Best Practices for Surveillance of Antimicrobial Resistance via Electronic Laboratory Reporting
Recommendations from the CSTE AR/ELR Working Group, June 2017

Many surveillance initiatives, such as monitoring new and reemerging antimicrobial resistance (e.g.,
Carbapenem-Resistant Enterobacteriaceae (CRE)), are conducted entirely based on laboratory
observation findings and are only made possible through electronic laboratory reporting (ELR), since
manual data collection processes are too resource intensive. In November 2016, CSTE convened an
AR/ELR Workgroup to focus on best practices and issues related to capturing CRE in HL7 2.5.1 standard
format for reporting purposes to Public Health Agencies (PHA).

The purpose of this document is to capture AR/ELR workgroup members’ experience with receiving and
processing CRE ELRs from laboratories and recommend related best practices for working with
laboratories and CRE ELR messages. This document focuses on laboratory reporting only; reporting from
providers is outside of its scope. PHAs are the primary audience for these best practices, but many
recommendations are closely tied to laboratory systems and practices and may be applicable to those
settings. Although the focus of the workgroup is on CRE reporting, these best practices may also be
applicable to surveillance for other antimicrobial resistant organisms.

l. Communicating with Labs

A. State health agencies should clearly communicate with laboratories regarding reporting
requirements for CRE. This communication should include:

o Whether CRE is reportable in their jurisdiction
o Their jurisdiction’s surveillance definition for CRE. Note that this may differ from clinical
definitions. The current CSTE position statement definition is as follows:
= Carbapenem-Resistant Enterobacteriaceae (CRE): Any organism in the
Enterobacteriaceae family that is resistant to at least one carbapenem antibiotic
(i.e. doripenem, ertapenem, imipenem, meropenem).
= Carbapenemase-Producing Carbapenem-Resistant Enterobacteriaceae (CP-CRE):
Any organism in the Enterobacteriaceae family that tests positive for
carbapenemase production (e.g. KPC, VIM, NDM, IMP, OXA-48-like) by a
phenotypic (e.g. CarbaNP, mCIM, modified Hodge) OR tests positive for a known
carbapenemase resistance mechanism by a recognized test (e.g. PCR, Xpert
Carba-R).
o When to report CRE
How to report: see HL7 ELR Implementation Guide
o Whom to contact at the public health jurisdiction for questions regarding testing
methods and reporting

o

Examples of written guidance for labs (See Appendix C):

o Massachusetts
o New Mexico
o Indiana

B. State health agencies should also be aware of laboratory practices that may impact the quality
of ELR messages for CRE. These may include:

o Differences among laboratories in how CRE ELR messages are triggered. If the lab is able
to automate CRE ELR messaging, this will require less work for the lab and reduce
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opportunities for missed reports. However, some labs will need to trigger ELRs
manually, depending on a jurisdiction’s definition of CRE and its complexity.

o Laboratory compliance with current CLSI guidelines for MIC values. The use of outdated
MIC breakpoints can affect the interpretation of test results, especially for qualitative
results.

o Suppression of certain resistance test results according to CLSI guidelines and/or clinical
formularies. This may result in missing test results for some antimicrobials of interest to
PHAs or inability to identify cases and report them to PHAs.

C. A survey of labs may be helpful to understand the test methods and breakpoints labs are
using to identify CRE. Survey items may include:

Laboratory’s knowledge of CRE reportability and plans for reporting

Capacity to identify organisms and perform susceptibility and carbapenemase testing
Capacity to send test results via ELR, including version of HL7 ELR messages

Tests used to identify organisms

Tests and MIC interpretive criteria and or zone diameter interpretive criteria used to
identify antimicrobial susceptibility

Carbapenemase confirmatory tests

Practices for sending isolates to other labs for additional testing

o The approximate number of Enterobacteriaceae results produced by the laboratory
during a specific time period

O O O O O

o O

Receiving and Processing HL7 ELR Messages

To fully assess antimicrobial resistance and categorize resistance properly, public health agencies
need to receive enough information about resistance testing for specific organisms. This includes: 1)
the antimicrobial/bactericidal agent being tested; 2) the method of testing (K-B, MIC, etc.); 3) the
actual quantitative and qualitative results and interpretations. This information is used to monitor
for multi-drug resistant organisms that require stronger antibiotics to treat infections.

Specific fields in the HL7 message allow for the CRE report (and other susceptibilities) to be reported
to PHA. The message(s) used to report CRE (and other susceptibilities) should contain the organism,
antibiotic susceptibilities, and the specimen source. The parent observation is the identified
organism (e.g. Klebsiella pneumoniae) and the child observation is the antibiotic susceptibility
results. The child observation should list all antibiotics tested against the organism, the measured
MIC values, and the phenotypic interpretation (e.g. drug 1 ... <1 ug/mL susceptible, drug2 ... =2
ug/mL intermediate, drug 3 ... >= 16 ug/mL resistant).

In order to link the parent-child observations together, the child OBR should contain a sub_id, sent
in the child OBR 26.3, that links with the correct organism sub_id located in the parent OBX 4. The
child OBR should also contain the parent filler order number and placer order number located in the
OBR 29.2 and OBR 29.1 that matches the parent filler order number and placer order number
located in the parent OBR 3.

http://www.hl7.org/implement/standards/product brief.cfm?product id=98
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Simplified Example:

Message Type (HL7 2.5.1)

Example: Multiple OBR segments, has parent and child information
MSH
PID
ORC
OBR 1
OBX1
OBX 2
SPM (such as a culture)
OBR 2 (OBR-26 (Parent Result Link) and OBR-29 (Parent))
OBX1
OBX 2
SPM (such as a bacterial isolate)

Counterexample: Multiple OBR segments, no parent and child information

MSH

PID

ORC

OBR 1

OBX1

OBX 2

OBR 2

0OBX'1

OBX 2

See Appendix D for additional examples of actual HL7 ELR messages for CRE. See Appendix E for
additional guidance on parent-child relationships for culture and susceptibility testing.

Links to HL7 Implementation Guides:

HL7 2.5.1 for ELR is the ideal message structure for sending antimicrobial resistance messages, as it
allows for the capturing of parent-child relationships in a more complete fashion than using HL7
2.3.1. Culture and susceptibility reporting is outlined in Appendix A of the R1 ELR IG.

HL7 Version 2.5.1 Implementation Guide: Electronic Laboratory Reporting to Public Health, Release 1
(US Realm) HL7 Version 2.5.1: ORU”RO1:

http://www.hl7.org/implement/standards/product brief.cfim?product id=98

Section of Parent/child, Culture and Susceptibilities should be noted.
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Errata for V251 Implementation Guide: Electronic Laboratory Reporting to Public Health (US Realm),
Release 1
http://www.hl7.org/implement/standards/product _brief.cfm?product id=245

HL7 Version 2.5.1 Implementation Guide: S&I Framework Lab Results Interface, Release 1- US
Realm*
http://www.hl7.org/implement/standards/product brief.cfm?product id=279

*A newer version of this implementation guide is currently in HL7 Ballot and is expected to be
published later in 2017. This newer version will actually harmonize the Lab Ordering and Lab Results
interfaces and will also include profiles to support more specific lab reporting use cases, including
reporting to public health. This public health profile will in effect replace, or serve as an update to
the previously referenced ELR implementation guide, list above. Once published, this document will
be made available at http://www.hl7.org/implement/standards/product matrix.cfm?ref=nav

A. Commonly observed deficiencies in received HL7 ELR messages:

1) No utilization of parent/child linking of susceptibility labs to the organism(s), or
parent/child relationships are used incorrectly. Without proper parent/child linkages,
determining which susceptibility results go with each identified organism may be
difficult without the verification of paper laboratory results. See Appendix D on parent-
child guidance.

o Recommendation: Make sure facilities are submitting the correct linking values
and the jurisdictions have the capabilities to utilize the parent/child result to link
the susceptibility test to the organism.

2) Missing organism. Organism information is needed for public health to determine new
versus recurrent cases.

o Example: A reference lab may test for resistance mechanism but not for the
organism, so a received report may only include the mechanism report and not
be linked the original organism result.

o Recommendation: Organism information should be sent.

3) Missing specimen information: specimen source site (SPM8), specimen type, etc.
Specimen information is needed to determine the timeframe for defining a case as new
or recurrent.

o Recommendation: Specimen information should be sent.
4) Results are sent in NTE segments.

o Recommendation: All results should be sent in an OBX segment; quantitative
results should be sent in a numeric or structured numeric segment. Qualitative
results should be sent in an OBX segment, perhaps using a CE or CWE data type,
using national standard vocabulary such as LOINC and/or SNOMED. NTE
segments should not be used to communicate important information.

5) Comments are sent in multiple result (OBX) segments. This can result in potentially
important information not being communicated to downstream systems. If the
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information does come through, use of multiple OBX segments can make reading results
difficult.

o Example: OBX|7 “identification and susceptibility,” OBX|8 “Testing to follow”

o Recommendation: Placing comments in NTE segments rather than OBX
segments. When there are multiple OBXs, use the OBX|4 (observation sub-id) to
group related OBXs

B. Issues with LOINC and SNOMED codes

1) Generic LOINC codes may be used, making it difficult for system to classify results
correctly. Culture tests where LOINC codes are used are “generic” and require SNOMED
codes in order to properly classify the results to the correct condition without being
done manually. Positive culture results cannot be received by systems if generic LOINC
codes are used without SNOMED codes.

o Recommendation: utilize standard specific LOINC and SNOMED codes that can
assist in properly identifying CRE, and work with laboratory and epidemiology
staff to ensure that the selected codes are correct.

= LOINC Code look up: https://search.loinc.org/

= SNOMED Code look up:
http://www.snomedbrowser.com/
https://uts.nlm.nih.gov//snomedctBrowser.html

2) LOINC codes that do not specify the method used (e.g. disk diffusion, broth dilution/MIC,
ETest, etc.)

o Recommendation: Labs should use method-specific LOINC codes.
C. Minimum Inhibitory Concentration (MIC) values.

Both MIC values and interpretations are needed by the PHA. MIC values are needed for trend
data, which would be lost if only phenotypic interpretations are collected and the CLSI
breakpoints used to determine those interpretations change over time.

1) Missing MIC values

o Recommendation: Use the most current CLSI guidelines (M100-527) for MIC
breakpoints, available at http://clsi.org/m100/ (free web version).

2) Reference lab reporting of MIC values may be affected by their clients’ limitations, such
as their willingness and ability to receive MIC values. If ordering providers are not willing
or able to receive MIC values, they may not be entered in the LIMS and reference labs
may not be able to send these directly to PHAs.

D. Issues with sending laboratory’s LIM system

1) Missing carbapenemase results. Lack of carbapenemase testing results (MHT/CarbaNP,
molecular panels, PCR). Facilities may be performing carbapenemase testing but not
sending results to PHAs. This results in PHAs not knowing the resistance mechanism for
CRE cases and needing to contact facilities to find out the testing mechanism. Some labs
may report these results in comments. Reports may say “carbapenemase production”
without including what tests were used to come to that conclusion, or the lab may not
have run the appropriate tests.
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o Recommendation: PHAs should understand which labs in your jurisdiction are
performing these tests. If a carbapenemase test is done, labs should send
results, whether positive or negative.

2) Ambiguous notes/comments which may or may not indicate that carbapenemase testing
was performed. Some labs perform carbapenemase testing while others make
assumptions about carbapenemase production based on overall phenotype. ELR
message comments may not always make it clear whether a test was performed or not.

o Examples: “Demonstrates production of a carbapenemase,” “Likely
carbapenemase producer”

o Recommendation: PHAs should request that labs include confirmatory
carbapenemase test results as “child” linkages to the “parent” organism ID. If
this isn’t possible, PHAs should be aware of what carbapenemase test (if any) a
lab uses, and what phenotypes trigger its use.
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Appendices:

A.

Glossary of terms:

Electronic Laboratory Reporting (ELR)

Public Health Agencies (PHA)

Carbapenem-Resistant Enterobacteriaceae (CRE)

Carbapenemase-Producing Carbapenem-Resistant Enterobacteriaceae (CP-CRE)
Minimum inhibitory concentrations (MIC)

Clinical and Laboratory Standards Institute (CLSI)

Health Level Seven (HL7)

Logical Observation Identifiers Names and Codes (LOINC)

Systematized Nomenclature of Medicine (SNOMED)

Additional resources:

e Laboratory Protocol for Detection of Carbapenem-Resistant or Carbapenemase-
Producing, Klebsiella spp. and E. coli from Rectal Swabs:
https://www.cdc.gov/HAI/pdfs/labSettings/Klebsiella_or Ecoli.pdf

e CDC technical standards resources:
https://www.cdc.gov/elr/technicalstandards.html

Sample written guidance for laboratories
e Massachusetts
e New Mexico
e Indiana

Examples of HL7 ELR messages for CRE

Parent/Child ELR Relationship for Culture and Susceptibility testing
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Appendix C: Sample written guidance for laboratories — Massachusetts

How to report Carbapenem-resistant Enterobacteriaceae to MDPH, September 2016

Introduction: Carbapenem-resistant Enterobacteriaceae (CRE) are an emerging and
epidemiologically important threat. Carbapenem antibiotics are often used as the last line of
treatment for infections caused by highly resistant bacteria, including those in the
Enterobacteriaceae family. Increased antimicrobial resistance limits treatment options. Of
increasing concern are carbapenemase-producing CRE (CP-CRE), which contain mobile
resistance elements that facilitate transmission of resistance to other Enterobacteriaceae (1).
Since first detection of CP-CRE in the United States in 1996 (2), CP-CRE have spread rapidly,
with cases reported in 48 of 50 states (3). Infections with CP-CRE are difficult to treat and
associated with high mortality rates (4). Early detection and aggressive implementation of
infection prevention and control strategies are necessary to prevent further spread of CRE and
CP-CRE. These strategies require an understanding of the prevalence or incidence of CRE and
CP-CRE. The development and use of a standardized definition is central to this process.

The detection of and definitions for CRE are complicated. Unlike other antibiotic-resistant
organisms like methicillin-resistant Staphylococcus aureus, which represent a single species and
a single resistance mechanism, Enterobacteriaceae are a family of more than 70 organisms, and
carbapenem resistance can be due to a variety of mechanisms (5). Carbapenemase production,
most commonly Klebsiella pneumoniae carbapenemase (KPC), has been primarily responsible
for the emergence of CRE in the United States over the last decade (5). For this reason, CP-CRE
have become an important target for prevention. However, there is wide variability in the capacity
of clinical and public health laboratories to test for carbapenemase production as the mechanism
for carbapenem resistance. CRE definitions that include all isolates testing as nonsusceptible to
at least one carbapenem are sensitive but might lack specificity for the most common CP-CRE
currently found in the United States (KPC). Due to this limitation, certain phenotypic definitions
have been developed to identify likely CP-CRE to define priorities for aggressive prevention
interventions. Regardless of the definition, any organism nonsusceptible to a carbapenem may be
considered a multidrug-resistant organism and warrant the use of transmission-based
precautions for patients admitted to a healthcare facility (e.g., Contact Precautions).

In 2014, CDC conducted an evaluation of the 2012 CRE definition (used by the Emerging
Infections Program (5) and in the 2012 CDC CRE toolkit (6)) using 312 Escherichia coli,
Klebsiella spp., and Enterobacter spp. isolates nonsusceptible to at least one carbapenem (7).
Results from these analyses demonstrated that the 2012 CDC definition misclassified 13% of
carbapenem nonsusceptible Klebsiella spp. and 21% of KPC-producing Klebsiella spp. as non-
CP. A CRE definition (the 2015 definition proposed here) that included isolates resistant to any
carbapenem (including ertapenem) rarely missed CP strains, but captured a higher proportion of
non-CP strains (55%). Adding the modified Hodge test (MHT) to this definition decreased the
non-CP-CRE captured from 55% to 12%.

Case definition: Enterobacter spp., E.coli or Klebsiella spp., from any clinical specimen resistant
to any carbapenem (minimum inhibitory concentrations of 24 mcg/ml for meropenem, imipenem,
and doripenem or = 2 mcg/ml for ertapenem) OR production of a carbapenemase (e.g., Klebsiella
pneumoniae carbapenemase [KPC], New Delhi metallo-B-lactamase [NDM], Verona integron-
encoded metallo-B-lactamase [VIM], imipenemase [IMP] metallo-B-lactamase, OXA-48
carbapenemase) demonstrated by a recognized test (e.g., polymerase chain reaction, metallo-f3-
lactamase test, modified Hodge test, Carba NP). Include all susceptibility results (quantitative
MIC value, and qualitative interpretation (S, I, R),), plus all results regarding carbapenemase
production (positive or negative).
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Appendix C: Sample written guidance for laboratories — Massachusetts

(1) I= izolate Resistant (R) to 3 carbapenem (i, Does isolate demonstrate production of a NO
MIC>= dmeg/mL for doripenem, imipenem and carbapenemase (1.e., KPC, NDM, VIM, IMP, OXA- q Do NOT Report
meropenem OR MIC>= 2 mcg/mL for ertapenem) 48)* by a recognized test (e.g , PCR, metatlio-8-

Iactamase test, modified Hodge test, Carba-NP)

-4

NO
(2) Is isolate in the Enterobacteriaceae family? q
(Klebsieka, Escherichia coli, or Enterobacter) Do NOT Report

YES l

(3) Report to MOPH

Using the ELR portal
Go to the Organism tab and look for Multi Drug Resistant Organism in the drop-down list

Here’s the description of what to report:

Clinical Carbapenem-resistant Enterobacteriaceae (CRE) infections have many different
Description: clinical presentations. Colonization with a CRE is sometimes detected through
surveillance cultures.

What to i Isolation of Escherichia coli, Klebsiella pneumoniae, Klebsiella oxytoca,
Report: Enterobacter aerogenes, or Enterobacter cloacae with resistance to imipenem,
meropenem, doripenem, or ertapenem (from any site);
i Any isolate of Escherichia coli, Klebsiella pneumoniae, Klebsiella oxytoca,
Enterobacter aerogenes, or Enterobacter cloacae that demonstrates production of
a carbapenemase (e.g., KPC, NDM, VIM, IMP, OXA-48) by a recognized test
(e.g., polymerase chain reaction, metallo-R- lactamase test, modified Hodge test,
Carba NP).
i Include susceptibility result values (MIC) and interpretations (S, I, R).

Here are the available test/result codes:

LOINC LOINC NAME SNOMED SNOMED NAME

Microorganism identified : Prid : Pt : xxx : Nom :
11475-1 | Culture

112283007 | Escherichia coli
14385002 Enterobacter cloacae
62592009 Enterobacter aerogenes
56415008 Klebsiella pneumonia
40886007 Klebsiella oxytoca

CRE ELR Best Practices Version 1.1 (June 1, 2017) 9




Appendix C: Sample written guidance for laboratories — Massachusetts

75683-3 | bla(KPC) QI Prb Mag 10828004 Positive
260385009 | Negative
75686-6 | bla(IMP) QI Prb Mag 10828004 Positive
260385009 | Negative
75684-1 | bla(NDM) QI Prb Mag 10828004 Positive
260385009 | Negative
75685-8 | bla(VIM) QI Prb Mag 10828004 Positive
260385009 | Negative
75687-4 | bla(OXA) QI Prb Mag 10828004 Positive
260385009 | Negative

Once you have completed your mapping, please test your mapping in the Staging site first. Send
one or two test messages through and let us know; we will review them and give you the go-
ahead to send them into the LIVE ELR portal.
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Resistant Strain of Klebsiella pneumoniae. Antimicrob Agent Chemother 2001; 45:1151-1161

3. CDC. Carbapenemase-Producing Carbapenem-Resistant Enterobacteriaceae in the United
States. Available at http://www.cdc.gov/hai/organisms/cre/TrackingCRE.html . Last viewed 5
March 2015

4. Patel G, et al. Outcomes of Carbapenem-Resistant Klebsiella pneumoniae Infection and the
Impact of Antimicrobial and Adjunctive Therapies. Infect Control Hosp Epidemiol 2008; 29:1099-
1106

5. CDC. Vital Signs: Carbapenem-Resistant Enterobacteriaceae. MMWR Morb Moral Wkly Rep.
2013;62:165-170

6. Centers for Disease Control and Prevention (CDC): Guidance for control of Carbapenem
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Appendix C: Sample written guidance for laboratories — New Mexico

Reporting Carbapenem-resistant Enterobacteriaceae (CRE)
to the New Mexico Department of Health via ELR

Interim guidance
January 2017

CRE Reporting guidelines

Reporting guidelines are designed to capture all cases that fit the NM-DOH CRE and CP-CRE case
definition, to identify organisms with resistance and to allow NM-DOH to differentiate between CRE
cases and CP-CRE cases.

When to Laboratory isolation of any Enterobacteriaceae genera with resistance to imipenem,
Report: meropenem, doripenem, or ertapenem from any site.

Whenever an Enterobacteriaceae genera organism is tested for resistance mechanism.

Any diagnosis of Carbapenem-resistant Enterobacteriaceae (CRE) or Carbapenamase-
producing CRE (CP-CRE) infection or colonization.

What to The Enterobacteriaceae genera that is resistant to carbapeneamase.

Report:
P The results of all susceptibility testing done on the specimen, including MIC and

interpretations

All results (positive and negative) resistance mechanism tests (Modified Hodge Test,
CarbaNP, KPC, NDM, VIM, IMP, OXA-48, etc).

Reporti.ng https://nmhealth.org/publication/view/regulation/372/
regulations 441, //164.64.110.239/nmac/parts/title07/07.004.0003.htm

For additional guidance or if any of these components cannot be reported via ELR, please contact Amy
Drake (amy.drake@state.nm.us or 505-827-0046).
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Appendix C: Sample written guidance for laboratories — Indiana

Indiana State Department of Health Laboratory guidance on implementing training

To promote enhanced detection of CP-CREs in the state of Indiana, the Indiana State Department
of Health Laboratories (ISDHL) developed a series of workshops to teach the theory and practice
of how to detect CP-CRE within the clinical laboratory setting. These trainings provide
instruction on phenotypic and molecular methods of detection, as well as methods to assess
patient colonization. By combining didactic theory with hands-on practical experience, attendees
walk away with a complete training experience.

The ISDHL journey started in 2013 with a CRE Pilot Study. This pilot study was instrumental
for guiding ISDHL program development and provided the data necessary to make CP-CRE
reportable in Indiana. Specifically, the pilot project demonstrated that CP-CRE reporting rules
should be CLSI-independent. Instead, relying on MIC- or zone diameter, a phenotypic screening
recommendation, and guidelines should be written to allow for the emergence of newer
technologies, such as molecular assays.

On December 25, 2015, the ISDH made CP-CRE reportable for condition, laboratory reporting,
and isolate submission in Indiana. In order to facilitate awareness and enhance laboratory
practices, the ISDHL developed and hosted a series of CP-CRE workshops starting in 2015. The
CP-CRE workshop utilizes a pre- and post-test format to determine if knowledge gaps were
addressed through the workshop materials. The workshops had three main goals: (1) understand
the differences between CRE and CP-CRE and how this impacts transmission, (2) understand
how to screen for CP-CRE and submit isolates to ISDHL for confirmation, and (3) teach
laboratory methods for CP-CRE isolate confirmation and colonization screening.

As of May 2017, 46 microbiologists from 36 facilities have attended this workshop. When
comparing pre- and post-workshop testing scores, participants scored an average of 47% higher
on the post-test, indicating an increased understanding of the testing material after completing
the workshop. Attending laboratories have also demonstrated a 19% increase in screening
accuracy when compared with laboratories who have not yet attended, indicating workshop
efficacy.

Vision:

This workshop is not just about the isolates; it’s about engaging laboratorians on this emerging
and evolving topic. If we’ve done our job, at the end of the workshop we not only have taught
the students the techniques, but we've also engaged them in the problem. In general, this
workshop aims to increase the level of awareness and communication between Indiana clinical
laboratories and ISDHL on the topic of CP-CRE and antibiotic resistance.

Goals:
1. Understand the differences between CRE and CP-CRE and how this impacts
transmission

Purpose: CP-CRE are a global threat to public health due to the mobile nature of these
enzymes, which are typically encoded upon plasmids. Carbapenemases confer resistance
to all B-lactam antibiotics, including the carbapenems, which are often considered the last
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Appendix C: Sample written guidance for laboratories — Indiana

line antibiotics for Gram negative infections. Carbapenemases are mobile resistance
mechanisms, and thus present an increasing threat for infection control. Understanding
the differences between CRE and CP-CRE (e.g. type of resistance mechanism) is
important for proper detection, containment, and prevention of these multidrug-resistant
organisms. In essence, the workshop aims to answer the question: what are CP-CREs,
how do they differ from CRESs, and what is the impact of this from the patient and public-
health level?

Resources:

e Appendix A: Selected slides on Carbapenemase Producing — Carbapenem
Resistant Enterobacteriaceae

. Understand how to screen for CP-CRE and submit isolates to ISDHL for

confirmation

Purpose: CP-CRE is isolate reportable in Indiana. In order to meet this requirement,
laboratorians need to understand how to screen for CP-CRE, what qualifies as a CP-CRE,
how quickly these isolates must be submitted, and how to submit these isolates to the
state public health laboratory.

One of the main components of the Indiana Communicable Disease Reporting Rule is the
inclusion of a phenotypic assessment of carbapenemase production, however, ISDHL's
CRE pilot identified that many laboratorians were unsure of how to perform these tests
required to identify carbapenemase production. Therefore, the training aims to increase
the attendee’s knowledge-base on use of these methods.

For Indiana: Laboratories must submit organisms that are

1.) Nonsusceptible to at least one (1) carbapenem antibiotic with an MIC > 2
pg/mL or <=22 mm (<=21 mm for ertapenem) AND are positive for
carbapenemase production by a phenotypic method OR

2.) Nonsusceptible to at least three (3) carbapenem antibiotics (with MIC >=2
pg/ml or zone diameter <=22 mm (<=21 mm for ertapenem) OR

3.) Positive for a carbapenemase gene maker.

These results are to be reported within 72 hours to the state health department AND the
isolate must be submitted to the state laboratory for CRE characterization. Patients that
are repeatedly positive with the same organism are not required to submit duplicate
isolates.

Resources

e Appendix B: How to submit isolates to state laboratory

e Appendix C: ISDH Laboratories Reporting Requirements
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Appendix C: Sample written guidance for laboratories — Indiana

3. Learn some new (or old) lab methods

Purpose: Demonstrate both new and old techniques that clinical laboratories could
implement to detect carbapenemases in their laboratory.

The workshop explains the differences in testing methods for carbapenemase production.
Detailed technical information on testing including the theory behind the testing methods
is provided. Practical information, such as commercial availability of products,
technician-time, cost-per-test, and training considerations are also provided. Limitations
to the test method are discussed so that the laboratorians can be aware of potential
scenarios that could cause false-positive and false-negative results and how to
troubleshoot these scenarios when they occur. A hands-on bench training is then
provided, allowing workshop participants to visualize the methods described in the
didactic portion of the workshop.

The workshop is structured to allow for time to discuss the many barriers to test
implementation, including: how to perform validations/verifications of non-FDA-
approved tests and determining the cost/benefit to implementing colonization screening.
Big picture concepts are also discussed, such as: how to engage the laboratory
administration, how to demonstrate the savings that the laboratory can provide by
decreasing the number of patient days in isolation, and the role the laboratory plays in
antibiotic stewardship.

Resources
e Appendix D: Laboratory Methods of Testing
e Modified Hodge Test (MHT) for Carbapenemase Detection

CRE ELR Best Practices Version 1.1 (June 1, 2017)



Appendix C: Sample written guidance for laboratories — Indiana

Appendix A: Selected slides on CP-CRE

Carbapenemase Producting —
Carbapenem Resistnt Enterobacteriaceae
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Appendix C: Sample written guidance for laboratories — Indiana

Appendix B: How to submit an isolate sample to the state laboratory

CP-CRE (isolate)
Short Name
Specimen Requirements

Sampling Materials

Procedural Notes

Shipping Instructions

Reporting and TAT

Lab
Keywords
Fee, If applicable

Carbapenemase Producing - Carbapenem Raesistant Enterobacteriaceae

1. Speciman type: Pure viable culture on appropriate agar medium slant.
2. One isolate per patient,

3. ISDH Communicable Disease Rule 410-IAC 1-2.3-76 requires
submission of these isolat ithin (3) business days of isolation.

4. Temperature requirement: Ambient conditions.

1, Sample Container: Appropriate agar medium slant in tube with screw-
cap tightened or other similarly approved commercial transport medium.
2. Shipping boxes/containers with appropriate shipping labels,
commarcially available.

1. Be sure to properly label each specimen tube with the patient’s name,
date of birth, and date of isolation. A minimum of two unique patient
identifiers are required to be present on submitted specimen.

2, Check the expiration date on the tube to ensure the product is
acceptable and will continue to be acceptable once received at the ISDH
laboratory.

3. Complete the LimsNet submission form for CRE testing. LimsNet is
available on the web at http://limsnet.isdh.in.gov. Users should call the
lab’s LIMS Help Desk to get access to this system. The Help Desk can be
reached at 888-535-0011, or locally at 317-921-5506. Submitters can
also email the Help Desk at LimsAppsuport@isdh.in.gov.

Ship To:

Indiana State Department of Health
Laboratories

550 West 16th Street

Indianapolis, IN 46202

1, Package according to Category B UN3373 triple contained in
accordance with federal shipping regulations for infectious

CRTL u/d gr pares ‘n_z_
2. Tighten the specimen container tube caps.
3. Label clearly on 2ach specimen tube with the patient name, date of
birth, and date of isolation.
4. Wrap each labeled, primary/specimen container tube with absorbent
material. Place each primary container tube with absorbent material into
the inner mailing container and tighten the cap securely.
S, The completed submission/request form may then be wrapped around
the sealed inner container and together placed securely into the outer
shipping container,
6, Clearly label the outer container with the senders name/address and
recipients name/address.
7. Do not send culture isolates on petri plates if submitting by mail.
8. Transport Temperature: Ambient conditions.
1. Reporting Method: LimsNet
2, TAT (ISDH Testing): 2 business days.
3, Test Referral. Cultures identified as possible carbapenemase producing
isolates with unusual profiles will be sent to the CDC for ¢
and/or further testing. Projected TAT listed above does not account for
time required for isolate submission to the COC.

Clinical Microblology
CP-CRE, Carbapenemase Producing - CRE
Not applicable.

CRE ELR Best Practices Version 1.1 (June 1, 2017)
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Appendix C: Sample written guidance for laboratories — Indiana

Appendix C: ISDH Laboratories Reporting Requirements (selected slides)

+ CDR Madificaton Highlights Actonable b rvents

Sets a tanclioe (72 hours) for los extigation
Puts & foces en scute care snd

Based on the polential for transmissibility, the
Communicable Disease rule focuses on CP-CRE.

In crder to narow the amount of isolates

required to submit o the the following

AND aw of @ hilrwimg TeeTis

| Am peniiw Sor carh o by & phamupec vl w
Mndind [odpe, or Casbe NPy

1 A wm anapsie e G arn mubetis v VI

AST-based Review and Reporting:
A Data-Driven Decision
Keview of snnecessary subemissions from 2013201 5:
= TRAT of thone sutvmmaton cogld have twem v vened

with the CDR sigorséer
* 3568 by wectying the MIC ot Zore Dismeer
C 2% by phe socypa: carh

production
= Omly 354 of these submessions would have heen prevesied

with 20 stereative subraisgon criena of
10 only 2 . : i é

e e N ]

(L CPCRE

1 Haemophiles influe meae, iov asiv ¢ dive awe.
¥ Neroeria menmpbide, im asve deeae.
& sTRC

(5 YRSA

(6 Mycobucterimm tuberculuss

) S pocomaniae invasive disease «<Syo)
(% Listeria monocy tegemes ( sterie siles)
% Sabmorw Ba o iclimacal sjecn

U Shegella wp. (clinecal sprcimaen)

(1 Vibeso cholerae (sboal of voesil)

LD Virso sp. ( clinical speciaen)

CRE ELR Best Practices Version 1.1 (June 1, 2017)

~ MALLE TIN MS
< Malipes FOX (KU NDAE | COCA AR BT VING

o Mo mypa Pesstived eait
* 15 Khbawlls poramonior LI poslie
U Nemare - e My Negsre

|Day 3 - CarbaNP* um PCR e gative specien |

o Posioe. wnd 5 (0 for fumber esng
 Negatpe vmen o s Nesaore ISDH

Algorithm

17



Appendix C: Sample written guidance for laboratories — Indiana

Appendix D: Laboratory Methods of Testing (selected slides)

Other Methods of Carbapenemase
Detection: An Overview
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Testing Details - mCIM

* Costof Test: -51.00 (@ ISDH)
* Kit Shelf Life: ~2-3 months (Mue ler- Hinton plate)
* Time to Test: 1524 bours

* Hands on Time: -20 minutes

Additional Materiaks: Maelker Himon plate,
meropenem disk, Tweezery Forceps, alcohol pud
McFarland standardturbadity mater, cotion swabs,
tubod saline, control oeganam
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Appendix D: Example HL7 ELR Messages

Sample HL7 2.5.1 ELR for CRE

- >

10
1
33
15

it

is

16

L

»

0

2

i

3t

i
a7
19
n

| cultureslBECXABSEEL 1 CREXD| | [110127610:Navshorne Medical Cantersl.14.840.1.113

MEH| ~~\$$ ILABINC~2.1€.240.1, 113885 .3.3013.77.1~180 | Havehorne~22D0000000~CLIA | ELAMEES | ELAME 1 201 70424154237 | (ORU-ROL~ORU_ROL|711981558-2017042407I1DI2.6.11 | IREINE ! | | | I PELabdepass-Hokek"ELT~2.16.840.2_113883.9.11~180
STTISCC IARING Compuser i 500 LARINC Computerdd. 1f S40.31 113883 .7 30134380°XX*““noc | 6. 5. 4. A IGITARINCI4.5.4 0 15130380716

PIDILI12073033 "~ "Ravthorresd 16,040, 1,113082.3 €505 180 M2 " Havihornesd 16,040, 2.113002, 3 6005 150-032441271  ““Navthornesd . 16 . 040.3.123083 .3 640418055 " Navthornesd 14, 040.1, 023003 3 6R041501 (Everyman Aden| ==~~~ M| 19780603

IM112084-5"8lack or African American*KL70005~8~Black~L"2. 5.1 °HA*Black o African Asecican|i3 Heos Street” BOSTON~MA~02130) |~PON~~~~617-5852017 i “WPH~~~~€17~86552018) )| 1471263658 ~~~2NCH | | | 12186~5"Fot Hispanic o
Latino-COCREC-2166-6-KMot Hispanic or Latimo~L-2.5.1°KA-Fotv Hispanie or Lasinoi ||| 11| IKINI 120170424064200 | Eavthorne~Z . 16.840.1.113825.3.660-180

B¥1)LiTverywcman Eve ~~“*L|550133 Nome Strees “BOSTON“MA*03I130)“FRN““<<C17-SSSI0LS 111 TITAIIIIIIITIIEIlIIEI*FRN~**~617°5553019)33 Nome S:rees “BOSTON MA-03130

PVIILIEIEAX (X1 | 1123466 CREEN " ProvidesFizaslane D" =~~~L| | 1ERX1 11111123466 COREN"ProvidesFizatlama~D""="""L) |CODOLISABETEN LIV IPR IR IEIR TNt 120170421204900

ORC|IRE (120127628 " Hawehorne Medical Cenves~2.16.840.1.113283.3. 650°HLY Inue!2521001i813 EBavihorne 2. 16.840.1.1138283.3.650°180(120127€28 " Havshorne Medical Center~?. 1€.540.1.113883 3 6B50°HLY
Intall[===**R112017T04212223001 11133456 FProviderLastiane-ProviderFirsclame~D-===~~L1 1111 ! |Havthorne Medical Censer-L- nesi CLIA-XK~ 1995 Sofx

St Boston MAT0Z1L1 USRS “WeH PN ~~41T4€3653C7 | Mavthorne Medical Canter~3%3 Yellowbsickn Street Boston”MATOII11°USA

CBRI11120227€25 " Eavehorne Medical Canter~2.1€.340.1.113883.3.650"EL7 Incel2321001315 Haveborne2.1€.840.1 113633.3._650-1801595~-9"Bactaria fdentified in Abscess by Aercbe culture lN-CXASS-Culture
Absoess L 2 46 NA“Bacteris identified in Absoess by Aercbe

culsure| [ 1203704223330001 1111111333456 Provideriastliane ProviderFaretliame “D < <L | “NPN PR~ “C17-2334567 1 11 1 101704212322001 L IFI L 1 46146 “SELF“RRFERRED L1 IADYEDyEA ady| | ADY
NTZ 1L |Aeschic savad received. |RE"Remark ML70364 C Commant L 2.8 1°MA
OBX|LICHEI556-9"Bacraria fdentified in Abscess by Aezcbe culture~IN-CXABS-Culture Abscess~L-2 46-NAIlIi446270005Carbapenen resistant Kiebslella peeuscnise~SCT-CREEP-C resistant Llaceae ICRE) -

Fletaiells preurcnian L US1000134_30140301“NA Carbapenem resistant Klebsiells pneusoniae| | /A|1IT)11301T0421313000133000000001 11 1308T04331939001 1| |Rewshorne MEDICAL CENTER<MAIN ILAR“*4*<*XX“**“MLAR| 999 Yellowbrick
Stceet "Boston"¥AT02141""8

NTE(21L|Note: Cazbapasam-cresistant Enteccbacteriacess (C2E) - Nlebsiells preusmconise. |JX*Jemazk HLIOS64 CCoommas~L"1. .56 1"KA

FIEI3IL|Greater than 100,000 coloay forming units per mil. iRE-Femark~HLT70364-C-Comment-L-2.5.1°NA

ST 1110001564994 379065 Tilavthornedl . 16. 840, 2. 1230033 GL04I50| |AXILLA| | | | #osasssaqigne axillazy anecess! || 1111301704333130001301704313313

CBRI21120427€258"Eavehorne Medical Canvez~2.1€.840.1.113883.5.650"ELY Inva!2821001818-1 Havehorne 2 16.840.1.113383.3.€50180|60545-3"Bacnearial suscepeibilivy panal by Minimus inhibizory concentratics
(MIC)“LN*MIC**L~2. 46-NA-Bacterial suscepsibility pansl by Minimum inhibitory soncestrasios

MIC) 11 I0LRTO4Z12230000 1111111123466 ProviderLastiiane “ProviderFirschame D~~~ ““LI“WOK-FH-““S17-13345671 1 1 1 120070435115555) | I FI696~34Bacteris identified im Abscess by Aercbe

3.650GHLY Inte*38210010813iKawchornesd . 16.840.1.223883.3.6804230

CEX|L18N| 135431 "Mezcpanan [Susceptibiliny] "IN maa-Mazopenen~L-2 4€-MA|l|>a~§imcq/nl| |2-Resistans. Indicates for micrebiclogy susceptibilivies only. "HL700723-R-Resistant. Indicetes for microbliology susceptibilicies
only. “L 7.5 . 1°%A“Resistant. Indicetes for microbiology susoeptibilicies only. | |IFI1120570431313000133000000001111301704331979001 1 | IHavthorme MEDICAL CINTRR-MAIN LAR“““““*)X“““MIABI99% Yellowbrick

Frreet “Boston MATOI1L1~"D

OEX|215H|18528-2 Contamicin (& ibilisy] “Li*gm ein L 2 46 NA |1 | e="0 5 |meg/nl| | 5~ Susceptible. Indicates for microbiclogy susceptibilities oaly. “SL700TE~S"Susceptible. Indicates for microbislogy
susceptibilities cnly.~L~2.5.1 NA-Susceptible. Indicates for microdbiclogy susceptibilities only. || IF|1120170422213000122D0000000111 1201704231525001 | | |IEavehorne MEDICAL CENTER-MAIN LAB-----~XX--~MLAE!599 Yellowbrick
Strwet“Boszon MAC031l14E

OBX| 318N L8306-8"Cipzafloxacia [Susceptibilisy) Ll cip~Cipeafloxacin Ll "2 4€"NA|1|>a"5 |mcg/al| (R"2esistant. Indicates for miczebislegy susceptibilities caly "HLT0078 R Rasistant. Indicates for microbislegy
susceptibilicties only. "L-2 5. 1"NA“Resistant. Indicates for microbiology susceptibilicies caly. || (F1)130170421223000/22000000004 11 120170423L852900( 1 ) IHavtherne MEDICAL CENTER-MAIN LAB~~~=~-XK~~-"MLAS!95% Yellowbrichk
Street-~Boston-MA-02111-°6

OEX| 4151306392 leveticxacin [Susceptibilicy) Li*lev"levoficxacin i ] 46 HA|l|="4 |zcg/=l) |R*Resistant. Indicates for microbiclogy susceptibilities only, “NL7COTE*R*Resistant. Indicates for micr

suscepribilities caly. "L-2.5.1"NA~Resisvant. Indicates for microbliolegy susceptiblilivies caly. ! |1F11120170421223000122D00000001 1 11201704231529001 | 1 IHaveherns MEDICAL CENTER-MAIN LAB~~~~=-XK~~--MLAB|359 Yellowbzick
Street  “Boston “MA“OI1L1~®

CEXISI6K| 180151 Eryshrompoin [Susceptibilicyl“Li“e Eryshromyoain L2 46“NA11|>» 3 imog/mL| IR“Resinsans. Indicases for miorcbiology susceptibilities only. “HL70073“R*Resistant. Indicates for microbiology
susceptibilities only.*L°2.8.1"%A"Resistant. Indicates for microbiclogy susceptibilities oaly. )| |¥1112017042124300012200000000511120170423152900 | | (Mawthcrne MEDICAL CENTEIR-MAIN LAD~~~~~~XKX~~"MLAS|93%5 Yellowbzick
Streer-~Bostea~MA-02111--B

OEX|FISN| L8508 -4-Ca1 v £ i3 iyl “IN“og Cis FOLR L 3 46 WAL =0 35 Imcg/mi| |F Tueceptiblie. Indicates for miorobiology sssceptibilizies only. “HLTO07@*5 Susceptible. Indicates for microbislogy
susceptibilisian only. "L"2 5 1 HA"Susceptible. Indicetes for microbiclogy susceptibilities only. | 11FI1130170425213000123000000001 11 13057042315929001 | | |Hevebhorne NEDICAL CENTER-MAIN LAB«=~=~~XA~~~MLAB (353 Yellowbrick
Stceet*"Bostea"¥MA"O21L1~"8

OBX| 718N 19000-9Vancemyein [Suscepsibility] “IN~va-Vancamyein-L-2 46-BA|1lj<=~0_5imag/nl| | §-5usceptible. Indicates for microbiology susceptibilities only.~EL70078-S-Susceptidble. Indicates for microbliology
sssceptibilizies only,*3*3.5.1*NA“Suscepsible. Indicates for microbiclogy susceptibilities only. || 17| )130170431313000133000000001 | ) 1301704333939001111 > “MAIN LAR**~*sXX***}MLAS|939 Yellowbrick
Stzeer~"BostenMAT02111-8

CEX|218N|12517-6"Donyeyeline (Susceptibility] “LN-dx*Doxyeyeline L 7 4€*“NA|Ll<»~0 Simeg/ni! |5~Susceptible. Indicates for microbiolegy susceptibilizies only.“HL70073*E-Susceptible. Indiecal
susceptibilities only. “L*Z.5.1°NA-Suscepsible. Indicazes for microbiology suscepsibilities only. || IFI1130L70422213000122000000001111201704231535001 ) | IRavshorne MEDICAL CENTER-MAIN LAB-
Stzeet’“Bostom MATOILLLISD

OEX| 518N 185536 Tatzacycling [Suscepribilivy) "Li-vet~Tetracycline~L-2 (€-NAILl|<o~1|meg/al| |8 Suscepaibla. Indicates for micrzebislogy susceptibilivies aaly ~ELT0075-S-Suscepuible. Indicates for micecdiology
eaTeptibiliizies only. L7 .5, L KA“Suscepsible . Indicatzer for micrcbiology susoeptibilities only. | [IFI11Z0L70423213000133000000001111303704331539001 1| IRavwshorne MNEDICAL CENTER-MAIN LAR““““““XX*““MLARIP5% Yellowbriock
Street“Boston MATOILL1“"8

CEX|10)|5M) 18974~ E"Rug, (8 biliey] *iN zif Rifampin L 3 44"MA|L1|¢="0_ % |mcg/=l| |S"Susceptible. Indicates for microcbislegy susceptibilicies only.“HLTO078S ble. Ind for microbiology
suscepribilivies caly.~L-2.5.1“KA-Suscepzible. Indicates for microbiclogy suscepsibilities oaly. || IF|1120170421213000122D00000001 (1 1201704231925001 1 | |Eavehorne MEDICAL CENTER-MAIN LAS-----~XX-~"MLAB!599 Yellowbrick
Street  Boston MA“0ILL1E

O8X)11 18N (18998-6~T b imeSule e [(Susceptibility] "IN sxt "Trisathopris/Sclfe L 2 46 "HA|Li«a~10 |ncg/nl| |8 Susceptible. Indicates for miczebiclogy susceptidbilities caly. “"HLT00TE S"Susceptible. Indicatas
for micrebiology susceptibilities only."L-2 5.1 NA-Susceptible. Indicaves for sicroblelogy susceptibilicies anly. | IF|)120170421213000/2200000000) 11 1204T04231529001 | | {Havehozne MEDICAL CENTEIR-MAIN
LAB-====~XK~--"MLAS 1995 Yellowbrick Sirees--Soston-MA~02111--B

CEX!13|5K120923~4 " Ixipenas [Susceptibilicy] il imi Imipene="l ] 4C“NA|l|>="4|mcg/mlL| |R“Reszszant. Indicates for microbiology sceceptibilizies oaly.“Ni70078“R*Resistant. Indicates for microbiclogy susceptibilities
enly. "L=2.5.1"NA~Resistant. Indicaves for microblology susceptibilivies caly. ! |IF11120270421215000:22D000000011 | 1201704231529001 | | tHavehorse MEDICAL CEINTZR-MAIN LAS~~~~~~)MX-~~MLAS|99% Yellowbrick

Ftreet “Boston MA“0ZIL1““F

GRMILI~10001564994 : 279965 T aHavthornedl 16,840 .1 . 1538033 6041801 1G-0036~~SCT| | | | =*=s=s=2Zaghs axililary anscess! || 1||117303704332130001301704332313

s for microbiolegy
“KX“~“MLABE 1993 Yellowbrick
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Appendix D: Example HL7 ELR Messages

Sample HL7 2.3.1 ELR for CRE

MSH|~~\ ¢ ISTNDIR_COR-ENI-MIC-iCivy~220000000L~CLIAIEIRIDPRI201702230507| IORU-R0L1201702230858C4zyIPI2.53.2

PID|LI 197158128~~~ Civyl |ZastHame-FirstHame~| 15870105 F| | ~~COCREC--~L100 4TH AVE--BOSTON-MA-0Z2111-UNITED STATES||-~---~ i tANNNRRNNS

NKL1[1|==]| ===

QRCIREIVILIILETINIIEEINTICiey Hospival L=~~~ ===22D0000001110 Melville Street-"Boston MA~02115~USA||~~~""§1770001000110 Melville Street-Suite A~Boston~MA~02115-USA
OBR|1IAAH20004025_20170223071800"Cazy~L|165321~COR-LIUC-TURINE CULTURE-L-630-4~~LN| | 1301702230600/ 111111301702230717 146

Urine| 10432606873~ Providerlastiame“ProviderMiddleName“ProviderFirstiame ~MD~~~~~~~~NPI|~~+++€17-0001000)11112017022307231||F||||UC~URINE CULTURE~L~630-4~~LN

NTE|1IREITEST FOR CDR!
HIEILILIURINEIRE

OBXI1ICEI~~~11475-1"Miczoorganism identified : PrId : Pr : xxx : Nom : Culvure-LN|1|---4035800006-ESCRERICHIA COLI ESBL-SCTI || I|IF|1120170223072312200000001

HTE|1iL1>100,000 colony forming units per ml|RE

OBR |2 IAAR20004025_20170223071800~City~LI1169321~COR"LIVITER MIC-VITEK MIC~L~$50545~3"BACTERIA SUSCEPTIBILITY LN|112017022306€001 011111 15&&

Urine|l1111112027022307231 | |71865611475-1441""405800005 | |IAARZ0004025_301702230716004CLTy~L63321&CDRI LIV ILIILLIENRTIININIUCURINE CULTURE-L-630-4"Bacteria identified in Urine by Culture 1N

OBX|1ISHI AKX “amikacin“L=13860-7“Amikacin Susc LN|1)-0.1|M{“Millimeter-UCUMINot Availableis|||F111201702230723122D00000001

CBX |2 SN IAUG~amoxicillin/clavulanate~L~1808€2-3"AmoxicillinéClay Susc IN|i11~0.5 MM Millimeter~UCUM|Not Available!S||IF111201702230723122D0000001
CBX|3ISHIAMP~ampicillin L 13864~9 Aspicillin Susc~INIL1I~16 1M "Millimerer-UCUM|Not Avallable|I|(F|1120170223072312200000001
OBX|415NICZLU-cefazolin (urine) L 16566-2-Cefazolin (urine) “IN|li<="1|MM“Millimecer-UCUMiNot AvailableiS|||F||1201702230723|22D00000001
C3X|&|5N|FEF“cefepine-L~18879-7-Cefepime Susc LN|lj<="1|MM*Millimeter~UCUMINc: AvailableiS|||F)11201702230723122D0000001

CBX| 61 SN I FOX~cefoxitin L 13008 ~8"Cefoxitin Susc LNIi|~16 /MM "Milliveter~UCUNM|Not Available!I|||F111201702230723122D0000001

OBX|7ISHICTI cofrazidime~L~18893-~2"Cofrazidime Susc lN|l|<=~1 | "Millimezer UCUM|Not Avatlable|S||IF|1)201702230723132D000000L

03X |8|5N|CR0“ceftriaxone“L~18895-3“Ceftriaxone Susc liN|l|<=*1|MM“Millimeter~UCUM|Not Available|S|||F||1201702230723122D0000002

OBX| 518N ICIP capzofloxacin~L~1890&-B~Ciprofloxacin Susc"lNI1 (0.5 IMM "Millimeter~UCUM|Not Available!E|)IFI11200702230723122D0000002
CBX|10ISNIERT~ertapenem~L~35802~i~Estapenem Susc LNl "R MM "Millinetesr "UCUM|Not Available|R||IF111201702230722122D0000001
OBX|11|5N|CEN“gantamicin“L*18928-Z“Centamicin Susc~IN|1l|-0.5I1MM*Millimeter-UCUM|Notr Available|S|||F|| 1301702230723 |22D000000L
CBX|1215N|LVX“levofloxacin*L*20629-2 L-Floxacin Susc"LN|11-0.5|MM"Millimeter“UCUMINot Available!S|||F||1201702230723)2200000001

OBX |13 I8N | FURnitrofurantein L 10865~ "Nicrofurantoin Susc lN|1|~64 MM "Millimeter~UCUM|Not Available!I!11F||1201702230725122000000012

OBX|14iSN|TZP piparacillin/cazcdactam L 18370-¢ PiperasilliniTazobac LN |L|~0. .5 |MN "Nillimatar~UCUN |Noe Avatlable |S||IF111201702230723122D0000001
OBX|15|5N|TET “catracycline“L~18993-6“Tetxracyclina Susc*LNjli<="1|MN*“Millimeter“UCUM|Not Available|5|||¥I11301702230723)122D0000001
OBX|1€i5N|TOB tobramycin~L~18996-%"Tobramycin Susc IN|1|<="1(MM*Millimeter~UCUMINot Available|S|||F||12017022307231220000000L
CEXILTISNITRItrimethoprim/sul famethoxazole "L 185996-5"THP SMX Suec IN|1|~20 MM “Hillimeter"UCTM|Not Available|S1||F||1201702230723123D0000001
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Appendix D: Example HL7 ELR Messages

Sample HL7 2.3.1 ELR for CRE

~~\& | LABCORP-CORP | LABCORP~34D0655059~CLIA |CADOH |CA 201704210130 | CAOS1 |ORUARO1 | 20170421014B0B371912[P12.3. 2| [[I]]11]

1|N1|99999999999~~~~PI~LabCorp Phoenix&@3005283506CLIA| |lastnane~firstnane| |19350826|F| [U|nunber and street“‘tuwn‘un*99999|l“‘“*“999*9999999||||l||||0||||||||

| ||||||i|||||||1|||Nar1ner HCP HomeCare Physician|3565 Del Amo Blvd~“~TORRANCE~CA~99503|"~~~~*319"2145723(3565 Del Amo BLvd~~TORRANCE~CA~90850

1|17 490 |630-4"Bacteria identified”LN"008847"Urine Culture, Routlne“Ll||201704171280||l|l|1201704171553|UC“‘UC|1659681096“CRAIG‘GLORIA‘PEREZ‘*‘NP“““NPI[““*310‘2145723|||||||]
1] IIIIIIIIII!

1 CE|630-4“aactcria identified IN~997132°RSLT#2~L|2|14385002 Enterobacter cloacae~SCT~ENTECL~Enterobacter cloacae”L||[A]|||F|||20170420185152|050857128@"LabCorp San Diego~CLIA||"
1|L|Enterobacter cloacae|

2|L|Greater than 180,000 colony forming units per nL|

3|L|Carbapenen-resistant, Enterobacteriaceae (CRE)|

4|L|Ertapenen Nonsusceptible|

2||18749460490 |630-4"Bacteria identified”IN"997132"Result 2°L||]201704171200)||]]201704171553|UC~~UC|16596B1096"CRAIG"GLORIA®PEREZ**"NP " ****NP] | ~*~~~318"2145723| ||| ||| |F|63@-4&Bacteria
tified&INGO9T1328RSLTH26L72°143850026Enterobacter cloacaedSCTAENTECLAEnterobacter cloacaehl || [~10745460450  [[1I1IIILITILTL

1|CE|20-8~Anoxicillin+Clayylanate ~LN~998001~Anoxicillin/Clavylanic Acid”L|2|30714006"Resistant~SCT R Resistant~L||[R|||F|||20170420183736|8508571200"LabCorp San Diego~CLIA||"MIC
2|CE|28-1"Anmpicillin”~IN"998002"Anpicillin®L |2]|30714006"Resistant~"SCT R Resistant™L|||R]||F|||1201704201B83736|0500571208"LabCorp San Diego~CLIA||"MIC
3|CE|76-0"CefazolinLN"998007Cefazolin®L |2 |30714006"Resistant~*SCT R Resistant™L|||R}||F||]201704201B3736|05D0571200"LabCorp San Diego™CLIA| |*MIC

4|CE|6644-9"Cafeping IN998049 Cafepine”L |2|30714006"Resistant~*SCT R *Resistant“L| [ |RI||F||120170420182736|0500571200"LabCorp San Diego™CLIA||*MIC
5|CE|141-2"Ceftriaxone~IN"~998012~Caftriaxone~L |2|30714006 Resistant~SCT R Resistant~L| | |R||IF|||20170420183736|0500571200~LabCorp San Diego~CLIA||"MIC
6|CE|145-3"Cefuroxine,parenteral”LN~998014~Cefuroxine~L |2|30714006"Resistant~SCT R Resistant™L| | |R| | |F|||20170420163736|@5DR571280 LabCorp San Diego™CLIA||"MIC
7|CE[185-9*Ciprofloxacin®tN~998017~Ciprofloxacin®L |2|83185005%Sensitive*SCT S SensitiveL|||S||IF||]|20170420183736]|05D00571200 LabCorp San Diege”CLIA| |*MIC
§|CE|[35801-0"Ertapenen~LN~998183*Ertapenen™L |2|30714006"Resistant~*SCT*R*Resistant~L| | IR | |F]|[20170420183736|0500571200"LabCorp San Diego~CLIA||~MIC
9|CE|267-5"Gentamicin~LN~998020"Gentanicin~L|2|83185005~Sensitive SCT~S~Sensitive~L||[S|||F|||20170420183736|05D08571280 LabCorp San Diego”CLIA||~MIC

18 |CE|279-0~Inipenen~LN~998023~Inipenen™L |2 |B3185005~Sens it ive~SCT~SSensitive~L|||S|||F||]120170420163736]@5D@571200 LabCorp San Diego™CLIA||*MIC

11|CE|20396-8"Levofloxacin LN~998044~Levofloxacin™L |2|83185005~Sensitive~SCT~S5Sensitive L] [ IS||IF||)20170420182736|0508571200"LabCorp San Diego™CLIA||*MIC

12|CE|363-2"Nitrofurantoin™LN~998026"Nitrofurantoin”L|2|264841006"Internediately susceptible~SCT~I~Intermediately susceptible”L|||I|||F|||20178420183736|050857128@LabCorp San Diego”CLIA||*MNIC

13 |CE|496-0"Tetracycline”LN"998033 " Tetracycline”L |2|264841006"Internediately susceptible~SCT I~Intermediately susceptibleL|||I|||F|||20178420183736|05D0857120@ LabCorp San Dlego”CLIA||"NIC
14 |CE |508-2*Tobranycin*LN*998036*Tobranycin®L |2]83185005°Sensitive SCT S SensitiveL| | ISI1IF[1120170420183736|05D0571200 LabCorp San Diego™CLIA||*MIC
15 |CE|516-5*Trinethoprin+Sulfanethoxazole”IN*998037~Trinethoprin/Sulfa”L|2]83185005Sensitive~SCT*S~Sensitive™L|||S||[F|||120170420183736|0500571200"LabCorp San Diego™CLIA| |"MIC
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Parent/Child ELR Relationship for Culture and Susceptibility testing

Background: The use of a parent/child relationships is to link together child sensitivity results to
the parent culture results. This is important in public health surveillance to determine the
resistance of organisms to different types of medications. These results are used to monitor for
super-bugs that require stronger antibiotics to treat simple infections.

In HL7 2.5.1 structure, this can be done in the observation request (OBR) segment of the HL7
message by linking the parent filler order number located in OBR 3 to the child Parent sequence
located in OBR 29.2 (See example below with segments highlighted).

MSH | A~\& |NISTA2.16.840.1.113883.3.72.5.207ISO | NIST~2.16.840.1.113883.3.72.5.217SO|NISTA2.16.840.1.1138
83.3.72.5.227ISO|NIST”2.16.840.1.113883.3.72.5.2371S0 | 20120821140551-0500 | | ORUARO1*"ORU_RO1 | NIST-ELR-
004.01|T|2.5.1| | INE|NE| | | | |PHLabReport-NoAckAHL72.16.840.1.113883.9.1171SO

SFT|NIST Lab, Inc.ALAMNANIST&2.16.840.1.113883.3.987.1&ISOAXXAA123544|3.6.23| A-1 Lab System |6742873-
12]]20100617

PID|1]||PATID1234AM&2.16.840.1.113883.3.72.5.24&ISO*MR~ASeminole Cnty Hlth
C&2.16.840.1.113883.3.0&ISO| |JonesAWilliamAAAAAAL| 19610615 | M| | 2106-3AWhiteACDCREC| 1955 Seminole
Lane M Oveido FLA32765AUSANHAN12059 | | APRNAPHAA 1440742351234 | | ||| || INANot Hispanic or
LatinoAHL70189”ANL"not latinoAL"2.5.1

ORC|RE|ORD723222-4712.16.840.1.113883.3.72.5.24"SO | R-783274-

47L1S72.16.840.1.113883.3.72.5.257SO| | | | | | | | |57422*"RADONANICHOLASAAADr AMNPI&2.16.840.1.113883.4.6
&ISOALAMANPI | [APRNAPHAAL07/2341212] || || | |Seminole County Health Clinic|555 Orange
AveArrOviedo”rFLA32765MMB [ AWPNAPHANE13/8847284 | 555 Orange Ave**Oviedo FLA327652B
OBR|1|ORD723222-4""2.16.840.1.113883.3.72.5.24"ISO|_"LIS"Z.16.840.1.113883.3.72.5.25"ISO|625—
4/Bacteria identified in Stool by Culture”LN*3456543~*CULTURE

STOOLA99USIA2.40| | 20110528 ||| ||]||57422"RADONANICHOLASAADY. AMANPI&2.16.840.1.113883.4.6&ISOAL
AAANPI| APRNAPHAANAQ7A2341212| | | | |201106010900-0500] | |F

OBX|1|CWE|625-4"Bacteria identified in Stool by Culture*LN”Bacteria identified*Bacteria
identifiedA99USI*2.40|1|85729005”Shigella flexneri*SCTAAAAAAShigella

flexneri| ||| |]F||120110528|||]]20110531130655-0500] | | | Seminole County Health Department
LaboratoryAAArR2.16.840.1.113883.3.72.5.30.1&ISOAXXAAA987 | 6756 Florida

Avenue*Oveido FLA327652"B| 10092 Pafford"HamlinAMAAAR D 16.840.1.113883.3.72.5.30.1&ISOALAMANPI
SPM|1|*ORD723222-4&&2.16.840.1.113883.3.72.5.24&IS0| | 119339001/ Stool

specimenASCTAMAQ7/31/2012| ||| 1111111]]]20110528|20110529
OBR|2||R-783274-57L1S72.16.840.1.113883.3.72.5.257IS0O | 50545-3*Bacterial susceptibility panel in Isolate by
Minimum inhibitory concentration (MIC)*LN”*Bact suscept”Bacteria

susceptibility"99USIA2.40| | 20110528 | | | | | | | | 57422°"RADONANICHOLASAADF. AMANPI&2.16.840.1.113883.4.6
&ISOALAMNPI | APRNAPHAAN 072341212 ] | | | |201106010900-0500] | | F|625-4&Bacteria identified in Stool by
Culture&LN&Bacteria identified&Bacteria identified&99USI*Shigella flexneri| | |’\_
I&LIS&Z.16.840.1.113883.3.72.5.25&ISO

OBX|1]|SN | 20-8*Amoxicillin+Clavulanate [Susceptibility] by Minimum inhibitory concentration
(MIC)ALN~AAmoxClavAAmoxicillin-clavulanic acid*99USI*2.40| | =216 | ug/mL microgram per
milliliterAUCUMAAAAT 8.2 | |IMIntermediateHL70078AAAA2 5.1 | |F| |]20110528] | | | | 201106010900-

0500] | | |Seminole County Health Department
LaboratoryAAArR2.16.840.1.113883.3.72.5.30.1&ISOMXXAAN987| 6756 Florida

Avenue*Oveido FLA327652"B| 10092 Pafford*HamlinAMAAAR D 16.840.1.113883.3.72.5.30.1&ISOALAANPI
OBX]2|SN |516-57Trimethoprim+Sulfamethoxazole [Susceptibility] by Minimum inhibitory concentration
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(MIC)ALNATMP-SMXATrimethoprim-sulfamethoxazole”99USI*2.40| | =287 /7152 |ug/mL microgram per
milliliterAUCUMAAAAL 8.2 | |RAResistant*HL70078AAAA2.5 1| | |F| | 20110528 | | | | 201106010900-

0500] | | |Seminole County Health Department
LaboratoryAAArR2.16.840.1.113883.3.72.5.30.1&ISOMXXAAN987| 6756 Florida

Avenue*Oveido FLA327652"B| 10092 Pafford*HamlinAMAAAR D 16.840.1.113883.3.72.5.30.1&ISOALAMANPI
OBX]3|SN | 185-97Ciprofloxacin [Susceptibility] by Minimum inhibitory concentration
(MIC)ALNACIPROFLOXACINACIPROFLOXACINA99USIA2.40 | |<="0.06 | ug/mLAmicrogram per
milliliterAUCUMAAAAN] 8.2 | | SASusceptibleHL700782AA2.5.1| | |F|]]20110528]|]]]201106010900-

0500] | | |Seminole County Health Department
LaboratoryAAAAR 2 16.840.1.113883.3.72.5.30.1&ISOAXXAAN987| 6756 Florida
Avenue”Oveido”FL"327652B|10092"Pafford*HamlinAMAAAAR D 16.840.1.113883.3.72.5.30.1&ISOALAAANPI

When a culture grows more than one organisms, the message sent may contain multiple
susceptibility (child) results, one susceptibility result group for each organism. To make sure the
child results successfully link to the correct parent results, the child OBR segment should
contain a sub_id, sent in the Parent Result sequence located in OBR 26.2, that links with the
correct organism sub_id located in the parent result’s OBX 4 segment, sub_id (see example
below with segments highlighted in green).

MSH|A~\&|NIST~2.16.840.1.113883.3.72.5.207ISO | NISTA2.16.840.1.113883.3.72.5.217ISO|NISTA2.16.840.1.1138
83.3.72.5.227ISO|NIST#2.16.840.1.113883.3.72.5.23/71S0|20120821140551-0500 | | ORUARO1M"ORU_RO1 | NIST-ELR-
004.01|T|2.5.1] | INE|NE]| ||| |PHLabReport-NoAck”"HL772.16.840.1.113883.9.117ISO

SFT|NIST Lab, Inc.ALAMMANIST&2.16.840.1.113883.3.987.1&ISOAXXAMA 123544 |3.6.23 | A-1 Lab System |6742873-
12120100617

PID|1||PATID1234A""&2.16.840.1.113883.3.72.5.24&ISO*MR~Seminole Cnty Hith
C&2.16.840.1.113883.3.0&ISO| |Jones WilliamAAAAAAL| 119610615 | M| | 2106-3AWhiteACDCREC| 1955 Seminole
Lane M Oveido FLA32765AUSAMHAN12059 | | APRNAPHAA 1740742351234 || | | ||| INANot Hispanic or
Latino”HL70189”~NL"not latinoAL"2.5.1

ORC|RE|ORD723222-4772.16.840.1.113883.3.72.5.247ISO | R-783274-

47L1S72.16.840.1.113883.3.72.5.257SO| | | || | | | | 57422"RADONANICHOLASAAADr AMNPI&2.16.840.1.113883.4.6
&ISOALAANPI | | APRNAPHAAA40742341212| | | | | | |Seminole County Health Clinic|555 Orange
AveArOviedo”rFLA32765MB [ AWPNAPHANE13/8847284 | 555 Orange Ave**Oviedo FLA327652B
OBR|1|ORD723222-4""2.16.840.1.113883.3.72.5.24"ISO|_"LIS"2.16.840.1.113883.3.72.5.25"ISO|625-
4/Bacteria identified in Stool by Culture*LN*3456543*CULTURE

STOOLA99USIA2.40| | |20110528] ||| ||| ||57422"RADONANICHOLASAMDr. AMNPI&2.16.840.1.113883.4.6&ISOAL
AAANPI| APRNAPHAANAQ7/2341212| | | | |201106010900-0500] | | F

OBX|1|CWE|625-4"Bacteria identified in Stool by Culture”"LN”Bacteria identified*Bacteria
identified"99USI*2.40|@l| 85729005/ Shigella flexneri*SCTAAAAAShigella

flexneri| | ||| |F|]|20110528| ||| |20110531130655-0500] | | | Seminole County Health Department
LaboratoryAAANR2.16.840.1.113883.3.72.5.30.1&ISOAXXAAN987| 6756 Florida

Avenue”*Oveido FLA327652"B| 10092 Pafford"HamlinAMAAAR D 16.840.1.113883.3.72.5.30.1&ISOALANANPI
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OBX|1|CWE|625-4"Bacteria identified in Stool by Culture”LN”*Bacteria identified*Bacteria
identified*99USI*2.40|2| 66543000~ Campylobacter jejuni*SCTAMAACampylobacter

jejuni| [[|]|F||]20110528]]||||20110531130655-0500] | | |Seminole County Health Department
LaboratoryAMAMMg&2.16.840.1.113883.3.72.5.30.1&ISOMXXAN987 | 6756 Florida

Avenue*Oveido FLA327652"B| 10092/ Pafford*HamlinMAANAR D 16.840.1.113883.3.72.5.30. 1&ISOMLAMANPI
SPM|1|*ORD723222-4&&2.16.840.1.113883.3.72.5.24&IS0| | 119339001/ Stool
specimenASCTAMANQ7/31/2012] | 111111111]120110528]20110529
OBR|2||R-783274-57LIS72.16.840.1.113883.3.72.5.2571S0 | 50545-3*Bacterial susceptibility panel in Isolate by
Minimum inhibitory concentration (MIC)*LN”Bact suscept”*Bacteria

susceptibility*99USI72.40| | | 20110528 | | | | | | | |57422*RADONANICHOLASAM DY AMMANPI&2.16.840.1.113883.4.6

&ISOALAMNPI | APRNAPHAAN 072341212 ] | | | |201106010900-0500] | |F|625-4&Bacteria identified in Stool by
Culture&LN&Bacteria identified&Bacteria identified&99USI*1 Shigella flexneri] | |"_
I&LIS&Z.16.840.1.113883.3.72.5.25&ISO

OBX|1]|SN | 20-8*Amoxicillin+Clavulanate [Susceptibility] by Minimum inhibitory concentration
(MIC)ALN~AAmoxClavAAmoxicillin-clavulanic acid*99USI*2.40| | =216 |ug/mLAmicrogram per
milliliterAUCUMAAAAT 8.2 | |IIntermediateHL70078AAAA2.5.1| | |F| | |20110528] | | | | 201106010900-

0500] | | |Seminole County Health Department
LaboratoryAAArR2.16.840.1.113883.3.72.5.30.1&ISOAXXANA987| 6756 Florida

Avenue”*Oveido FLA327652"B| 10092 Pafford"HamlinAMAAAR D 16.840.1.113883.3.72.5.30.1&ISOALAANPI
OBX|2]|SN |516-5~Trimethoprim+Sulfamethoxazole [Susceptibility] by Minimum inhibitory concentration
(MIC)ALNATMP-SMXATrimethoprim-sulfamethoxazole®99USI*2.40| | =A87/~152 |ug/mL microgram per
milliliterAUCUMAAAAT 8.2 | |RAResistant*HL70078AAAA2.5.1| | |F| | | 20110528 | | | | 201106010900-

0500] | | |Seminole County Health Department
LaboratoryAAArR2.16.840.1.113883.3.72.5.30.1&ISOAXXAAN987| 6756 Florida
Avenue”Oveido”FL"327652"B|10092"Pafford*HamlinAMAAAAR D 16.840.1.113883.3.72.5.30.1&ISOALAANPI
OBX|3|SN | 185-97Ciprofloxacin [Susceptibility] by Minimum inhibitory concentration
(MIC)ALNACIPROFLOXACINACIPROFLOXACINA99USI*2.40] | <="0.06 | ug/mLAmicrogram per
milliliterAUCUMAAAAT 8.2 | | SASusceptibleAHL70078AAAA2.5.1| | |F||]20110528] | | | |201106010900-

0500] | | |Seminole County Health Department
LaboratoryAAANn&2.16.840.1.113883.3.72.5.30.1&ISOMXXAAA987 | 6756 Florida
Avenue*Oveido”FLA327652"B| 10092 Pafford*"HamIlinAMAAAAR D 16.840.1.113883.3.72.5.30. 1&ISOMLAMNPI

OBR|2||R-783274-57L1S72.16.840.1.113883.3.72.5.257IS0 | 50545-3*Bacterial susceptibility panel in Isolate by
Minimum inhibitory concentration (MIC)*LN”*Bact suscept”®Bacteria

susceptibility"99USIA2.40| | |20110528] | || || | | | 574227 RADONANICHOLASAADr AMANPI&2.16.840.1.113883.4.6

&ISOALAMNPI|APRNAPHANA 40742341212 | | | |201106010900-0500] | |F|625-4&Bacteria identified in Stool by
Culture&LN&Bacteria identified&Bacteria identified&99USI*2* Campylobacter jejunil | |"-
I&LIS&Z.16.840.1.113883.3.72.5.25&ISO

OBX]1|SN |20-8*Amoxicillin+Clavulanate [Susceptibility] by Minimum inhibitory concentration
(MIC)ALN~AAmoxClavA*Amoxicillin-clavulanic acidA99USI*2.40| | >=~32 | ug/mL microgram per
milliliterAUCUMAAAAT 8.2 | |RAResistant*HL70078AAA2.5.1| | |F| | |20110528] | | | | 201106010900-

0500] | | |Seminole County Health Department
LaboratoryAANn&2.16.840.1.113883.3.72.5.30.1&ISOMXXAAA987 | 6756 Florida
Avenue”Oveido”FL"327652"B|10092*Pafford*HamlinAMAAAAR D 16.840.1.113883.3.72.5.30.1&ISOALAMANPI
OBX|2|SN |516-57Trimethoprim+Sulfamethoxazole [Susceptibility] by Minimum inhibitory concentration
(MIC)ALNATMP-SMXATrimethoprim-sulfamethoxazole”99USI*2.40| | =A8” /7152 | ug/mL microgram per
milliliterAUCUMAAAAT 8.2 | |RAResistant"HL70078AAA2.5.1| | |F| | ]20110528] | | | | 201106010900-

0500] | | |Seminole County Health Department
LaboratoryAAANR2.16.840.1.113883.3.72.5.30.1&ISOMXXANN987| 6756 Florida
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Avenue”Oveido”FL"327652"B| 10092 Pafford*HamlinAMAAAAR D 16.840.1.113883.3.72.5.30.1&ISOALAANPI
OBX|3|SN | 185-97Ciprofloxacin [Susceptibility] by Minimum inhibitory concentration
(MIC)ALNACIPROFLOXACINACIPROFLOXACINA99USI*2.40] | <="0.25|ug/mL microgram per
milliliterAUCUMAAAAT 8.2 | | SASusceptibleAHL70078/AA2.5.1| | |F| | |20110528] | | | |201106010900-

0500] | | |Seminole County Health Department
LaboratoryAANn&2.16.840.1.113883.3.72.5.30.1&ISOMXXAAA987 | 6756 Florida
Avenue”Oveido”FL"327652"B| 10092 Pafford*HamlinAMAAAAR D 16.840.1.113883.3.72.5.30.1&ISOALANAANPI
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