
laboratories for carbapenemase testing and antimicrobial suscep-
tibility testing (AST) and (2) laboratory and population-based sur-
veillance for CRPA in 8 sites through the Emerging Infection
Program (EIP). Objective: We used data from ARLN and EIP
to identify AST phenotypes that can help detect CP-CRPA.
Methods:We defined CRPA as P. aeruginosa resistant to merope-
nem, imipenem, or doripenem, and we defined CP-CRPA as
CRPA with molecular identification of carbapenemase genes
(blaKPC, blaIMP, blaNDM, or blaVIM). We applied CLSI break
points to 2018 ARLN CRPA AST data to categorize isolates as
resistant, intermediate, or susceptible, and we evaluated the sensi-
tivity and specificity of AST phenotypes to detect CP among
CRPA; isolates that were intermediate or resistant were called non-
susceptible. Using EIP data, we assessed the proportion of isolates
tested for a given drug in clinical laboratories, and we applied def-
initions to evaluate performance and number needed to test to
identify a CP-CRPA. Results: Only 203 of 6,444 of CRPA isolates
(3%) tested through AR Lab Network were CP-CRPA harboring
blaVIM (n= 123), blaKPC (n= 53), blaIMP (n= 16), or
blaNDM (n= 13) genes. Definitions with the best performance
were resistant to ≥1 carbapenem AND were (1) nonsusceptible
to ceftazidime (sensitivity, 93%; specificity, 61%) (Table 1) or
(2) nonsusceptible to cefepime (sensitivity, 83%; specificity,
53%). Most isolates not identified by definition 2 were sequence
type 111 from a single-state blaVIM CP-CRPA outbreak.
Among 4,209 CRPA isolates identified through EIP, 80% had clini-
cal laboratory AST data for ceftazidime and 96% had clinical lab-
oratory AST data for cefepime. Of 967 CRPA isolates that
underwent molecular testing at the CDC, 7 were CP-CRPA; both
definitions would have detected all 7. Based on EIP data, the num-
ber needed to test to identify 1 CP-CRPA would decrease from 135
to 42 for definition 1 and to 50 using definition 2. Conclusions:
AST-based definitions using carbapenem resistance combined
with ceftazidime or cefepime nonsusceptibility would rarely miss
a CP-CRPA and would reduce the number needed to test to iden-
tify CP-CRPA by >60%. These definitions could be considered for
use in laboratories to decrease the testing burden to detect
CP-CRPA.
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Nosocomial Rabies Encephalitis: Lessons Learned From
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Background: In October 2018 a patient presented to hospital A’s
emergency department (ED) for a work injury, arm spasms, and
inability to drink liquids. He developed rapid neurologic decline
and was transferred to hospital B for neurocritical care. He devel-
oped a fever, was intubated, and had an unrevealing infectious dis-
eases (ID) consultation. He became comatose, had refractory
seizures, andwas transferred to hospital C. A second ID consultation
revealed that he hadmany bats in his home, and his symptoms were
consistent with rabies encephalitis. Antemortem specimens of
serum, CSF, skin biopsy, and saliva were all positive for rabies virus
PCR, and/or rabies serologies. Objective:We describe the response
of a multihospital system to the exposure of employees across 3
facilities to rabies-infected body fluids. Methods: Three hospitals
in 1 system (222 caregivers) cared for the index patient (hospital
A, n= 8; hospital B, n= 107; hospital C, n= 107; 19 students and
residents), as did 2 additional facilities outside the system. These
included physicians (n= 21), registered nurses (n= 57), respiratory
therapists (n= 29), imaging technicians (n= 24), phlebotomists (n
= 12), laboratorians (n= 8) and others (n= 71). Infection preven-
tion, employee health, and pharmacy leadership created a central-
ized team to ensure that all exposed caregivers were screened, and
if exposed, were vaccinated. An electronic screening tool developed
and administered by the Utah Department of Health via Research
Electronic Data Capture (Redcap), rapidly assessed caregiver body
fluid exposure risks (saliva, tears, neurologic tissue), and use of per-
sonal protective equipment in patient care. After completion, care-
givers received notification that he or she (1) had no exposure (no
further action), (2) had exposure and should report to employee
health for vaccination, or (3) had unclear exposure and should con-
tact the employee health department.Results:Caregivers feared that
the tool underestimated exposure risk. Many caregivers (n= 48),
repeated the assessment more than once, changing answers. The
most common reasons cited were incomplete forms (n= 21), care-
giver did not recall using personal protective equipmentwith contact
with saliva (n= 8) or did not understand rabies transmission (n
= 3). All vaccinations were initiated by 11 of 26 care givers, 18 days
after initial deployment of the tool. All exposed caregivers completed
the course. No caregivers developed symptoms of rabies encephali-
tis. Conclusions: An online tool can safely assess large healthcare
exposure such as rabies. A team comprising infection preventionists,
employee health representatives, pharmacists, and public health
department representatives made the assessment of many geo-
graphically dispersed caregivers rapid and effective. Caregivers
should employ the basic tenets of standard precautions in the daily
care of patients to avoid unknown exposures to common bodily
fluids.
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Novel Method to Detect Cardiac Device Infections by
Integrating Electronic Medical Record Text with Structured
Data in the Veterans Affairs Health System
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Background: Cardiovascular implantable electronic device
(CIED) infections are highly morbid, yet infection control resour-
ces dedicated to preventing them are limited. Infection surveillance
in outpatient care is also challenging because there are no infection
reporting mandates, and monitoring patients after discharge is dif-
ficult.Objective: Thus, we sought to develop a replicable electronic
infection detection methodology that integrates text mining with
structured data to expand surveillance to outpatient settings.
Methods: Our methodology was developed to detect 90-day
CIED infections. We tested an algorithm to accurately flag only
cases with a true CIED-related infection using diagnostic and
therapeutic data derived from the Veterans Affairs (VA) electronic
medical record (EMR), including administrative data fields (visit
and hospital stay dates, diagnoses, procedure codes), structured
data fields (laboratory microbiology orders and results, pharmacy
orders and dispensed name, quantity and fill dates, vital signs), and
text files (clinical notes organized by date and type containing
unstructured text). We evenly divided a national dataset of
CIED procedures from 2016–2017 to create development and val-
idation samples.We iteratively tested various infection flag types to
estimate a model predicting a high likelihood of a true infection,
defined using chart review, to test criterion validity. We then
applied the model to the validation data and reviewed cases with
high and low likelihood of infection to assess performance.
Results: The algorithm development sample included 9,606
CIED procedures in 67 VA hospitals. Iterative testing over 381

chart reviewed cases with 47 infections produced a final model
with a C-statistic of 0.95 (Table 1). We applied the model to the
9,606 CIED procedures in our validation sample and found 100
infections of the 245 cases identified by the model to have a high
likelihood of infectionWe identified no infections among cases the
model as having low likelihood. The final model included conges-
tive heart failure and coagulopathy as comorbidities, surgical site
infection diagnosis, a blood or cardiac microbiology order, and
keyword hits for infection diagnosis and history of infection from
clinical notes. Conclusions: Evolution of infection prevention pro-
grams to include ambulatory and procedural areas is crucial as
healthcare delivery is increasingly provided outside traditional set-
tings. Our method of algorithm development and validation for
outpatient healthcare-associated infections using EMR-derived
data, including text-note searching, has broad application beyond
CIED infections. Furthermore, as integrated healthcare systems
employ EMRs in more outpatient settings, this approach to infec-
tion surveillance could be replicated in non-VA care.
Funding: None
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Novel Method to Evaluate Diagnostic Shifting After a Pediatric
Antibiotic Stewardship Intervention
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University of Utah; Diane Liu, University of Utah Department of
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Background: Audit-and-feedback interventions track clinician
practice patterns for a targeted practice behavior. Audit and feed-
back of antibiotic prescribing data for acute respiratory infections
(ARI) is an effective stewardship strategy that relies on administra-
tive coding to identify eligible visits for audit. “Diagnostic shifting”
is the misclassification of a patient’s diagnosis in response to audit
and feedback and is a potential unintended consequence of audit
and feedback. Objective: To develop a method to identify patterns
consistent with diagnostic shifting including both positive shifting
(improved diagnosis and documentation) and negative shifting
(intentionally altering documentation of diagnosis to justify anti-
biotic prescribing), after implementation of an audit-and-feedback
intervention to improve ARI management. Methods: We evalu-
ated the intervention effect on diagnostic shifting within 12
University of Utah pediatric clinics (293 providers). Data included
66,827 ARI diagnoses: pneumonia, sinusitis, bronchitis, pharyngi-
tis, upper respiratory infection (URI), acute otitis media (AOM), or
serous otitis with effusion (OME). To determine whether rates of
ARI diagnoses changed after the intervention, we developed logis-
tic generalized estimating equation (GEE) models with robust
sandwich standard error estimates to account for clinic-wise clus-
tering. Outcomes included the change in each ARI diagnosis rel-
ative to the competing 6 diagnoses included in audit-and-
feedback reports before and after intervention implementation.
Models tested for a change in outcomes after the intervention
(ie, diagnostic shift) after adjustment for month of diagnosis.
For each diagnosis, we estimated the population attributable frac-
tion (PAF) for antibiotic prescriptions due to combined shifts in
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