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[bookmark: _Toc517729393]Track 1: Public Health Practice

CIDTs for exclusion from sensitive occupations/settings
· These tests may yield positive results when non-viable bacteria are detected (however, it depends on why the bacteria are non-viable).
· Careful consideration of how to incorporate CIDTs into exclusion criteria is needed due to potential social justice issues.
· CDC and CSTE can create a work group to develop national consensus guidelines for states, who can adopt or modify them.
Case definition
· Use of CIDTs has led to complicated and inconsistent case definitions, which needs to be avoided as these are difficult to implement.
· Treating CIDTs and culture equally may be necessary because we cannot evaluate every test and include only certain tests in case definitions.
· Studies evaluating the discordancy of CIDTs and culture tests are needed.
Emerging issues
· ETEC (commonly known as traveler’s diarrhea and obtained from international travel) ranks high in frequently reported pathogens by clinical labs.
· Follow-up from public health concerning non-STEC E. coli infections has:
· Elucidated that a significant number of ETEC cases had co-infection with at least one other reportable pathogen.
· Identified outbreaks.
· Shown that a significant percentage of ETEC cases did not report international traveler in exposure assessment interviews [a finding from sentinel surveillance authored by Medus et al. (2016)].
· Identified a need to consider adding non-STEC E. coli infections to all states’ lists of reportable conditions and conduct proper epidemiologic and clinical follow-up.
Co-infections
· Co-detection (testing positive >1 pathogen) raises methodologic issues.
· It is difficult to ascertain which pathogen to attribute the symptoms.  
· Symptoms can be deemed equally attributable to each pathogen or attributable to a specific pathogen.
· Adequate exposure information, combined with lab data, may help decipher what the main infection is or whether multiple infections should be reported.
· Need to determine the population baseline infection (i.e. what is the prevalence of asymptomatic individuals with infected with foodborne pathogen(s)?)
· Collaborate with academia to perform a healthy control study
· This can inform public health what is of concern/clinically significant.
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CIDT Devices and Need for Culture:
· CIDTs don’t require organism viability, and thus specimens are sometimes frozen or suspended in Cary-Blair medium for transport. This process is not standardized for time and temperature for viability during transport.
· If a device cannot preserve the specimen for subsequent isolate recovery, then the device users need to be provided with awareness via language that clearly states the device’s inability to support isolate recovery.
· There needs to be a modification to the package insert by using public health language to precaution device users of public health reporting as mandated by each state and/or locality for the disease they are testing for.
· Modification of laboratory accreditation is needed and can be done via changes to the check lists (GEN.20374) to include compliance with public health mandates regarding state and local reporting laws and the need for a second specimen or an isolate beyond what is used for the CIDT.
· The CIDT device production industry needs to continue its dialogue with users (clinical and public health labs) about novel collection devices to support industry development as well as isolate recovery/ public health needs, including short, mid, and long-term goals regarding labeling, hardware, and software requirements.

Reimbursement Issues:
· Clinical and reference labs need to be credited for the work that they have done but they cannot bill for reflex testing without a test order which requires a code.
· The payment paradox describes the problem with paying for tests that are legally mandated yet not properly funded.
· With limited funds available to public health labs for culture, we need to identify sources of funding for public health’s need to perform isolate recovery as well as provide labs with the knowledge of current available funding.
· We need recommendations for proper coding, so the reflex culture can be documented and properly reimbursed.
· Retrospective payment  Allow co-coding of CIDTS and CBTs so that there is documentation of the work done for reflex culture, even if it has not been paid for.
· We need to require a CPT code for both isolate recovery and shipping (could be an add-on payment).
· Prospective payment  Ensure algorithms and protocols for testing include compliance with infection prevention and public health requirements
· Introspective payment  Survey labs to identify incentives and barriers for compliance with infection prevention and public health
· Need to define the terminology for the “Diagnostic stool” (used in the CIDT) versus the “Isolate recovery stool.”

Communication Issues:
· The challenge is in keeping consistent two-way flow of information between public health labs and clinical labs and recognizing the value of shared knowledge and each lab’s contribution to patient diagnostics and public health.
· There also needs to be better communication between public health laboratories and epidemiology colleagues within public health
· We need to work on defining a process to optimize information flow between entities involved in public health.
· Once the CIDT action plan is developed, there needs to be a comprehensive communication plan with consistent messaging that can be used by multiple stakeholders.

Information/Publication Issue:
· Need to bring more stakeholders into the discussion but, to do this, they must know about the issue.
· Publish case studies of foodborne illness related outbreaks.
· Laboratories and public health need to work together to publish more data about foodborne illness trends. (UNCLEAR WHAT THIS MEANS)
· Economic modeling on cost/benefit of isolate recovery and CIDTs would be valuable for the insurance companies and policy makers. 
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On the technical side: 
· Whole genome sequencing (WGS) remains useful for outbreak identification because comparing outbreaks of a pathogen via single nucleotide polymorphisms (SNPs) provides the highest level of resolution. Short term: WGS needs to meet requirements of public health surveillance which includes information about subtypes, virulence factors, outbreak clustering and antimicrobial resistance. 
· Future directions should include selection of one or more equivalent stool nucleic acid preservation approaches. Developed preservation kits have been successful in maintaining stable input levels of bacterial DNA and stable community composition. Short-term shifts to higher temperatures during incubation have not been found to have a large effect on preserved stool. Recommendation: Stool preservation could take place at the site of collection. In addition, preservation of nucleic acid extracted from stool by clinical labs that use molecular diagnostics (such as PCR) could be an alternative instead of keeping the isolates. 
· Unbiased metagenomic sequencing has a great power in identifying what organisms are in a sample, what they are doing and how they are doing it, but an ultimate challenge is performing strain-level identification, since the sequence depths required leads to higher cost. Unbiased metagenomic NGS is simply too expensive for the foreseeable future to be a solution for foodborne disease surveillance. Suggestion: Testing high numbers of samples could break down the cost when considering adoption of newly developed approaches such as finding low abundance sequences by hybridization (FLASH), Highly Multiplexed Amplicon Sequencing (HMAS) or shotgun metagenomics. 
· Targeted metagenomics should be implemented in a lot more studies of foodborne disease surveillance to obtain phylogenetically informative sequence-resolution data at a lower cost than unbiased metagenomic approaches. 
· Nucleic acid amplification techniques increase the time and cost of sequencing; however, they could be a safe solution for outbreak identification and public health surveillance by reducing their total costs, enabling multiplexing and simplifying procedures.  PCR-based targeted NGS has promising potential solutions for the Illumina platforms that are in public health labs. Recommendation: Developing the right set of primers that work well for all strains. These primer panels will need annual updating as new strains are encountered.
· FLASH could be promising in public health for quick screening of outbreaks. Suggestions for filling the gaps: Optimization for tackling high number of targets, enrichment for very low abundant organisms, and human DNA removal. 
· HMAS Panels are promising, but some challenges, such as reagent contamination, sensitivity and specificity and off-target/ unexpected amplicons, need to be resolved. 
· The best approach would be providing subtyping, AMR, virulence factors all together. Serotyping information is still important for outbreak investigations especially for some pathogens such as Salmonella and virulence screening for others such as STEC.
· Cell sorting using electrophoresis and ultra-sonication may be one approach to overcome some of the complexity of stool.
· Regarding how much of the pathogen’s genome is needed to specifically identify outbreaks: This depends heavily on the number of target genes or other informative markers required to do confident identification and thus is heavily pathogen-dependent. 

Databases challenges 
· Gaps: There are many aspects that can impact the outcomes of metagenomics-based analysis such as incomplete databases, miss-annotation, bias in databases and misclassification of organisms that lead to misleading pathogen identification.        
· Suggestions: 
· For detection and accurate annotation of AMR and virulence factors, a comprehensive, well-curated database is essential. 
· High quality data in repository databases are needed for robust and accurate data interpretations.  
· Cloud capabilities for microbial mNGS analysis in public health should be unified computing, extensibility, security, auditability, reproducibility, multi-audience flexibility and data sharing.  
· When it comes to bioinformatics platforms, developing visualization modules with minimal computational resources that meet the needs of a diverse set of users should be considered. 
· Unifying reporting across states would be useful if metagenomics-based approaches are adopted in public health. 
· Better engagement of people from academia, public health laboratories, clinical laboratories, and commercial vendors is needed to figure out the best approach that fits public health requirements.  
· A common language is needed between bioinformaticians and epidemiologists to facilitate data interpretation.  
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9:00 – 10:30 am        Plenary Sessions
Andy Pavia, Physician at University of Utah Health: Benefits of CIDTs and physician perspectives
· Traditional stool culture testing has long turnaround time, low sensitivity and specificity and clinicians have to choose from a menu of lists. 
· Five panels are available for gastrointestinal diagnosis and their diagnostic capabilities differ by pathogen type 
· Molecular panels are good for physicians but have disadvantages for public health
· They require a separate culture step for susceptibilities
· Overseen advantages of molecular panels for diarrheal disease: AMR, reduce costs, identify nosocomial risk, improve outbreak detection, give info to clinicians about what is going on in the community
· Main results from frequency of pathogen detection research (Stockmann C, J Ped Infect Dis Soc 2016)
· Increase in STEC detection in kids presenting to ED rather than other outpatient or inpatient settings
· Protozoa detected in all settings
· Only 2/3 of organisms of public health significance can be recovered by culture
· With rapid testing, treatment is more targeted and the number treated increases
· Main results from GI Impact study (Stockmann et al GI IMPACT Study. IDWeek October 2016), which evaluated “health outcomes of pediatric subjects presenting to emergency departments with GI illness before and after establishing the FilmArray GI Panel as the standard of care method for stool pathogen analysis.” (https://clinicaltrials.gov/ct2/show/NCT02248285)
· Only 15% of children have stool cultures ordered
· Getting diagnosis up front is critical
· Increase detection in all organisms with multiplex PCR
· Large increases for STEC and Salmonella 
· All pathogens are detected all year if you don’t rely on physician ordered tests
· No overall reduced healthcare costs when comparing before and after the establishment of FilmArray GI Panel as the standard of care method for stool pathogen analysis, but reduced return visits in the winter were observed
· Main conclusions of study: Use of multiplex PCR in diagnosis of gastroenteritis: 1) improved treatments, 2) detection of any pathogen, and 3) reduced return visits 
· Future opportunities: 1) conduct cost analysis, 2) develop educational programs for clinicians, 3) improve testing and reporting, and 4) predict treatable infections. 

Kim Chapin, Physician at Rhode Island Hospital: Clinical Laboratory Issues
· Stool is not a big priority specimen  ??
· Stool tests require high technical expertise, have slow or variable turnaround times, lowest return on investment, low positive yield
· 9 different tests for stool for patients with diarrheal concerns
1. Routine enteric culture for Salmonella, Shigella, Campylobacter
2. Specialty culture requests for STEC, Vibrio, and Yersinia
3. EIA for giardia and crypto
4. Confirmatory direct immunofluorescence assay (DFA) giardia/crypto
5. Virology EIA for adenovirus
6. PCR for C. diff toxin
7-9.  Send outs (O and P, norovirus, and Acid-fast stain cyclospora)
· Having different tests for detection of different pathogens creates confusion, and is inefficient and duplicative
· “Cloud of Stool Testing Methods”
· Once a specimen from a patient presenting with GI disease symptoms arrives in a clinical lab, a primary set-up which includes inoculating enteric culture plates and aliquoting the specimen for other lab sections means that tool is separated and sent to different parts of the lab.
· Issues: Exhaustive work-flow, no consistent reporting, hard to track an individual patient for all results  
· As a provider, you think “What is happening outside of the lab?” Speaker ??thought to give patients discharged from the hospital vials, toilet collection apparatus, and instructions for collecting stools.
· Collection at home was very confusing for the patients (plus they were required to collect stool multiple times and store stool in their refrigerators
· As a result, only 5% of patients returned to submit their stools for testing
· There are also provider complaints
· 70% of physicians didn’t know what basic stool culture provided
· Other issue: only 25% of patients with diarrhea got diagnostic testing performed
· Labs need more employees, loss of employees is a big issue (Relevance here?)
· More panels are FDA cleared now
· All do better than what we are currently doing and culture is less sensitive
· Pathogens detected depends on test (extensive panels vs non comprehensive)
· Rectal flocked swab allows for rapid ascertainment and isolate recovery
· The simplified work flow has gotten a little bit more complicated because both outpatient and inpatient test requests needed to be addressed while continuing to support isolate submission/ specimen submission 
· Clinical labs and health departments can reference a flow chart to preserve isolate recovery (see slide 23 of presentation for the illustration)
· Isolate recovery requires human and financial resources, but employees (which?)have multiple responsibilities and multiple infectious diseases to work on
· Time and money = unfunded mandates
· Isolate Recovery in Era of CIDTs 
· Public health labs are not prepared for increase in stool specimens and do not have the ability to isolate organisms for this increased number of specimens
· Labs are no longer performing culture and there are concerns about isolates submission to PH 
· Bridge for Supporting the PH Mission 
· Encourage labs to have a discussion with their DOH before implementation of Multiplex GI methods 
· Come up with a mutually acceptable plan to provide isolates 
· Issues for clinical labs include retaining culture procedures and limited resources 
· Clinical labs are stressed environment and the increased demands from DOH have become overwhelming. 

Michelle Schoonmaker, Director of Government Affairs at Cepheid: Industry Perspective
· Screening assays have issues of reimbursement – reflex or replacement tests?
· Valuable diagnostic tests: Patient first; is there an unmet medical need?
· Accurate tests: labs adopt them, doctors order them, and everyone trusts the results
· Accuracy, and analytical and clinical validity vs. cost-effectiveness
· Must think of scientific challenges of moving diagnostic test from pre- to post-market
1. ?
2. Require more optimization
3. Could require novel manufacturing process
4. Require off-board processing steps
5. Complexity of bioinformatics: coding, management and reporting
6. Reimbursement 
· Considerations for manufacturers helping to submit isolates to public health labs 
· Manufacturers do not have access to patients or specimens; only access to test users
· A certain biosafety level laboratory that is not available to manufacturers may be required depending on the bacteria
· Preserving specimens
· Instruction packet to inform test users when to send an isolate to public health
· New diagnostic tests must meet unmet medical needs: 1) accuracy, 2) analytical and clinical validity, 3) educating physicians about the new technology, and 4) economic values 
· Recommends a streamlined approach from FDA (needed technologies would be available quickly while public health is still protected) that considers emergence of new mutations of pathogens that would not normally be detected and the reimbursement options (bioinformatics streamline reporting)
1. Building design features into existing platforms for sample preservation
2. Language in package insert and educating users
3. More streamlined regulatory procedures for diagnostic testing would speed up introduction of new technologies
4. Reimbursements for public health activities
5. User-friendly bioinformatics platforms for data uploading, analysis and reporting. 

Aimee Geissler, Epidemiologist at the CDC: FoodNet – CIDT Uptake and Issues for Surveillance
· CIDTs have clear benefits but this means that serotyping and AMR cannot be obtained.
· What are the drawbacks for outbreak detection when CIDTs are used without culture?
· Public health does not get the DNA fingerprint it needs, which means less ability to identify outbreaks and their sources, which in turn makes the food supply less safe
· With introduction of CIDTs, it is difficult to report or interpret trends as the baseline reflects the pre-CIDT era
· A reflex culture can be performed on CIDT positive specimens but who will pay for reflex culture and will laboratories be willing to use their resources for reflex culture?
· Listeria
· Untouched by CIDTs so far
· Increase in outbreak detection and cluster identification for 3 high priority pathogens (STEC, Salmonella, and Campylobacter) due to CIDTs
· FoodNet is a collaboration with CDC involving 10 states, and covers 15% of the US population
· Conduct active surveillance for foodborne illnesses
· Conduct active surveillance for laboratory-confirmed infections through a network of laboratories
· Since 2012, FoodNet has been documenting CIDT use to assess changes in diagnostic practices over time

[Observations from the surveillance system are what follows in this presentation]

· 2012: 9% of infections diagnosed by CIDT, 2016-2017: 25%
· Use of CIDTs is increasing for all of the pathogens they track
· CIDTs have increased testing for Yersinia and Vibrio so more are getting reported.  Also, Yersinia is being diagnosed more with CIDTs now than it previously was.
· Use of reflex culture by FoodNet participating labs on CIDT positive specimens varies based on pathogen
· According to FoodNet labs, a low percentage of CIDT positive specimens for the majority of foodborne pathogens are subjected to reflex culture (except Listeria, where 80% of CIDT positive specimens were cultured) 
· Isolate can be sent to state public health labs for reflex culture
· Number of clinical labs that submit specimens in broth and number of clinical labs who do not submit specimens to public health labs has remained stable over time
· Isolate submission remained stable over time but stool submission has increased markedly over 2015-2018
· Majority of Listeria and Salmonella positives are identified by culture
· There is a lack serotyping of Vibrio and Yersinia due to the majority of cases being detected by CIDT
· Overall, the number of foodborne illness is steadily increasing
· Diagnosis by culture of polymicrobial infections is steadily decreasing while diagnosis by CIDT increases (increased 3-fold)
· Certain patient populations are preferentially diagnosed by different tests
· Panel test detections are more likely to be used among whites and those that have traveled internationally
· Patients with laboratory developed tests are more likely to be male, Asian, adult, and have traveled internationally 
· Tests concerning the microbiome are now on the market
· These tests are targeted at people with chronic diarrhea and irritable bowel syndrome, so we getting testing in patient populations that would otherwise not have been tested
· Data isare needed to inform FDA Food Code recommendations for food handlers or other sensitive occupations with CIDT positive results
· FoodNet sites already follow subjects with high risk disease transmission for a long time using reflex culture
· Do you wait for negative culture result before allowing patient to return to work/daycare if the positive result was detected by CIDT?
· States oversee exclusion criteria and criteria differs by state and by case type, concurrent testing for exclusion is costly
· Data isare also needed on the sensitivities of CIDTs since reflex culture is very sensitive and this test is on the decline
· The increasing use of CIDTs makes interpretation of trends in STEC infections difficult because CIDTs do not provide serotyping. 
· CIDTs do not provide certain information needed to characterize organisms such as virulence characteristics, antimicrobial resistance and serotyping. 
· Specimen submission varies by pathogen and number of labs submitting stool samples to public health laboratories is increasing. 
· Reflex culturing of a CIDT positive specimen is essential (less than 50 % of clinical labs do reflex culturing). Prioritizing pathogens for culture reflex is important. 
· CIDT manufacturers should develop new technologies that provide all the information required for PH surveillance without culturing isolates. 
· Testing type and patient subgroup impacts incidence rates. 
· WGS is better at identifying outbreak clusters (success in L. monocytogenes) 
· Active bacterial surveillance is essential for monitoring large cases 
· Potential future directions
· Sentinel sites to perform culture and obtain isolates
· Continued surveillance of CIDT uptake
· Estimate test adoption (order by physicians and volume in lab) by test type
· Update state reporting and exclusion rules
· Update case definitions
· Provide data to inform policy on exclusion cases
· Partnerships with all industries here at the conference to identify strategies to meet needs of public health and diagnostics
· Have been really valuable in providing benefit and clarity to surveillance systems
· CDC and partnerships should ensure effectiveness of surveillance systems and identify surveillance needs and gaps 
· Identify surveillance and lab needs and gaps

10:45 – 11:30 am        Plenary Session: Other Program Impacts (Non-Foodborne)

Lee Harrison
· Public health genomics has become an integral part of Active Bacterial Core surveillance (ABCs) network
· Part of CDC’s Emerging Infections Program (EIP) network
· Laboratory and population based surveillance for clinical bacterial isolates such as Neisseria meningitis, Haemophilus influenzae, group A and B Streptococcius, S. pneumoniae, Legionella pneumophilia and Bordetella pertussis. 
· Whole Genome Sequencing (WGS)
· WGS is replacing classic phenotypic and genotypic methods as the workhorse for bacterial strain characterizations 
· From public health standpoint, variables we are most interested in are:
· Vaccine preventability: serotyping
· Virulence characteristics
· Antimicrobial Resistance (AMR)
· Other vaccine antigens
· Main goal is informing vaccine policy. 
· WGS is used to:
· Identify characteristics 
· Monitor antimicrobial resistance
· Detect outbreaks and study transmission
· WGS-based platform is the epitome of public health genomics
· Example: Pneumococcal pneumonia
· WGS-based platform predicted 59 distinct capsular serotypes for vaccine prevention and evaluated antimicrobial accessibility via identifying accessory targets
· Evolution of Advisory Committee on Immunization Practices (ACIP) pneumococcal vaccine recommendations 
· Polysaccharide vaccine has been recommended for adults over 65 for many years
· With introduction of PCV13 type, we have seen numerous reductions in adults and kids (through herd immunity). 
· Pneumococcal public health genomics utilize WGS and can:
· Predict 59 capsular serotypes
· Do MLST for 7 housekeeping genes
· Reveal MICs prediction based on genomic data 
· Has great potential to enhance the speed and sensitivity of antimicrobial susceptibility testing
· Think of the opportunities a WGS-based platform can provide if applied to bacteria that cause foodborne illness
· When you detect variants in binding proteins, it correlates with phenotypic susceptibility
· Study Results
· Facilitated detection of 3 clusters of group A Streptococcus in long-term care facilities outbreak
· Facilities molecular phylogenetic analysis and epidemiological study of sporadic and cluster-associated meningococcal isolates among men who have sex with men aged 18-4 years old. 
· WGS was successful, rapid, and scalable for surveillance of antigen sequence typing of N. meningitidis. 
· Monitoring CIDTs in ABCs 
· Tracking FDA-approved CIDTs 
· Conducting surveys of availability and use of CIDTs in clinical labs in ABCs sites 
· Monitoring number of positive CIDTs regardless of culture results and CIDT-only cases
· Found many positives for CIDTs and cultures
· Take a snapshot every year  
· Is there an alternative for determining strain characteristics is we lose bacterial isolates?
· Answer is in metagenomics applications
· FDA-approved single pathogen and multiple pathogen tests include one NAAT that is done directly on CSF and blood culture identification panels which are tested on positive blood culture bottles. 
· A lot of regions matched with blood/CSF and isolate for 8/10 patients
· Biofire comprehensive FilmArray meningitis/encephalitis panel could test 14 targets in one hour in a simple, easy, comprehensive and fast fashion. 
· This can really help because it can diagnose meningitis earlier. 
· Increased use of CIDT threatens public health genomics 
· Public health genomics requires isolates. 
· Getting around it requires the use of metagenomic approaches on clinical specimens.
· Kind of projects we should be doing targets DNA by Clark SA. (metagenomics - good background for track 3 group) 
· Fluidigm Juno System: a platform for public health metagenomics 
· They are trying to identify the perfect platform.  
· Can amplify up to 4,800 genomic targets 
· Prepares DNA libraries that can be sequenced on Illumina MiSeq 
· Conclusions 
· Current assessment of bacterial strain characteristics requires isolates, so therefore we need metagenomics
· Increasing reliance on WGS 
· Availability of isolates threatened by increased use of CIDT 
· Pressing need for metagenomic approaches for strain characterization 
· Challenges 
· Collaboration between lab scientists, bioinformaticians, epidemiologist, clinicians 
· Extensive, painstaking validation using genomic and epidemiological data 
· Acquisition and processing of specimens 
· Standardization of methods/analysis 
· Expense –– hopefully, as we develop them more, cost will come down 

11:30 am – 12:00 pm        Panel Discussion: Impacts on State & Federal Programs 
[bookmark: _GoBack]Joanne Barktkus - JB 
Jean Patel - JP 
Matthew Zahn - MZ 
Krisandra Allen - KA 
Melissa Arvay - MA 
Jon Besser- JB1 
Tim Jones - TJ 

Joanne Barktkus (JB) Highlighted: She is the director of Minnesota PHL. In 2015, they had to culture for less than 1% of enteric samples. In 2017, it was up to 40%. So, there has been a huge jump in the number of CIDTs in past 2 years.   

Jean Patel (JP) Highlighted: Jean is from the CDC antibiotic resistance group. In this network, she does a lot of testing to address gaps for antimicrobial resistance evaluation that CIDT use creates. PCR is standard for gonorrhea diagnostics, but the AMR has gone up for this pathogen. They are trying to develop treatment guidelines. They use the data from susceptibility testing to make guidelines. In C.-Ddiff, they don’t use culture but they need culture to study epidemiology of C-. Ddiff. Conducted a pilot study of Salmonella and ETEC reflex cultures in public health sector. When samples were positive in the hospital, they were sent to public health for reflex culture in order to measure percent recovery and identify if the type of testing tells us something new about the AMR of that pathogen.  Need isolates to understand the epidemiology and transmission in addition to AMR. Hope WGS will be able to help with detecting resistance, epidemiology, and transmission dynamics. Automation within labs could create opportunities to recover more isolates. 

Matthew Zahn (MZ) Highlighted - medical director for epidemiology program in Orange County, CA. They get 450 reports of Salmonella each year. They have a very good and active health department; all isolates are forwarded. Within the year, they are going to be efficient at WGS. There is a lot of enthusiasm for PulseNet. Feel like CIDT is making them lose the ground they are breaking. PFGE testing being conducted on all specimens that are sent to public health labs. A section of Orange County with a wealthier, whiter population has a continuous fascination about their bowel movements; in turn, they visit wellness centers to address any abnormal bowel movements but we need to get these people into clinics. The resources needed to culture all stool samples is too much. On a national level, how do we count a positive test? How are we supposed to assess the individual case and what are we supposed to do with that information?

Krisandra Allen (KA) Highlighted: foodborne disease at Washington state department of public health. The state still has people reflex culture at the individual labs. Majority of samples in 2017 have been reflex cultured in the clinical lab.   

Melissa Arvay (MA) Highlighted: Director for ABCs program at CDC. They track CIDT use and number of positive CIDTs. While they can track these things, they have the same issues with interpretation of trends that FoodNet has but not on the same scale. In 2017, they started making it a required element to be collected on a case report form. How do you interpret when the culture and CIDT don’t agree? Is there contamination? Is there more than one pathogen present? CIDTs are being used more and we want to stay ahead on how we interpret trends in illness. They want to investigate when there is disagreement. They are trying to develop ways to do WGS on specimens without getting the isolates, but it will be years before this can be done. How do we quantify changing culturing practices?  
 
Tim Jones TJ - What is the one way that you would like to make CIDT more useful in public health? 
JB - The beauty of WGS is you have a rich dataset. Having an agreement that we will use the richness of the data, don’t just file a number and name it. It is easy to give a bug a name and convert the data to something the epidemiologist can see but we need to use the same language as these technologies for subtyping. If we are getting phylogenetic tree data, we will learn a lot about the transmission and the relationship between these bugs, and how they evolve. We need new disciplines (Lab-demiologist).

MA – From an epidemiology prospective, we routinely used WGS in 2015. We have all the rich data but don’t know how to interpret it. In 2018, we finally made progress on it and are starting to agree on the nomenclature and the interpretation of results.  

JP - We need more data for public health, what are those data, and how will they be used? We are seeing a need for WGS of multiple pathogens. The cross communications will be more important than ever.  We want to make sure the tools we need are uniform, so not a different style for each bug. 

KA - The submission form needs to be updated in the lab to better capture the results.
 
MZ - Public health doesn't know what to do with non-STEC E. coli positive. We need a little more sense of how to respond to that. There is a lot of miscommunication that is creating a problem. 
 
JB1 –What are the new opportunities for surveillance activities that can be obtained from CIDTs? 
KA - We get a little more initial information, so this helps us triage and focus on the issues. So instead of knowing that this is generic shiga toxin positive, we can know it is O157:H7 and shiga toxin 2 positive. For example, when we had the Romaine lettuce outbreak, it would have been useful to have an initial profile from the clinical lab that leads to finding the cause of the outbreak.  

JB - We need to better understand the E. coli pathogens; the use of CIDTs has been helping with understanding the type of E. Coli (e.g. getting the initial finding and then being able to dive deeper and figure out what the bugs are).  

MA - From public health, we aim for complete case ascertainment. Years and years down the line, we will get complete cases from CIDT which we couldn’t get from culture. Eventually being able to do WGS.

MZ- Using CIDT testing to clear people to return to work/school/daycare. Once we figure out what the test result actually means and how we can use, it that will be helpful.  
	
JB – CIDTs are helpful when pathogens are non-culturable such as cryptosporidium. With CIDT they can be identified.   
 
JB1 – Jean Patel, can you give a capsule summary of antibiotic resistance from CIDT testing?
JP - CIDT testing is having a very large impact on studies for antimicrobial resistance of enteric, respiratory, and sexually transmitted pathogens. But for common pathogens associated with health care infection like, Enterobacteriaceae, there has been no impact. Looking at susceptibility requires an isolate.  Right now, there is no technology coming down the road to aid in studying susceptibility in order to pick the right drug to treat the patient without use of isolate. We should put hospital acquired infections to the side and make sure we get the resistance data we need for foodborne pathogens we have been discussing here. It can be important for patient care. It reveals poor antibiotic use on farms. CDC’s NARMS data has been helpful in addressing policies and regulatory actions regarding things like antibiotic use on farms that can improve the use of antibiotics. 

JB1 – Melissa Arvay, do you see a time when CIDT will affect reflex culture (in ABCs)? 
MA – Currently no evidence from lab survey data that labs in any of their catchment areas are not doing reflex culture but labs are not doing culture in parallel. Having a hard time imagining when culture is not reflexed because we need the AMR data. Hoping technology will catch up if labs get rid of culture. Doesn't see it happening in the next five years.  
 
JB1 – Matthew, LA County has mandated reflex culture. In California, it is state regulation. The Salmonella positive culture is sent to the local health department (Title 17). So the question is how did this happen and has it been helpful?

MZ - It is actually state mandated for Salmonella. Title 17 says you have to culture positive tests and send isolate to your local health department.  For STEC, you have to send fecal broth to the public health laboratory. There are no title 17 police that check on the practices. Having Title 17 in place has been helpful. It begins the conversation with hospitals as public health officials are all wondering when they are going to move to CIDTs. Recommends going to CIDTs because it is the medical future. In Orange County, you can have patient and hospital in one county and the lab in another. With the state regulating it, it makes it clear what must be done.  

JP - This is a group of people with diverse backgrounds and there needs to be more conversation and collaboration between the groups. There are trends that we need to be able to hear about: uptake of CIDT and automation (robots in clinical laboratories). With uptake of CIDT and automation in clinical labs, there might be opportunities to talk about how to get the isolates.  

MA - We need to talk to look at trends over time. There needs to be more collaboration between epidemiologists and laboratories. 

KA -  What do we do when the situation is turned around? When the clinical lab needs information from the public health lab? 

Audience Question - (Kim Chapin Track 2) From clinical labs perspective, they are going to CIDT due to workforce issues. Clinical labs get no credit for reflex culture where the public health labs and CDC gets all the credit. What is the best way to keep public health needs going without dumping everything on clinical labs?

Audience Comment - (Andy P) There is a desire for getting one pathogen and tons of information obtained from WGS. 

JB - WGS gives us better resolution and can cluster bugs that have a diversity of virulence but have the same genetic make-up. The IT systems are the biggest hindrance to looking at the data in a more holistic/broader sense. Data science is critical to how we move forward. How can we integrate the data so we can look at things in different ways?  How do we interpret the laboratory data and epidemiological data?

Audience Question - (Chris Crane CDC) - Diagnostic test development companies, what is the future paradigm that we are looking at? Are we trying to do metagenomics in labs or develop platforms that give us information directly from the specimen? 
 
Michelle Schoonmaker – Yes, companies are looking at many different approaches. We are going to be seeing a lot more innovation in the ability to subtype, address virulence, drug resistance, and host response in specific infectious diseases. 

Audience Comment - Jill Taylor - Public health labs are getting overloaded and it is not sustainable in the long run to have public health labs culture all of the isolates. Wanted to tie together what two other speakers said about data science. In the long term, we will be doing metagenomic sequences. Don’t think that culture will go away all together. There needs to be discussions on triaging, what is important to do culture on. Need to start thinking about how we are going to prioritize culture. 

12:45-12:50 pm: Plenary session “Introduction to solutions”

John Besser

· Gave a welcoming speech again and mentioned that after the next talk, there will be three tracks for this meeting.
· Highlighted that Track 3 will talk about different technical solutions for the adoption of CIDTs.
· Introduced Dr. Chiu to talk about metagenomics as one of the possible solutions. 

12:50-1:15 pm:  Plenary session “Metagenomics”

Charles Chiu

Metagenomics for Diagnosis of Infections:

· Precision diagnosis of infectious diseases should be cost-effective with lower healthcare costs and improved patient outcomes. 
· Metagenomic sequencing is technology that should be perfectly suited for infectious diseases outbreaks such as Ebola.
· Infectious diseases require rapid diagnosis for managing and containing spread of the disease. Metagenomics address the need for short turnaround time of infection disease diagnostics.
· The general idea behind metagenomic sequencing in infectious disease diagnostics is that all nucleic acid-DNA and RNA in clinical samples are sequenced and analyzed using computational software to ID the pathogen. The whole process is intended to be cost-effective and provide actionable information.
· Delayed/inappropriate therapy due to failure of a timely diagnosis increases mortality and excess healthcare costs, so metagenomics addresses the need for timely and economic diagnosis and can uniquely identify all microbes. 
· A computational pipeline known as SURPI ("sequence-based ultra-rapid pathogen identification") was developed for pathogen identification from complex metagenomic Next Generation Sequencing (mNGS) data generated from clinical samples.
· SURPI enables detection of viruses and bacteria in in 11 min to 5h and directly addresses computational analysis bottleneck.
· Precision Diagnosis of Acute Infectious Disease (PDAID) Study, in which 204 patients participated, was conducted to examine the sensitivity and specificity of mNGS and CSF. mNGS was 80.5 % sensitive and 98.8 % specific versus 63.4 % sensitivity and 99.4 % specificity for conventional CSF testing.
· Unbiased next-generation sequencing (NGS) coupled with a rapid bioinformatics pipeline could enable a clinically actionable diagnosis of an uncommon pathogen that eludes conventional testing.
· Metagenomic sequencing successfully diagnosed a rare but treatable bacterial infection (neuroleptospirosis) in a critically ill 14-year old boy who had been sick without a diagnosis for over 4 months.
· The unbiased NGS of cerebrospinal fluid (CSF) enabled the diagnosis of infection due to Leptospira for which clinical assays were negative. PCR and serologic tests at CDC subsequently confirmed evidence of L. santarosai.
· A case of a Hepatitis E virus (HEV) meningoencephalitis diagnosed by metagenomic next-generation sequencing, illustrates the power of this an unbiased molecular approach to detect for the first time HEV infection acquired through lung transplantation. 
· The first case of St. Louis encephalitis virus in California was revealed using mNGS while all microbiology testing was negative for this case.
· For diseases such as acute tropical febrile illness that have a broad differential diagnosis (malaria, typhoid fever, dengue, Ebola, etc.), unbiased metagenomic sequencing is a very attractive diagnostic testing approach.
· mNGS has been successful for identifying tick-borne Powassan virus in 15 y/o child with meningoencephalitis, Rubella virus in a case of vaccine-associated rubella encephalitis and Angiostrongylus in eosinophilic meningitis.
· Metagenomics only misses prions
· Metagenomics proved success in many applications such as:
1) Prediction of antiviral resistance (HIV1)
2) Accurate identification and phylogenetic analysis of Streptococcus viridians groups
3) Antimicrobial resistance prediction of culture-negative but mNGS-positive bacterial pathogens (Enterobacter aerogenes).
4) Detection of Mycobacterium Tuberculosis (TB complex) infections 
5) Targeted mNGS for detection of some viral agents    
· Metagenomics- Where is the field going?
· Challenge: The need for increased sensitivity (For example detection of Ebola and Zika viruses). Potential Solution: Metagenomic sequencing with spiked primers (MSSP) enrichment
· Challenge: Rapid, point-of-care metagenomic-based diagnostics. Potential Solution: Nanopore sequencing – sample to answer is < 3 h. A computational pipeline usable on the laptop was developed for real-time sequencing analysis of nanopore data, to demonstrate detection of Ebola and chikungunya virus from infected individuals. Time required is under 5 h turnaround time from sample-to-answer. 
· Challenge: Leveraging sequencing beyond metagenomics. Potential Solution: Machine learning-based analysis of RNA-Seq. data to predict causes of infection in some cases such as Lyme disease. RNA seq. identified the sustained differential gene expression signatures in Lyme disease which may address the need for sensitive clinical diagnostics in early Lyme disease.
· A ‘proof-of-concept’ study focused on leveraging MinION nanopore sequencing to metagenomically detects viruses in clinical samples has been conducted.
· Conclusions
· mNGS for non-serological samples have high positive rates as compared to conventional testing methods.
· mNGS was able to diagnose neurobrucellosis from CSF where routine cultural and serological methods show variable specificity and sensitivity.
· mNGS enabled the diagnosis of S. pyogenes associated with brain abscesses with the first reads came after 40 min with overall turnaround time: 3 h 
· mNGS could differentiate between bacterial vs. viral infections with 90% confidence.
· Phylogenomic approach demonstrated ancient coevolution by resource tracking between several insect dsDNA virus families and their hosts
· mNGS could identify pathogen and determine source of the infection (i.e. vaccine- associated Rubella)
· mNGS enables a molecular clock analysis and deduce how pathogens emerge and evolve in different habitats across different time eras. 
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1:15 – 1:35 pm	Status of State Reporting Rules and Draft Model 
Rachel Hulkower, Public Health Analyst for the CDC
· Warning: This is for education purposes only. This is a tool for public health but it is not to be considered as legal advice.
· National Center for Emerging and Zoonotic Infectious Diseases (NCEZID) brought question on regulatory wording to the public health program. 
· Goal is to identify characteristics of laws that will facilitate isolate submissions.
· Every state has disease reporting laws that requires laboratories to report positive results to state and local health departments. 
· These laws are set by states regulations. 
· There is a lot of variation on who, what, why and how disease reporting takes place among the states.  
· Every state publishes posters of reporting requirements and often includes directions for laboratories based on the language of the law.  
· From the APHL’s 2015 document on legal requirements for submission of isolates, she identified what a comprehensive law would look like that addresses the CIDT issues for today.  Attributions of a comprehensive law include:
· Clear language to establish routine mandatory submission of isolates and define the materials to be submitted
· Clear language defining the materials to be submitted
· List of alternative materials to submit if the preferred isolate is not available 
· Clear language addressing what should be submitted if the laboratory has used a non-culture/rapid testing method
· Clear language for applying state requirements to out-of-state labs
· Insurance reimbursement for reflex testing
· CDC conducted a 50-state environmental scan to categorize the completeness of each state’s laws. 
· Many states have laws that check off the first 4 attributes that listed.  
· A very small variation in the language of the law can have a large impact on the use of the law.  
· Evaluated state laws based on 8 categories. Each categorical group is what a particular state may need to address: 
1. Contains all attributes
2. Contain instructions for submission of CIDT used and requires lab to culture and send isolate
3. Contains instructions for submission of CIDT used and requires labs to send isolate or clinical material
4. Contains routine mandatory submission instruction labs to provide isolate or other clinical materials
5. Contains routine mandatory submission instructions for labs to provide isolate with no further instruction
6. Contains routine mandatory submission
7. Contains a requirement to a sample only if requested by the state
8. Contains no mandatory requirements to submit
· Hoping to provide some sample solutions to address gaps and language in the law. 
· Every state has their own power to make public health laws as they see fit
· Some enacted at state level
· Some enacted at admin level
· Some publish in newsletter every year with the updates
· Most public health labs have timelines for isolate submission
· Federal government can’t tell states what to do and CDC can’t do lobbying or legislating
· Disease Reporting
· All states and some localities require healthcare providers, hospitals, and labs to report suspected or confirmed communicable diseases
· Labs need to be able to submit info to find and contact the patient
Audience Question: Why are state lab requirements so different? Is there any way to get them on the same page?
Every state has the power to make their own laws for public health as they see fit. Some of the states have enacted these requirements through legislative levels, others though administrative levels, or some just publish through a newsletter. There was a model law at some point and a lot of states started out with a similar structure but then changed.  

Audience Question: The state variation came from state independence, local issues, and medical practice. CDC provides some grants for infrastructure to help the states develop capacity to do local and state level reporting. Is it time to see whether the federal government should step in to help? Possibly standardize it so it is not so different between states? 
Public health is generally one of the tasks that are saved for the states. There are a few federal laws related to public health but not many. If there are grants to assist in state reporting, the federal group can tie some conditions to the laws. CDC is not allowed to do any lobbying or legislating. The states don’t want to be told what to do by the federal government.  

1:35 – 2:05 pm	Panel Discussion – State Administrative Solutions
Panel Members: 
David Boxrud - DB 
Shari Shea - SS 
Nate Smith - NS 
Elisha Wilson - EW 

David Boxrud, Enterics Unit Supervisor at the Minnesota Department of Health
· Wanted to talk about state of CIDTs in Minnesota.  
· According to Rachel’s study, Minnesota is in category D for the grade of their regulation wording.
· The law in Minnesota talks about mandatory submission but don’t talk about what to do with the submissions. 
· Some of the challenges they see are 1) a high number of CIDT positive specimens and 2) discrepancies between CIDT and MDH Testing 
· Successes of CIDTs in Minnesota: 
· High confirmation rate (70 – 90%) 
· Established communication with clinical labs 
· Streamlined lab testing, use Matrix Assisted Laser Desorption/Ionization (MALDI)
· Increased total number of isolates received since CIDTs were introduced
· Obtained specimens in a short period of time
· Over 50% of the time, they get the specimen within 2 days of collection date
· Obtain specimens quickly by using a courier service. 
· Courier system is free for labs and rapid
· Webinars and presentations to show how important it is to get their samples to public health laboratories quickly
· Epidemiologists audit the clinical laboratories
· Check if labs are not sending specimens. 

Elisha Wilson, Colorado Department of Public Health and Environment
· Colorado’s approach is similar to Minnesota’s 
· Public health has great relationships with clinical labs 
· Isolate/clinical material submission requirements in Colorado:
· Prior to 2015 →Testing labs had no requirements for clinical specimens
· Nov 2015 → Testing labs shall routinely submit bacterial culture isolates or patient clinical material that yields positive findings. 
· May 2017 → isolate or clinical material shall be received at the lab no later than one working day after observation of positive result (not including weekends or holidays)
· Proposed in 2018 → defining that specimens needed to be submitted not only by laboratories but also outpatient clinics that are doing testing onsite. 
· Strategies in Colorado 
· Facilitate rapid delivery to state public health labs
· Courier service to ensure regular service where needed 
· Written guidance based on new APHL study on how to approach positive CIDT
· Outreach to clinical labs 
· Review submission requirements 
· Encourage reflex culture 
· Talk with the labs and get a sense of what they are doing already and what they may need to do in the future 

Nate Smith, Director and State Health Officer at Arkansas Department of Health
· Enteric disease surveillance 
· Enteric disease information is collected by nurses.  
· 32 labs report CIDT tests, about 25% of the laboratories that report to the state public health labs are using CIDTs 
· A significant proportion of laboratory codes that they receive are not specific enough to let them know if it was a CIDT result or not. They need to do some work on the reports. 
· Northwest AK is wealthiest and have the largest submission of CIDT positives
· Lessons learned recently:
· The labs are not sending the isolate or specimen to public health on a consistent basis.
· It is a requirement by Arkansas State law 
· This state has a perfect category rating on language of the law, but the law is not working.  
· State health department directors can help but they must know about these issues and must be able to communicate effectively with others involved in the issues. Other issues are competing for attention.  
· Multiple levels of complexity to current system which contributes to inconsistencies in the data quality
· What would make state/local public health departments care about surveillance? 
· If there was a multistate outbreak, and there were cases of this in the state and the epidemiologist didn't have an answer because they aren’t getting culture or isolate submissions. 
· If the governor or media asked, it would scare people into thinking this was a big issue.  

Shari Shea, Director of Food Safety Programs at the Association of Public Health Laboratories
· State health officials can have a great influence on helping the issue. 
· Approaches to mitigate unintended consequences of CIDT use:
· Engage the clinical labs 
· Communication, communication, communication 
· Joint publications 
· Report results efficiently
· 2018 CIDT Forum
· Maintain ongoing relationship with laboratory partners or try to establish a relationship. 
· When one lab gets new instrumentation, communicate with the other labs to let them know. 
· State and local regulatory approaches:
· Interim guidelines on submission of enteric pathogens
· CDC is planning to put forward some suggested language to improve the state’s individual gaps. 
· States like Colorado, Wisconsin, and Michigan are great at submitting timely information to their providers.  
· Colorado → board of health rule change; self-reporting acquisition of CIDT instrumentation
· New York City → health code changes require reflex culture
· Started to get Campylobacter isolates to perform outbreak investigations
· Seeing an increase in vibrio and Yersinia
· Getting very little pushback in response to the regulation 
· Notify health department if reflex culture is unsuccessful
· By increasing sequencing of isolates they have found an increase in AMR
· Rhode Island → soon will mandate reflex culture
· Does acknowledge that the reimbursement challenge is a problem
· Looking at the laws to get around and allow for more reimbursement
· Just ask nicely. Some states without regulations are still able to get a large proportion of isolates by working nicely together. 

Q: Clinical labs don’t get any feedback on what happened from public health lab. Don’t receive any shared knowledge of contribution. Dave, who are you getting questions from (the labs or providers)? Do guidelines say how they must submit specimens? How successful is isolation?  
· EW – In Colorado, we provide the transportation information and guidelines. We have a 1-day timeline.  
· DB – In Minnesota, we don’t require a specific transport medium. We have multiple communications that lay out path and conditions, specifying they prefer using Cary-Blair. We are getting questions from both the laboratory side and provider side.
Q: How do you set up a free courier service? 
· DB - In MN, we have a metro courier system that we tapped into that services the bulk of the state. We use grants to pay for the courier system so there is no cost to the submitters. Looking at new couriers that will provide better service and are cheaper. 
· EW - A lot of the funding that we provide comes from the federal grants. For us, a lot of it comes from the newborn screening. There are still many challenges.  
Comment: Communicating with labs is important but addressing this by creating mandates and laws is not the best solution. If we realize CIDTs are here to stay, we are working on the long-term plan. If you have a solid plan, can you communicate this to the laboratories? The labs don’t want to be part of the problem for public health. If you have a plan explaining the help they need, it would be better than the law. Asking nicely is the best way to get the laboratories on board.  
Comment: When there is a collaborative program, there is a sense that the information is flowing both ways.  
Q: Many of the clinical and reference labs deal with multiple states. It would be nice if we had a synchronized basic requirement. Having to deal with 50 states is a difficult challenge. Not all states follow EUA or regulations, especially for CIDT use on enteric pathogens. Some vendors will take raw or frozen stool and that is a challenge for isolate recovery. Are you doing special enrichment techniques when you get these samples?
EW - None of that is articulated in our regulations 
DB - Depending on the organism, they will do many enrichment techniques. They will set it up on several different types of media.  
Comment: The evolution of NY health code change was really an epi lab driven thing. They would not have the resources to keep doing the cultures but the information was needed from them. A lot of labs were happy to have the regulation because it granted them funding. With large commercial labs, we did not hear from them until later.  

2:05 – 2:35 pm	Reflex culture reimbursement – Clinical and public health perspectives
Tim Monson, Wisconsin State Laboratory of Hygiene
· Public Health Costs (Including all States, not just Wisconsin)
· Testing related costs
· Culturing clinical specimens when isolates have been received previously
· Staff time
· Minnesota gets 11,000 isolates a year and the number of isolates to process is quite a burden
· Laboratory resources 
· Clinical laboratory assistance  
· Courier service is state wide and they supply shipping materials
· Provision of shipping account access
· Tate/Jurisdiction Poll
· Informal poll
· Got responses back from 13 states and 2 jurisdictions about reimbursement for reflex culture.  
· 13/15 of them have seen an increase in CIDT  
· Almost all states have seen increased number of CIDTs and have an increase need for reimbursement
· 2/15 had similar submissions in the previous year
· All 15 labs were able to perform a reflex culture.  
· 11/15 use state funding to cover costs
· 14/15 set up reflex culture in real time
· Reimbursement sources
· State/jurisdictional funds
· Epidemiology and Laboratory Capacity (ELC) grants
· 8/15 use ELC funding (full to partial)
· 7/15 were unaware of the potential to use ELC grant funding
· Effect on operations
· Many public health labs indicated reflex culture for CIDT-positive specimens has had an impact on their budgets
· Labs that need funding may discontinue other programs like virology lab
· Future of reimbursement
· Labs need to seek out alternative funding opportunities
· Continued federal funding
· More jurisdictions moving towards CIDT-positive culture mandates
· Make states aware of the funds available in the ELC grant
Vicki Baselski, University of Tennessee
· CIDT Paradox
· Clinical labs and Public Health labs all want faster turnaround times, new technologies, classical microbiology, more for less money 
· Faster-turnaround time
· Payer pays if it is medically necessary 
· If not, laboratory bears the cost
· The patient benefits if they are treated properly as a result of the test 
· You are only able to stop new infections if you do something about it quickly. Clinical labs get reports rapidly but it takes some time to get it to the public health lab. 
· Clinical based tests: Isolate Recovery
· Laboratory bares cost of testing and validation.  
· Payer only pays if it is medically necessary
· Who benefits from the additional information you get from the isolate?
· Individual and population benefit must be considered
· Public may benefit from epidemiological investigation of significant trends
· Who pays for public health?
· More (or less) money
· Who bears the costs?
· Costs associated with billing
· Costs associated with non-reimbursed activities
· New faster technologies generally cost more
· Paid for via absorption into the overall costs and may be partially reimbursed by overall payments; deficits absorbed by the clinical laboratories. 
· Potential Solutions
· Stakeholders should recognize the value of CIDT and Culture Based Testing (CBT)
· Inform the population of the benefits
· Labs should be able to document the activities in a meaningful way
· If you can’t code the test, you don’t get credit for it
· Payers and provider organizations should allow for the resources necessary to perform the required activities
· If not accounted for on a “per test” basis, consider quality measures for performance based incentive programs
· Systems should be developed to provide funding
· Consider how long it takes to undo a bad mandate. 
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3:10 – 3:40 pm	TRENDS/ADJUSTING
“The Implications and Impact of CIDTs at Public Health Laboratories”
DAVID BOXRUD	(Enterics Unit Supervisor at the Minnesota Department of Health)

· 3 FTEs in micro in the public health lab
· MALDI-TOF eliminates need for biochemical sets up, so quick identification
· Got rid of Salmonella serotyping – WGS now
· Support staff for summer (when it gets busy)
· Impact of CIDTs on MN and the number of isolates in MN
· Biofire is a predominant CIDT assay over the years, Verigene is catching up
· 873 in 2016 and ~1800 in 2017 CIDT positives for Salmonella + STEC + Campylobacter combined; doubled from 2016 to 2017
· Parasites have high confirmation rate when using reflex culture subsequent to molecular methods
· Vibrio and Yersinia have a low confirmation rate
· Majority of Salmonella, STEC, and Campylobacter CIDT positives are confirmed by culture
· Salmonella
· Received in lab 1 day after it was collected
· Stable confirmation rates up until 8 days after collection
· Recommends Cary-Blair at room temperature
· STEC
· Gradual reduction in confirmation rate over time
· Campylobacter
· Good confirmation rate for first 4 days; after that, confirmation rate goes down markedly
· Shared APHL guidance with all of their clinical labs
· MN wants to be notified by a clinical laboratory before the clinical laboratory changes to using a CIDT
· MN prefers a culture but, if the lab can’t do culture, they want the specimen sent in Cary-Blair at room temperature
· Differences in confirmation rates among testing assays
· Verigene has a higher confirmation rate, except for Salmonella for which Biofire has a higher confirmation rate
· Confirmation rate for Vibrio is very different between Biofire and Verigene
· In 2015, MN saw an increase in the number of isolates available
· In 2018, more samples have been sent as specimens rather than isolates
· In 2015, KN IN?  KS?), WI, SD, and IA saw increases in total number of isolates and specimens they were receiving
· MO had an increase in isolates but received very few stools; just continued to receive isolates
· This is because MO requests that all clinical labs continue culture
· Conclusions:
· CIDTs have an impact on public health lab resources
· Isolate numbers are steady or rising
· CIDTs allow better identification and understanding of pathogens

MELISSA ROLFES	(Epidemiologist at the CDC)
· Flu epi – multiple test modalities and dealing with flu burden and adjusting those rates
· 14 sites track flu hospitalization rates and cases are ascertained from a variety of tests
· Rates are likely an underestimate
· Not all patients are tested and tests vary in sensitivity
· Rates vary by age group & season
· Tests are not sensitive in older adults
· Asked 5 sites to collect additional data to determine the underestimation of cases in 2010-2012
· Now 12 sites participate
· Methods for adjusting crude rates
· Frequency of testing and frequency of test type
· Probability of tested = # tested for flu/# respiratory admissions
· Average sensitivity = meta-analysis pooled sensitivity
· Prevalence of test type also varies by age group
· Boot-strapping gave age-specific sensitivity
· Tests do not do as well in older adults, so this is incorporated into the multiplier
· Can track multipliers over time. Multiplier was highest for 65+, but this has gone down due to better testing
· Challenges
· Chart reviews are performed manually
· Data come at a lag
· Protocol needs to be continually refined
· Adjust among strata
· Flu uses a prospective adjustment while foodborne illness uses retrospective adjustment to determine how many cases were missed

3:40 – 4:10 pm	EXCLUSION CRITERIA

RICH DANILA	(Epidemiology Program Manager and Deputy State Epidemiology at the Minnesota Department of Health)
· Are epis at state and local level involved in the sensitive occupation exposures?
· Lengthy exclusions can cause hardships – (e.g. 199 or 144 days of missed work/daycare)
· If you detect cases by CIDT and monitor with culture, you get fast screening and unambiguous clearance detections
· This is where we could be going
· MN tests the excluded for free through MN public health lab
· Time to results: 3 days for CT SMAC and 1-2 days for STEC PCR
· Will accept clinical lab results but this is not ideal due to 1) variation in test performance and 2) burden on the patient and MN to get results
· CIDTs are useful for childcare and restaurant outbreaks to clear shedders and non-cases faster, especially at the beginning of an outbreak, so that asymptomatic shedders can be cleared sooner and negative patients can be cleared without disruption/issues
· However, CIDTs, also have some logistical issues when used at what appears to be an onset of an outbreak
· Example: Childcare outbreak
· The index case in this suspected outbreak had an illness onset of May 6, and tested positive for STEC using Bio Fire
· Another child had loose stools beginning on May 19, and MDH closed the childcare facility 
· The remaining childcare attendees were all tested, and all were negative for STEC (but had other infections including C. diff and rotavirus)
· What appeared to be an STEC outbreak was really just an isolated case
· Conclusions on using CIDTs for exclusion purposes:
· Advantages
· Faster results can mean faster interventions and prevent transmission.
· Additionally, we have the ability to apply interventions for illnesses and outbreaks that may not have been previously reported
· For example, we are getting providers calling in to ask about norovirus-positive children now that they have a name for a disease instead of just “stomach flu”. 
· Challenges
· If discordant results between culture and CIDT– what directs public health action and which test do we believe?
· There are variations in tests’ performances
· Logistical issues identified in the childcare outbreak

QUYEN PHAN		(Epidemiology at the Connecticut Department of Public Health)

· CT public health is decentralized, 69 LHDs + two independent trial nations
· Dual reporting to state and LHD
· LHD are responsible for disease control in their jurisdictions
· Changes to specimen submission requirements from 2015-2017
· Previously (2015), the HD required that stool be submitted in transport media to the state laboratory when culture independent diagnostic tests (CIDT) are used in the clinical lab.
· 2016: Required clinical labs to perform reflex culture when a CIDT is positive
· As of 2017, clinical labs must send stool specimens for these pathogens to the Public Health laboratory if no isolate is recovered after reflex culture for a positive culture-independent testing result.
· Salmonella, Shigella, and STEC require clearance testing before high risk individuals can return to their sensitive occupations 
· Preliminary data for 2017:
· 40% of all STECs with had no isolate recovery, so all incident cases reflect CIDT testing only
· Small percent (6%) of Salmonella cases were detected by CIDT only 
· 32% Campylobacter were detected by CIDT only
· Centralized interviewing by FoodCORE for all STEC, Listeria, Cyclospora, Vibrio, and Shigella, for select Campylobacter, and for ~90% Salmonella cases (these get referred from LHDs) has increased the detection of high risk individuals
· Constantly reassessing exclusion criteria
· LHD typically implements exclusion
· Solutions for exclusions are not based on scientific criteria, so is what we have in place appropriate?
· Exclusions have a social justice aspect on patient (they may be subjected to excessive exclusion)

KRISANDRA ALLEN		(Epidemiologist at the Washington State Department of Health)

· Washington is a home rule state with 35 LHDs
· The state HD advises the LHDs
· Salmonella exclusion is only for food handlers
· No GI multiplex PCR panels in use at the Washington Public Health Lab (PHL)
· They offer clearance testing for Salmonella, and Shigella via culture and for STEC via broth EIA and culture
· Clearance testing is not required to be performed by the PHL and can be done by a commercial lab
· Local health officers ultimately determine what is acceptable for a clearance specimen
· State HD does not have detailed guidelines for LHDs regarding CIDTs for clearance purposes
· State HD gives advice on case by case basis
· State HD will continue to offer culture-based clearance
· Communicating discordant results can be very complicated
· MN will explain in the best manner
· Take a conservative approach so any positive test is an exclusion
· Exclusions more stringent, based on strained (i.e. Salmonella typhi requires 3 negative stools in CT)
· Restaurants have different employee exclusions, especially if they work for a national chain (i.e. Chipotle)
· No panelists have come across this issue/situation before
· Would be nice to have consistent guidelines to address this due to social justice implications
· Clearance testing differs between public health lab and clinicians
· Culture clearance is typically free through public health lab
· If the patient is tested via BioFire or other multi-panel instrument and diagnosed with an infection not of interest (i.e. C. diff outbreak in a childcare center), how do you handle exclusions?
· It gets interesting to interpret back to the patient. For example, can still have an outbreak with a disease that is not subject to exclusions (i.e. rotavirus outbreak in a childcare center), but you don’t want ill children attending the childcare center
· If finding is worse than pathogen suspected, they refer the patient back to the clinician
· Is ETEC worth following up with in a childcare setting? EPEC? EAEC?
· MN is probably over excluding
· MN rules are vague on purpose so that they can be adaptable to different situations, modify as needed, expand to new pathogens
· Clinical lab perspective: concerns that exclusions are not based on scientific data
· Can we get to a point where we make them based on data?
· What are the resources to get these data?
· To power such a study, we would need more data than what FoodNet provides. FoodNet can give only insights, not actionable data
· S. Typhi has more stringent exclusion criteria than other Salmonellas.

4:10 – 4:30 pm	OUTBREAKS

VASUDHA REDDY		(NYC Department of Health and Mental Hygiene)
· Uptake in CIDTs since 2014
· CIDTs give different baseline numbers for infections – need to adjust
· Historical limits method performed weekly to identify clusters (see Slide 7)
· Compares all reported cases in a 4-week period with similar periods for past 5 years
· Signals could be triggered by uptake of CIDTs
· After adjustment for secular trends and historical clusters, the over-signaling decreased by 46%
· SatScan (or prospective space-time permutation scan statistic) uses a geographic unit and underlying population (at census tract or county level) to determine if cases within the geographical unit different compared to outside of geographical unit in space and time, each compared to their baseline
· It determined that excess signals due to adoption of CIDT
· Understanding signals is challenging
· Difficult to interpret signals where CIDT is positive but culture is negative or unknown
· CIDTs do aid in cluster identification

ROBYN ATKINSON-DUNN	(Director, Unified State Laboratories: Public Health at the Utah Department of Health)

· If a PFGE is never seen before, its likely due to an unlikely exposure
· No isolate existed for index case but metagenomics was performed on a Cary-Blair sample to identify STEC

MATT ZAHN	(Pediatric Infectious Disease Physician at Children’s Hospital of Orange County)

· Re-interviewing is useful but you can’t re-interview everyone
· If you know the serotype, you can re-interview just the people with that serotype and ask them targeted questions
· Is CIDT helpful for identifying clusters or just over-burdening the epis?
· It is useful for interviewing potential cases sooner
· WGS increases number of clusters, but it is more meaningful

Tips from the short meeting with Aimee and Tim:
· What do we need to know or do to move forward?
· What results?
· Don’t repeat challenges & limitations. Instead, what can we do to address them?
· What current activity or data are needed to develop strategies?
· Can we move the successful strategies used in some state to other states?
· Current CIDT increases workload, depend on pathogens.
· Can we stop doing serotyping due to fixed budget/funding? Are we going to stop? Can we stop doing them?
· Come up with tier, priority scheme – which isolate is important to go after?
· Need to take clinical lab perspective into consideration.

[bookmark: _Toc517729400]Track 1: Public health practice breakout sessions notes
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9:00 – 9:30 am		CASE DEFINITIONS

“Incorporating CIDT Laboratory Criteria into Surveillance Case Definitions”
KRISTY BRADLEY	(State Epidemiologist at the Oklahoma State Department of Health)

· CSTE understands the importance of incorporating CIDTs into case definitions
· CSTE Position Statement 13-ID-10
· Policy position statement passed at 2013 Annual CSTE Meeting
· Concern about rapid development of new CIDT tests
· Impractical for public health agencies to evaluate every new CIDT
· Need fluid, collaborative process (CDC, FDA, CSTE, APHL) to address new test methods and application to surveillance case definitions
· Interim process for assigning lab criteria to case definitions and classifications may be needed instead of waiting for formal position statement
· Guidelines for incorporating the CIDT landscape into disease reporting over time
· Includes consideration for ELR
· Adapt new test methods and their application to surveillance case definitions
· CSTE is responsible for revising case definitions, which are then voted on at their annual conference
· The Process: Revising Public Health Surveillance Case Definitions 
· Active member(s) author a position statement adding a disease/condition to nationally notifiable diseases list or propose modifications to an existing case definition
· Draft position statement posted for member review and input
· Series of webinars or subcommittee conference calls
· Two voting steps at CSTE Annual Conference in June
· Infectious Disease Steering Committee meeting
· Council meeting (Thursday morning)
· One vote per each state, territory, and DC
· Requires simple majority to pass; consensus sought
· Cryptosporidiosis Case Definition
· Concerns about PPV of certain CIDTs, i.e., rapid cartridge assays or immune-card tests (2010 PS)
· Confirmed Case
· Presence of Cryptosporidium detected by DFA, PCR, EIA, or light microscopy of stained specimen
· Probable Case
· Positive lab test for Cryptosporidium antigen by immune-chromatographic card test, or unknown test method; OR
· Case with diarrhea > 72 hrs, plus one more s/s (abdominal cramping, vomiting, anorexia) and epi-linked to a confirmed case of Cryptosporidiosis
· Campylobacteriosis Case Definition
· Confirmed Case
· At least one symptom (diarrhea, abdominal cramping, nausea, vomiting, febrile bacteremia, meningitis, or focal infection; AND
· Isolation of Campylobacter spp. from clinical specimen
· Probable Case
· At least one symptom (diarrhea, abdominal cramping, nausea, or vomiting); AND
· Detection of Campylobacter spp. by CIDT in a clinical specimen; OR
· Epidemiologically linked to a confirmed or probable laboratory-identified case of Campylobacteriosis
· Previous controversy over CIDT in campy case definition in terms of PPV
· Salmonellosis/Shigellosis/Vibriosis Case Definitions
· Confirmed case
· Culture and isolation of enteric pathogen
· Probable Case
· Detection of pathogen by CIDT
· Epidemiologically-linked case (Probable)
· Clinically compatible case that is epi-linked to a case with supportive or confirmatory lab evidence of infection
· STEC Case Definition
· Case definition is not as clear as Salmonella, Shigella, Vibrio case definitions
· Previous case definition classified cases with positive CIDT result for Shiga toxin as “suspect”
· Positive CIDT results detecting E. coli O157 or STEC/EHEC not specified
· Lack of standardization with other enteric disease case definitions
· Confirmed Case (I7-ID-10)
· Isolation of E. coli O157:H7 from a clinical specimen, OR
· Isolation of E. coli from a clinical specimen with detection of Stx or Stx genes
· Probable Case (I7-ID-10)
· Isolation of E. coli O157 from clinical specimen without confirmation of H antigen, detection of Stx or detection of Stx genes; OR
· Clinically compatible illness AND
· Elevated antibody titer against a known STEC serogroup; OR
· Detection of Stx or Stx genes using a CIDT and no known isolation of Shigella; OR
· Detection of E. coli O157 or STEC/EHEC by CIDT; OR
· Epidemiologically linked to a confirmed or probable case with laboratory evidence of infection; OR
· Person is a member of a risk group defined by public health authorities during an outbreak.
· FoodNet Data on Uptake of CIDTs
· STEC > Salmonella > Listeria for percentage of cases by CIDTs
· Considerations and Questions
· How can surveillance data be quantitatively assessed to determine impact of surveillance case definition changes?
· What do short term surveillance data suggest?
· Are there gaps to address?  What surveillance case definitions still require revision?
· How flexible is the process to retract a CIDT result as a lab criterion for a probable or confirmed case if a particular lab method or technology is determined to be unreliable for use in public health surveillance?
· Vibriosis Surveillance Consternation in Oklahoma
· During CY2016, 10 case reports of vibriosis
· 1 confirmed, 3 suspect, 6 not a case
· Of 3 suspect cases:
· PCR+; not enough specimen to reflex culture
· PCR+ for Vibrio & Clostridium difficile culture negative
· PCR+ in specimen from adolescent with acute perforated appendicitis; culture negative
· From 1/1/17 – 5/1/18, 29 case reports
· 3 culture-confirmed cases
· 11 probable cases (BioFire results from single hospital lab)
· 9 suspect; 6 classified as “Not a Case”
· Most probable & suspect cases have no compatible food exposure history and reflex cultures were negative
· Many indicate dual infections on multiplex panel tests
· A lot of probable case definitions for pathogens are positive CIDTs
· Confusion on CIDT test results for STEC case definition due to lack of standardization with other enteric disease definitions
· Good progress since 2013 to incorporate CIDT tests into case definitions but adoption of case definitions by health departments varies
· Need a flexible and real time process to use CIDT to classify a case
· Lab and epi info need to be combined in order to define a case
· Incidence of Vibriosis spiked due to many Biofire positive results coming from one hospital in OK (usually 2 cases per year, but 10 cases were identified by one hospital in a shorter time period)
· This was taking up too much time to investigate and confusing clinicians
· Epis were confused on whether these were actually cases
· They questioned whether these should be suspect cases because the samples were cultured negative
· Under current guidelines, these were probable cases and were reported to the CDC
· Epis later concluded that many of these CIDT positives were actually not cases because no recall information could link them to exposure to Vibrio
· This highlighted the importance of combining lab data with epi data to determine whether these were cases
· In conclusion, BioFire still has targets that it is inadvertently picking up, meaning false positives, or Cary-Blair may have been contaminated (the latter was discovered to be true)
· Microbiome tests for Cryptosporidium use a threshold to determine if positive 
· What is the acceptable level of crypto in the stool?
· Does this need to be included in the case definition?
· Could be picking up colonization and not infection
· Do we want to focus more on new infection?
· Some illnesses, like STEC, have complicated case definitions and there can be 6 ways to define a case as probable.  This makes it hard for public health nurses to classify patients.
· If case definitions get/stay too complicated, we will need a clear flow chart or algorithm (especially for nurses)
· Eliminates confusion
· With Cryptosporidium, we need to know the test used to determine if it is a case
· Not considering epi info this way and sometimes lab test used is not reported in ELR
· Should case definitions be provisional?  
· Look at non-STEC E. coli for example. 
· Only STEC is notifiable, so should we have a standardized case definition for non-STEC to track it over time?
· If needed, it can be added to the nationally notifiable disease list
· STEC is reported separately, but lumped together in summary tables reported by MMWR
· People may not know this
· Data is published online now so probable case definitions may differ depending on how one defines it for analysis
· Also with Yersinia, there are lot of non-pathogenic strains
· What we are discussing is getting really confusing for the public
· Must limit the amount of flexibility
· The only way to avoid confusion moving forward is to just use FDA approved tests
· Need to get physicians up-to-date on what the tests are detecting
· Do we need clinical symptom info to count someone as a (probable) case?
· CSTE says yes
· There has been an increase in cases due to CIDTs, meaning increased follow-up burden for the health departments
· In turn, they may not be able to get epi info from every case, so saying we need clinical symptoms in conjunction with lab results may not always hold
· Yersinia is not typically interviewed, so then you wouldn’t have the exclusions
· Some say to take the lab results in context of the symptoms
· If a patient does not have clinical symptoms, the pre-test probability is close to zero
· If the test result is then positive, this is probably a false positive
· Without clinical diagnosis, it is hard to define case using just what the lab report says
· Physician has to assign the diagnosis and just because a test result is positive, the physician may not send the child home with that diagnosis
· If this happens, maybe consider this a probable case
· Still debate on whether CIDT should be included in case definition because of this
· People getting CIDTs have symptoms already, so putting lab results in context of symptoms may not be useful
· However, CIDTs can detect co-infections so then is each pathogen a probable case?

Q: Campy concerns with switching from PCR based test to manage based test
· Can move from probable case to confirmed case.
Q: Blood panels, CIDTs and CSF panels are being used to construct case definitions for other invasive bacteria like meningococcus.  Are “people” considering these tests in case definitions for enteric illness/non-invasive species?
· Yes. 
Q: Pseudo-outbreaks: what’s the official way to retrieve those cases? Not all Yersinia strains are pathogenic, does case definition need to define?
· National Notifiable Disease list
Q: Epi don’t have clinical picture. When only looking at the lab results, very limiting. For example, 1-year-old has low chance of Vibriosis. Need to be addressed in the case definition. Include “Clinically determined”, “surveillance determined”?
· Not practical.
· Having a symptom of diarrhea helps us define case.

9:30 – 10:00 am 	Other Pathogens

CARLOTA MEDUS		(Epidemiologist at the Minnesota Department of Health)
· Other pathogens being picked up by the panel – non-STEC E. coli
· All E. coli are reportable in MN because this has always been the reporting rules
· ETECs (traveling diarrhea) are just as common as some other reportable conditions and are being acquired despite not traveling internationally
· ETEC- traveler’s diarrhea, 39% patients reported did not travel internationally
· 67% of ETEC cases has at least one other (reportable) pathogen
· Examples of other bacteria identified: EAEC, EPEC, Crypto, Yersinia, STEC non-O157
· Other symptom due to other pathogen infection or just from ETEC?
· ETEC is 5th most frequently reported pathogen by clinical labs
· Better confirmation rate for ETEC
· EAEC: important cause of diarrhea in children and travelers
· Found EAEC and ETEC outbreaks
· Patients are excluded from work/daycare while ill
· People being cultured for non-STEC have symptoms or were in high risk areas so the data is probably not representative
· Collaborate with academia to run multi panels with healthy controls
· These pathogens have high rates in the general population, so doing this would get us info on the baseline infection
Q: Outbreak is defined based on PFGE or cluster?
· All of the above.
Q: Co-infections are confirmed by culture?
· Some of EAEC etc., not Vibrio.


KRISTEN KANACK		(VP, Regulatory and Clinical Affairs at BioFire)
· BioFire’s own studies have shown that lot of the pathogens the test picks up are from asymptomatic individuals
· Panel showed high sensitivity and specificity
· If pathogen is rare, these measures will decrease
· Syndromic trends program
· Accumulating a lot of data
· Good for detecting outbreaks and observing seasonal trends in pathogens
· Tracks co-infections

[bookmark: _Toc517729402]Breakout Sessions
10:20 – 11:05 am	Roundtable Discussion #1

Breakout Groups A &B: What studies/activities are necessary to optimize the use of CIDT data in public health? 
· Co-infections
· Gaps: collecting test type data
· Would be helpful in documenting trends and seeing how things have changed from the past
· Suggestions on how to move forward
· Constant struggle with ELRs (some collected in Maryland but there is no standardized way to do this)
· We can call labs to ask them about tests
· Work with IT to find a more standardized way for collecting testing type data but need IT resources
· LOINC codes need to be reported, esp. with new facilities
· This is done at the facility level, and manually putting this in by epis is very labor intensive
· If type of test used changes down the road, it can affect the data
· Clinical labs are working with electronic laboratory reporting systems/software companies to systematically get LOINC codes sent over
· Manufacturers can standardize LOINC codes too
· If CIDT and culture are both ordered, health departments should try get both results (CIDT results will come back quicker, meaning there is a chance that a patient has negative culture results when PCR is positive)
· Facilities are unsure which negatives to report because the HDs are only concerned with receiving negative culture results when PCR yields a positive result
· These are valuable data and should be worked out in order to optimize the use of CIDT data in public health
· Need to know the normal asymptomatic population
· Can help decipher what is of concern or clinically significant
· No data exists to inform this decision
· VA has to report positives via CLIA but if this is part of baseline asymptomatic general population this can help assist physicians
· Should use clinical presentation in addition to laboratory results
· Basically Biofire is pretty accurate for a symptomatic patient but, for an asymptomatic patient, a positive could mean colonization/contamination – you don’t know
· Even though a physician orders a stool culture, the sample will go through BioFire if the lab has BioFire CIDT
· How to handle lab developed tests that are not approved by FDA? Most labs have their own tests.
· Positive from lab developed test is suspect and positive FDA cleared test is probable
· If lab developed test is positive, the public health lab may not get the sample
· Address this in case definitions: treat FDA cleared tests as probable
· LOINC codes are needed to solve this problem, and requires a lot of research on the health department to figure out how ELR can identify the type of test used if the test was lab developed
· Put language in case definitions
· Best solution would be to get more detail in ELR
· Some people from CDC are working on how to get information on test method through LOINC code
· May not be high up on priority list but needs to be
· No data field for test manufacturer when the result gets sent to CDC
· FoodNet sites collect this information already but this is still a challenge because 1) labs can change platforms and 2) not every test is ordered consistently for each case of each pathogen
· CDC viewpoint
· Study needed for host response to detected organisms within the context of co- infections
· Tough one to tackle
· Solution crosses epi, surveillance, clinical
· Need some sense of co-detections to determine how clinically meaningful they are and how to count cases
· Need to simplify this because this is a rabbit hole you can’t get out of
· Bothers people to count co-infections as a case
· Hinders morbidity and incidence estimates for a state; reporting colonization steers away from surveillance but how do you parse this out?
· Need to consider the frequency in which co-infections are picked up with reportable conditions
· There is true synergism when you have multiple pathogens and children can be more ill when there is more than one pathogen involved
· A lot of similarities between campy and vibrio, so what do you count it as?
· Travel-related is typically co-infections and this is not ignorable/clinically-insignificant
· With good exposure information, you may be able to tease out what the main infection is
· Combine epi data with lab data to get more comfortable about reporting one or all infections detected
· If the epi and lab data don’t match up, then don’t report it as multiple cases
· Immuno-suppressed population
· Extent of immune status is not going to be evaluated or reported for all cases, but maybe for just outbreaks or clusters
· There is an immunocompromised variable in FoodNet
· Can collect this data or report based on CIDT result
· Collect this info for culture and non-culture test
· What is the difference between culture and CIDT cases? They probably have different epi info
· Number of co-detections in NYC is not high, so maybe combine data across health depts.?
· If you combine the data in a standardized way, you can work with other states more easily

Breakout Group C: How can we adjust surveillance data to incorporate CIDTs?
· Some states (i.e. FoodNet) should starting collecting patient data and what test type are used, in order to understand and interpret CIDT negative culture positive results.
· Need more data on positive CIDT results that are not confirmed
· what data are meaningful
· Vibrio is not compatible with culture
· Don’t need every state to do that, e.g. just FoodNet can do it (Aimee says FoodNet is already doing it.)
· Many pathogens have similar symptoms
· Data on patients or tests?
· all of the above if funding is an issue
· data on patients
· How practical is it for non-FoodNet sites to collect test type and patients tests?
· They need a way to track CIDT results
· If a lab does reflex culture and find a positive but CIDT is negative, do they send reflex result?
· Varies by lab in WA
· NYC State FoodNet county lab has a good tracking system, certain counties are part of FoodNet, some are not
· No mechanisms to send CIDT negative results to FoodNet 
· NYC need to report CIDT positive/negative, what test was used, so epi can see the data
· Except through FoodNet, CDC doesn’t have a way to collect data outside of the public health laboratory. Is FoodNet alone enough? 
· When case definition changes, note if there is a jump in the surveillance.
· When test type changes, note if there is a bump up in sensitivities.
· I.e. If measles, rubella rates drop, physicians can tell
· How should we adjust national data? Should national cumulative data change to incorporate CIDTs?
· How do you adjust trend lines? When reporting results, include a footnote on how trend lines were adjusted for readers.
· We are making case definitions more and more complex, have a lot of garbage categories, and creating incomplete picture
· Challenges – don’t want to have diff categories/definitions for FoodNet and national level – adopt FoodNet definitions for national, and adjust annually
· Knowing how many tests are being used is useful; the shifting in test use will be a challenge for surveillance
· Case definition is only based on lab data, not diagnostics; test results are not final diagnosis.
· Wouldn’t suggest changing the definitions 
· Need physician report and lab report
· Change reporting rules? 
· Lab volume and negative results
· States are not comfortable with receiving negative result from individual patients, system is set up for receiving positives to follow up with cases
· Physician behaviors are changing due to the test changes
· Is the trend up because the number of tests ordered is up or because the incidence is really up?
· Need simple, flexible, accurate surveillance data
· Multiple infection is a problem
· Reported numbers may not correspond accurately with what doctor tells you 
· We have a case definition and clinical definition
· Difficult to report numbers that do not correspond with clinical numbers
· Hard to explain to the governor, correspondence need to put in the case definitions
· For investigator in the field, maybe there is a need to set a threshold for investigating why there is an increase on a certain disease.

11:05 – 11:50 am	Roundtable Discussion #2

Breakout Group D: How do we deal with school/work exclusion?
· Oklahoma has employed Luminex panel in combination with culture for exclusion
· Has shortened the time people are excluded
· Exclusion decision is based on CIDT but culture is still done to determine discordancy rate
· There is an issue if CIDT is negative but culture is positive but Oklahoma has not seen this much
· Need more data to determine how frequently this occurs
· What is the clearance rate?
· CIDT may take longer to return patient to work/daycare because CIDT is picking up dead bacteria from someone treated with an antibiotic
· Biofire has not done clearance studies
· For norovirus, people will have detectable viral particles for a long time but they do not pose a transmission risk
· Exclude 72 hrs after resolution of symptoms in MN; no outbreak occurrence after this time but there is if worker is allowed to return to work after 48 hrs but before 72 hrs
· Need studies on different exclusion settings to establish relevant cut points
· How commonly are CIDTs being used for exclusion? The BioFire CIDT was not created with intention that its results are definitive for exclusion.
· Using CIDTs will definitely become more common for exclusion
· 10% of population works at least part time in food service and food retail
· If test results come back faster for these industries, there is less stress on the workforce
· In CT, clearing patients for work/daycare takes place at state lab. Culture is cheaper than CIDT for this lab
· Social justice implications still in play
· Consider the cost-benefit ratio
· Most people want to go to their provider for testing
· Should there be national guidelines for exclusion criteria for food service workers?
· Culture is the only word used in food exclusion laws
· Needs to be addressed at some point, if not now
· Need to think about this for daycare settings as well
· Every two years (in spring of even years) CSTE meets to look at exclusion laws	Comment by Thuy Kim: This bullet describes the Conference for Food Protection (CFP), not CSTE.
· Takes time after the meeting to work on these issues
· Caring for our children model code (APHA and AAP)
· Standard exclusion criteria
· CIDTs would detect non-viable Shigella for a really long time and children would be excluded longer than necessary
· VA doesn’t use CIDT for TB due to the same issue
· Don’t know how long children shed non-viable organisms
· MN doesn’t worry about culturing if they are treated
· Released without proof of negative
· Variability among exclusion guidelines in health jurisdictions
· A good project for an enteric disease group or CSTE sub-committee would be to work on a white paper to have national standards and guidelines
· It is the belief that states and cities would like to be aware of national standards and guidelines and a white paper would serve that purpose
· There is inconsistency across and within states
· In OR, they already have state laws and may not respond well to national laws.  They are decentralized, meaning that LHDs have the ability to interpret these laws differently (i.e. If a law says to exclude school-age children and one LHD may say exclusion is up to Kindergarten whereas another LHD may say exclusion is two grades beyond Kindergarten), so there is inconsistency among states
· Best practices would be helpful for states
· If a patient is waiting to return to their sensitive occupation, and their CIDT is positive, the LHD will offer a culture test to the patient.  This is because the CIDT test may be positive for dead bacteria.  This decision is up to the patient, so exclusion times will vary for each patient.
· Would be best to have CSTE develop best practices
· This is achievable and there is enough enthusiasm to move best practice forward
· Some states call it Shigella or invasive-like E. coli organisms because CIDT is not specific enough
· Not a probable in Oklahoma
· Do you exclude the patient if it could be invasive-like E. coli?
· CT saw this but found that the follow up was difficult because the patient was told that she was positive for E. coli but not positive for Shigella, so HD spent a lot of time explaining to the patient what this test meant
· Can confirm on reflex culture for these cases
· Leave case definition to CSTE but not CIFOR
· Because of the overlap with daycare and food service exclusions, its best to leave this up to CSTE
· CSTE can convene a multi-organizational group and have reps from CFORE CIFOR and FDA for their inputs
· Need funding through a cooperative agreement to hold this meeting or write a possible white paper
· Cost-effectiveness of running full GI panel
· Single target tests can hone in on one bacteria instead of running the full panel if only one specific pathogen is suspected
· Miss out on the interaction of co-infections and treatment will not be sufficient if only one pathogen is tested for
· Survey states about exclusion practices for food handlers and daycare
· Formal survey of all states is needed because OR survey is outdated
· CDC law program is focused on this variation and should be handling this since they have already been involved in use of CIDTs in surveillance
· Results from the OR survey are completely across the board on how states exclude for daycare
· Some have regulations, some have a manual
· Most have recommendations around healthcare providers, food service, and daycare but generally nothing was consistent
· CSTE is accustomed to these surveys as well and can follow up for 100% compliance
· PHEP funding includes hospital preparedness so HDs have strong partnerships with clinical labs
· If we establish data and lab reporting with the sentinel labs, we can establish surveillance and tap into PHEP money to get state-level information on exclusion practices for daycare
· Don’t add data to preparedness performance metrics
· OR is not collecting data on how long people are being excluded.
· Figure out how many states are collecting data and see how this can be captured through surveillance
· Can go back to data we already have to get a baseline
· Potential data from industry
· Tap into managers who exclude people and then let them come back to work
· Need data on length of time for exclusions, and tests used to determine if employees can return to work
· Can the industry actually share this data?
· Industry says they could leverage their partners to create a survey to get baseline info from restaurants and grocery stores
· In industry, ill food worker is one of the top five issues
· They want to know how many ill people are working. So industry can leverage this question to create the survey which can also inform public health surveillance
· Privacy concerns
· Exclusion letter does not say what condition is excluding them
· Exclusion ending letter does not inform details like test used or what infection cleared
· Publix supermarkets (food processing) knows the test results when workers return
· Recommendation could be prospectively gathering exclusion events and measure the burden of lost days of work
· Need a multi-state mechanism such as FoodNet or some population based system
· Doable and will answer a lot of questions
· NORS can tell you the number of ill food workers excluded in outbreaks
· Can estimate burden of sick employees working
· Not all supermarkets are part of national companies (Oklahoma has a lot of family owned, less structured ones)
· Start tracking who is excluded and how long they have been excluded for
· Centralized states have an advantage because it reduces the number of challenges that need to be overcome to collect this data
· What is the background carriage rate test by test?  We know it’s not zero, but that’s about it.  This is a helpful number to have because we don’t know the chance of getting a positive from someone who is in good health.
· If we are going to exclude them, we need to know it’s a case
· National study, compile data
· National trends, geographic distributions
· One standardized study sponsored by CDC and states could find healthy people willing to participate
· Academic study even
· Need for experimental studies
· Consider collecting stool samples from NHANES participants to determine the background carriage rate.  This would be a representative estimate.
· Do side by side testing of broth and CIDT
· We have existing data from centralized states
· Challenges of regulatory approval of tests
· There is a statute in the works right now that would change FDA’s oversight of diagnostic tests in general
· One way to do this is to require manufacturers to do their own testing before the product is approved, so they would have to test a sample of healthy patients and see if false positives come up
· CSTE take lead in national public health law
· Look at economics of exclusion
· Physicians are not always ordering CIDTs appropriately
· You may pick up a positive food worker but they were tested for IBS or chronic GI problems
· Food workers may deny symptoms but you will still find positives
· Are they colonized or are they cases that need to be excluded?
· CSTE will agree to do national guidelines
· In general, there are many circumstances where an epi/nurse can be confused on how to classify a patient (i.e. case, suspect, probable, not a case), and you cannot have directions for each one.

Breakout Group E: What can we do to prepare for additional changes in the future?	Comment by kowalcyk.1: Aimee, please insert your notes here.
[Aimee Geissler’s notes need to be included here]

Breakout Group F: Potpourri: Who should monitor? How to respond to variable test performance? Effect of loss of phenotypic AMR (antimicrobial resistance) testing? Are there other sources of data we should be using?
· Variable test performance
· ACIP should monitor new diagnostic tests
· Do not lump culture-independent test into categories; shiga toxin DIA and PCR are different, helps interpret results easier
· When making guidance, need to collect data on patients’ symptoms and performed tests from clinical labs and need more info on how CIDT positives associated with culture-confirmed cases
· Need lab results & clinical impression, not just lab results
· AMR – need isolates
· Can we monitor AMR with genomic testing?
· Do you need to do AMR profile on every single isolate? You need some for Shigella, but not for all Salmonella – short term yes, long term need to plan on testing things we can’t find
· Extend Biofire trend strategies to AMR surveillance
· Bring vet data to match with human data, useful for outbreak investigations
· Need guidance on how to interpret genomic/ genes results is useful, 
· CDC should give PH labs a more in-depth explanation of not only what the results are, but also how PH labs should be understanding the results, how they should explain the results to the clinicians, what does the results mean in a clinical setting (e.g. in an outbreak setting where the organism has a resistant gene that has not been expressed) so PH labs can advise the clinicians on treatment, etc.
· PH labs need to know the meaning so they can explain to the physicians
· Opposite opinion from a doctor –  there are scenarios where neither gene information nor phenotypic data help with treating patients. It is more complicated than just gene information vs. phenotype information.
· Foresee data gaps
· Data gaps have changed a bit. Greater burden on epis – they need to have the skills to know how to interpret the patterns, PH labs are doing more cultures
· Advanced software to recognize patterns - complaint system is doing it before Health Information Technology (HIT) surveillance
· Complaint system works for local outbreaks, but doesn’t for national outbreaks (rely on PFGE)
· Everybody is moving to WGS; every FoodNet lab will have to move to WGS
· Labs are doing PFGE & WGS at the same time, not sustainable, just for transition
· Nomenclature needed for WGS database 
· WGS Medical Lab Technology (MLT) could be used so people can communicate – 
· Using nomenclature will lose resolution for epi and PH, 
· We don’t want to dumb down the data but can use nomenclature as a start.
· Not enough staff to do both WGS and PFGE
· Need to narrow scope to PFGE when identifying outbreaks, can’t look at all shades the gray, wasting time
· National capacity for data analysis is the bottle neck
· What can we stop doing with the current CIDT technology?
· Serotyping Salmonellas
· Vibrio can’t be confirmed, no epi-link
· Subtyping on Shigella
· For co-infections with Campy and Giardia, what should we track down for epi?
· Interview data
· Feedback/lessons learned after investigation




[bookmark: _Toc517729403]Track 2: Preserving Isolate-based Surveillance Notes
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Overview of Track 2 Goals – Collette Fitzgerald and Kim Chapin
Goal for Track 2 discussion sessions: How can clinical and reference laboratories, industry and public health collaborate to maintain availability of isolates/specimens and support national surveillance?
Q1. Where are the nodes of opportunity in the total test process (from point of collection to reporting) to successfully intervene and improve isolate recovery and isolate/specimen submission 
Device industry
· What is the future of testing (non-culture based, POCT)? 
· What is the timeframe for testing technology change?
· How can federal agencies work with the medical device industry to make sure that public health needs are being met (e.g. that specimens collected are compatible with culture and with future DNA-based tests)?
· What are potential issues with isolate submission from manufacturer testing systems? 
· Can manufacturers find a way to preserve specimens within a test system for positive CIDT results?
FDA Device Clearance:  
· What else can FDA do to encourage reflex culture?
· Is there more that can be done with product inserts to protect public health needs?  
· Are current tools for searching cleared devices adequate?
· Can FDA require manufacturers to require/recommend users to conduct reflex culture for CIDTs?
Laboratory accreditation:
· What role can accreditation organizations and laboratory surveyors play in encouraging compliance with public health recommendations/mandates?
· How can laboratories be encouraged/incentivized to participate in organism recovery/ retaining specimens for public health surveillance activities?
· How might government agencies at all levels coordinate approaches to assure availability of isolates/specimens for notifiable pathogens?
Clinical/ Reference Laboratories
· What practices within the clinical and reference laboratories have changed since adoption of CIDTs?
· What are the specific challenges for reference labs dealing with a variety of state requirements?
· Who is responsible for requesting reflex culture isolation? For instance:
· The clinical setting where the specimen was collected and CIDT requested (the provider office?) 
· Are they reliable to request?  Do they know their state requirements? 
· Or is it the ref lab that detects a positive by CIDT? 
· Should clinical and reference laboratories set up an automatic reflex and know all the different state requirements depending on patient location?
· What are the technical challenges of reflex testing to obtain an isolate?
· How do you treat results from reflex culture? Who gets results? 
· What are the issues around reimbursement for reflex culture and unfunded mandates?
· If already charging a patient for a molecular panel, who do clinical labs bill for reflex culture?
· How can clinical laboratories gain recognition for unfunded public health surveillance work?
State/Local jurisdictional functions: 
· What practices within the public health system (laboratory and epidemiology - i.e. outbreak investigations/surveillance) have changed since adoption of CIDTs?
· What pathogens are being track for national surveillance?  
· Can laws be changed to require clinical labs to submit isolates or CIDT positive specimens?
· What are the pros and cons of mandating isolate submission?  What strategies have been taken / could be taken by states to mitigate the financial impact on clinical laboratories from such a mandate (e.g. mandating reimbursement)?  
· What alternatives to mandated isolate submission have been taken by states (e.g. funding PHLs to conduct isolate recovery)? What are the pros and cons of those approaches?
· How have states attempted and/or been successful at addressing isolate recovery for positive CIDTs?
· Is there a way to coordinate state approaches at national level, so clinical labs not have to deal with 50 systems as they change reporting technological advances? 

Reimbursement for reflex culture
· How can clinical laboratories get reimbursed for reflex culture?
· Can a patient be charged for a CIDT and culture for public health reporting purposes?
· Are clinical laboratories likely to conduct reflex culture on CIDT positive specimens if reimbursement was offered (either monetary or workload credit)?  
· What are the pros and cons of mandatory reimbursement (by state governments)?  
· What other approaches might be taken by government or NGOs to encourage voluntary reimbursement by payers?  Are there other ways that laboratories may be motivated to conduct reflex cultures?
3:10 – 3:25pm           Device Clearance & Review Process
Kim Sconce, Food and Drug Administration
· FDA review process for CIDTs 
· Devices are classified based on risk to the patient. They are classified by how much the benefits outweigh the risks.  
· Review process includes evaluations of benefits and risk of device for the patient 
· 3 device classifications
· Class 1 → low risk – general controls
· Class 2 → moderate risk – general controls and special controls
· Requires special labeling requirements and performance standards
· Special controls
· Regulatory requirements are specific to device type
· Predicate device
· Compare to previously cleared device with the same intended use and technological characteristics
· Substantial equivalence
· 510K must have evidence to substantiate that device is equivalent to predicate device.
· 510K is a regulation required by the FDA that requires device manufactures to notify the FDA about their intent to market a medical device at least 90 days in advance. It is also called the Premarket Notification (PMN). 
· Class 3 → high risk – general controls and premarket approval 
· General controls apply to all three device classes 
· For our purposes today, we will be discussing only Class 2 devices. Some examples of special controls can include specific labels and performance standards. 
· Each device has its own special controls guidelines 
· Manufacturers are encouraged to submit a pre-market application.  
· Free to submit
· Review of device design and intended use
· There is a review team to look at this in the FDA
· They receive written feedback but can request a face-to-face to help with a future 510k review so there are no surprises  
· Components of a 510k submission for review 
· Devices intended use 
· Identified predicate device 
· Device descriptions 
· Analytical testing
· Labeling
· Requirements: intended use, summary, and explanation 
· Review of Syndromic CIDTs for multiple pathogens
· Syndromic multiplex CIDTs
· Done on 1500 specimens
· Some multiplex tests cover a wide variety of pathogens while others only cover a very targeted group. 
· GI panels
· Does not require culture
· Blood culture/meningitis, and pneumonia panel CIDT 
· Requires culture as well because of the risk. 
· “Culture not required for clinical use” is the wording put forward by the FDA. Nothing is stated about the intended use. This is important because of reimbursement 
· Indications for Use Statement covers:
· Technology
· Microorganism targets
· Specimen types
· Intended use for population
· How results are to be used
· Package Insert Language
· Precaution related to public health reporting
· States that labs are responsible for following state and local rules for submission
· If the precaution is not in the insert, then FDA includes it during the review
· Some recourses that contain helpful guidance for what would be needed for devices.
· Not necessarily approval of the device but to ensure the package insert works in compliance with all state reporting laws; thus the need to clearly state that if a sample is destroyed by the device then another sample will need to be collected for reflex, etc.  
· FDA Resources
· More info on developing an 510k application
· Guidelines for highly multiplex devices
· Special controls and guidelines for GI multiplex panels
· Decision summary is a document that is written by a review team and contains a review of an 510k application
· There are more databases than the FDA database of 510k applications 
· FDA’s database
· De Novo database 
· Subset of FDA’s database
·  Only includes devices that are the first of its kind (i.e. there was no device to compare it to in the application process)
· Device classification 
· If you don’t know a product code for a device, you can search by general terms like name of analyte or name of multiplex.  
· You should select microbiology; otherwise you will get too much information.  
· Choosing the K-number next to the device provides a summary (written by the manufacturer) and the device’s decision summary (written by lead reviewer)
· PCH - gastrointestinal product code 
· Molecular tests only list 
· Database has a listing of cleared FDA devices, stratified by analyte 
· You can select the microbial tab to get the microbial only ones. 
· CIDT “working” group recommended 
· Home test kits could pose issues due to testing in different environments
· FDA is a regulatory agency so people would come to them to ask questions
· Number of initiatives to consider regulatory issues for exempting tests from the market currently required for 510k
· Can we come up with a list of tests that get additional exemptions?
· Some tests are being exempt from 510k submission

Q: You talked about CIDT working group - what is that? 
CDC established the working group. It was formed after the 2012 meeting. The group has since been suspended. This meeting is one step towards trying to figure out where to go from here using the work that has already been done. Do we still need this group? 
Q: There are reporting requirements with HIV hair test. Is this a strategy that can be used more broadly? 
It may just be NYC that has that requirement and it is not national. It is a recommendation to the manufactures to include this. FDA has said that companies are very receptive and have not had issues with it.  
Q: What do you do when the bacteria are killed in device and are not culturable?
In order to comply with state regulations, you must collect a second specimen. The users of the device are waived laboratories, so the specimen is denaturized. There is no viable specimen that goes into it. Is there a design requirement that can be incorporated into device? If a second test and specimen are needed, then it would be required. It would still be on the users. It could be in the labeling so the lab would have to implement it.  
Q: Would you say that manufactures are receptive to package insert language? 
They do a careful review of FDA’s recommendations for the package insert. If it is recommended, they put the new language into the package insert.  
Q: Labs under CLIA are required to follow manufactures instructors. Would surveyors do an investigation and cite the lab if they are not following the manufactures instructions? 
We look for the things that are difficult to perform. It is part of the lab’s general checklist and they are asked to comply. If you have a single test, it is easy but, when you get to multiplex tests, each state is different and you would be responsible for the collection device and the processing and shipping to the public health laboratory. Who is responsible to make sure it is being completed within terms of handling? Manufactures can help with this by making technology changes. 
Q: How can device manufactures help? 
Just being in the package insert does not allow for them to be cited. It is only the state requirement that allows them to cite the labs. Must obey the law and not the package insert.  
Q: Do you have plans to make it more practical to see what is new and what is coming? How do we know what the new tests are and how to get the information? 
Learn the product codes. Search for Preventable Controls for Human food (PCH) in FDA database to narrow down your search for foodborne tests. You can search for one particular type and all the others will be under it. FDA will also send out information about new products. Pre-submissions, however, are confidential and the FDA will not talk about it.  
Q: Are there lessons learned from the other panels? AST testing is used as the reason for requiring isolates. Are there lessons learned from trying to get state regulations to require it?
I think it would be a difficult process because there are so many CIDTs for pathogens. The individual CIDT test has a benefit/risk. If the CIDT was negative, we may decide not to culture. If you have excellence performance and no one is going to use that information, then it is considered burdensome. From a manufacturing industry perspective, the last thing they want is for you to require culture. There is nothing clinical that would mandate a lab to require a culture.  

3:25 – 3:40pm          Challenges and Industry Perspectives on CIDTs 

Kristen Kanack, VP Regulatory and Clinical Affairs at BioFire Diagnostics
· BioFire/FilmArray GI Panel
· Panel covers multiple pathogens 
· Bacteria, parasites, viruses
· If you need an organism, then you need to culture.
· Language about reporting is included in package insert. 
· 75% of US customers are using more than 1 panel 
· Opportunities from CIDT panels
· Diagnostic yield/coverage
· Time savings
· Polymicrobial detections
· Early detection of outbreaks
· Improved patient care
· Cost savings
· Patient satisfaction
· Simplicity 
· Decentralized
· Big Data
· The main opportunities they think about during development is surveillance 
· It is possible that CIDT result could lead to culturing for a pathogen we did not originally think to test for in the patient-provider setting.   
· BioFire Syndromic Trends  
· You can look this up online through the website 
· 2 panels 
· Respiratory and GI 
· Pretty close to real time and results are sent every couple of hours. 
· Cloud based data and all de-identified
· Using clinical lab partner information
· National and site trends 
· Co-infection data
· For a particular analyte, how often are you seeing it alone or with co-detection. 
· Comparing different regions of the world 
· May not be clinically significant
· Challenges they face as manufacturers 
· Not a week where they don’t have a lively discussion over a product 
· They are focused on syndromic panels 
· Every choice they are making has a cost
· What does it need to have and what can it not have?
· Begin with a syndrome (need to define that syndrome)
· Panel Menu
· What makes it to the report and how do you report it
· How do the results affect clinical decision making?
· User setting
· Point-of-care, lab or elsewhere?
· Is this test confusing?
· Sensitivity and specificity of the test
· Sample type 
· What is common practice (e.g. require Cary Blair)?
· Pick one sample type to start. If time and money allow, what other types of samples can be added?
· Population
· Multiple sample types are a challenge
· Sample type that is most useful to the most number of users
· Simplicity in user setting
· Direct swab sampling results in destruction of only sample collected (may need addition samples)
· Technical feasibility 
· Can’t take solid, must have something liquid
· Transport media
· The intended use of aa lot of transport medium is to preserve living organisms
· They don’t take into account if there are nucleic acids or nonviable micro-organisms in the sample
· Agar that is used may sometimes contain microorganisms
· Challenges faced by the manufacturers post-market
· User/clinician education
· May need to have them modify their practices
· Technical support
· Regulatory process
· Product surveillance
· Product improvements
· Funding/conducting research to support clinical use/outcomes
· Facilitating data use
· Policy input
Q: These tests are getting easier and easier to perform. What about direct to consumer (DTC) marketing? 
That is something that is talked about but we don’t think it will be anytime soon for CIDTs. How do we protect the integrity of the results in a DTC environment? Making a closed test goes a long way but it is not perfect. Nurse will be better at collecting a sample than someone doing it at home. Some states will only allow a little bit of access to the DTC due to the interpretation of the results. (Think 23 and me)
Q: We are having contamination issues in even lab testing due to lack of precautions. In a Physician’s Office Laboratory (POL) lab, many requirements are waived. What do you do when there is not a lot of regulation? 
Changed instructions to add extra emphasis on glove changes and cleaning. The more closed the system, the less cause for concern. POLs are worried about cross contamination of the specimen and want to put the direct swab for patient into the machine. Have concerns about multiplex in the settings. The volume of POL labs is too low to see some significant bump. From the other side, you can’t prohibit everything just because people are not experts.  Right now, we are still in an interpretation infancy stage. 
Comment: How can we make the information distributed more helpful in some ways? If there are ways to distribute Logical Observation Identifiers Names and Codes (LOINC) codes more easily, then, this may be easier.  
Comment: Talk about standardizing report codes. If all that data could be accumulated, you can do real time epidemiology.  
Q: Can labs sign up to put their data into the trends database?
Yes, they do. They need to get in touch with BioFire to put their information in there.  
Speaker Q: What opportunities are there to meet the public health needs?
· Creating software for everyone. Need a common coding. Everyone is developing software but not talking to each other.  
· Hardware changes are a lot harder. Changing platform is a lot more expensive.  
· Security issues cause a lot of problems. Public health information can’t be shared. Everything right now is manually collecting data
· It would be awesome if we could use the same system and same language. The information also needs to be pushed to the people who can do something about it.  
· In order to catch this stuff, you should manually look at it weekly. There needs to be an alert that goes out to let them know to look at the data.  
· There needs to be a way to automate letting know public health know something is going on (even if there are not isolates yet) and what isolates that they need.  
Comment: Stool and rectal swabs do different things. They may or may not get enough stool. Stool cultures are the one thing that laboratories and providers can stop doing based on current molecular testing. Molecular testing should get rid of the need for stool cultures.  A lab may get a tube of blood to do multiple tests. Finger stick assays from point of care will not give you enough to run that many tests.
Looking for temporary solution. Someone still must take the vile and culture the organism from it.  
Comment: Since hospital labs usually determine what specimens they are? Some places provide collection devices but they still get the wrong one due to the variety of devices. Cary Blair does not have the same viability issues. You will get different kinds, requirement stability, transport, etc. 
Comment: Labs can reject specimens if you are not getting the right type, but it is not popular. You have to think of the patient first, and wonder if they can actually get another specimen from the patient.  
Q: How do we retain culture recovery? 
Comment: Do we recommend that all public health labs have an initial specimen be collected in a Cary Blair transport? This at least allows for some kind of preservative for culture isolate. 
Q: How often are devices used that you cannot collect specimens? 
It depends on the one you use. Some places get frozen specimens. You can't culture frozen specimens.  
Comment: In a reference lab, they need an order to do another test. Who gets the bill and the results when getting a culture? How do we answer that? If they need an order, then the person gets the results.  
Speaker Comment – Industry view on how to meet public health needs: They want to support public health and provide a test that provides clinical relevance. But again, it is a business. If we are considering moving away from Cary Blair, they would recommend collecting a second sample but need to talk about what the recommendation would be.  
Comment: Most places can’t charge for reflex culture or get paid for it.  
Comment: Trying to convince hospital administration that, if they make reflex culture standard practice, it could save money later. That potential cost avoidance is hard to sell. Someone has to agree that it is worth the cost. Wondering if we could do outreach and education where the professionals talk to the manufacturers.   
Comment: We need reporting to be easier, whether it is the coding language or measuring positive results in real time.  
Comment: Something that would help on the regulatory side in selling the outbreaks to the people is getting insurance companies to join in on the conversation. We started seeing denials for CIDT testing from insurance in January (there are articles on insurance rejections). One thing that would be useful is showing the trend about how much faster we detect outbreaks today compared to 5 years ago. Payers need to be part of the discussion to continue using CIDTs. There are data but that information is not going to the right places. You need an algorithm that is going to pick up some of the outbreaks.  
Speaker Comment: BioFire trend program is trying to develop that algorithm. Outbreaks are not published enough or have not been related to food.  
Comment: How do we balance local outbreaks and national outbreaks in the prioritization process? National outbreaks are usually related to mass distributions of food. A lot of local outbreaks are due to food handling errors. These panels give us information in specificity of the lab test that we have not had before.  
Track 2: Gaps / solutions/ next steps Day 1 Summary
Technology planned by manufacturers
· Industry continues dialogue with stakeholders about novel collection devices to support industry development as well as isolate recovery/ public health needs. 
· Next steps?
· Would need design-features built into existing/new platforms that would preserve specimens 
· Could be challenging from engineering or manufacturing/production standpoint
· Manufacturers need to inform end users on whether collection device can support isolate recovery
· Action item: How? Package insert PH language?
Public Health Language in package insert
· Precaution related to public health reporting
· States that labs are responsible for following state and local rules for submission
· Is there consensus that public health product insert language is good/ needs modification?
· CLIA regulations say labs must follow state/local requirements; so, the lab could be cited if they don’t.
· Part of CAP laboratory checklist
· Action item: What process to inform accreditation surveyors/CLIA surveyors and educate labs about the state reporting laws and to ensure they are aware of the possible need for a second sample depending on the device they are using? 

Gaps identified:
· Funding or reallocation of funding resources for reflex culture
· Limited funds for reflex culture in PHL’s and lack of knowledge in PHL’s about the available federal funding
· Unfunded mandate for clinical/reference labs to do reflex culture 
· Reference laboratories cannot bill for reflex testing
· Outreach/Education – need a stronger public health voice 
· Providers
· Understanding tests that they are ordering 
· State health officials (ASTHO)
· Both engaged and actively encouraging the conversation to improve the current situation regarding a lack of funding for reflex. 
· Learning about the topic/advocacy within state
· Public health laboratory  
· More information on funding sources if available 
· Payers
· Lab accreditation inspectors/CMS surveyors?
· Developers/manufacturers
· Once plan is developed, need a comprehensive communication plan with consistent messaging that can be used by multiple stakeholders.
Communication challenges
· Between clinical laboratories and public health laboratories 
· Clinical labs do not know about the public health outcomes (recognition of shared knowledge of contribution)
· Between laboratory and epidemiology colleagues?
· Could all labs recommend at a minimum one specimen from each patient be available for reflex culture?  
· If diagnostic test destroys specimen, then the lab might not be in compliance with state submission regulations.
· May need to collect a second specimen
· Can we work with industry to demonstrate public health impact and need for non-destructive testing to allow for reflex culture?  
· The need for a second sample would depend on the CIDT they are using. If the device will destroy the specimen then a second one will need to be collected, or one large sample that can be separated into 2 so that a backup is available for reflex if needed. 
· We have an assumption that all manufacturing companies know that culture specimens are required for public health needs 
· LIS/IT challenges from clinical and public labs using multiple systems and multiple vendors. Reporting needs to be easier and real-time. Need automated way to push results to PH within system that generates alert triggers, both regionally and nationally
· Action item: Look at trend data available from different platforms; assist public health to target public health action
· Payers need to be part of the solution discussion.
· Action item? Need to show value of culture recovery 
· Public health needs to show trend data on how outbreaks are being detected to support need for reflex culture
· How do we accomplish this?
· PulseNet cost benefit paper – do we need other data sources? 
· Cost analysis data gap?  What are the costs to public health/ clinical labs to perform reflex culture? 
· Concern over multiplex CIDT tests (e.g. respiratory panel) being waived test (meaning a technician does not require specific training to perform the test). 
· Establish new working group to continue discussions/work on identified action items from this meeting? 
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9:00 – 9:15 pm         Laboratory Accreditation: Perspectives from the College of American Pathologists (CAP)

Kathleen Beavis: University of Chicago and CAP
· CAP 
· The second largest medical society in the US. 
· Laboratory accreditation program was launched in 1961 
· First accredited lab was in Alabama in 1963. 
· There are over 70 committees working on providing issue (any issue the organization deems to be a problem which can include: policy, pathology, etc.)  solutions  
· They began inspecting labs under CLIA (Clinical Laboratory Improvement Amendments) in 1994. 
· Focused on expert design
· Discipline-specific experts
· 21 discipline-specific checklists
· Standards are the broad principles, whereas the checklists are the requirements for accreditation
· New edition of checklists published on annual basis
· Checklist question GEN.20374
· It applies to each section in the laboratory (GEN)  
· Lab has a policy to ensure compliance with applicable federal, state, and local laws and regulations
· Includes shipping, materials, reporting results, etc.
· It is essentially a guide for what inspectors should be looking for
· After the lab has been inspected, labs have 30 days to address non-conformance. 
· If the lab failed part or all of the inspection, they must submit evidence (photos, etc.) of corrections
· They can be accredited only after non-conformance is corrected.
· The accreditation requirements are the same worldwide
· The inspectors are peer based
· How to make checklist changes?
· Anyone can suggest checklist changes
· Inspectors, previously inspected labs, public, APHL, etc.
· Suggestions must be submitted by the Fall of each year
· Suggestions are reviewed by a committee and they can make a suggestion, accept the change, reject it, or refer it to other peers within CAP
· Changes to checklists occur due to:
· Changes in practice
· The need to clarify intent of requirement
· Promote best practices
· Incorporate changes to regulations and guidelines
· Fix problems seen repeatedly
· Reasons why all best practices don’t become checklists
· CAP looks for evidence of compliance with checklist items
· Ideas need to withstand the test of time and be evidence-based
· Best practices from different groups don’t always align (test needs will vary)
· Unintended consequences 
· Example: Will the clinical lab now be required to send something out and delay answers because they no longer have the appropriate equipment?
· Size, patient demographics, and local expertise can allow differing practices 
9:15 – 9:30 am         Perspectives from Reference Laboratories 
Dale Schwab, Senior Scientific Director of Infectious Disease at Quest Diagnostics Nichols Institute (Reference Laboratories)
· Reference Labs
· Reference labs are clinical/private labs that do testing on specimens referred to them by physicians
· The labs need to meet state public health reporting and specimen/isolate submission requirements
· Are not currently doing CIDT but know they will need to eventually because that is the direction other laboratories are going. 
· Over two-thirds of the states want to have isolates.  
· Some states have detailed language of how to collect this and others do not
· Current practice for stool
· Subcultures submitted per state requirements
· No physician order is required
· Regulatory Challenges
· Most states do not specifically address CIDTs
· Reference labs require order for additional testing on specimen (doesn’t usually happen if not medically necessary)
· This begs the question of should the physicians put in the order for additional testing anyway, even though it is of no medical benefit to the patient?
· Cannot do testing without an order
· A lot of labs are not maintaining the culture
· Some labs get frozen stool
· If so, they may not even bother culturing because freezing makes it difficult to culture
· CIDT Coding
· Do reference labs need to create a code for CIDT without reflex and one CIDT + reflex?
· Specific codes: for public health, for patient, etc.
· Need to distinguish between a diagnostic culture and an isolate recovery culture
· How to report results?
· When things are detected how do we report it?
· Who is the report going to?
· How is the doctor going to use and understand the report?
· A CIDT with reflex culture will likely go to the patient’s medical record and the physician needs to understand the report (especially if CIDT and culture have conflicting results)
· How would public health get the report?
· Who pays for additional testing?
· Is it the submitting lab, the patient, the insurance company, the state?
· Unless mandated, insurance is not going to touch it because it is not actually patient care
· Could reference labs set up a billing program to states for funds to pay for the recovery of isolates?
· Currently, the expense of sending the specimen for culture is getting put back onto the clinical labs
· Need specific wording for CIDTs with false positives
· Challenges of Isolate Recovery
· Molecular methods don’t require organism viability
· Can accept refrigerated or frozen stool
· Cary Blair vendors have different stabilities and different transport temp stabilities
· The lab could reject if it doesn’t meet stability standards
· CIDT vendors have different specimen requirements
· Raw, refrigerated, frozen, Cary Blair
· Changes in lab practices necessary?
· Should CIDT on stool only be ordered with reflex?
· Should Cary Blair transport always be required?
· Should Cary Blair stability requirements be relaxed for recovery?
· Should labs employ culture enrichment techniques such as Selenite Broth for Salmonella, GN broth for Shigella, and Campylobacter thioglycolate medium? Is it worth the additional costs for the changes?
· Reference Lab Wish list
· National standard for how to report organisms and which need isolates
· Flexibility in submitting specimen in Cary Blair transport vs isolate
· Vendors should state the requirement of a specific Cary Blair medium
· Government funding for isolate recovery
· Public health develops metagenomic techniques soon 
· Better transport media for isolate recovery
9:30 – 9:45 am      Reflex Culture & Reimbursement: Addressing Unfunded Public Health Needs 

Vicki Baselski, University of Tennessee and Michele Schoonmaker, Device Industry 

· Shared test results have significance for patients other than those on whom samples were drawn. 
· Unfunded mandates: From clinical lab perspective
· Clinical lab gladly does the work but they need a way to get recognized and funded for their work
· Report notifiable diseases
· Submit specimens and isolates
· Perform isolate recovery 
· Perform data reviews in outbreak situations
· Payment paradox
· How can unfunded mandates be recognized and funded?
· Regulatory pathways (stick)
· Or pay somebody to do it (carrot)
· 3 ways clinical labs receive payment for services
· Retrospective (fee for service)
· Based on AMA, CPT, or CMS HCPCS codes
· NCCI defines "correct code edits" as conditions for payment
· May not be able to use a certain combination of codes even though it’s a mandate
· Insurers determine medical necessity and if it will be paid for
· Action item: Allow co-coding of CIDTS and CBTs
· Need to document that the work has been done even if not paid
· Require a CPT code for isolate recovery and shipping (add on payment?)
· Prospective 
· Determine ahead of time what you are going to get paid for without knowing exactly what you are going to do
· DRGs and APCs or care bundles
· MRSA screening is already included in pre-admission
· Still need to code for documentation
· Action Item: Ensure algorithms and protocols for testing include compliance with infection prevention and public health requirements
· Introspective Payment
· Value based payment based on achievement of certain performance based metrics
· Action item: Should conduct surveys of labs for payment incentives for compliance w/ infection prevention and public health requirements (avoid penalties too)
· Economic modeling
· Relative cost and effectiveness of various options
· Is it worth it? (vs can I afford it)
· Demonstrating economic benefit (include costs)
· Conclusions
· Need recommendations for proper coding (fee for service)
· Propose metrics for value based payments
· Develop cooperative practice guidelines for syndromes of public health concern (appropriate testing)
· Ensure that it is addressed in current guidelines
· Public (or private) initiatives
· Action Items: Need a reimbursement work group to build buckets of activities that need to be performed
· How do we credit for what we do?
· Example: Antimicrobial stewardship would not have existed without laboratory help
· Use stories how our activities have benefited public health
· Action Item: Provide information via literature about the impact of laboratory medicine (huge population benefit)
· If you can show you can reduce healthcare associated infections, bonuses are provided
· For every dollar spent in public health, what is ROI in preventing breakouts in the population?
· Action Item: AHIP
· Gap: need another cost analysis
· If there is a public health mandate, public health "should" be funding the activity or be funded to do the activity
· Form work group for decision analysis (looking at various variables)
· Make public the funding available
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1:15 – 1:35 pm	Overview of track 3 goals & challenges – Heather Carleton 
· Gave back ground information on how to do surveillance of enteric pathogens 
The Challenge of CIDT for Molecular Surveillance 
Impact of Foodborne Diseases in the US  
· In the United States, each year, 1 in 6 Americans (or 48 million people) become ill with a foodborne disease, leading to 128,000 hospitalizations, and 3,000 deaths. It’s widespread and expensive costing over an estimated 15 billion dollars a year.  
· Foodborne pathogens have huge cost in term of medical cost and time away from job. 
· Even after 300 days, some people were positive for CIDT that tests for Salmonella. 
The Objective:  
· Identify the best approach to continue foodborne diseases surveillance from specimens for PulseNet pathogens  
· The focus is on the higher priority pathogens: 
· Salmonella enterica  
· Diarrheagenic E. coli (STEC/Shigella)
· There are others covered by PulseNet (Campylobacter, Yersinia, Vibrio, Listeria …)
Current public health surveillance workflow for food borne diseases 
· The patient gets sick  visits a doctor (who asks for specimen) clinical lab gets the specimen and conducts culture  isolate goes to the public health lab which conducts molecular subtyping for PulseNet (national network for FBD surveillance) 
· Time from specimen to molecular subtype 2-4 weeks (several weeks) vs. CIDT which is quicker  allows sooner identification of pathogens (Advantage but there are challenges)  gets information to patients and clinicians sooner  decreases population exposure 
PulseNet (The National Molecular Subtyping Network for Foodborne Disease Surveillance) 
· PulseNet detects and connects outbreaks, prevents illness and saves a lot of money in terms of reducing the medial costs and loss of productivity. PulseNet is in all 50 states and in several local public health departments. For the last 20 years, the primary molecular surveillance tool has been PFGE but it will be replaced by the WGS by the end of this year for all enteric pathogens. WGS needs standardization to get the same results from different labs. The primary pathogens in PulseNet are Salmonella (45,000 isolates/year) and STEC (10,000 isolates/year). PulseNet saves lives and prevents illnesses; it saves about half a billion dollars every year which is a good investment.  
· The advantage of PulseNet (regardless of the method) is that it ensures comparability between different labs. PFGE has been standardized in PulseNet. For WGS, we are building analysis tools to standardize so we can compare. 
The work flow for WGS  
· DNA extraction and library prep – 4-8 hours (standardized protocols) 
· Sequencing 24-36 hours (lab has to pass QC thresholds for sequence data from isolates before entrance to our surveillance system) 
· Analysis 2-4 hours (decentralized databases in all public health labs with centralized analysis capability and bioinformatics capabilities in some). 
· Our focus is to make the bioinformatics tools are simple and straight forward as possible, and standardized to be able to compare the results from different labs without running the entire analysis. 
· Interpreted phylogenetic tree – 1-2 hours for gene by gene approach or single nucleotide polymorphism approach (epi identifies related cutoffs/interpretation criteria). 
· Phylogenetic trees are different if it is point source outbreak or zoonotic disease outbreak. We need to learn how to interpret them. 
· Currently, all 50 state labs have the ability to do sequencing and several local labs do.  Five federal labs are also certified.
· PulseNet certification means producing sequencing with the quality we are looking for to be able to do analysis.  
· The work flow of surveillance using PulseNet takes several weeks from collecting the specimen to the molecular subtyping using PFGE ($25/specimen). 
· While using WGS as a tool for the surveillance gives better resolution and identifies more outbreaks especially for Listeria monocytogenes (which are advantages), WGS still needs cultures and each sample costs $120 (to run 16 samples). 
· Outbreak investigations are done in cooperation with all the partners.  
· Surveillance needs to transition to testing directly from the specimen and we need to figure best approaches. Therefore, the workflow of the surveillance needs to be adjusted to meet the requirement of the APHL using quick and accurate tools such as metagenomics.  
Requirements of specimen-based public health surveillance/ Requirement at the Public Health Lab 
First, it must fit with the requirements of public health laboratories:
· Protocol must be with in standard 8-hour  
· Cost/sample must not exceed $150 
· Sample-to-answer total time must not exceed 72 hours 
· No purchase for expensive equipment or can be used by different users. 
· Analysis will be submitted in centralized fashion. 
· Ideally, the analysis results from specimen analysis should be comparable with the analysis results from isolates sequencing so we do not have two surveillance systems.  

The challenges are: 
· The differentiation between the signal from target pathogen versus the microflora or human DNA background 
· Multiple strains in stool specimen 
· Other non-pathogenic E. coli that is closely related to pathogenic strains 
· The complexity of the stool sample 
· Some CIDT approaches inactivate the specimen so there is no ability to culture later
· The nucleic acid preservation in the sample while retaining high quality 
· Identifying the minimum data required in case of metagenomics or targeted amplicon sequencing 
· Establishing the gold standard that will be used
 
1:35 – 1:50 pm	Stool nucleic acid preservation – Andrew Huang 
Stool nucleic acid preservation (SNAPs) has many challenges: 
· Challenges with SNAPs 
· Appropriate storage of sample materials is essential to avoid introduction of post-collection bias in microbial community composition. 
· Hidden gaps, such as time constraints, occur between sample collection and submission to PHL for processing. 
· Stool samples stored at room temperature from 3 h to two weeks affects DNA integrity and fecal microbial community structure. 
· Suggested solutions: 
· Several common preservation buffers such as Omnigene Gut collection and stabilization kit, Zymo DNA/RNA shield and Norgen stool collection kits are potential alternatives for SNAPs. 
· Both Norgen and Omnigene proved success in maintaining stable input levels of bacterial DNA, stable community composition. Short-term shift to higher temperatures during incubation does not have a large effect on preserved stool. 
· Long term DNA stability is an option with Zymo DNA/RNA shield. 
· If ultra-low temperature storage is unavailable, changes to microbial composition can be minimized by storage and transportation of samples in commercial buffers.  
· Recommendations from audience: 
· Controls still need to be studied to ensure the validity of commercial buffers in terms of how DNA degradation in preserved samples could impact community structure. 
· Important considerations for studies involving metagenomic analysis of fecal samples include preservation, which could have the potential to introduce substantial alterations to microbial community profiling. 
· Redesign of swabs should be considered to ensure adequate sampling of stool without introduction of contaminants. 
· Future directions include selection of one true SNAP, checking Zymo compatibility with DNA extraction kits and performing hot truck experiments.  
· Funding secured by PHL for culturing preserved specimen should be considered to avoid delays that impact specimen instability.
1:50 – 2:05 pm	DNA extraction approaches and biases – Jonathan Jacob
· How samples are stored and transported, DNA extraction procedures and type of molecular testing to be conducted impact downstream applications such as sequencing and metagenomic data outcomes.  
· The choice of DNA extraction method influences outcomes of the microbial community structure analysis and disease diagnostics. 
· Accurate and quantitative metagenomic results depend on clinical sample preparation and data analysis. 
· Idealized NGS-based CIDTs for infectious diseases have to overcome several challenges such as: 
· Reducing inhibitors 
· Incomplete release of pathogens from the sample matrix 
· Reducing unwanted human DNA background 
· Low titer of pathogens in the clinical samples 
· Quality of nucleic acid input for Next generation sequencing (NGS is not just about DNA) prep kit needs to be improved for preparing high quality sequencing libraries.  
· False-positive results can lead to an apparent but erroneous increase in the incidence of disease. 
· The selection of kit chemistry really matters.  
· Sample types are different in terms of nucleic acid input quality (Stool is complex than blood and CSF and require different extraction methodology).  
· NGS-based CIDTs have biases: 
· Positive and negative controls need to be run along with the unknown samples. 
· Smart assay designs such as dual indexed libraries increase precision of outcomes. 
· DNA extraction approach needs to be validated and locked down. 
· Curated database for NGS analysis is a mandate. 

2:05 – 2:20 pm	HMAS approach – Amanda Williams Newkirk  
From CDC side, we are working on three basic areas:  
· Nucleic acids preservation for subtyping. 
· Amplicon sequencing (1,000’s of MLST targets) to keep the subtyping going for PulseNet.  
· Shotgun metagenomics (enrichment of pathogen targets and unbiased sequencing) 
· Focus is Highly Multiplexed Amplicon Sequencing Panels panel and its data analysis. She illustrated the use of HMAS and its design, which depends on short, informative regions of single copy core genes, pathogen specific primers, 100’s – 1000’s of amplicons that works with total DNA from clinical stool sample. They are using the Partial cgMLST approach. 
· She explained how to fit the HMAS in the public health lab workflow through having pathogen specific panels.  
· Some characteristic of Optimal HMAS Wet Lab Platform: 
· Ideally per sample cost would be comparable to isolate WGS (total <$100)
· Library prep time would be comparable to isolate WGS (1-2 days)
· Less hands-on time is better
· Lower protocol complexity is better
· Scales well for both low and high capacity labs
· Ideally we would like to see modular assay format
· Lower protocol variation between panels is better. 
· There are Salmonella and E. coli specific panels. 
· Compared two types of the Commercial HMAS Platforms, the mechanical and the chemistry based: 
· Mechanical 
· Primer pools modular 
· Single protocol across assays 
· ~50% hands-on prep 
· Simple, scalable workflow 
· Chemistry-based 
· 1-2 primer pools 
· Each assay individually optimized 
· ~ 90% hands-on prep 
· Complex, poorly-scaling workflow 
· Also compared between the HMAS and WGS, especially in terms of time and cost which are the most important aspects. 
· Fluidigm Juno is a microfluidic thermocycler that is used with a specific chip and you can use up to 100 primer pairs. It was tested on stool-derived isolates. How much DNA you can load in the machine? 6.25 
· To test the efficiency of these platforms, they used targets of the antibiotic resistance genes. Juno Testing was done with AR Panel and spiked stools. 
· Showed some data interpretation of one of their experiments using the AR panel. Stool sample was obtained from single healthy donor and spiked with a resistant Salmonella isolate from the CDC AR Bank. When the panel was run, they were able to see the genes in the stool alone, the genes in the isolate (spiked at 1% total DNA), and some off target amplification. Total amount of input DNA was flexible with little loss in signal. 
· They were able to see the Salmonella genes using HMAS panel and HMAS results on stool match isolate HMAS.   
· Remaining challenges and issues that needs to be solved include: 
· Reagent contamination,  
· Sensitivity and specificity.  
· Off-target/unexpected amplicons 
· Data analysis/interpretation (e.g. calling genes as present with partial data, confidence in presence/absence calls) 

2:20 – 2:35 pm	FLASH (Finding low abundance sequences by hybridization) – Chaz Langelier  
· There many cases in which current diagnostic methods are unable to detect the causal pathogen (e.g. 52% of cultures were negative for C. difficile in one study), so a new technology is needed to address this gap and identify hard-to-detect pathogens. 
· Lower respiratory tract (LRT) infections can occur through microbiome diversity loss and pathogen dominance.  
· Most respiratory tract infections result from the interaction between the pathogen and commensal microbiota.  
· A study presented showed that, by looking at sequencing results for pneumococcal infection, a relative abundance of a dominant pathogen could be separated out. Incorporating RNA seq. at the same time provides a two-dimension resolution and information on RNA viruses.  
· To predict if someone has a pathogen or commensal, generated a logistic regression model that incorporates relative abundance by DNA and RNA sequencing and reference indices for respiratory tract pathogens and scoring matrix. The performance of the model was quite good when a cross validation was made. 
· RNA sequencing was utilized for assessing host response to infection and 879 differentially expressed genes were found. Those genes are involved in innate immunity, cytokine production, interferon and Nf-KB signaling.  
· According to another study presented, the mNGS sequencing also has been used to detect AMR determinants in pure cultured Staphylococcus and from the direct clinical specimen. There was a big difference between the two cases. This suggests a need for approach to detect specific genetic determinants in low abundant pathogens in complex clinical specimens. 
· mNGS may enhance capabilities by providing culture-independent and comprehensive measurement of microbial composition in clinical specimens. 
FLASH  
· FLASH is a novel technique:
· Cuts specific sites of interest in a DNA library or other samples prior to sequencing or other molecular counting applications;  
· The newly exposed ends of the DNA are then ligated to specific adapter sequences that allow them to be amplified;  
· A single PCR step using only a pair of primers specific to the adaptors can amplify hundreds, thousands, or millions of different sequences, in a fully programmable way;  
· Currently using this method to target antibiotic resistance genes. 
· Enriching low-abundance sequence-based methods lacks efficiency, is expensive and difficult to optimize, but FLASH can overcome some of these limits. 
· FLASH has several advantages: 
· Large number of sequences can be targeted simultaneously 
· Applicable to sample of any origin 
· Compatible with use in any next-generation sequencing platform. 
· Targeted sequences and high quality sequencing reads are better with FLASH + NGS 
· Low DNA input is required in case of FLASH + NGS  
· FLASH can be used for LRTI pathogen detection where conventional methods usually can’t be used.  
· The genome sequence of a divergent human rhinovirus C isolate identified from an infant with a severe community-acquired respiratory infection.  
· FLASH could assay host transcriptomic response to infection such as detection of differentially expressed genes related to innate immune response.   
· Using FLASH, enrichment of low-abundance genes by over ten-fold occurs as compared to randomly fragmented cDNA libraries derived from patient samples. 
· FLASH seems promising but challenges come up such as more information are needed about validity and verification. 

2:35 – 2:50 pm	Shotgun metagenomics & bait capture approaches – Andrew Huang 
· Gave some explanation about the feasibility of using shotgun metagenomics to sort the sequences by species and subtyping with unbiased targeted information and for detecting unknown emerging pathogens. Unfortunately, will be expensive. So, shotgun metagenomics is our long term strategy as an unbiased and broad assay but still needs to be cheaper and more sensitive.  
· The big question is: Can we sort these sequences by species? For example, can we sort STEC from background E. coli? The fundamental problem with shotgun metagenomics is that all different types of the whole genomes are turned into pieces and ideally, we want them all back together again. So the question is whether shotgun metagenomics or HI-C approach (different type of metagenomics that uses the whole sample without lysis to turn DNA into fragments and then recover the whole genome) can sort that as well. Have used metagenomics shotgun to sequence 24 disease-state stool samples with matched pathogen isolates and the analysis is ongoing. No culture time needed but downside is cost. 
· We used the Shotgun Metagenomics with a number of healthy spiked and diseased stool samples and some of these data are in the process. Another approach is the Bait capture approach for targeted read binning. 
· Compared the cost and time of the different approaches such as NGS, HI-C, metagenomics shot gun and Bait capture. NGS, which is the current standard, takes 96 hours and costs $150 whereas shotgun metagenomics shotgun takes 48 hours and costs $500. The time estimates are from raw sample (stool) to sequence, not including bioinformatics analysis.  
· Talked about the future direction of shotgun metagenomics and his studies, such as using FLASH Cas9-gRNA systems, piloting bait capture systems and further Hi-C work with known outbreak samples 
Q:  Why do you want to use approaches if it is more expensive than shotgun metagenomics? 
· Because we can get more information from it.  

3:10 – 3:25 pm	Lessons learned from installing NGS systems worldwide – Patrick Chain 
· Patrick spoke about Los Alamos National laboratory contributions to genomics research from 1982 (GenBank sequence database developed) until 2016 (developed of internationally deployed web-enabled NGS bioinformatics system). 
· In the last decade, many different bioinformatics centers, many different applications, different bioinformatics tools and databases have been developed. 
· Standardized platforms of bioinformatics are needed. 
· Empowering the Development of Genomic Expertise (EDGE) is a platform that was developed to help biologists process NGS data even if they have little to no bioinformatics expertise.  
· EDGE is a good platform for data standardization, integration, visualization and dissemination 
· EDGE provides the following analytical workflows: pre-processing, assembly and annotation, reference-based analysis, taxonomy classification, phylogenetic analysis, and PCR analysis. 
· EDGE provides an intuitive web-based interface for data visualization. 
· Bioinformatics is complex and approaches differ by target (intended use for pathogen detection is different from epidemiology or metagenomic analysis). 
· Some challenges and lessons learned 
· Challenges regarding infrastructure and architecture
· Memory (RAM) considerations, # CPUs, storage
· Single server, compute cluster, etc. 
· Operating system 
· Installation requirements 
· Unexpected/new lab-specific protocols for NGS (such as new kits, chemistries) 
· Needs updates
· Operating system, programming libraries, programming languages
· Bioinformatics tools 
· New tools (new classification/pathogen ID, AMR/virulence gene, targeted NGS, biosurveillance, viral discovery, RNA seq. / DE, outbreak analysis) 
· Databases just keep growing
· Simple and straightforward system is needed for data upload and processing and analysis so public health surveillance can benefit from bioinformatics. 

3:25 – 5:00 pm	Discussion  
Q: How clinical will deal with the stool nucleic acid preservation? 
· Stool nucleic acid preservation is not expensive, in general, but clinical labs need funding to submit preserved specimens to public health labs. 
· Adding preservatives to clinical specimens does not make any sense if they stay at room temperature for 3 hours before reaching clinical labs. 
· Ideally the preservative should be added as soon as stools are collected by patients.  
· A future solution for immediate specimen preservation could be ordering preservation kits either by the patient or the clinical labs through available ecommerce options such as Amazon. 
· The chemistry of stool nucleic acid preservation has to be figured out. 
· Preservation of nucleic acid extracted from stool by clinical labs that use molecular diagnostics (such as PCR) could be alternative option instead of keeping the isolates. 
Comments on Wet Lab Challenges 
· Testing high number of samples could break down the cost when considering adoption of newly developed approaches such as FLASH, HMAS or shotgun metagenomics. 
· Cost per sample for FLASH is only $10, Guide RNA (gRNA is required to direct Cas-9 to the genomic loci) can stay for years under proper storage conditions and the Cas-9 could be purchased via commercial vendors. 
Q: What is lowest amount of nucleic acid needed to make a good library using HMAS from complex samples such as stool?  
· HMAS approach sometimes has low recovery issues depending on the type of bacteria and the type of sample; for example, samples from patients with inflammatory diseases have high human DNA in the background. 
· It is feasible for targeted approaches to use nanograms of input nucleic acid to identify targets. 
Q: Is sorting of cells from complex matrices such as stool a challenge?  
· Sorting of cells in a complex stool sample is a challenge; however, sonication or electrophoretic cell sorting could be possible solutions.
Comments on databases:  
· High quality data in repository databases are needed for robust and accurate data interpretations.  
· For detection and accurate annotation of AMR and virulence factors, a comprehensive, well-curated database is essential. 
· Data analysis and interpretation is a major challenge in NGS- based pathogen identification and outbreak detection because: 
· The reference genome database is currently incomplete and highly biased because of the limited number of well-represented phyla in these databases;  
· Genes derived from metagenomic data sets, particularly those with minimal assembly, are often fragmented and produce incomplete alignments;  
· Erroneous gene calls are sometimes missed by automatic gene callers because of their small size.;
· Conserved genes represent only a small fraction of the total metagenomics data set. 
· There are many aspects that can lead to pathogen mis-identification when using metagenomics such as:
· Incomplete databases
· Mis-annotation
· Bias in databases
· Mis-classification of organisms.   
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8:45 – 9:30 am	Overview of Day 1 and discussion – Tom Slezak
 
· Not clear if ANY easy single solution will meet all needs of clinical labs and public health; a spectrum of solutions may be needed to support both low and high-volume diagnostic needs. 
· Unbiased metagenomic NGS is simply too expensive for the foreseeable future to be a solution for this community. 
· Wonderful things are being done with the Oxford Nanopore MinIon, but stool is too complex for the low bandwidth of that device. 
· PCR-based targeted NGS has some promising potential solutions for the Illumina platforms that are in public health labs. Developing the right set of primers that work well for all strains is not trivial and will require some tuning as newly encountered strains cause some amplicons to drop out due to mutations. The technique scales to many thousands of amplicons, which is likely sufficient for many uses (but not necessarily for full-genome recovery from stool primary samples of all desired pathogens.) 
· Hybridization-based targeted NGS is catching up with amplification-based targeted NGS. If library prep time is reduced to compete with amplification approaches, the inherent scalability of hybridization-based targeted NGS could potentially permit attempts at full-genome recovery from stool. This could enable local acquisition of data that would enable CDC to link outbreaks without the need to send isolates. 
· Data was shown that indicates that genomic data can predict some antibiotic resistance determinants.  Mapping antibiotic resistance from genomic data deserves a lot more study. 
· The sensitivity of amplification vs. hybridization targeted NGS needs to be established (equivalent panels against same samples; both spike-ins and clinical). 
· Novel techniques (HMAS, MSSP, FLASH, other Cas-based systems) bear watching but are still too early to call as potential winners.  
· Bioinformatics is oversimplified in most workflow diagrams! It is far more complex than just the single last box implies. 
· Bioinformatics for patient diagnostics may be different than bioinformatics for epidemiology purposes (e.g., the former needs to get a single call correct, whereas in an outbreak, you need to get the cluster characterized correctly but not necessarily each individual member of that cluster) so thresholds for making calls might differ. 
· Databases are hugely important in analyzing NGS reads. Quality is paramount, and strain coverage is also important.  
· Commercial solutions may end up using proprietary databases to differentiate solutions. 
Q: How much genome we need for outbreak identification using mNGS sequencing? 
· The amount of sequence data and how much genome required depends on the number of target genes investigated and the type of pathogen (Campylobacter vs. Salmonella). 
· How much genome is needed to address full characteristics of an outbreak should be figured out when selecting the appropriate technology. 
Q: How many targets are needed in the genome for targeted approaches? And which is better for outbreak clustering? How about non-targeted approaches? 
· How many targets can be empirically done? We need to know how many SNPs and what proportion of the genome you need to cover.  You can reveal some determinants like antibiotic resistance using target approaches. However, if you are looking at outbreaks and you need to cluster using whole genome pieces of different genomes in different samples, that will not be useful.  
· Targeted approaches based on amplicon sequencing such as 16s/18s rRNA gene are useful for outbreak identification because they profile of what is present and provide fast and cost-effective identification of variety of bacteria and eukaryotes. However, they do not capture gene content other than target genes (like missing some information about AMR determinants), have amplification biases and cannot detect viruses. 
· Targeted sequencing is better for analysis of outbreak clusters if you know what you are looking for. 
· The best approach can be targeted but it will be exhausting and messy. Observations from two experiments we did in the lab indicate that we can go below one X coverage to 5 X coverage and still get the right result every time. It is very easy when you use the whole genome. It is very hard when you try targeted loci for outbreak clustering. For 90 Salmonella outbreaks, every one of them had a unique SNP set that defined the outbreak. So, if you can think you can do MLST, it may not work since it requires the whole genome for each outbreak clustering. Antibiotic resistance needs one polymorphism difference to examine AMR type and resistance mutations in relation to specific target pathogens. 
· Whole genome sequencing remains useful for outbreak identification because every pathogen has a unique single nucleotide polymorphisms (SNPs) and unique target loci. 
Q: Any Thoughts about creating future plans? 
· When we consider creating a plan, we should take into account state resources. If a technology other than WGS is to be implemented, it should be funded beyond the current expenses. One option is working with commercial vendors.  
· We have CIDT positive results so we know if there is a pathogen. It is hard to go directly from stool to knowing what the pathogen it is. 
· To look at detailed information about outbreak clustering and classification, AMR, subtyping and virulence determinants, we need a lot of data but to get feasible conclusions about pathogen identity we do not need a lot of data. 
· Ruling out causal outbreak pathogens can be done with minimal data output.   
· Generally, for PulseNet, less 10% are followed up as potential cluster. A lot of what we do is to pull out things that are not in the clusters.  
Q: Does serotyping still priority for pathogen characterization? 
· We need to look at serotypes. Serotyping is so important in some pathogens such as Salmonella (has > 250 different serotypes).  
· The best approach should provide subtyping, AMR, virulence factors all together. Serotyping information is still important for outbreak investigations, especially for some pathogens such as Salmonella, and virulence screening matters for other pathogens such as STEC.  
· Is there a location where we can see what type of the information that the epidemiologists are looking for? Or what are their requirements? There should be a place to look at these requirements.

9:30 – 9:45 am	Bioinformatics approaches for metagenomics – Joe Russell   
· A series of bioinformatics tools for high-throughput sequencing analysis has been compiled into a pipeline called Pan-Genomics for Infectious agents (PANGIA). 
· With PANGIA, sequences obtained from the NGS sequencer can be processed quickly for sequence identification by BLAST and for comparison of microbial communities. 
· PANGIA is unbiased, metagenomics-based, useful for targeted detection of pathogens and has a turnaround time of 24 h. 
· PANGIA workflow involves all processing steps from trimming the raw sequence to identification of each sequence read. 
· The use of the database inside PANGIA allows the user to classify the sequences at several taxonomic levels, domain to species. 
· Metagenomics is a shredded book and provides no answers without sample preparation methods, bioinformatics pipelines and databases.  
· Methods for metagenomics analysis could be:  
· Assembly-based (for simple samples): sequencing reads are re-assembled into contiguous stretches of DNA (“contigs”)  
· Assembly-free (for complex samples): sequencing reads are either classified or mapped onto existing genomes.   
· Assembly-free methodology depends on:  
· Read mapping (high sensitivity, flexible databases, specificity and gene level characterization BUT slightly slower turn-around time and many multi-mapped reads can conceal true hits) 
· K-mer bases (highly sensitive, very fast turn-around time BUT has high computational requirement, low specificity and lack gene level characterization) 
· Hybrid (High specificity BUT low sensitivity/specificity)  
· Marker Analysis (Cheap, fast, sensitive BUT low specificity and limited to organisms with marker genes) 
· PANGIA uses read mapping approach, which is fast, that is tuned to overcome multi-mapped reads and uses easy graphical interface. 
· PANGIA can tune parameters to account for biology complications and taxonomic classification. This allows unprecedented level of speed and accuracy. 
· One challenge is mismatch can occur due to sequencing error or the fact that not every organism in the environment is in the database. For an example, 15 bp read with two mismatches resulted in four different species of Staphylococci identified for a sample. Increasing the minimum alignment read length and normalizations enhances specificity with minimal divergence. 
· Confidence scores (quality scores for high-confidence on the proper identification of target pathogen) could be:  
· Stand-alone (genome uniqueness, dependent on genome coverage of sequence reads and titer level of the target in the sample). 
· Background (Credibility). Confidence scores are not tied to the abundance of the identified organisms.  
· Comments from audience about PANGIA 
· Normalization scores should be optimized to minimize multi-mapped overlapping reads. 
· The databases inside this platform should be kept updated and the reference genomes also need to be updated. It is also suggested that reference genomes can be added on the fly while the databases are updated progressively. 
· This technology can be utilized for quick screening of target pathogens and accurate identification at the species level if an enrichment step or amplifying specific pathogen targets are added.  
· PANGIA is a wet lab method that can be optimized to select for specific targets for pathogen identification.
 
9:45 – 10:00 am	Cloud-based analysis for public health – Nick Greenfield 
· Nick Greenfield is the founder and CEO of One Codex, a Combinator-backed microbial genomics startup based in San Francisco. Greenfield talked about cloud-based analysis in public health surveillance. 
Objective 1: A little background about cloud-based analysis 
· Cloud-based analysis supports diverse end users:  
· Bench specialists     
· Bioinformaticians  
· Developers 
· Cloud-based analysis in public health using our platform is metagenomics-based and provides information on strain ID, clustering, subtyping, AMR, functional characteristics and custom reporting. 
· One Codex utilizes a web-based platform, user friendly approach for metagenomics and microbiome analysis (just by dragging data in the interface and, in few minutes, results come out) and is easy for subtyping. 
· Data visualization is web-based and interactive and gives reports for serotype, virulence factors and AMR determinants. 
· Currently, One Codex focuses on chimera based analyses, classification analysis using reference genomes, curating databases (QC data is always good for downstream applications). 
Objective 2:  Key cloud capabilities (for microbial metagenomics NGS analysis in public health)  
· To have a good platform for public health, this platform should be: 
· On the technical level 
· Unified computing system “centralized cloud model”
· Extensible (principle where the platform implementation takes future growth into consideration)
· Secure and auditable 
· Data sharing (e.g. between different organizations) 
· Reproducible and versioned analysis 
· Multi-audience flexibility (e.g. meets the needs of many end users)
· On the scientific side 
· Taxonomic classification 
·  Curated databases with update cycles
·  Suited for targeted mNGS based analysis.  
· Currently One Codex is working on: 
· Reporting workflows (automated and customizable) 
· Integrated control (such as negative non-pathogen control in the dry Lab).
· They are adding free samples for public health end users. 
Comments from the audience: 
· Updated databases are a mandate for data analysis 
· Cloud-based resource implementation in public health surveillance labs requires physical installment, which is a challenge.  
· Government labs have lots of IT requirements, which is another challenge in distributing cloud-based resources in public health Labs. 
· Security concerns at state level hinders cloud-based resources distribution (some states prohibit access to cloud-based resources) and states are not ready to make the move. 
· Unifying reporting across all states could be useful in presenting mNGS based analysis results. 
· Visualization modules with minimal computational resources should be developed to address needs of diverse public health users. 
 
10:20 – 10:35 am	HMAS analysis & disambiguation – Amanda Newkirk-Williams 
· For HMAS, we are looking for the short informative single copy core genes and trying to design pathogen-specific primers for them. We are looking for 100’s – 1000’s of amplicons and we are trying to come up with a system working with total DNA from clinical stool sample. They are targets specific panels. 
· Keys to HMAS Workflow 
· Target selection/primer design for partial cgMLST 
· Wet lab platform 
· Data analysis 
· The primer design process:  
· For partial cgMLST, how do we choose them?  
· The Target and Primer Design (TP) pipeline takes the annotated gene bank file extracts the CDS regions of nucleotide sequence identifies the core genes  filters to identify the single copy of core gene…etc. (detailed in the slide). The primers need to be variable and in the right size range for the platform they are designed for. We look at the much-conserved primers in the TP design as we do not need any degeneracy. Degenerate primers are used for the amplification of large number of genes, from related gene families. We also test specificity by using shotgun metagenomics and samples from actual diseased stools. We are working with math and computer sciences to look at different approaches for optimizing the final subset of the primer design. 
· We looked at 266 of Salmonella genomes using the pipeline.
·  Worked very well by using primer pairs. We found: 
· Single copy core genes 
· Single amplicon per locus 
· Near-perfect conservation of primer sites 
· Amplicons within range for HMAS platforms 
· Primer sites Salmonella specific 
· BUT the pipeline did not have enough discriminatory power 
· We need primers with more discriminatory power to be able to differentiate between 266 different Salmonella genomes that we fed in initially. 
· Re-designed the primers pairs that worked better by adding the less perfect loci. 
· First, must identify the imperfect loci worth pursuing. 
· We are trying to come up with good method to evaluate the variability. 
· Some of the considerations is the SNP spread and information content and evaluation. So looked at the SNP that gave the most information. 
· The next step is the data analysis side: 
· Whole genome and MLST are simpler to analyze. Real data are not clear, so we are working on solutions for multiple amplicon per locus situation especially if we have partial coverage of gene. The increase or stretch of the genes and/or the use of bigger primers decrease the specificity and cause off target amplification.  
· One of the possible multi-amplicon solutions is software called ROCker which is able to call specific genes out of metagenomics sequencing data. You feed the ID of genes you want to call out of the reference genome data and it pulls down the protein sequence and matches it with the nucleotide sequence to generate synthetic shotgun data, which is then used to let you set thresholds to know if you are doing good read mapping. This approach is more sensitive.  
· The situation of possible mixed infection and closely related commensals (e.g. E. coli in stool).  If you are trying the amplicon approach, pathogens are closely related to commensal. There is no unique part to differentiate between pathogenic and commensal and we need to know which one it is. 
· There are two main questions if we are trying the amplicon approach: 
· How many organisms are present? 
· Which of the amplicons belong to the same organism? 
· How to link different amplicons together  
· We are working with math and computer science. If we have All MLST amplicons from A1 and A2, looking at all the variable loci for Locus 1 and Locus 2, we should see 2:1 ratio but data is not that simple. Therefore, we look at the frequency of the alleles we should see roughly 2:1 ratio across different alleles.  
Q: what is the size of the amplicons?        
· 200-250 bp 

10:35 – 10:50 am	Outbreak analysis approaches for metagenomics & read binning – Andrew Huang 
· Can we sort these sequences by species on the dry side? We were looking on the wet-side yesterday. 
· Fundamental problem of shotgun: We start with WGS  we get shreds  we want to put them back again effectively. 
· What about three samples from three individuals in outbreak? A lot of shotgun metagenomics are looking on single sample and now we are trying to use them on multiple samples at one time to get more information from the whole set. 
· Two dry binning approaches: 
· Reference based binning  
· Align reads to a database of reference sequences, only call unambiguous alignments (PanPhlAn, BinStrain, ConStrains, Pathoscope, Sigma, WG-FAST and MIDAS (primarily)). 
· Reference free binning  
· Bin reads based on sequence composition and or prevalence across multiple samples: MetaProb, Canopy, CONCOCT, GroopM, MetaBat, MAXBin. 
· We are looking for tools that can handle from 2 to 20 samples efficiently. 
· MIDAS: 
· Basically, it first looks at what species are there instead of looking the whole entire sample. To customize the data analysis, you need to get the abundance and then make SNP calls. 
· Generate genome list using database of universal single copy gene families 
· Quantify gene content of individual species using pan-genome database 
· Identify SNPs of individual species using selected genomes and high coverage sites to generate core genomes 
· Good for high abundance species and known bugs 
· MAXBin: 
· Take the shreds and co-assemble them. One master assembly of metagenomes and uses Expectation and maximization approach. There are no real references and the tricky step is the co-assembly.  
· Evaluation of methods:  
· Can we bin to call SNVs on outbreaks of known species from metagenomics shotgun data? 
· Can we bin to determine shared contigs/reads across outbreaks of unknown etiology from shotgun metagenomics data? 
· Created a bunch of simulated species communities found in the literature (what are commonly found in the stool) to create a database of pathogens and simulate reads from the references using MIDAS and MaxBin, and got similar results.
· Real outbreak examples from Alabama and Colorado 2013:
· With the help of public health, we were able to fit samples using shotgun metagenomics into the isolate tree with high degree of accuracy. Used the isolate genome that is known to be reason of that outbreak as a reference, so we got a nice tree out of it. 
· We got a mixture of the metagenomes from the two different outbreaks. We analyzed some data essentially using MIDAS. 
· Was able to sort the samples from Alabama and Colorado but we already knew it was Salmonella. 
Q:  What is the mixture of the metagenome?  
· The mixture is between the two particular outbreaks. 
· We are interested in the reference-free approach to figure out unknown diarrheal diseases (UNDIs) (future work) 
· Future directions: 
· 40 component simulated community with MaxBin 
· Simulate samples from known outbreak and spike it to see how it look likes  
· Analyze more typical foodborne outbreaks with pipelines 
· Look at reference-free binning approaches that don’t involve co-assembly 
Q: How much of the genome are you covering?  
· Very good coverage across the references, at least 75%  
Q: Do you co-assemble first and then remap the read? Do you see any mixed strains? 
· For this experiment, we did not see that issue but it can appear with the co-assembly approach 
Q: Did you try meta-spades? 
· It needs too much memory. We are looking for smaller versions. 

10:50 – 12:00 pm	Discussion-Approaches toward solutions 
· Objective: Identify the best approach to continue foodborne disease surveillance from specimens for PulseNet pathogens, including: Salmonella enterica and diarrheagenic E. coli (STEC/Shigella). 
· Assumptions or technical aspect with developing these approaches:  
· Due to CIDT tests (positive), we will know which pathogen(s) are present in sample prior to testing. Salmonella or STEC will be picked up but this does not tell you if there are multiple pathogens there.  
· The sample may take hours to days to reach the public health laboratory, may have been kept at room temperature, 4 degrees, or -20 degrees, and may have been exposed to temperature abuse. It can take two days or 150 days (not ideal) to reach public health laboratory, so we are looking at different approaches to preserve the material we need to do our public health surveillance.   
· We can also assume all public health labs have Illumina sequencers and a limited few have an additional Life Technology sequencer or Oxford nanopore sequencing capabilities. Few public health labs have bioinformaticians or employees who work computing clusters, or access to cloud computing. Some IT systems does not allow access to cloud computing. 
· What are the public health operational constraints that any solution must achieve? 
· Examples might include: 
· Protocol must be compatible with standard 8-hour workday scheduling and have breaks for lunch and other points to pause during the protocol 
· Cost/sample must not exceed $150 for the wet lab reagents (does not include the salary of technician)  
· Sample-to-answer total time must not exceed 72 hours (that may be variable for WGS). It is 7 business days in the current PulseNet workflow. 
· Must fit into laboratory workflow space and not exceed 6ft of bench space (will vary by lab) 
· No or limited local IT support can be assumed 
· Limited need to purchase new equipment and maintain new service contracts (ideally equipment can be used with other pathogen/sample targets as well) 
· Have turn-key bioinformatics solutions that meet state and local lab IT/privacy requirements (Easy push button analysis that can be done by microbiologist) 
· Ideally results are comparable to current WGS based surveillance data for isolates (to be comparable to the results obtained by our federal partners) 
· Some comments on the first day approaches: 
· Regarding sample preservation, where should this step be implemented in clinical labs or public health labs? Further analysis is needed. 
· Can we get enough nucleic acid from the swab to do targeted sequencing? 
Q: Best targeted approach? 
· FLASH is a possible target sequence approach that fits the price public health labs are looking at. 
· One of the recommendations for FLASH is using spiked primers that are short (11-17 bp) and target highly conserved regions. For example, designed 10000 primers for all HIV. But sometimes non-specific binding occurs and could be resolved by enrichment step (increase in pathogen level by 10-24 folds). 
· If you are looking at high number of targets, then parallel high concentration of enzymes is required. 
Q: How about off-target amplification? 
· Off-target amplification due to low abundance of target pathogen or non-specific primers represents a limitation and, in this case, comparison to reference detection approaches is a possible solution. 
· Background contamination and noise in samples is also an issue. 
Q: Can we still cover serotype, AMR, and virulence by moving to metagenomics? 
· An initial approach for high level serotyping is required followed by further amplicon-based sequencing. 
· Also the answer is different for each organism (for example Salmonella needs subtyping information while STEC require virulence factors information). 
· WGS gives more information about pathogens such as STEC than PFGE. 
Q: How about other targeted approaches such as Pac-Bio and Nanopore sequencing? 
· Limited targeted approaches can work because they differ by bacteria. Some of the approaches for getting genome directly from the specimen (not the isolate) need enrichment by special probes and in silico enrichment can take place within 6 hours.   
General Comments
· A good approach is something fast that fits the regulatory needs and be tied to federal requirements. 
· Targeted sequencing may not work with unknown outbreaks and selection of technology depends on what is needed. 
· Targeted amplicon-based sequencing should be implemented in broader foodborne disease surveillance studies. 
· Nucleic acid amplification techniques increase the time and cost of sequencing; however, they could be a safe solution for outbreak identification and public health surveillance by reducing their total costs, enabling multiplexing and simplifying procedures. 
· Metagenomics using random shotgun sequencing enables de novo assembly of genomes, has minimal amplification bias and could detect bacteria, viruses, and eukaryotes. The downsides are that it requires high read count, high volume of the genome, human DNA depletion and mostly need reference genomes for pathogen classification.   
· In the short term, WGS is still needed to meet requirements of public health surveillance which includes information about subtypes, virulence factors and antimicrobial resistance. 
· FLASH could be promising in public health for quick screening of outbreaks, but further studies are needed to fill the gaps, including optimization for tackling high number of targets, enrichment for very low abundant organisms, investigating limit of detection (LOD) and clustering capabilities and human DNA removal. 
· More standardized formats for description of marker genes, genomes and metagenomes are needed. 
· A general of point of agreement is that cost effectiveness of any emerging or possible approach should fit the public health surveillance resources and should be beyond the current expenditures.  
· Cloud-based analyses could be promising solution; but face some challenges for being distributed across all states for public health surveillance due to limited resources, need for physical installment, IT requirements and political restrictions that vary by state. 
· Developing visualization modules with minimal computational resources should be considered. 
· Unifying reporting across the states will be useful when considering adoption of metagenomics-based approaches in public health. 
· Better engagement of people from academia, public health laboratories, clinical laboratories, and commercial vendors is needed to figure out the best approach that fits public health requirements.  
· Targeted metagenomics should be implemented in a lot more studies of foodborne disease surveillance. 
· In next ELC round, states could apply to be pilot labs for new methods. 
· Need to work with clinical labs to work out practical/logistic issues. 
· Need to have coordinated plan for meeting stakeholder needs.  
· Metagenomics and WGS have a great power in identifying what organisms are in a sample, what they are doing and how they are doing it, but an ultimate challenge is performing strain-level identification. A solution for this is expansion and improvement of reference genomes in databases. 
· 

[bookmark: _Toc517729409]Plenary – Next Steps
[bookmark: _Toc517729410]Track 1: Public Health Practice
· Laws and regulations for reflex culture are good but it is not enough
· Engaging the lab members is important to get the information needed by public health
· The labs don’t like having laws being put on them
· Better communication between public health and labs
· National guidance for labs as to what they can offer to public health
· ASTHO and other avenues to engage state health officials to lobby the government
· Reflex culture
· Strategies in MN can be used in other states
· Devote resources to reflex culture and get rid of Salmonella serotyping
· Find funding for reflex culture
· CSTE and CDC create best practices guidelines by pathogen
· Trends
· Get testing data from labs or manufacturers, or large databases to inform our trends
· Informatics
· Engage software manufacturers but unsure of who or how
· Standardization of LOINC codes for reporting
· APHL and CSTE and CDC can work on this
· Need CPT codes for tests and reflex cultures for reimbursement
· Work with vendors or through efforts of APHL
· Regulation of licensing of machines
· Physician engagement
· Work through CDC’s Food Safety Centers of Excellence
· Need to show them how the data is being used so they know why it has to be reported
· Exclusion criteria
· More data to compare CIDT with culture
· Social justice issues due to long exclusions >> need better policies and more data
· CSTE and CDC should create work group to develop national consensus guidelines for states to modify and adopt
· Case definition
· Complicated case definitions need to be avoided
· Too difficult to implement
· Could treat CIDTs and culture equally because we cannot evaluate every test and cannot update case definitions to only include certain tests
· Combining symptoms with lab results is not useful because the patient is getting tested due to symptoms
· New pathogens
· Need more surveillance for non-O157:H7 STEC
· Report from Biofire communicates public health needs to their advisors to inform discussions for future directions for detecting pathogens
· Need more baseline data on carrier rates
· Public health needs to know what test was used
· Nomenclature for epis for molecular subtyping >> WGS or MLST
· CIDTs to look at sporadic disease (95% of cases are not associated with outbreaks)
· Better understand risk factors or identify more outbreaks
· Is expanding information on co-detections to all health depts. (not just FoodNet) useful?
· With CIDTs, we will get more positive specimens, so do we need to serotype all of them? We wouldn’t have serotyped them in the pre-CIDT era.
· No good tools to identify campy cluster so WGS is not necessary
· Rare infections like vibrio probably do not require WGS
· Common infections like Salmonella do require serotyping every sample
· Not all sequences are included in the wells as of now, so culture will be needed for the foreseeable future
· Have different exclusion criteria for different strains
· May give more information to guide public health action beyond species type
· Track virulence patterns
· Could get more information out of current platforms and EHRs instead of relying on physicians
· Need to be able to use technologies on the public health side that can also be used on the food safety side
· We need to link food and public health
· Molecular attribution for food is an evolving science
· New ways to present how prevention is cost-effective
· Traceability is practical in the food industry but proving a negative test is negative is not
· Food industry is already considering metagenomics for soil quality
· Can we tie this in with the clinical side?
· Map entire microbiome of food products
· Need a communication plan for lawmakers
· Q: Current targeted approach seems reasonable?
· A: Reasonable. Multiple panel, know what you looking for. Shotgun is needed.
· A: 40% specimens in Colorado. Metagenomics reduces the need to obtain isolates.
· Goal is rapid characterization from stool
· Need to get data out really quickly, prioritize data/pathogens
· Increasing exposure information might compensate for less sequencing information. Don’t need sequencing on every single specimen. Need guidance on specific pathogens.
· Track virulence, instead of pathogen
· Need gene-based instead of organism-based methods, not quite ready.
· Food industry- testing vs. traceability – confidence is low that negative is truly negative, but traceability is more important. Metagenomics soil health perspective- how does that tie in with the clinical side - same pathogen database for metagenomics.

[bookmark: _Toc517729411]Track 2: Preserving Isolate-based Surveillance

Gaps identified:
1. Limited funds for reflex culture in public health labs and lack of knowledge in public health labs about the available federal funding. 
· Does not work for every state
· Consider option of payment to clinical labs from public health 
· Unfunded mandate for clinical/reference labs to do reflex culture 
· Reference laboratories cannot bill for reflex testing without test order
Action item: Identify sources of funding for the public health need to perform isolate recovery
2. Payers are not part of solution
Action item: How do we bring them to the table and engage in the issues
· Case studies, publications using PulseNet data, cost-avoidance as examples

3. Outreach/Education – need a stronger public health voice 
· Providers need to understand tests they are ordering 
· State health officials need to learn about the topic/advocate within state
· Public health laboratories need more information on funding sources if available 
· Payers
· Lab accreditation inspectors/CMS surveyors
· Developers/ manufacturers
Action Item: Once CIDT action plan developed, need a comprehensive communication plan with consistent messaging that can be used by multiple stakeholders
4. Communication challenges – keeping 2-way information flow consistent, improved
· Between clinical laboratories and public health laboratories 
· Recognition of shared knowledge of contribution
· Between public health laboratory and epidemiology colleagues within public health
· When clinical lab moving to a CIDT method
Action item: Work on defining a process to optimize information flow
5. Laboratory Accreditation:
Action item: Fall time-frame to suggest new checklist questions for laboratory accreditation process. 
· Possible new checklist question: Are you complying with public health mandates from your state/local requirements for isolate/specimen submission if you are using CIDTs?
6. Reference Lab Perspective: All possible states involved
· Determine if we need physicians to submit an order for reflex culture along with CIDT when specimen is submitted
· Need an order or code to perform, patient pays for it. 
· Is there a way to standardized reporting procedures between states?
· To whom are reflex culture results reported? Provider, lab, PHL?
Action Item: Define terminology for diagnostic stool (CIDT test) versus isolate recovery stool
7. Isolate Recovery for Reimbursement
· 3 different payment approaches
· Fee for service – improve documentation with CPT or modifiers
· Prospective payment – CPT or modifiers and practice guidelines that recognize the need for isolate recovery for public health
· Value based payment – establish lab metrics to show that labs are in compliance with public health mandates
· Global economic modeling demonstrating population benefit
· Action item – decision analysis
· Partners for funding, publications
· Cost analysis data gap?  What are the costs to public health/clinical labs to perform reflex culture?
Action item – Establish work group  
8. Industry continues dialogue with users (clinical and public health labs) about novel collection devices to support industry development as well as isolate recovery/ public health needs. 
Action item: Set up meeting to continue this dialogue on short, mid, long term goals. Map out labeling, hardware, software requirements.  
9. Modification to package inserts.  
· Public health language in package insert
· Precaution related to public health reporting
· Language should state that labs are responsible for following state and local rules for submission
· CLIA regulations say labs must follow state /local requirements; so, could be cited.
Action item: What process to inform accreditation surveyors/CLIA surveyors and educate labs? Suggestion to develop reference guides for waived tests, but language needed in product Insert for CLIA to enforce. Add language that additional stool also needed. 
10. LIS/ IT challenges: Clinical and public health labs are using multiple systems and multiple vendors. Reporting needs to be easier and real-time. Need automated way to push results to public health and generate alert triggers, both regionally and nationally
[bookmark: _Toc517729412]Track 3: Technological Solutions
· Unbiased metagenomics and NGS are still too expensive to be the solution in the feasible future.  But the good news is targeted mNGS provides a virtual isolate (it can give information as close as the real isolate). How much genomes needed for mNGS needs to be urgently studied?
· A number of approaches have been discussed. Each has pros and cons but cost and validation need to be evaluated.
· Targeted approaches provide multilevel resolution to link outbreaks. SNPs, phylogenetic information, AMR determinants, virulence factors and serotyping determinants can all be determined.
· The analysis of targeted approaches is complex, but models exist that can meet the needs of different users in terms of data interpretation.
· The quality and size of databases are important because many databases are incomplete and not every species or strain exists in available databases.
·  Cloud-based analyses are technically possible in public health labs in every state and CDC. The problem is not technical but political. There are real problems with pushing technology needed out to all PH labs.
· No currently available commercial systems meet what public health need for targeted NGS. But that should not stop us from defining a prototype for a good technical solution.
· We need to do prototyping and targeting. We probably should be looking at amplicon-based specific genomic subsets vs. the whole genome.
· Partnering with people from academia, regulatory authorities and industry to identify potential source of funding to encourage this kind of work.
· Shotgun metagenomics is promising but still too far away to be deployed in public health labs due to constraints. 
· Shotgun metagenomics could be a continuum if the targeted approaches do not provide the information needed.
· Metagenomics approach does not have to be 100% effective, they just need to reduce the number of specimens that we need to do culture for and this is something that can be handled at state level.
· Molecular attribution using genomics-based technology is an evolving field and could enable us to attribute clinical illness to a specific contaminant in food which helps regulatory authorities to make decisions. 
· An array-based technology has been developed that can identify thousands of targets (one target per well) which could include virulence determinates, AMR and serotyping determinants and other targets.  Also, sequencing of desired targets can be performed from each well in the array.  All of the information needed can be obtained for $100 per array at the point of specimen collection.  
· There is an evolution in technology and an approach can be developed to obtain all the information needed for public health at the clinical lab level instead of retrieving this information from public health labs. 
