisition of between 70 and 150
days, multiple repeated negative cultures were obtained; there-
fore, it is likely that true new ARO acquisition was indeed fre-
quent. New acquisition found after a hospitalization during the
follow-up period could reflect ARO acquisition from the hospital
or the SNF. Molecular typing of ARO strains was not performed. It
is thus impossible to identify whether the newly acquired organ-
isms were acquired due to horizontal transmission or to a change
in the resident’s endogenous flora as a result of antibiotic pressure.
It is also not possible to determine whether persistent carriage of a
certain ARO was the result of chronic carriage of the same strain or
represented intermittent carriage of different strains.

Limitations notwithstanding, the high prevalence of new ac-
quisition of AROs in SNFs in our study suggests a growing need to
develop more effective and targeted infection prevention proto-
cols. Infection prevention strategies should also account for mul-
tisite colonization, both within the SNF and upon admission to
acute care facilities. This study furthers our knowledge that acqui-
sition of AROs in SNFs is common, particularly acquisition of
CIPr GNB and MRSA. CIPr GNB are acquired rapidly and are
more likely to persist after initial colonization. This adds to the
growing concern that resistant GNB are a greater threat than
MRSA and VRE. Further research into the epidemiology of spe-
cific resistant GNB, such as P. mirabilis and E. coli, is needed to
investigate the factors that lead to persistent colonization. Infec-
tion prevention strategies in SNFs need to be adapted to prevent

TABLE 5 Risk factors for not being colonized versus having new
acquisition of AROs

Risk factor

Value for residents:

Not colonized with
any ARO (n � 11)

Having new
acquisition
of any ARO
(n � 57)

PSMS, mean � SD 15.9 � 5.61 20.9 � 5.35a

Charlson’s comorbidity score,
mean � SD

2.36 � 2.34 2.51 � 1.51

Any hospital visit, no./total (%) 1/11 (9) 16/57 (28)
Any antibiotic use, no./total (%) 6/11 (55) 42/57 (74)
Device use, no./total (%) 1/11 (9) 14/57 (25)
a P � 0.05.
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the spread and new acquisition of all AROs, particularly resistant
GNB.
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