


Best Practices for Surveillance of Antimicrobial Resistance via Electronic Laboratory Reporting 	Comment by Monica Huang: Consider a title more specific to CRE, or keep it more general
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. 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. PHAs are the primary audience for these best practices, but many recommendations are closely tied to laboratory systems and practices and may 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. 
I. Communicating with Labs
A. State health agencies should clearly communicate with laboratories regarding reporting requirements for CRE. This communication should include:
· Whether CRE is reportable in their jurisdiction
· Your jurisdiction’s surveillance definition for CRE, ideally based on the CSTE position statement. Note that this may differ from clinical definitions.
· Definition: 
· 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 is resistant to at least one carbapenem antibiotic (i.e. doripenem, ertapenem, imipenem, meropenem) AND tests positive for carbapenemase production (e.g. KPC, VIM, NDM, IMP, OXA-48-like) by a phenotypic (e.g. CarbaNP, mCIM, Modified hodge) or molecular method (e.g. PCR).
· What to report for CRE 
· When to report CRE
· How to report: see HL7 ELR Implementation Guide
· Who to contact at the public health jurisdiction for questions regarding testing methods and reporting
Examples of written guidance for labs:
· [Link to MA guidance]	Comment by Monica Huang: May be included as links or appendices, as needed. 

Review IN documents posted on Basecamp and identify most relevant guidance to include. 
· [Link to NM guidance]
· [Link to IN guidance]
B. State health agencies should also be aware of laboratory practices that may impact the quality of ELR messages for CRE. These may include:
· 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 opportunities for missed reports. However, some labs will need to trigger ELRs manually, depending on a jurisdiction’s definition of CRE and its complexity.
· 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.
· 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. 
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:	Comment by Monica Huang: Questions based on a CO survey. Amy will add to this section. 

Scott is seeking feedback from national lab representatives.
· Tests used to identify organisms
· Tests and breakpoints used to identify antimicrobial susceptibility
· Tests to confirm carbapenemase production
· Practices for sending isolates to other labs for additional testing

II. 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.
Particular 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 the antibiotics tested against the organism, the measured MIC values, and the phenotypic interpretation (e.g. drug 1 … <1  ug/mL susceptible, drug 2 …  = 3 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 located in the OBR 29.2 that matches the parent filler order number located in the parent OBR 3.
http://www.hl7.org/implement/standards/product_brief.cfm?product_id=98


Example:
	Message Type

	 
Ex 1: Multiple OBR segments  , no parent and child information
      MSH
      PID
      ORC  
      OBR 1
      OBX 1
      OBX 2
      OBR 2
      OBX 1
      OBX 2
 

	 
Ex 2: Multiple OBR segments  , has parent and child information
      MSH
      PID
      ORC  
      OBR 1
      OBX 1
      OBX 2
      OBR 2 (OBR-26 (Parent Result Link) and OBR-29 (Parent))
      OBX 1
      OBX 2
 


 

Links to HL7 Implementation Guides:	Comment by Troppy, Scott (DPH): Asking TN what they recommend for links to documents – these may be correct but we need to check

Also need to add 2.3.1 links as well, since not everyone uses 2.5.1. Discuss 2.5.1 as ideal, but mention 2.3.1 and related issues. 

Clarify whether second link is the HL7 IG that was just balloted, and if so, whether it applies

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^R01: http://www.hl7.org/implement/standards/product_brief.cfm?product_id=98
Section of Parent/child, Culture and Susceptibilities should be noted.

HL7 Informative Document and the LOI guide HL7 Version 2.5.1 Implementation Guide: S&I Framework Laboratory Orders (LOI) from EHR Release 1, DSTU Release 2 - US Realm: http://www.hl7.org/implement/standards/product_brief.cfm?product_id=94 


A. Common issues with HL7 ELR message structure:
1) Comments are sent in multiple result (OBX) segments. This can result in potentially important information not being communicated to downstream systems. If the information does come through, use of multiple OBX segments can make reading results difficult. 
· Example: OBX|7 “identification and susceptibility”, OBX|8 “Testing to follow”
· Recommendation: Placing comments in NTE segments and utilization of the OBX|4 (observation sub-id) to link comments to test results
2) Categorical results are sent in the result section and quantitative results are sent in a note (NTE) segment. 
· 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. NTE segments should not be used to communicate important information. 
3) [bookmark: _GoBack]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 on parent-child guidance. 
· 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.
4) Missing organism. Organism information is needed for public health to determine new versus recurrent cases. 
· 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. 
· Recommendation: Organism information should be sent. 
5) Missing specimen site. Specimen site information is needed to determine the timeframe for defining a case as new or recurrent. 	Comment by Monica Huang: Is specimen type a relevant issue for CRE? 
· Recommendation: Specimen site information should be sent. 
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.
· 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
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
· Recommendation: Use the most current CLSI guidelines (M100-S27) for MIC breakpoints. [Add reference here to guidelines, subscription/membership needed]
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. 
· Recommendation: PHAs contact facilities to identify type of performed tests and laboratory procedures for antibiotic resistance testing.
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. 
· Examples: “Demonstrates production of a carbapenemase,” “Likely carbapenemase producer”
· 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.  





Appendices:
Glossary of terms:
CLSI

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

Examples of HL7 ELR messages for CRE

Parent/Child ELR Relationship for Culture and Susceptibility testing
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