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P-001* 
 
Prevalence of Mycoplasma genitalium Among Men and Women Attending County Health 
Departments and Family Health Programs in Northern, Northeastern, and East Central Alabama 
T. Dailey, M. Scisney, T. Douglas, V. Green, E.M. Chambers, G. Cook, J. Black, S. Massingale and A. 
Williams, Alabama Department of Public Health 
 
Objective: Mycoplasma genitalium (M.gen) has been identified as an emerging issue among sexually 
transmitted diseases by the CDC and has been found to be associated with urethritis in men and 
cervicitis and pelvic inflammatory disease in women.  In a screening population, M.gen is often more 
prevalent than Neisseria gonorrhoeae and less prevalent than Chlamydia trachomatis.  To better 
understand the burden of M.gen infections amongst male and female patients attending Family 
Planning and STD clinics in Alabama, remnant specimens were tested at the Bureau of Clinical 
Laboratories in Montgomery, Alabama from August 20-28, 2018.  These patients attended county health 
departments for Disease Control and Family Health programs. 
Methods: 967 remnant male (n =237) and female (n =730) specimens were tested for M.gen using 
analyte specific reagents (Hologic Inc).  These reagents were developed into a nucleic acid amplification 
test (NAAT) for the qualitative detection of ribosomal RNA from M.gen organisms on the automated 
Panther system.  Specimens tested included: urine, cervical swabs, urethral swabs, endocervical swabs, 
and oral/rectal swabs.  Coinfection rates for N. gonorrhoeae (NG), C. trachomatis (CT) and T. vaginalis 
(TV) were also determined using Aptima Combo 2 (CT/NG) and Aptima TV. 
Results: Of the 967 samples tested for M.gen, 126 were positive (126, 13%) [male prevalence of 14.8% 
and female prevalence of 12.5%], and overall these were predominantly found to be single M.gen 
infections (88, 70%).  Prevalence of other sexually transmitted infections (STIs) was 9.4% (91) for CT, 
4.8% (46) for NG, and 9% (87) for TV.  Of the 30% (38) of specimens with coinfections: 44.7% (17) were 
M.gen and CT, 21% (8) M.gen and TV, and 10.5% (4) M.gen and NG.  Infection by age grouping revealed 
that 11% of positive samples were from patients under 18 years of age (YOA), 50% were between 18-25 
YOA, and 39% were greater than 25 YOA.  Analyzing prevalence by race in women indicated 64.8% of 
M.gen positives were African American, 27.5% were Caucasian, and 7.7% were identified as unknown.  
In men, 82.9% of positives were African American, 14.3% were Caucasian, and 2.8% were unknown.     
Conclusions: This study demonstrates that Mycoplasma genitalium is highly prevalent in our patient 
population, indeed higher than that of the other STI’s evaluated in this same study (CT, NG or TV).  Our 
M.gen prevalence of 13% correlates to recently published studies that show M.gen prevalence between 
11-17%.  Risk factors associated with M.gen infection in our study were African American race and 
young age, with more than half of all infections occurring in patients under 25.  The observation of 
disease burden in the younger age group, combined with the morbidities of untreated M.gen infections, 
demonstrates the need for routine M.gen testing amongst the symptomatic patient population. 
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Presenter:  Traci Dailey, Alabama Dept. of Public Health, Montgomery, AL, Email: 
traci.dailey@adph.state.al.us 
 
 

P-002 
 
Public Health Laboratory Outreach to First Responders 
S. Abrams1, L. Marchetti2, R. Nickla3; 1Association of Public Health Laboratories, 2Rhode Island 
Department of Health, 3Oregon State Public Health Laboratory 
 
The Association of Public Health Laboratories’ (APHL) Public Health Preparedness and Response (PHPR) 
Committee provides important resources to public health laboratories (PHLs) that seek to improve their 
abilities to effectively communicate with, and provide guidance to, first responders. This includes police, 
fire, hazardous materials (HAZMAT) teams, and National Guard Civil Support Teams (CSTs) communities. 
These efforts align with APHL’s strategic goals and  are a key priority for PHPR towards on  all-hazards 
laboratory preparedness for emergencies including terrorism, natural disasters, and emerging threats, 
and their subsequent responses, as they relate to issues affecting public health laboratories APHL’s 
membership.   
  
As a priority for many PHLs, PHPR has developed various resources to enhance outreach and training 
efforts to first responder groups. This poster presents an overview of these resources as well as several 
programs implemented by various PHLs, while detailing ongoing challenges that PHLs face with 
balancing an integrated response to biological and chemical threats. Moreover, it also describes new 
programs that state PHLs are developing to respond to emerging threats that both laboratorians and 
first responders experience alike, such as challenges and opportunities with opioid response efforts.  
 
Collectively these efforts align with PHPR’s position statement on field screening kits and devices, which 
while opposing the use of federally unapproved field screening kits and devices for biological and 
chemical warfare agents, seeks to ensure that quality assurance programs are developed to provide field 
validation and training methods to maintain the safety of both first responders and laboratorians. 
 
Presenter:  Samuel Abrams, Association of Public Health Laboratories, Silver Spring, MD, Email: 
samuel.abrams@aphl.org            
             
              

P-003 
 
Meet Me in St. Louis to Learn About Exciting New Foodborne Outbreak Tools and Resources!   
K. Larson1, R. Atkinson Dunn2, A. Woron3, D. Boxrud4, S. Shea1; 1Association of Public Health 
Laboratories, 2Utah Public Health Laboratory, 3Hawaii Public Health Laboratory, 4Minnesota Department 
of Health 
 
Background: The food safety landscape is rapidly evolving due to emerging pathogens, changing 
consumer practices and food manufacturing processes, and globalization of the food supply. Public 
health personnel must implement updated testing technologies, strategies and tools to continue to 
identify, control, and prevent foodborne disease outbreaks (FBO).  
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Since 2006, the Council to Improve Foodborne Outbreak Response (CIFOR) has been working to improve 
methods to detect, investigate, control and prevent FBO. CIFOR develops guidelines, processes and 
products that facilitate effective foodborne outbreak response among all disciplines- epidemiology, 
environmental health and public health laboratory.  
 
Methods: CIFOR projects are submitted to the Council for consideration and approval and must align 
with CIFOR’s vision and mission. CIFOR member-led work groups comprised of epidemiologists, 
laboratorians, environmental health specialists and regulators provide a well-rounded perspective to 
foodborne outbreak tool and product development. All final tools and products are vetted through 
CIFOR member organizations. 
 
Products: The CIFOR Guidelines for Foodborne Disease Outbreak Response is a comprehensive best-
practices document intended to improve the performance of foodborne disease surveillance and 
outbreak response across local, state and federal public health agencies. The Third Edition of the CIFOR 
Guidelines will incorporate new information on complaint systems and food safety testing practices 
including whole genome sequencing and culture independent diagnostic tests.  The Third Edition will 
also include updated performance indicators for foodborne disease programs including the laboratory.  
 
The Outbreaks of Undetermined Etiology (OUE) Guidelines provides adequate specimens for second-tier 
testing and pathogen discovery should an etiology prove elusive. The guidelines provide 
recommendations on the collection, shipment and storage of foodborne outbreak specimens based on 
syndromes and specific outbreak profiles. A companion OUE Agent List provides detailed information on 
each agent including incubation period, primary signs and symptoms, primary specimen(s), and key 
epidemiological information.  
 
The Food Safety Programs Reference Guide provides a snapshot of current governmental food safety 
efforts aimed at detecting, investigating, controlling or preventing foodborne disease in the U.S.  The 
Programs Reference Guide will help public health agencies to align activities, carry out collaborative 
projects, implement common strategies and avoid costly duplication of efforts. 
 
Presenter:  Kirsten Larson, Association of Public Health Laboratories, Silver Spring, MD, Email: 
kirsten.larson@aphl.org           
             
          

P-004 
 
Evaluation of Laboratory Management Training: A Case Study from Ethiopia 
K. Lewis1, A. Kebede2, S. Young1, S. Liska-Mills1, K. Wainwright1, T. Kanter3, S. Staley1; 1Association of 
Public Health Laboratories, 2Ethiopian Public Health Institute, 3Centers for Disease and Control and 
Prevention-Ethiopia 
 
Background: In many developing countries, there is a gap among laboratory managers in their 
knowledge and capabilities to successfully carry out managerial tasks.  Recognizing this, the Association 
of Public Health Laboratories (APHL) developed and implemented a comprehensive basic training 
curriculum in 2005 for laboratory managers, the Foundations of Laboratory Leadership and 
Management (FLLM). In 2018 the FLLM curriculum content was updated. Although a significant increase 
in training scores from pre- and post-tests implies an acquisition of knowledge and understanding, this 
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does not measure subsequent laboratory improvement, and it can be a challenge to show measurable 
outcomes of laboratory management training.  
 
To address this, mandatory post-training activities for the participants were added to the training to 
measure successful implementation of laboratory improvements.  
 
Method:  In November 2018, two FLLM workshops were conducted, training a total of 52 national 
laboratory managers in Addis Ababa, Ethiopia. The curriculum covered the following modules: 1. 
Organizational Structure and Management; 2. Human Resources; 3. Communication and Conflict 
Resolution; 4. Leading a Successful Team; 5. Problem Solving and Decision Making; 6. Financial 
Management; 7. Planning and Monitoring and Evaluation; 8. Ethics. 
 
The interactive workshop included presentations, discussions, individual and group exercises, 
assignments and pre- and post-tests. In addition, each participant identified three activities based on the 
modules’ content, for implementation at their respective laboratories. Faculty were available to provide 
remote support. Participants provided summary reports by January 2019 and these were subsequently 
analysed.  
 
Results: The average pre-test score was 34% whilst the average post-test score was 72%, showing a 
significant increase in score improvement by 38%. The number of activities per module identified and 
completed by the participants are shown in Table 1. A total of 156 activities were identified by the 
participants. Of these, Xxx/156 (%) activities were completed. The submission rate of reports by 
participants (Group One) of the first workshop was xx/26 (%%) and xxx/26 (%%) by participants (Group 
Two) from the second workshop. The overall submission rate was XX (%), whilst the overall non-
submission rate was xx (%). 
 
The cadres of managers included xx from the national level laboratories, xx from the regional level 
laboratories and xx from district level laboratories.  The cadre of laboratory managers, their non- 
submission report rate and reasons for non-submission are shown in Table 1.2. 
 
Discussion: 

 How successful was the workshop in terms of providing knowledge? 

 What does the success rate of report submission tell us? 

 What does non-submission mean? 

 Provide possible reasons for non-submission. 

 Recommendations to improve submission rate in future 
 
Presenter:  Sherri Staley, Association of Public Health Laboratories, Silver Spring, MD, Email: 
sherri.staley@aphl.org 
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P-005 
 
A 20 Year Timeline of the Laboratory Response Network-Chemical Threat (LRN-C) Program 
J. Liebreich and J. Nassif , Association of Public Health Laboratories 
 
In 1999 the Association of Public Health Laboratories (APHL), Federal Bureau of Investigation (FBI) and 
Centers for Disease Control (CDC) collaboratively founded the Laboratory Response Network (LRN), an 
achievement that will be celebrated during APHL’s annual meeting. This poster will display visually the 
seminal accomplishments of the LRN-C and through photos will highlight LRN-C responses in at least 
four state public health laboratories (SPHLs). 
 
The LRN is charged with the task of maintaining an integrated network of laboratories that can respond 
to bioterrorism, emerging infectious diseases, chemical terrorism and other public health emergencies 
such as today’s opioid crisis. The LRN is a unique asset in the nation’s preparedness for chemical 
terrorism, and this poster will display images of how the LRN-C evolved. In the years since its creation, 
the LRN has played an instrumental role in improving the public health infrastructure by helping boost 
laboratory capacity with equipment, staff and methods.  
 
For 20 years CDC funding has supported 62 states, territories, and metropolitan areas through the Public 
Health Emergency Preparedness cooperative agreement, created to improve both the local and the 
national public health infrastructures’ ability to respond to acts of bioterrorism, broadly defined to 
include toxic chemical exposure resulting from a terrorist act. Approximately $40 million was initially 
available for distribution to PHLs for preparedness, including four million dollars to fund four 
laboratories that would provide surge capacity if a chemical terrorism incident require more than the 
analytical resources of CDC’s National Center for Environmental Health’s Division of Laboratory Sciences 
(CDC/NCEH/DLS). In 2019, 53 laboratories within the 62 jurisdictions are funded to make up the 
chemical component of the Laboratory Response Network (LRN-C). In a timeline format, this poster will 
display when and why LRN-C laboratories increased from four to 53. 
 
Case studies will be described through photographs, likely including responses to an Arsenic poisoning in 
Maine where church coffee proved deadly; Abrine poisoning of a young Texan girl who ingested rosary 
peas sold as a peace bracelet; a Massachusetts clam boat fisherman who caught munitions and Sulfur 
Mustard gas; a radiochemistry event at the Hanford Nuclear facility in Washington state; and Alaska’s 
response to a chronic Arsenic issue. 
                                                                            
The timeline will include the impact of APHL’s 2002 “Ready or Not” report on the expansion of the LRN-
C, as well as the release of various methods to member laboratories.  Viewing this poster will provide 
the observer with a clearer understanding of growth of the LRN-C to increase the nation’s preparedness 
for chemical exposure events and public health laboratories’ ability to respond over the past 20 years. 
 
Presenter: Jennifer Liebreich, Association of Public Health laboratories, Silver Spring, MD, Email: 
jennifer.liebreich@aphl.org           
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P-006 
 
Frontlines: Biosafety Success Stories from the Field  
M. Marsico, Association of Public Health Laboratories     
 
In 2015, 64 state, local and territorial public health labs (PHLs) were awarded a three-year, $21 million 
US Centers for Disease Control and Prevention Epidemiology and Laboratory Capacity Domestic Ebola 
Supplemental for Enhanced Laboratory Biosafety and Biosecurity Capacity Cooperative Agreement. The 
agreement was designed to enhance PHL biosafety capacity, and improve coordination and outreach 
with clinical labs.  
 
With the cooperative agreement in place, a new cadre of biosafety officers (BSOs) were hired across 
these PHLs whose role was taking on biosafety and biosecurity performance gaps identified during the 
Ebola outbreak. These BSOs aim to improve lab biosafety and biosecurity practices within their 
respective jurisdictions (state, locality or territory) and guide assessment of biosafety and biosecurity 
practices at clinical labs in their regions. APHL supports these BSOs with resources, training, leadership 
development programs and a community of practice. The goal is a national cadre of professionally 
trained biosafety officers. 
 
Prior to the Ebola outbreak in PHLs, biosafety practices and procedures had been instituted but 
resources to support a program were limited. There were no outreach programs dedicated solely to 
strengthening biosafety and biosecurity practices toward clinical labs. Few of these clinical labs across 
the country conducted assessments to manage the risks posed by pathogens and staff often lacked 
training in biosafety and biosecurity practices. 
 
Four years after the inception of the Cooperative Agreement, labs have made significant advances in 
strengthening biosafety and biosecurity practices. BSOs assist clinical lab staff to identify potential risks 
at their facility and follow up with guidance and training. For example, they have assisted with 
development of a risk management plan or provided hands on training in packaging and shipping of 
hazardous agents. Clinical labs have completed risk assessments, with positive results. Additionally, they 
have maintained a relationship with their PHL BSO, reaching out with questions whenever as issues 
arise. 
 
What would you like attendees to learn from this?   
Attendees will hear successes from PHLs across the country on how they utilized the funding to enhance 
and improve their internal biosafety practices along with clinical labs within their jurisdiction. Attendees 
will also gather information on how these BSOs plan to continue their efforts after the funding will no 
longer continue.   
 
Relevance: With the Ebola Supplemental coming to an end, this poster will share success stories PHLs 
have achieved during the past four years.  
 
Learning Objectives: 
• List biosafety success stories from PHLs during the Cooperative Agreement 
• Describe PHL activities to strengthen biosafety internally and with their clinical labs  
• Highlight best practices to develop strong connections between PHLs and clinical labs  
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Presenter:  Michael  Marsico, Association of Public Health Laboratories, Silver Spring, MD, Email: 
michael.marsico@aphl.org           
             
              

P-007* 
 
Analytical Results Can Only be as Good as the Test Portion! 
N. Thiex1, A. Price2, Y. Salfinger3,4, J.M. Cook5, H. Hickes6, L. Novotney7, C. Ramsey8, M. Swarbrick9, S. 
Webb10; 1Association of American Feed Control Officials, 2Canadian Food Inspection Agency, 3Association 
of Food and Drug Officials, 4Association of Public Health Laboratories, 5Jo Marie Consulting, 6Montana, 
7South Dakota Agriculture Laboratory, 8EnviroStat, Inc., 9Minnesota Department of Agriculture, 
10University of Kentucky, Division of Regulatory Services       
 
Laboratory activities are focused on analytical methods, and often insufficient consideration is given to 
the selection of the test portion. Equal attention should be paid to the selection of the test portion, as it 
generally introduces substantially greater error than analytical error. Representative sampling requires 
control of all errors. The types and sources of error in laboratory sampling, as well as approaches for 
mitigating the errors, are addressed in the publications entitled  “Guidance on Obtaining Defensible Test 
Portions” or “GOOD Test Portions.” Laboratory sampling should also not be overlooked in the in the 
laboratory quality system. In some cases, quality assurance and quality control will be similar to what is 
incorporated for analytical methods, and in other cases, it will be fundamentally different. Approaches 
for validation and verification of sampling protocols and appropriate quality control events can also be 
found in “GOOD Test Portions. 
 
Presenter:  Robyn Randolph, Association of Public Health Laboratories, Silver Spring, Email: 
robyn.randolph@aphl.org          
 
           

P-008* 
 
Electronic Laboratory Reporting for Animal Rabies 
K. Higginbotham1, D. Sanderson2, R. Merrick2; 1Alabama Department of Public Health, 2Association of 
Public Health Laboratories 
 
Currently, most public health laboratories are either not reporting or sporadically reporting data for 
animal rabies in a variety of manual ways, in a manner that hasn't changed in decades. Calls back and 
forth between laboratories and providers, the mailing and filing of paper results, as well as the logging 
of those results, often in multiple spreadsheets or databases, all take a toll on laboratory productivity. 
Electronic laboratory reporting (ELR) can be an invaluable tool in reducing time hours and time delays 
throughout the notification process, which is especially critical when dealing with time-sensitive 
information. In this poster, we will examine the benefits of ELR, using Animal Rabies reporting as a case 
study and looking at Alabama State Public Health Laboratory's transition.  
 
Over the last two years, APHL has been providing technical assistance to laboratories to allow them to 
electronically report, in real-time or near real-time, Animal Rabies data using a standardized vocabulary 
and message format. This reporting works alongside laboratories' existing mechanism for reporting to 
the state epidemiologists. APHL has assisted several labs in electronically reporting to CDC, including 
Kansas State University, Alabama State Public Health Laboratory, and Kentucky State Public Health 
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Laboratory. PHL, and is currently working with Georgia, Montana, South Carolina, Virginia, and West 
Virginia. This poster will also showcase how other laboratories can take advantage of this free technical 
assistance to electronically report Animal Rabies messages. 
 
Presenter:  Rachel Shepherd, Association of Public Health Laboratories, Silver Spring, MD, Email: 
rachel.shepherd@aphl.org            
   
   

P-009 
 
Making the Most of ETOR 
K. Higginbotham1, S. Johnson2, I. Duduk3, M. Wedig4, B. Matthis5, N. Sankrithi6; 1Alabama Department of 
Public Health, 2Missouri State Public Health Laboratory, 3Texas Department of State Health Services, 
4Wisconsin State Laboratory of Hygiene, 5Philadelphia Department of Public Health, 6Massachusetts 
Department of Public Health 
 
This poster will demonstrate the necessary steps and minimum requirements of a laboratory to utilize 
Electronic Test Orders and Results, as well as showcase the range of scenarios in a laboratory that can 
benefit from ETOR. This poster will also explore the issues that laboratories need to consider before 
developing ETOR capacity, especially around the sometimes neglected but critical area of partner 
engagement and will examine how to broker conversations with submitters around issues like: 
• Submitter access 
• Message standard 
• Defined vocabulary 
• Security requirements  
• Billing coordination 
 
CDC is currently supporting ETOR expansion efforts, and this initiative needs to be more widely 
understood and normalized in order to be adopted by public health at large.  
 
Presenter:  Rachel Shepherd, Association of Public Health Laboratories, Silver Spring, MD, Email: 
rachel.shepherd@aphl.org             
    
 

P-010 
 
Update on the Online Course to Help Laboratory Professionals and Healthcare Providers Improve 
Preanalytic Processes of Biochemical Genetic Testing 
B. Chen1, B. Su2; 1Centers for Disease Control and Prevention, 2Association of Public Health Laboratories 
 
Introduction: Biochemical genetic tests are associated with a wide range of preanalytic variables, 
including test selection and ordering, patient conditions, quality and timing of specimen collection, 
handling of test requests and specimens by referring laboratories, specimen transport, and 
communications with healthcare providers, patients, and collaborating laboratories. Studies have shown 
that the preanalytic phase might be the most error-prone during the total testing process in many 
laboratory disciplines including genetic testing.  
Method: CDC published a guideline “Good Laboratory Practices for Biochemical Genetic Testing and 
Newborn Screening for Inherited Metabolic Disorders” in 2012 
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(http://www.cdc.gov/mmwr/pdf/rr/rr6102.pdf). Since 2013, CDC has been collaborating with the 
Association of Public Health Laboratories (APHL) to help genetic and newborn screening laboratories in 
their quality improvement activities. Findings from two discussion groups held in 2013 identified a need 
for training to supplement the guideline 
(https://www.aphl.org/aboutAPHL/publications/Documents/CDCRecommendationsGoodLabPractices_
OCT2014.pdf). To meet this need, an online training course titled “Good Laboratory Practice 
Recommendations for Biochemical Genetic Testing: Preanalytic Phase” was developed under the APHL-
CDC cooperative agreement to help laboratory professionals and healthcare providers improve 
preanalytic practices for biochemical genetic testing.  
Results: This multimedia online course has been publicly available on CDC TRAIN website at 
https://www.train.org/cdctrain/course/1072447 since December 2017.  The course consists of 3 lessons 
on quality assurance for test requisitions, specimen collection and submission; laboratory-clinician 
communications; and preanalytic quality assessment. Several case scenarios are included to illustrate 
how the recommended practices can be used to improve preanalytic quality and patient outcomes. 
Continuing education credits are available from this course free of charge, including 1.5 hours of the 
ASCLS P.A.C.E. credit and 1.5 contact hours for Florida Laboratory Licensees. As of September 25, 2018, 
119 learners have completed the course with post test scores averaging 97%, reflecting a significant 
knowledge improvement from their average pre-test scores (63%). Approximately 89% of the 
participants stated that this training course addressed a gap in their knowledge or skills.  
Conclusions: The quality improvement practices discussed in this course are helpful not only for 
biochemical genetic testing but also for many other laboratory areas. Knowledge improvement and 
evaluation results will be continuously monitored to assess the effectiveness of this online course and to 
inform future training development needs.  
 
Presenter:  Bertina Su, Association of Public Health Laboratories, Silver Spring, MD, Email: 
bertina.su@aphl.org  
             
           

P-011 
 
New Online Course on Analytical Validation of a Biochemical Genetic Test Using Liquid 
Chromatography - Tandem Mass Spectrometry  
B. Chen1, B. Su2; 1Centers for Disease Control and Prevention, 2Association of Public Health Laboratories 
 
Introduction: Biochemical genetic tests are highly specialized laboratory procedures for the evaluation, 
diagnosis, and clinical management of inherited metabolic diseases. Over the last two decades, the 
advent of expanded newborn screening for inherited metabolic disorders using tandem mass 
spectrometry (MS/MS) and other technologies has presented an increasing demand for biochemical 
genetic testing in diagnosing presumptive cases detected through newborn screening. However, 
biochemical genetic tests are highly complex procedures performed on a wide variety of patient 
specimen types. Biochemical genetics laboratories need easily accessible training materials in 
developing and implementing new tests using the MS/MS technologies.  
Method: Since 2013, CDC has been collaborating with the Association of Public Health Laboratories 
(APHL) to help genetic and newborn screening laboratories in their quality improvement activities. 
Findings from two discussion groups held in 2013 identified topic areas in which training resources are 
desired, including user-friendly online courses on developing and validating new test procedures. 
(https://www.aphl.org/aboutAPHL/publications/Documents/CDCRecommendationsGoodLabPractices_
OCT2014.pdf). To meet this need, experts in biochemical genetic testing and MS/MS technologies were 
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enlisted to develop a new online course titled “Validating a New Test Using Liquid Chromatography - 
Tandem Mass Spectrometry (LC-MS/MS) in a Biochemical Genetics Laboratory.” Pilot testing was 
conducted by laboratory professionals to ensure its usefulness for the target audience.  
Results: This intermediate-level multimedia online course discusses a stepwise plan for setting up and 
validating a new LC-MS/MS based assay for application in a biochemical genetics laboratory. A specific 
example of quantifying methylmalonic acid in human plasma is used to describe each of the steps 
required to develop and validate the method. An outline of the validation report is provided that 
includes how to review, interpret and document validation tests, quality control results, and proficiency 
tests. Continuing education credits are available from this course free of charge, including 1.5 hours of 
the ASCLS P.A.C.E. credit. The course is expected to be publicly available on CDC TRAIN website at 
https://www.train.org/cdctrain/home in Spring 2019.  
Conclusions: This online training module is intended to help laboratory professionals understand the 
regulatory environment of a biochemical genetics laboratory, define the steps required to develop and 
validate an assay based on LC-MS/MS, and describe the contents of the validation report. Course 
evaluation results and feedback from the participants will be closely monitored to assess the utility and 
learning outcomes. 
 
Presenter:  Bertina Su, Association of Public Health Laboratories, Silver Spring, MD, Email: 
bertina.su@aphl.org  
             
              

P-012 
 
Celebrating 20 Years of Laboratory Response Network for Biological Threats Preparedness (LRN-B) 
T. Wolford, Association of Public Health Laboratories      
 
In 2019, the Laboratory Response Network (LRN) will celebrate 20 years of preparedness and response 
efforts that protect the public’s health against threat agents such as anthrax and ricin. In the beginning, 
the LRN only had the capability to detect and respond to bioterrorism agents. Since then the LRN has 
expanded to include chemical, radiological and emerging infectious disease threats. From the founding 
in 1999 and subsequent anthrax attacks in 2001, to outbreaks of Ebola in 2014 and Zika in 2016, the 
LRN-B is ready to respond. This poster will focus on the LRN for Biological Threats Preparedness (LRN-B) 
and provide a timeline illustrating major milestones in the evolution of the Network. The poster will also 
showcase short stories from LRN-B member laboratories describing actual events. 
 
Presenter: Tyler Wolford, Association of Public Health Laboratories, Silver Spring, MD, Email: 
tyler.wolford@aphl.org             
 
             

P-013 
 
Current State of Gastrointestinal CIDT Testing  
A. Woron, K. Kubota and CID Subcommittee, Association of Public Health Laboratories   
 
PulseNet, a key component of our national food safety surveillance system since 1996 is an isolate based 
surveillance system for bacterial enteric pathogens.  Beginning in 2013, culture independent diagnostic 
testing (CIDT) for enteric pathogens has challenged this network and others which depend on isolates 
for public health surveillance. APHL’s CIDT Subcommittee surveyed local and state public health 
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laboratories specifically looking at the implementation of multi-analyte gastrointestinal (GI) diagnostic 
panels by clinical and public health laboratories. Obtaining this information offers the CIDT 
Subcommittee the ability to assess the current use of these tests in the clinical laboratory setting and 
develop guidance to address any laboratory surveillance implications, especially as related to the 
PulseNet network as well as to measure the use of multi-analyte GI diagnostic panels within the public 
health setting. 
 
An online survey was distributed to local and state public health laboratory directors in January 2019. 
The survey consists of five main sections as follows: Results Reporting; Use of Multi-analyte GI 
Diagnostic Panels in Clinical Laboratories; Transport; Resources and Guidelines and Use of Multi-analyte 
GI Diagnostic Panels in Public Health Laboratories. Bacterial, viral and parasitic enteric pathogens are 
included in the survey and epidemiologist input is requested on policies and processes. 
 
We present a national view of the implementation of gastrointestinal CIDT in clinical, local and state 
public health laboratories. We also present current and anticipated needs as reported by public health 
laboratories in the form of staffing, resources and guidance with regard to gastrointestinal CIDTs.  
 
The ability for clinical laboratories to provide isolates to public health for PulseNet and other isolate-
based surveillance systems has proven to be invaluable. As CIDT becomes the mainstream practice in 
clinical laboratories, public health surveillance will need to adapt to culture-independent methods such 
as metagenomics to continue critical surveillance activities.  We present information on how local and 
state public health laboratories are adapting to new changes in clinical diagnostics and how this 
technology is transforming current surveillance practices today and in the future. 
 
Presenter: Amy Woron, Hawaii State Laboratories Division, Pearl City, HI, Email: 
amy.woron@doh.hawaii.gov            
 
   

P-014 
 
A New Public Health Laboratory Workforce: The Rise of Millennial Laboratorians  
A. Wright, Association of Public Health Laboratories 
 
After analyzing multiple APHL administered workforce surveys, it is evident that more millennials are 
joining the Public Health Laboratory workforce but choosing not to remain in the workforce for more 
than 5 years. This presentation will discuss the important findings from a focus group with PHL 
millennials on why they choose to work in a PHL, why they choose to remain in a PHL, and trends in their 
training needs and desires. It will also cover different PHLs models of recruitment and retention 
practices based on feedback from millennials and lab directors. 
 
Presenter: Andrea Wright, Association of Public Health Laboratories, Silver Spring, Email: 
andrea.wright@aphl.org            
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P-015 
 
Marketing and Outreach Strategies Public Health Laboratories Can Use to Build a Social Media 
Audience and Develop Content 
A. Wright, Association of Public Health Laboratories 
 
In 2019, there are very few businesses, institutions and organizations not taking advantage of the 
growing use of online marketing and outreach and public health laboratories (PHLs) should not be 
exempt. The use of social media is an effective method of communication that can help PHLs increase 
the timely dissemination and potential impact of health and safety information, expand their reach to 
include a broader, more diverse audience and empower people to make safer and healthier decisions.  
 
This poster will present findings on industry standards for effectively communicating your message via 
social media while building your audience. The presentation will also highlight strategies and best 
practices from a PHL Marketing and Communication subject matter expert on how laboratories can use 
industry standards to develop a social media presence and create successful content. 
 
Presenter: Andrea Wright, Association of Public Health Laboratories, Silver Spring, Email: 
andrea.wright@aphl.org           
 
     

P-016* 
 
Well Water Quality in Arkansas Child Care Facilities: A Collaborative Success    
M. Boston1, M. Sandoz2, K. Seely1; 1Arkansas Public Health Laboratory, 2Arkansas Department of Health  
 
Introduction: In Arkansas, there are approximately 2200 childcare facilities and any facility that uses 
well water is required to submit a water sample annually to the Public Health Laboratory to test for total 
coliforms and E. coli. Unfortunately, all daycare facilities using well water had not been identified by the 
Arkansas Department of Health and Human Services, who regulate childcare facilities. Very few facilities 
had ever submitted a sample. Additionally, there was little to no information on well water quality in 
Arkansas, except for total coliform and E. coli data.  
Goals: The goals of this study included identifying day care facilities that used well water, sample the 
water for microbiological and inorganic testing, aid facilities on how to disinfect their wells, and 
interpret the test results for the childcare facility owners. An additional goal was to start a collaboration 
between multiple areas of the Arkansas Department of Health (the Public Health Laboratory, 
Environmental Epidemiology, and Environmental Health) as well as other state agencies, such as 
Arkansas Department of Health and Human Services. 
Water Quality Results: In Arkansas, 14 childcare facilities were identified to use private wells and 50% 
used chlorinators. Interestingly, 5 facilities had access to public water but had not connected to public 
water due to the cost. No facilities tested positive for E. coli, but 4 facilities were positive for total 
coliforms. Several facilities had detectable levels of chloride, nitrate, phosphate, and sulfate, but all 
levels were below the maximum contaminate level (MCL) set by the Environmental Protection Agency. 
One facility had naturally occurring fluoride. Five of the facilities had acidic water, which could lead to 
corrosion of the plumbing.  
Conclusion: This pilot study was the first of its kind in Arkansas to be an inter-agency study as well as 
bring several different areas of the Arkansas Department of Health together. Also, this study was the 
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first to investigate well water quality in Arkansas. Although the study was small, the collaborations 
established have continued and further studies have been planned. 
 
Presenter: Katie Seely, Arkansas Public Health Laboratory Little Rock, AR, Email: 
katie.seely@arkansas.gov            
 
          

P-017* 
 
Application of PCR-based Methods to Assess Optimal Sample Types for Detection of Sin Nombre Virus 
(SNV) Nucleic Acid in Deer Mice  
S. Messenger, K. Hsieh, M. Deldari, K. Padgett, B. Jackson, M. Yoshimizu and M. Novak, California 
Department of Public Health 
 
Objective: The California Department of Public Health (CDPH) performs environmental surveillance for 
SNV to assess potential risks for human transmission and support human case investigations. Rodent 
surveillance focused on detection of SNV-specific IgG, an indicator of past exposure. Recently, testing 
was updated to include detection of SNV RNA in blood by real-time RT-PCR (RT-PCR) as a better 
indicator of the prevalence of currently infectious rodents. It was not known, however, whether blood 
was an optimal sample to detect SNV RNA, or if other tissues must be sampled if our goal was to identify 
infectious rodents. In this study, we compared different tissue samples to identify optimal sample 
type(s) to detect SNV RNA in rodents.  
Study Design and Results:  157 rodents from known SNV hotspots in California were collected between 
2002 to 2017. For 105 rodents, we collected eight different sample types; heart, lung, spleen, kidney, 
bladder, salivary gland, oral swab and fecal material. For the remaining 52 rodents we collected; heart, 
lung, spleen, and kidney. The relative viral load in a sample was estimated by the Ct value of extracted 
SNV RNA tested by RT-PCR.  
In Phase 1, 20 rodents from site one were selected and all eight sample types (i.e., six tissues and an oral 
and fecal sample) were tested. Results indicated that lung, followed by spleen, was the most sensitive 
sample type for detection of SNV RNA. In Phase 2, lung tissue for the remaining 105 rodents from “site 
one” was tested; 40 of 105 (38%) rodents were positive. Of interest, among the 40 SNV-positive rodents, 
50% had positive oral swabs and 20% positive fecal samples indicating that less invasive samples can 
yield SNV RNA. In Phase 3, lung tissue was tested from 59 rodents which had blood samples previously 
tested by RT-PCR.  While 20% of rodent bloods had detectable SNV RNA, 30% of lung tissues were 
positive. 
Conclusion: In field surveillance studies of SNV, seroprevalence in sampled rodent populations is a 
primary indicator of Hantavirus risk. Because serology tests (i.e., IgG EIA) are not specific to SNV and 
indicate both current and past infections, seroprevalence studies identify animals that were previously 
exposed at an undetermined time to either Sin Nombre or another related Hantavirus. Addition of 
molecular tests for surveillance of SNV in California rodent populations may improve our understanding 
of the prevalence of infectious mice that may be shedding virus. This study evaluated a variety of sample 
types and determined that addition of extracted lung tissue can improve detection of SNV in rodents, 
but less invasive sample types (i.e., blood, oral, and fecal samples) while slightly less sensitive, can be 
obtained with minimal handling and from rodents released after capture.  SNV RNA screening could be a 
valuable addition to field surveillance and molecular epidemiological studies.  
 
Presenter: Mojgan Deldari, California Department of Public Health, Richmond, CA, Email: 
mdel4832@yahoo.com            
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P-018 
 
Rise in Polymicrobial Detections Driven by Increased Use of Culture-Independent Diagnostic Tests by 
Clinical Laboratories, Foodborne Diseases Active Surveillance Network (FoodNet) — 2011–2017 
K. Barrett1, M. Harrigan2, K. Wymore3, B. LaClair4, D. Olson5, C. Nicholson6, M. Decuir7, M. McMillian8, S. 
McGuire9, J. Hatch10, E. Wilson11, A. Geissler1; 1Centers for Disease Control and Prevention, 2Nothrop 
Grumman, 3California Emerging Infections Program, 4Georgia Department Public Health, 5Yale Emerging 
Infections Program, 6New Mexico Emerging Infections Program, 7Minnesota Department of Health, 
8Tennessee Department of Health, 9New York State Emerging Infections Program, 10Oregon Health 
Authority, 11Colorado Department of Public Health and Environment 
 
Background:  Foodborne Diseases Active Surveillance Network (FoodNet) conducts active laboratory-
based surveillance for nine enteric pathogens in 10 sites. Use of culture-independent diagnostic tests 
(CIDTs) to diagnose enteric infections is increasing, including highly sensitive multiplex polymerase chain 
reaction (PCR)-based syndrome panels that can detect multiple pathogens from a single specimen. 
Detection of multiple pathogens that could be the cause of infection complicates case classification, 
cluster detection, and treatment decisions. We describe polymicrobial detections (PDs) and examine 
changes in their frequency.   
Methods:  We analyzed 2011-2017 FoodNet data on PDs that included Campylobacter, Shiga toxin-
producing Escherichia coli, Listeria, Salmonella, Shigella, Vibrio, Yersinia, Cryptosporidium, or 
Cyclospora. We defined a PD as detection of >1 pathogen, or >1 species or serotype by culture or CIDT in 
a single specimen or in specimens collected <30 days apart. FoodNet has collected reports of positive 
CIDTs for bacterial infections since 2012. We define a case as a laboratory-diagnosed infection; thus, PDs 
are reported as more than one case. 
Results: During 2011-2017, we identified 1,693 persons with a PD, resulting in 3,412 cases (2% of all 
cases reported to FoodNet). PDs were identified in specimens collected on the same day for 1,384 (82%) 
persons, within 1–7 days for 158 (9%) persons, and 8–30 days for 151 (9%) persons. Among patients 
with PDs, 1,523 (90%) had pathogens of two genera, 139 (8%) had pathogens of two species or sub-
species, and 31 (2%) had ≥3 pathogens, species, or sub-species. Campylobacter (64%) was the pathogen 
most commonly detected in PDs, paired most often with Salmonella (38%), Shigella (22%), and 
Cryptosporidium (17%). Among persons with PDs, 1,204 (71%) were detected because one or both 
pathogens were detected by CIDTs. Among these test results, by person, 652 (54%) were solely PCR-
based [381 (32%) syndrome panels, 271 (22%) laboratory-developed], 382 (32%) solely antigen-based, 
91 (7%) unknown, and 79 (7%) multiple types. Average annual incidence rates of PDs increased 129% in 
2015─2017 compared with 2011─2013 (0.71 vs. 0.31 per 100,000 persons). A reflex culture was 
performed on 403 (33%) of CIDT specimens with a PD; more than one pathogen was found in 42%, only 
one in 41%, and none in 17%.  
Conclusions: The number of PDs has increased dramatically with increasing use of CIDTs. More 
information on the sensitivity and specificity of CIDTs, initial culture, and reflex culture would help in 
making treatment decisions and informing interpretation of surveillance results. 
 
Presenter: Kelly Barrett, Centers for Disease Control and Prevention, Atlanta, GA, Email: uzx2@cdc.gov 
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P-019 
 
Extended -Spectrum β-Lactamase-Producing Enterobacteriaceae Collected Through the Emerging 
Infections Program, 2017 
D. Campbell1, J. Daniels1, R. Stanton1, V. Albrecht1, S. Janelle2, K. Schutz2, C. Bower3, J. Jacob3,4, P. 
Rebolledo4, E. Phipps5, K. Flores5, G. Dumyati6, R. Tsay6, H. Kopin6, M. Kainer7, D. Muleta7, H. Reses1, N. 
Duffy1, J.K. Rasheed1, J. Lutgring1, M. Karlsson1, 1Centers for Disease Control and Prevention, 2Colorado 
Department of Public Health and Environment, 3Georgia Emerging Infections Program, 4Emory 
University School of Medicine, 5University of New Mexico, 6University of Rochester Medical Center, 
7Tennessee Department of Health    
 
Background: Extended-spectrum β-lactamases (ESBLs), named for their expanded substrate spectrum 
for hydrolyzing β-lactam antibiotics (penicillins, third generation cephalosporins and monobactams), 
have disseminated globally since their initial report in 1983. ESBLs are often plasmid-mediated and 
produced by Enterobacteriaceae such as Klebsiella pneumoniae and Escherichia coli. ESBL-producing 
Enterobacteriaceae are responsible for both hospital-acquired and community-onset infections. Here 
we describe the antimicrobial susceptibility profile and molecular epidemiology of ESBL-producing 
isolates collected through the Emerging Infections Program (EIP) at the Centers for Disease Control and 
Prevention (CDC). 
Methods: In 2017, 5 EIP sites (Colorado, Georgia, New Mexico, New York, and Tennessee) submitted a 
convenience sample of E. coli, K. oxytoca, and K. pneumoniae clinical isolates meeting the case 
definition (resistant to ceftazidime, cefotaxime, or ceftriaxone and non-resistant to all carbapenems 
tested) based on clinical laboratory results to CDC. Isolates underwent reference antimicrobial 
susceptibility testing (AST) with broth microdilution, phenotypic screening for ESBLs using ceftazidime or 
cefotaxime alone and in combination with clavulanate, and whole genome sequencing (WGS) (Illumina, 
MiSeq). 
Results: Among 136 isolates submitted, 122 (89.7%) met the case definition using reference AST 
whereas 116 (85.3%) were ESBL screen-positive. Among the 122 isolates meeting the case definition, 
104 (85.2%) isolates were identified as E. coli, 16 (13.1%) as K. pneumoniae, and 2 (1.6%) as K. oxytoca. 
By WGS, 113 of 122 isolates meeting the case definition harbored an ESBL gene (92.6%). The most 
commonly identified ESBL gene was blaCTX-M-15 (n=69, 61.1%) followed by blaCTX-M-14 (n=17, 15.0%) 
and blaCTX-M-27 (n=14, 12.4%). The most prevalent E. coli sequence types were ST131 (n=52), ST38 
(n=12), and ST10 (n=5); ST45 was the most common K. pneumoniae sequence type. Among E. coli ST131 
isolates, 48 (92.3%) isolates were resistant to ciprofloxacin or levofloxacin, 27 (51.9%) were resistant to 
trimethoprim-sulfamethoxazole, and 23 (44.2%) were resistant to tobramycin, gentamicin, or amikacin. 
Conclusions: The phenotypic case definition worked well for targeted surveillance of ESBL-producing 
Klebsiella and E. coli. ESBL genes of the blaCTX-M type were most abundant. Additionally, clone ST131 
represents a significant concern given the significant proportion of ESBL-producing E. coli with this 
sequence type and the associated resistance to multiple antibiotic classes in addition to β-lactams. 
 
Presenter: Davina Campbell, Centers for Disease Control and Prevention, Atlanta, GA, Email: 
xew9@cdc.gov  
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P-020* 
 
Detection and Characterization of an Influenza A(H1N1)pdm09 Virus Isolated from a Human Following 
Direct Exposure to Influenza Virus Infected Swine 
P. Cook1, 2, J. Jones1, R. Kondor1, N. Zanders1, T. Stark1, J. Benfer3, S. Scott4, A. Janas-Martindale5, J. 
Barnes1, S. Lindstrom1, L. Blanton1, J. Schiltz5, D. Wentworth1, T. Davis1; 1Centers for Disease Control and 
Prevention, 2Association of Public Health Laboratories, 3State Hygienic Laboratory, University of Iowa, 
4Wisconsin State Laboratory of Hygiene, 5National Veterinary Services Laboratory 
 
Human-to-swine transmission (reverse zoonosis) of seasonal influenza viruses has led to sustained 
circulation of human-like influenza viruses in swine in the United States. While these viruses evolve and 
eventually become adapted in swine, nascent reverse zoonoses can result in virus detections that are 
difficult to distinguish as ‘swine-origin’ or ‘human-origin’ due to the genetic similarity of viruses 
circulating in both hosts. Herein, we report the first identification of a zoonotic infection with an 
A(H1N1)pdm09 virus derived from a swine host. In October 2017, a patient with no underlying medical 
conditions developed an influenza-like illness. Real-time RT-PCR testing of a nasopharyngeal specimen 
indicated infection with a seasonal influenza A(H1N1)pdm09 virus. However, viral genome sequence 
analysis suggested an influenza A(H1N1) variant (A(H1N1)v) virus. Phylogenetic analysis of each viral 
gene segment revealed the virus was a reassortant containing PB2, PB1, NP and NS genes derived from 
the triple reassortant internal gene (TRIG) cassette commonly found in swine influenza viruses, but with 
HA, NA, PA and M genes closely related to seasonal A(H1N1)pdm09 viruses. The patient reported direct 
exposure to swine in the week preceding illness onset, and swine from the premises tested positive for 
influenza virus. Subsequently, the virus isolates obtained from both the patient and a pig had an 
identical genotype. While the origin of the virus collected from the patient was resolved by sequence 
comparison of the variant virus to available swine influenza virus genomes, future cases may not be as 
readily discernable if 1) reassortment does not result in acquisition of well-defined swine influenza virus 
gene segments and 2) if related swine influenza virus genomic sequences are not available. Therefore, 
we have identified swine-associated sequence fragments using a k-mer based algorithm comparing 
swine-associated and human-associated groups of A(H1N1)pdm09 virus genomes that we hypothesize 
can differentiate between human- and swine-origin influenza viruses. Preliminary results indicate that 
the identification of single nucleotide polymorphisms in virus sequence fragments can differentiate 
between influenza virus species-origin. Identification of this unique A(H1N1)v virus supports the 
recommendation that testing for seasonal influenza viruses and monitoring for human infections with 
novel influenza A viruses should continue year-round and that public health authorities should consider 
novel influenza virus infections when persons with influenza-like illness have a history of swine or 
poultry exposure. 
 
Presenter: Peter Cook, Bioinformatics Fellow, Centers for Disease Control and Prevention, Atlanta, GA, 
Email: pcook@cdc.gov   
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P-021 
 
Epidemiology and Laboratory Capacity (ELC)’s Biosafety Project Made Important Strides in Improving 
Biosafety Practices across the U.S. 
K. Bellis, L. Del Castillo, C. Chung, A. Pullman, A. Shultz and A. O’Connor, Centers for Disease Control and 
Prevention 
 
Objective: From March 2015 to March 2018, CDC awarded $24.1 million to 63 states and territorial 
health departments to support public health laboratories (PHLs) and their clinical partners in order to 
improve laboratory biosafety practices for dealing with Ebola virus disease and other emerging 
infectious diseases. We evaluated the project’s effectiveness at improving biosafety procedures and 
practices across U.S. jurisdictions over three years.  
Methods: Over a three-year period, we collected data every six months on eight quantitative indicators 
beginning in March 2015 and concluding in March 2018. We conducted a descriptive analysis of 
indicators following each data collection in order to assess progress towards attaining programmatic 
milestones and outcomes. At the end of the project period, we compared final results of indicator data 
with baseline values to evaluate the overall impact of the project.  
Results: Following our midline assessment, PHLs continued to meet targets for improving staff 
competency for working in Biosafety Level 3 laboratories as well as staff certifications in packaging and 
shipping. Greatest gains in progress were seen with PHLs meeting the target for having policies in place 
to perform risk assessments (RAs) (+39%). Clinical laboratory partners also made progress on all 
indicators, especially in increasing staff certifications for packaging and shipping (+15%) and having 
policies in place to perform RAs (+14%). As of the March 2018, 70% of jurisdictions reported that at least 
half of their clinical laboratory partners had performed a RA over the project period. 
Conclusions: The results of the final evaluation showed that progress continued consistently from the 
midline evaluation until the end of the project period, particularly for clinical laboratory partners. PHLs 
had the greatest gains in progress around developing and communicating risk assessment policies. 
Clinical laboratory partners were also able to improve biosafety practices over the three-year period. 
Data suggest that the ongoing communication and interaction between PHLs and clinical laboratory 
partners over the project period had a positive effect on clinical laboratories’ progress towards 
achieving biosafety outcomes. Overall, putting resources specifically towards improving laboratory 
biosafety practices in both the PHL and clinical laboratory settings appeared to have the intended 
outcomes towards preparing laboratories to strengthen biosafety practices for emerging infectious 
diseases.   
 
Presenter: Lisetta Del Castillo, Centers for Disease Control and Prevention, Atlanta, GA, Email: 
yqp9@cdc.gov   
 
     

P-022* 
 
The Recovery of Nontyphoidal Salmonella from CIDT-positive Stool Specimens   
K. Dillon, J. Hensley, A. Blackstock, E. Trees, J. Besser, H. Carleton, A. Huang and A. Williams-Newkirk, 
Centers for Disease Control and Prevention 
 
Salmonella is estimated to cause 1.2 million illnesses, 23,000 hospitalizations, and 450 deaths each year 
in the US. Clinical laboratories are adopting culture-independent diagnostic tests (CIDTs) to detect 
Salmonella and other pathogens in human stool. CIDTs are problematic for public health surveillance 
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networks like PulseNet because they do not yield the isolates required for surveillance, subtyping, and 
outbreak detection. To maintain isolate availability, minimize costs, and improve turnaround time, an 
optimized, standard protocol for isolate recovery from CIDT-positive stool specimens is needed. This 
study examined the impact of transport media, transport temperature, plating media, and enrichment 
media on the recovery of two Salmonella serovars from human stool. Five stool samples from clinically 
healthy, anonymous donors were homogenized and pooled to make 1 standard stool, which was divided 
and spiked with either Salmonella enterica ser. Newport or Oranienburg at 104, 103, 102 and 101. The 
study was divided into 3 phases to address variables associated with isolate recovery and each phase. 
Within each phase, each combination of variables was tested in triplicate at each spike level. Phase 1 
identified optimal transport temperature (4°C or 22°C), transport media (Cary-Blair Transport Medium 
or Gram-Negative broth), and plating media (Hektoen Enteric Agar or Xylose Lysine Deoxycholate Agar). 
Phase 2 assessed pathogen die-off in transit during warmer months and the effectiveness of ice 
mitigation (22°C, 22°C + ice, 55°C, 55°C + ice, and 78°C + ice). Phase 3 incorporated the results from the 
previous phases and identified an optimal enrichment (Modified Semi-Solid Rappaport Vassiliadis, 
Tetrathionate Broth, or Selenite Broth). For Phase 1, Salmonella was successfully recovered in 144/144 
attempts from spiked stools held at 22°C, while only 61/144 recovery attempts were successful at 4°C. 
Recovery rates did not differ by serotype, transport time, plating media, or transport media. For Phase 
2, Salmonella was successfully recovered in 144/144 attempts from spiked stools held at all transport 
temperatures except the 26/36 recovery attempts from those held at 55°C without ice. For Phase 3, 
Salmonella was successfully recovered in 270/270 attempts from spiked stools held in each enrichment. 
Results from this study strongly support the transport of Salmonella CIDT-positive stool specimens at 
22°C to optimize isolate recovery, even at low pathogen loads. Specimens transported during the 
warmer months may need to be transported on ice while remaining at 22°C before and after transport. 
Enrichment has much less impact than transport temperature but may be necessary for specimens with 
low levels of Salmonella. 
 
Presenter: Katie Dillon, Centers for Disease Control and Prevention, Atlanta, GA, Email: nev2@cdc.gov 
 
  

P-023 
 
50-State Legal Epidemiology Assessment of State Disease Reporting Laws Requiring Clinical Laboratory 
Specimen Submission to Health Departments 
R. Hulkower, Centers for Disease Control and Prevention      
 
Public health surveillance of potential and emerging infectious disease outbreaks relies on consistent 
reporting of notifiable conditions (“disease reporting”) from health care and clinical settings to public 
health agencies. All states and DC have laws requiring health care providers, facilities, and laboratories 
to report suspected or confirmed cases of specific infectious diseases to their state or local health 
department. These laws often include additional isolate or other clinical material submission 
requirements for laboratories. Public health agencies rely on the submission of isolates from clinical 
laboratories to track pathogen information, such as serotype, subtype, virulence, and antibiotic 
resistance, to monitor trends, detect, and respond to outbreaks. With the increasing development and 
use in clinical settings of culture-independent diagnostic tests (CIDT), which do not produce an isolate, 
there is growing concern that the supply of isolates to health departments will be depleted, hindering 
public health surveillance activities. Researchers studied strategies to maintain the supply of isolates for 
public health laboratories, including encouraging reflex culture via test kit inserts and updating state 
disease reporting laws. We examined state disease reporting laws requiring clinical laboratory 
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submissions to health departments to identify characteristics of the legal language that could facilitate 
isolate submission. The study included 51 jurisdictions (50 states and DC), 47 of which have disease 
reporting laws that expressly require clinical laboratory submissions to health departments. Of those 
jurisdictions, 9 have laws with language specifically addressing what should be submitted if the 
laboratory has used a non-culture or rapid testing method (CIDT) to make a diagnosis. PHLP researchers 
also identified four features of law that could facilitate isolate recovery for health departments. Those 
features are: 1) clear language establishing routine mandatory submission of isolates or other clinical 
materials; 2) clear language/definition of the materials to be submitted (e.g., “isolate,” “specimen” or 
“clinical material”); 3) a list of alternative materials to submit if the preferred isolate is not available; and 
4) clear language addressing what should be submitted if the laboratory has used a non-culture/rapid 
testing method. We then classified each state’s disease reporting laws according to its representation of 
one or more of these features. The results of this study can be used to identify and propose generalized 
solutions to potential gaps in jurisdictions’ disease reporting laws to maintain isolate or clinical material 
submissions to health departments. 
 
Presenter: Rachel Hulkower, Centers for Disease Control and Prevention, Atlanta, GA, Email: 
hzo2@cdc.gov              
 
             

P-024* 
 
New York City’s Drinking Water Microbiome - Microbial Diversity and Distribution  
C. Kretz1, J. Novak2, I. Rubinstein2, Y. Chekoff2, S. Silver2, T. Geiz2, S. Hughes2, A. Capetanakis3, S. Feud3, J. 
Rakeman2, E. Omoregie2; 1Centers for Disease Control and Prevention, 2New York City Public Health 
Laboratory, 3New York City Department of Environmental Protection 
 
Drinking water is one of our most valuable and closely monitored resources and its quality can have an 
immense influence on human health. Previous studies have reported that drinking water hosts diverse 
assemblages of microorganisms. This includes opportunistic pathogens that can host virulence and 
antimicrobial resistance genes, which are capable of many different types of environmental 
transformations and affect drinking water quality. New York City’s (NYC) water distribution system has a 
unique, comprehensive, and efficient chemical and microbiological water quality monitoring program. 
This monitoring has shown the drinking water is high quality and free from enteric pathogens. However, 
relatively little is known about the microbial community composition in NYC’s drinking water. The 
project, which is ongoing, is to investigate the microbial community structure and metabolic 
functionality of NYC’s drinking water microbiome in relation to water source and treatment. This study 
coupled 16S rRNA gene sequencing, metagenomics sequence analysis, and physiological measurements. 
Samples were collected monthly over a 1-year period from 19 sites that included pretreated and 
posttreated waters. Preliminary data analysis of four months of 16S rRNA gene sequence revealed 
presence of more than 695 bacterial genera. Many of these genera are known for nutrient cycling in soil 
and aquatic systems, including Firmicutes, Azospira spp., Shewanella spp., and Methylobacter spp. 
Enteric pathogens, (e.g., E. coli or Salmonella) were not detected. However, genera that include 
opportunistic pathogens and are common in freshwater aquatic systems (e.g., Legionella spp. and 
Mycobacterium spp.) were detected. A comparison between microbial communities based on 16S rRNA 
sequences indicated that Actinobacteria sequences dominated the microbiome of pretreated waters by 
at 69% of the total number of sequences, while comprising only 5% from posttreated waters. Whole 
genome metagenomics sequencing and metabolic functionality is in the process of being assessed. Use 
of 16S rRNA gene sequencing indicates that NYC’s drinking water microbiome is diverse and replete with 
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microorganisms common to other freshwater environments. This study provides a deeper 
understanding of the microbiome found in drinking water using metagenomic tools to investigate 
presence of potential pathogens, virulence factors, and antibiotic genes. It can provide new insights on 
potential biological processes associated with the microbiome and pathogen detection of drinking water 
microbial communities. The main goal is to ultimately protect public health by laying ground work for 
using new metagenomics tools for water surveillance.  
 
Presenter: Cecilia Kretz, Centers for Disease Control and Prevention, Atlanta, GA, Email: kpj2@cdc.gov 
 
 

P-025* 
 
Improving Specimen Submission through Data Analysis of Mislabeled Specimens Received by the 
Centers for Disease Control and Prevention and the New York City Public Health Laboratory  
R.  Fowler1, D. Lowe1, C. Kretz1, R. Stinnett1, M. Lawrence1, A. Marinova-Petkova1, M. Hardy1, M. 
Petway1, E. Wilson2, P. Mandel1, S. Soroka1, J. Rakeman3, A. Muehlenbachs1; 1Centers for Disease Control 
and Prevention, 2New York City Department of Health and Mental Hygiene, 3New York City Public Health 
Laboratory  
 
Background: Accurate specimen identification and test requisitioning are cornerstones of quality 
assurance (QA) for laboratory testing. Specialized groups that receive and accession specimens, such as 
CDC’s Specimen Triage and Transportation Team (STATT) and the New York City Public Health 
Laboratory (NYC PHL) requisition team, provide QA measures to identify specimen submission errors. 
Laboratory information management systems (LIMS) data can be used to evaluate the source of these 
errors and to identify opportunities for improvement. Our objective was to identify the frequency and 
types of submission errors at CDC and NYC PHL through analysis of LIMS data and QA records.  
Methods: CDC’s Enterprise LIMS (ELIMS) was queried to identify submission errors among the 856, 120 
specimens received by CDC from various PHLs during October 2014–January 2018. Data for submitter, 
patient, and CDC lab unit identifiers were blinded. CDC lab units (n=108) were queried for changes to 
patient identifiers. CDC STATT QA records for 265, 397 specimens received by CDC during July 2014–
June 2018 were reviewed to identify additional specimen submission errors that were resolved before 
ELIMS accessioning. NYC PHL LIMS was queried for submission errors that could be corrected before 
testing and errors that resulted in specimen rejection during May 2017–May 2018. Proportion of 
specimens with submission errors was estimated by type, submitter and laboratory unit.   
Results: NYC PHL, CDC ELIMS, and CDC STATT identified errors in 1.5%, 0.68% and 0.1% of specimen 
submissions, respectively. CDC received specimens with submission errors from 144 submitters; 23 
submitters accounted for 50.1% of errors.  More than half (52%) of specimens with submission errors 
were associated with 13/152 NYC PHL submitters. The most common error types were: specimen 
identifiers not matching those on the submission form (CDC 56%, NYC PHL 26%), no submission form 
(CDC 16%, NYC PHL 39%), specimen labeling errors (CDC 2%, NYC PHL 30%). Additionally, CDC had a 
specific error of >1 specimen per submission form (9%). Existing QA procedures resolved most 
submission errors, often through correcting CDC ELIMS and NYC LIMS entries. CDC ELIMS data showed 
35 CDC lab units corrected identifier-related submission errors in ELIMS (682 corrections per 100,000 
specimens with errors).  
Conclusions: Overall, the percentage of specimens submitted to CDC and NYC PHL with errors was low. 
This analysis shows the power of LIMS to inform evidence-based improvement of pre-analytic processes. 
Accessioning QA data revealed that most errors associated with specimen submissions were related to 
incomplete or inaccurate submission forms. This analysis identifies specific areas for quality 
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improvement and provides a reference to implement future mitigations (e.g., job aids and LIMS-
integrated analytic tools) that would allow labs to conduct internal assessments.  
 
Presenter: Marlon Lawrence, Centers for Disease Control and Prevention, Atlanta, GA, Email: 
nrk4@cdc.gov  

 
 
P-026* 
 
Analyzing the Performance of Different Types of Coolers and Coolants to Improve Cold Chain 
Transportation. 
D. Lowe , G. Pellegrini, A. Carter, E. LeMasters and A. Weiner, Centers for Disease Control and Prevention 
 
Background: Clinical and research specimens often must remain cold during transportation to the 
laboratory. Long distances, poor infrastructure, and limited coolants frequently lead to samples arriving 
too warm and possibly unusable. Yet, there is little empirical evidence addressing how different coolers 
or coolants perform. Our objective was to analyze different types of coolers and coolants, and to 
develop a model to estimate the amount of coolant needed based on variable transit times.  
Methods: We compared 16 different coolers and 10 different coolants by the time needed to reach 6°C. 
Two categories of coolers were evaluated: currently utilized polystyrene foam and injection molded 
coolers, and newer rotation-molded coolers. A standard amount of coolant filled each cooler and a data 
logger recorded the temperature. The coolant categories evaluated were cold packs and frozen filled 
water bottles. We measured how long coolants kept temperatures below a target temperature of 6°C 
versus cost. Finally, we varied the amount of coolant to generate a predictive model for transit times.  
Results: Polystyrene foam and rotation-molded coolers remained below the target temperature longer 
than injection-molded coolers (average: 61.4 hrs vs 39.7 hrs). This duration varied with rotation-molded 
coolers (range: 36.2-109.5 hrs). The coolant sources also varied in their time below 6°C (range: 11.1–
27.4 hrs) and their cost (range: $0.11-$12.95/pound). Frozen water bottles remained below 6°C for a 
similar time as other cold packs, but were the most economical. Finally, we varied the amount of water 
bottles to build a predictive model that predicted the time to 6°C to within 3hr (R-squared = 0.994) for 
rotation-molded coolers.  
Conclusions: Rotation-molded coolers and frozen water bottles give samples longer transit times at the 
target temperature range between the collection site and laboratory. These studies emphasize the 
importance laboratory quality research can have on improving sample quality from remote locations.  
 
Presenter: David Lowe, Centers for Disease Control and Prevention, Atlanta, GA, Email: nqu9@cdc.gov   
 
              

P-027 
 
Genetic Characterization of Human Adenoviruses Associated with Multiple Respiratory Outbreaks in 
the United States in 2018 
X. Lu, S. Sakthivel, E. Schneider, H. Biggs, J. Watson, S. Gerber and S. Lindstrom, Centers for Disease 
Control and Prevention 
 
Background: Human adenoviruses (HAdVs) are medically important pathogens responsible for 
substantial human disease burden. HAdV infections can cause a wide variety of clinical syndromes, 

mailto:nrk4@cdc.gov
mailto:nqu9@cdc.gov


APHL 2019, St. Louis, MO, June 3-6, 2019 
 

including respiratory, ophthalmic, gastroenteric, neurologic and immuno-compromised host disease. 
HAdVs are classified into 7 species (A-G). Over 85 genotypes have been described by computational 
analysis of complete genomic sequences. Species B and E HAdVs, in particular types 3, 4, 7 and 14 are 
more commonly associated with outbreaks of severe acute respiratory infections. In 2018, CDC provided 
laboratory support to US public health laboratories to identify and characterize HAdVs associated with 
respiratory disease outbreaks and individual cases occurring in the US. 
Objective: To characterize HAdVs associated with human respiratory cases and outbreaks in multiple 
states in the US in 2018 using a comprehensive set of genetic analysis methods developed at CDC.   
Methods: Respiratory specimens collected from multiple HAdVs-associated respiratory disease cases in 
2018 were sent to CDC for further characterization. Specimens were tested by a universal pan-HAdV 
real-time PCR (rPCR) assay to confirm HAdV detection and characterized by HAdV type-specific rPCR 
assays. Virus isolation and whole genome sequencing were performed to determine HAdV genotypes. 
DNA libraries were constructed using Nextera XT DNA Library Prep Kit and paired-end sequencing was 
performed on the Illumina MiSeq. De novo and reference-guided genome assemblies were achieved 
using CLC Genomics Workbench V11.0.  Phylogenetic trees of the complete genome sequences were 
constructed by the neighbor-joining method implemented in MEGA V7.  In silico restriction enzyme 
analysis was performed using Geneious 9.0.5.  
Results: HAdV-type specific rPCR identified four different HAdV types associated with respiratory 
disease clusters and cases: HAdV-3, HAdV-4, HAdV-7, HAdV-14, mixed HAdV-4 and HAdV-7. In silico 
restriction enzyme analyses identified HAdV-7 outbreak strains as genotype 7d that recently emerged in 
the US in 2013. HAdV-14 outbreak strains were identified as genotype 14p1. HAdV-4 strains were 
identified as 4a1 genotype. HAdV-3 strains were typed as genotype 3a2.  
Conclusions: In 2018, several US state public health laboratories reported cases and outbreaks of HAdV 
associated severe respiratory disease and CDC provided comprehensive genetic analysis that identified 
four different HAdVs types.  Application of these genetic analysis methods permitted detailed 
characterization of the virus confirming its etiologic link with the cases and outbreaks.  This 
demonstrates the value of rapid characterization of currently circulating HAdV types in supporting the 
public health response to control HAdV-associated outbreaks, and improving our understanding of the 
prevalence of respiratory illness associated with HAdVs. 
 
Presenter: Xiaoyan Lu, Centers for Disease Control and Prevention, Atlanta, GA, Email: xal9@cdc.gov 
 
            

P-028* 
 
Enhanced Opioid Overdose Surveillance in the U.S. 
D. Mustaquim, Centers for Disease Control and Prevention 
 
The opioid overdose epidemic was declared a national emergency in 2017, following dramatic increases 
in opioid overdose in several areas of the country.  Understanding changing trends in overdoses 
involving prescription and illicit opioids as quickly as possible is essential to deploying effective public 
heath interventions to reduce morbidity and mortality.  Currently, 32 states and Washington DC are 
funded to perform enhanced opioid overdose surveillance activities through the Enhanced State Opioid 
Overdose Surveillance (ESOOS) cooperative agreement.   
 
The goals of ESOOS are to: 1. Increase timeliness of non-fatal opioid overdose reporting, 2. Increase 
timeliness of fatal opioid overdose reporting, and 3. Increase dissemination of data to key stakeholders.  
Enhanced fatal opioid overdose surveillance is based on the State Unintentional Drug Overdose 
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Reporting System (SUDORS), which leverages the National Violent Death Reporting System (NVDRS).  
SUDORS often includes detailed toxicology testing results, along with data from death certificates and 
medical examiner/coroner reports.  Laboratory data is a critical element of this system and testing is 
done by a variety of laboratory types, including public health laboratories.  Non-fatal opioid overdose 
surveillance in the U.S. is based on monitoring of emergency department data for indicators of overdose 
based on chief complaint and discharge diagnosis data (syndromic surveillance) and also hospital 
discharge data. This does not include laboratory testing data.  Laboratory testing is one way to 
determine what specific drugs are being used and if and how these drugs evolve over time (e.g., new 
analogs for substances like fentanyl).    Some laboratory data sources are emerging that could 
potentially fill this gap in surveillance, including public health laboratory surveillance testing and 
commercial laboratory testing.    
 
This poster will explain these components of enhanced national opioid overdose surveillance in more 
detail.  The most recent findings from enhanced surveillance activities will be shared, including recent 
trends and emerging areas of concern.  Laboratory data sources being evaluated to supplement nonfatal 
opioid overdose surveillance will be highlighted as well as their respective strengths.  
   
Presenter: Desiree Mustaquim, Centers for Disease Control and Prevention, Atlanta, GA, Email: 
dwc6@cdc.gov              
 
 

P-029 
 
Early Findings from a National Assessment to Help Shape and Support Public Health and Clinical 
Laboratory Workforce Development 
R. Ned-Sykes, S. Strider, Q. Zheng, P. Thomas and Y. Wilkins, Centers for Disease Control and Prevention  
 
Challenges in public health laboratory (PHL) and clinical laboratory (CL) workforce development are 
numerous; but, not all are well documented from a national perspective. The CDC recently began a 3-
year initiative — the Workforce Assessment of Laboratory Communities (WALC) — to better enable the 
development of collaborative strategies to address challenges and needs in laboratory workforce 
development. As a first step, a literature review was conducted to document the extent and scope of 
data collected about the PHL and CL workforces. Of the 227 data sources published 2000-2018 that were 
included in the literature review, 51% of PHL-related sources and 40% of CL-related sources profiled the 
workforce (e.g., demographics, educational background, salary) and employers, with the most robust 
studies focusing solely or largely on workforce and employer profiling. There is large variability in the 
existence and amount of data related to various other aspects of workforce development, as well as 
variability between the PHL and CL literature in terms of the workforce development questions or 
challenges that have been investigated. Generally, though, few sources examined aspects such as: 
career attractiveness, job readiness of recent graduates, or the impact of certain kinds of education or 
training on job performance or career progression. Overall, although each workforce is characterized 
reasonably well, there is a lack of actionable data in a number of areas. To fill some of these gaps, CDC is 
planning to conduct interviews and focus groups with laboratory professionals and leaders, in addition 
to conducting secondary analyses of existing relevant data. The strategies for primary data collection 
and secondary analyses will also be presented. The WALC is expected to better position CDC and its 
laboratory partners to coordinate, develop, and implement effective, data-driven training programs and 
other workforce-strengthening initiatives that shape and support a competent and adaptable laboratory 
workforce. 
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Presenter: Renee Ned-Sykes, Centers for Disease Control and Prevention, Atlanta, GA, Email: 
rin1@cdc.gov  
 
    

P-030 
 
State Approaches to Participant Recruitment, Sample Collection, Surveying, Results Return and 
Evaluation in Biomonitoring Investigations 
L. Parcels and K. Dortch, Centers for Disease Control and Prevention 
 
The Centers for Disease Control and Prevention’s (CDC) State Biomonitoring Program aims to increase 
the capability and capacity of state public health laboratories to conduct high-quality biomonitoring 
science and assess human environmental exposures in their communities. With financial and technical 
assistance from CDC’s Division of Laboratory Sciences (DLS), state programs purchase laboratory 
equipment and supplies, hire and train specialized staff, and conduct fieldwork and data analysis. 
Awardees under the current cooperative agreement include California, New Hampshire, New Jersey, 
Massachusetts, Virginia, and the 4 Corners States Biomonitoring Consortium (Utah, Arizona, New 
Mexico, and Colorado).  
 
States face many challenges as they develop and implement biomonitoring approaches, including 
recruitment and selection of a representative sample, survey design and sample collection, results 
reporting, data management, and program evaluation. Many address these challenges by leveraging 
funding resources (i.e., in-kind, state, and federal resources) and developing strategic partnerships to 
strengthen biomonitoring activities. At the State Biomonitoring Programs Annual Awardee Meeting in 
Atlanta in November 2018, awardees expressed interest in sharing methods for overcoming the 
obstacles associated with designing and implementing high-quality biomonitoring studies. This summary 
aims to assemble states’ approaches to increase awareness of successful strategies and stimulate new 
efforts for recruitment, sample collection, survey design, results return, and evaluation. 
 
Presenter: Linde Parcels, Centers for Disease Control and Prevention, Atlanta, GA, Email: oqj1@cdc.gov 
 
             

P-031 
 
Stability Testing of Laboratory Response Network (LRN) Real-time PCR Positive DNA Control A 
(KT0074) and Real-time PCR Positive DNA Control B (KT0097) 
M.K. White1, S. Rager1, M. Lawson1, T. Sanders2, P. Syribeys1; 1Centers for Disease Control and 
Prevention, 2IHRC, Inc. 
 
The short shelf-life of Laboratory Response Network (LRN) positive control material adds to the cost of 
our national response. The expiry of Real-time PCR Positive DNA Control A (Plasmid A) and Real-time 
PCR Positive DNA Control B (Plasmid B) were originally one (1) year from date of manufacture. The 
current shelf-life requires new production lots annually, resulting discarded unused materials by CDC 
and LRN laboratories. In an effort to reduce both the cost of production and the amount of discarded 
material, a study was conducted to extend the shelf-life and confirm the 6 month in-use stability claim 
for Plasmids A and B. The control plasmids (Plasmids A and B) were tested using 14 and 17 separate 
signatures in real-time PCR assays, respectively.  Shelf-life and in-use testing was performed in 

mailto:rin1@cdc.gov
mailto:oqj1@cdc.gov


APHL 2019, St. Louis, MO, June 3-6, 2019 
 

accordance with LPRB 'Product Release Testing for Real-time PCR Positive DNA Controls A and B Bulk 
and Finished Kits' work instruction.  For shelf-life testing, three (3) kits from each specified lot were 
tested in triplicate and the average value of each signature was analyzed to determine if the acceptance 
criteria was met.  For In-use stability testing, one (1) kit from each specified lot was tested in triplicate 
monthly for seven (7) months and average value of each primer and probe set was analyzed to 
determine if the acceptance criteria was met. Plasmid A was found to have a shelf-life stability of 24 
months when stored at -20°C and six (6) months when stored at 2-8°C.  Plasmid B was found to have a 
shelf-life stability of 36 months when stored at -20°C and six (6) months when stored at 2-8°C. Based on 
the results of this study, the expiry date of Plasmid A has been extended to 24 months and Plasmid B 
has been extended to 36 months. The expiration date extension aids LPRB and LRN laboratories in 
reducing the cost of production and amount of unused materials discarded annually.  
 
The expiry date extension of Plasmid A and Plasmid B aids LPRB in reducing material production costs, 
shipment costs and disposal costs associated with providing materials to the LRN partner laboratories. 
 
Presenter: Stacy Rager, Centers for Disease Control and Prevention, Atlanta, GA, Email: vmk4@cdc.gov   
             
 

P-032 
 
Development of a Targeted Next-Generation Sequencing Method to Detect Drug Resistance in 
Mycobacterium tuberculosis 
E. Ransom, S. Burns, B. Metchock and J. Posey, Centers for Disease Control and Prevention 
 
Conventional drug susceptibility testing in Mycobacterium tuberculosis (Mtb) requires weeks-to-months 
to complete due to the slow growth rate of Mtb. Reducing the turnaround time is key to improving 
patient outcomes and limiting transmission of tuberculosis. Here, we discuss the development of a new 
method that uses multiplex polymerase chain reaction (PCR) coupled with next-generation sequencing 
(NGS) to predict Mtb drug resistance. In this study, starting material was either Mtb isolates or 
processed sputum sediments positive by nucleic acid amplification test (NAAT) for Mtb. The assay was a 
three pool multiplex PCR that amplified 116 genomic regions spanning 19 loci associated with drug 
resistance. We initially optimized and evaluated the assay using high-quality genomic Mtb DNA. We 
achieved 100% coverage of the amplicons with a 17-fold depth variation from the depth mean (e.g., 
mean depth was 45,963 but lowest depth was 2,681). We also evaluated the assay on NAAT+ sputum 
sediments previously analyzed by Sanger sequencing. The percent and depth of coverage for each locus 
was similar for processed sputum sediments as compared to Mtb isolates. NGS results were 100% 
concordant with previous Sanger sequencing results for each sample. Preliminary findings using an 
Illumina Miniseq suggest this method can test 10 isolates on a single sequencing run and achieve 100% 
coverage across all 116 amplicons with a median coverage of ~1,000x. The anticipated decreased turn-
around time, as compared to growth-based tests, could make this method a practical option for 
laboratories seeking to implement molecular testing.  
 
Presenter: Eric Ransom, AR Fellow, Centers for Disease Control and Prevention, Atlanta, GA, Email: 
oba0@cdc.gov 
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P-033 
 
Improving Crisis and Emerging Threat Responses in Public Health Laboratories 
R. Aubert1, E. Bind2, M. Bonifas3, C. Charlton4, C. Courtney5, N. Hull6, M. Johnson7, R. McNall1, C. Perkins8, 
C. Sloma9, S. Staley10, A. Strain11, T. Wolford10, R. Razzaque12; 1Centers for Disease Control and 
Prevention, 2New Jersey Department of Health, 3Michigan Department of Health and Human Services, 
4Provincial Laboratory for Public Health,  5Washington, DC Public Health Laboratory, 6Wyoming Public 
Health Laboratory, 7Kentucky Division of Laboratory Services, 8Los Angeles County Public Health 
Laboratory, 9Texas Department of State Health Services, 10Association of Public Health Laboratories, 
11Minnesota Department of Health, 12Oregon State Public Health Laboratory 
 
Background: Public health laboratories (PHLs) and public health associated institutional laboratories 
(PHAIs) are facing an increasing number of threats that negatively affect the ability of laboratories to 
provide uninterrupted services. To ensure an undiminished standard for public health and safety, it is 
imperative that PHLs and PHAIs have the capability and capacity to prepare for and respond to threats 
through improved collaboration and resource gathering. Cohort 11 of APHL’s Emerging Leader Program 
aims to provide accessible, user-friendly, and relevant information to utilize for improving emergency 
response and crisis management.  
Methods: In the fall of 2018, APHL’s Emerging Leaders Program Cohort 11 includes a diverse group of 
fifteen public health professionals, including representatives from US state and local PHLs, the Centers 
for Disease Control and Prevention, Public Health Canada, and APHL. The topic of public health 
preparedness and emergency response was selected by Cohort 11 as an unmet need with overarching 
relevance, and an issue that aligned with APHL’s strategic priorities. The cohort determined that a 
publication identifying gaps and lessons learned in crisis response would provide information to both 
public health professionals and policy makers. The cohort will collate the knowledge and experiences 
shared by subject-matter experts to convey these lessons into a document and summary fact sheet. To 
enhance existing resources, Cohort 11 is also facilitating a round-table discussion of this topic at the 
APHL Annual Meeting. 
Results: Cohort 11 will create a document which highlights challenges for the PHLs in responding to 
crisis and emerging threats, including biological, chemical, natural disasters, and technological issues. 
Challenges may involve personnel, resources, tests systems, monitoring, reporting, and communication 
during the response. Through consultations with experts, the document will not only address the gaps in 
the preparedness program, but will also provide a thoughtful and detailed summary of our findings 
which will be useful for state public health laboratory leaders and policy makers, the federal 
government laboratories, and for PHLs globally. 
Conclusion: To build a stronger public health network, we must establish effective communication and 
coordinated response within the PHLs during the crisis events as well as establish efficient public 
communication strategy. APHL Cohort 11 will provide a document and forum to assist this priority by 
sharing knowledge across laboratories and providing information, which can be used to prepare for 
emerging public health threats. 
 
Presenter: Rafia Razzaque, Oregon State Public Health Laboratory, Email: 
rafia.razzaque@dhsoha.state.or.us 
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P-034* 
 
Determining a Sustainability Path for the Public Health Laboratories of the Puerto Rico and U.S. Virgin 
Islands Departments of Health 
D.M. Rivera Nazario1, M. Toro2, G. Gonzalez2, K. Kines1, J. Pompey1, B. Ellis3, E. O’Neill1; 1Centers for 
Disease Control and Prevention, 2Puerto Rico Department of Health, 3US Virgin Islands Department of 
Health 
 
Development of a sustainable public health laboratory (PHL) system is crucial for a Department of 
Health (DOH) to maintain services in the event of unexpected circumstances such as decreased funding 
or natural disasters. Strategic planning that includes writing grant proposals to fund multidisciplinary 
programs (Epidemiology, Laboratory and others) within the public health system with a focus on 
revenue generating activities (e.g. high volume testing that can be reimbursed by health insurance, 
proficiency testing, and others), will enhance their preparedness to restore or continue operations. With 
the help of subject matter experts in health economics, a detailed study on sample processing costs to 
the Puerto Rico and US Virgin Islands DOH-PHLs is necessary to determine which tests would generate 
the highest revenue, taking into consideration processing costs, volume of samples received, and the 
jurisdiction’s testing priorities. Given the current financial situation of these United States territories, a 
proposed sustainability path for the Puerto Rico and US Virgin Islands’ Public Health Laboratories is of 
utmost importance. 
 
Presenter: Danisha Rivera Nazario, Centers for Disease Control and Prevention, Atlanta, GA, Email: 
lul1@cdc.gov 
 
     

P-035 
 
Development of a Multi-Certification Laboratory Quality Management Program in a Complex 
Laboratory Structure 
K. Maldonado Mena1, D.M. Rivera Nazario1, K.A. Torres1, J. Perez1, J. Pompey1, K. Kines1, A. 
Muehlenbachs1, M. Korth1, G. Gonzalez2, M. Toro2, E. O’Neill1; 1Centers for Disease Control and 
Prevention, Puerto Rico Department of Health 
 
The Puerto Rico Department of Health (PRDOH) laboratories monitor public health threats among the 
island and through the Caribbean. The conglomerate of these laboratories is known as the Public Health 
Laboratories of Puerto Rico (LSPPR for its acronym in Spanish). The LSPPR is composed of two externally 
certified units (clinical testing with 15 laboratories and hygiene testing with 12 laboratories), two non-
externally certified testing areas (Alcohol Toxicology and Rabies laboratories), and a Proficiency Testing 
Program.  The LSPPR has several regional facilities located in San Juan (Central Region), Arecibo (North 
Region), Mayagüez (West Region) and Ponce (South Region). The LSPPR has four different quality 
assurance certifications, the Clinical Laboratory Improvement Amendments (CLIA), Auxiliary Secretariat 
for Regulation and Accreditation of Health Facilities (SARAFS for its acronym in Spanish), Environmental 
Protection Agency (EPA), and Food and Drug Administration (FDA). In addition, all laboratory facilities 
must comply with the corresponding Occupational Safety and Health Administration (OSHA) regulations. 
Therefore it is necessary to develop a Multi-Certification Laboratory Quality Management Program (MC-
LQMP) that will help standardize procedures and policies among all LSPPR, maximize resources (such as 
staff, reagents, materials, funds, etc.) while strengthening communication between all laboratories and 
ensuring compliance of all certification and regulatory agencies. Our project plan is divided in three 
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phases: assessment, recommendations and re-assessment. During phase 1, we developed a gap analysis 
tool with a scoring system to assess all laboratories before any implementation. Overall, the LSPPR 
complies with all certifications, but needs improvement and strengthening on some parameters. We 
identified several parameters not in compliance that needed to be addressed immediately; some had 
easy solutions while others required a more complex approach.  We were able to identify overlapping 
requirements like documentation policies, preventive maintenance, decontamination and disinfection, 
quality control verifications, biosafety, etc., between the different laboratory certifications and 
regulatory agencies. This information will be used for the development of MC-LQMP policies and 
procedures manual. Future work will focus on developing recommendations regarding an 
implementation plan (phase 2). Finally, the re-assessment (phase 3) will let us know the feasibility and 
sustainability of all implementations while evaluating if any improvements or a different approach is 
needed. An MC-LQMP will assure sample integrity, results reliability and harmonization of laboratory 
processes. 
 
Presenter: K. Maldonado Mena, Centers for Disease Control and Prevention, Atlanta, GA, Email: 
nhc8@cdc.gov 
 
  

P-036 
 
The Future of U.S. National Cryptosporidiosis Surveillance: What Do 2016 NNDSS and CryptoNet Data 
Tell Us? 
A. Perez1, M. Hlavsa1, S. Gleason1, H. Seabolt1, J. Murphy1, S. Collier1, K. Fullerton1, L. Xiao1, D. Roellig1; 
1Centers for Disease Control and Prevention, 2South China Agricultural University 
 
Background: Cryptosporidium is the leading etiology of U.S. recreational water–associated outbreaks 
and a leading cause of zoonotic outbreaks. At least 30 Cryptosporidium species have been identified. 
Outside the United States, select species have been associated with specific exposures. The species are 
generally indistinguishable by traditional diagnostic methods; only molecular methods can distinguish 
species. Cryptosporidium genotyping historically has been limited to outbreak investigations; National 
Notifiable Diseases Surveillance System (NNDSS) does not capture exposure data. CDC formally launched 
CryptoNet in mid-2015 to nationally and systematically collect genotyping and exposure data. This is the 
first examination of NNDSS and CryptoNet data together.  
Methods: U.S. states voluntarily report cryptosporidiosis cases to CDC through NNDSS. Eleven states 
participate in enhanced cryptosporidiosis surveillance through CryptoNet; other states can also submit 
specimens for genotyping. State collaborators 1) genotype Cryptosporidium specimens or send them to 
CDC and 2) complete the CryptoNet case investigation form, which focuses on exposures (e.g., 
waterborne, foodborne, person-to-person, and zoonotic). NNDSS and CryptoNet data from 2016 were 
analyzed using R and SAS 9.4. 
Results: For 2016, 13,471 cases were identified in the NNDSS database; a subset (321, 2%) had 
genotyping and exposure data in the CryptoNet database. Demographic similarities were noted between 
NNDSS and CryptoNet datasets; females accounted for >50% of cases, and children ages 0–14 years 
accounted for >25% of cases. Most (>90%) of CryptoNet specimens were C. hominis or C. parvum. 
Treated recreational water (e.g., pool) exposure, contact with children in childcare, and contact with 
diapered persons were each noted more frequently among C. hominis cases. Untreated recreational 
water (e.g., lake), drinking water (e.g., private well, bottled water), and animal contact (e.g., calf) were 
each noted more frequently among C. parvum cases.  
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Discussion: Analysis of early enhanced surveillance data suggest that exposures differ by 
Cryptosporidium species. Strengthening surveillance by increasing the systematic collection of 
genotyping and exposure data will be used to develop and implement increasingly effective 
cryptosporidiosis prevention measures. CryptoNet is helping to modernize national cryptosporidiosis 
surveillance in two ways: first, CryptoNet laboratory database will be integrated into the PulseNet 
BioNumerics platform (i.e., this will be used in the future to streamline workflows); and second, 
exposure data defined by the CryptoNet case report form are included in the Foodborne and Diarrheal 
Diseases Message Mapping Guide as part of the NNDSS Modernization Initiative to support standardized 
HL7 messaging of exposure data from states to CDC. 
 
Presenter: Dawn Roellig, Centers for Disease Control and Prevention, Atlanta, GA, Email: iyd4@cdc.gov 
 
 

P-037  
 
Is a Positive Shiga Toxin Test a Shiga Toxin-Producing E. coli Infection? — Foodborne Diseases Active 
Surveillance Network (FoodNet) — 2012−2017 
D. Tack1, K. Barrett1, C. Medus2, K. Garmen3, J. Dunn3, S. Hurd4, J. Hatch5, K. Parada6, S. Wilson7, E. 
Wilson8, K. Wymore9, P. Griffin1, A. Geissler1; 1Centers for Disease Control and Prevention, 2Minnesota 
Department of Health, 3Tennessee Department of Health, 4Connecticut Emerging Infections Program, 
5Oregon Health Authority, 6Georgia Emerging Infections Program, 7Georgia Department of Public Health, 
8Colorado Department of Public Health and Environment, 9California Emerging Infections Program 
 
Background: FoodNet conducts active laboratory-based surveillance for Shiga toxin-producing E. coli 
(STEC) in 10 US sites. During 2007–2017, FoodNet reported increased culture-independent diagnostic 
test (CIDT) use and decreased isolation of STEC by culture. In the absence of an STEC isolate, FoodNet 
has excluded cases whose Shiga toxin (Stx) CIDT results were not confirmed by a public health 
laboratory (PHL). In 2018, the STEC national case definition was updated to include infections diagnosed 
by any CIDT.  
Methods: We examined STEC infections reported to FoodNet during 2012−2017 with a positive Stx  
immunoassay (IA) or polymerase chain reaction (PCR) test at a clinical laboratory, followed by testing of 
the same or another specimen at a PHL. Three test type combinations were assessed (IA/IA, PCR/PCR, 
and IA/PCR) by state, symptoms, test discordance, and culture result. A positive Stx CIDT at a clinical 
laboratory followed by a negative Stx CIDT at the PHL was considered discordant.  
Results: During 2012−2017, 8,260 (76% of all STEC reported) cases tested positive by IA or PCR at a 
clinical laboratory followed by an IA or PCR at a PHL. Among these, 1,736 (21%) were excluded from 
FoodNet case counts. Twenty-nine percent of cases had positive results by CIDT alone. Some cases had 
two CIDT tests performed, resulting in 8,989 total test combinations. The most frequent combination 
was IA/PCR (57%), followed by IA/IA (26%) and PCR/PCR (25%); most (98%) were also tested by culture. 
Of the test combinations performed, 1,911 (29%) were discordant (range by state, 10%–44%). Among 
the IA/PCR test results, 18% were discordant, and 14% of those cultured had STEC isolated. A higher 
proportion of IA/IA (27%) and PCR/PCR (23%) results were discordant, and 5% of those cultured had 
STEC isolated. Persons with discordant test results were less likely to have diarrhea (91% vs. 97%) or 
bloody diarrhea (28% vs. 57%). Test result discordance increased markedly from 2012 to 2017 in all sites 
for IA/PCR (11% to 21%), IA/IA (17% to 34%), and PCR/PCR (6% to 24%).  
Conclusions:  Accepting multiple test results with differing sensitivity and specificity complicates 
surveillance. Marked variation in frequency of discordant Stx results and identification of STEC isolates 
by state highlights how sensitivity and specificity of different test types, test targets, and specimen 
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transport might affect STEC results and surveillance. Including all infections diagnosed by any CIDT could 
increase FoodNet STEC case counts and challenge interpretation of national trends.  
 
Presenter: Danielle Tack, Centers for Disease Control and Prevention, Atlanta, GA, Email: dot7@cdc.gov 
 
         

P-038 
 
Distribution of Dual-mechanism Carbapenemase-producing Gram-negatives in the United States—AR 
Laboratory Network, 2017–2018 
A. Wadhwa, J. Huang, R. Stanton, S. Malik, G. McAllister, A. Halpin and A. Brown, Centers for Disease 
Control and Prevention 
 
Introduction: Carbapenem resistance caused by extended-spectrum beta-lactamase producing 
Enterobacteriaceae is on the rise. Plasmid-mediated carbapenemase genes among healthcare-
associated pathogens is a major public health concern because of the potential for rapid dissemination. 
CDC established the Antibiotic Resistance Laboratory Network (AR Lab Network) to provide nationwide 
capacity for rapid detection of AR threats to facilitate their containment and prevention.  Using AR Lab 
Network data, we describe the distribution and molecular epidemiology of carbapenem-resistant 
Enterobacteriaceae (CRE) and Pseudomonas aeruginosa (CRPA) isolates as well as colonization swabs 
that tested positive for two carbapenemase genes (dual-mechanism).  
Methods: In January 2017, AR Lab Network began testing CRE and CRPA isolates for organism 
identification, antimicrobial susceptibility testing (AST), carbapenemase production, and mechanism 
identification (KPC, NDM, OXA-48-like, VIM, and IMP genes). Colonization screening for carbapenemase-
producing organisms (CPOs) was added to the activities in June 2017. We analyzed all monthly reports 
for dual-mechanism specimens to describe the distribution of carbapenemases, organisms, AST, and 
whole genome sequencing (WGS) data.   
Results: Through November 2018, CDC received 92 reports of dual-mechanism isolates; 89 CRE and 3 
CRPA. Among CRE isolates, 76% were Klebsiella spp., 9% were Escherichia coli and 8% were 
Enterobacter spp. Seventy-four percent (n=57) of dual-mechanism isolates were New Delhi Metallo-
beta-lactamase (NDM) with oxacillinase (OXA), 33 (58%) of which were detected in the Mid-Atlantic 
region. The next most common combination was NDM and Klebsiella pneumoniae carbapenemase (KPC) 
(19; 25%), which was detected in the Midwest region more often than elsewhere (8; 42%). Forty-eight 
percent (24/50) of isolates tested during 2018 showed resistance to ertapenem, imipenem, 
meropenem, ceftazidime, cefepime and aztreonam. Of ten CRE dual-mechanism isolates with WGS, the 
carbapenemase genes were found localized on separate plasmids. There were 86 dual-mechanism 
swabs from CPO screening, of which 34 (40%) were KPC/VIM and 33 (38%) were KPC/NDM.  
Conclusion: The AR Lab Network is aiding detection of clinical isolates and specimens with multiple 
carbapenemases. Increased capacity, timely screening, and rapid AST can support increased 
containment and improved therapeutic success for infections caused by threats to patient safety. It is 
critical that all primary carbapenemase gene targets be included in routine public health laboratory 
workflows to ensure rapid identification of and response to isolates harboring multiple mechanisms of 
concern. Studies are underway to improve our understanding of transmission and evolution, and our 
strategies for detection and containment of these and other emerging AR threats.  
 
Presenter: Ashutosh Wadhwa, Centers for Disease Control and Prevention, Atlanta, GA, Email: 
wnq0@cdc.gov 
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P-039 
 
Trace Metals Lot Screening of Sample Collection and Storage Devices Used in Biomonitoring Studies 
C. Ward, R. Williams, N. Hilliard and R. Jones, Centers for Disease Control and Prevention 
 
The Centers for Disease Control and Prevention’s Inorganic and Radiation Analytical Toxicology Branch 
uses inductively coupled plasma mass spectrometry to measure levels of metals such as zinc, copper, 
selenium, antimony, arsenic, barium, beryllium, cadmium, cesium, chromium, cobalt, iodine, lead, 
molybdenum, manganese, mercury, nickel, platinum, strontium, thallium, tin, tungsten, and uranium in 
human clinical specimens. A common assumption is that materials such as needles and cryogenic vials 
and tubes used in the laboratory are free from contamination; however, that is not necessarily the case 
especially for metals analysis at population based biomonitoring levels. Lot screening is critical for 
determining accurate population reference levels of screened metals that tend to be at the very low 
concentration end of the analytical range in clinical specimens.   
 
Our branch has a dedicated lot screening laboratory that uses ICP-MS to detect the absence or presence 
of metal contaminants in devices such as needles, blood tubes, urine cups, and cryovials that are used 
for the collection, analysis, and storage of clinical specimens. Lot screening as the first step in the 
analytical process can potentially identify specific manufacturing lots of materials that have metal 
concentrations above targeted thresholds. Identifying unsuitable manufactured lots eliminates the 
likelihood of obtaining falsely elevated results due to the use of contaminated materials. Although the 
use of lot screening for analytical methods used for biomonitoring of metals in clinical specimens is 
highly recommended, numerous factors need to be considered upon implementation of a lot screening 
program to ensure that contamination is not introduced in the screening process by the screening 
laboratory. Those factors will be presented as well as a summary of the lot screening procedure used by 
our laboratory.  
 
With advances in analytical technology and changes in population exposure levels (trending downward), 
finding suitable materials for trace metal analysis has become increasingly difficult. Our laboratory 
recently compiled over 16-years of lot screening data for the purpose of evaluating trends in 
manufacturing lot failures.  A number of analytes evaluated had an increasing percentage of lots failing 
over time.  We focused on zinc, barium, manganese, lead, beryllium, and tungsten because they had the 
most lot screening failures.  For each element, there was a general increase in the number of lots 
screened per analyte for each method. A summary of this data will be provided.   
 
Presenter: Cynthia Ward, Centers for Disease Control and Prevention, Atlanta, GA, Email: 
cward@cdc.gov  
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P-040 
 
Towards Genomic Epidemiology of Bordetella pertussis with wgMLST and Culture-independent 
Sequencing 
M. Weigand1, Y. Peng1, D. Kania1, H. Pouseele2, A. Simon1, L. Xiaoli1, K. Bowden1, M. Williams1, L. 
Tondella1; 1Centers for Disease Control and Prevention, 2Applied Maths, Inc. 
 
Whooping cough (‘pertussis’) remains a public health challenge. Although coverage with pertussis-
containing vaccines remains high, cases have increased steadily in the United States since the late 1980s. 
The causative agent, Bordetella pertussis, exhibits little gene sequence variation rendering many 
standard molecular assays, such as multi-locus sequence typing (MLST), inadequate for supporting 
epidemiology. Study of pertussis disease resurgence is further limited by the declining use of diagnostic 
culture as fewer clinical isolates are available for whole-genome sequencing. 
 
To address these needs, we sought to improve the power of allele-based molecular typing and develop a 
culture-independent application for B. pertussis. A whole-genome MLST (wgMLST) scheme was 
developed on the BioNumerics platform from 214 reference-quality genome assemblies sequenced at 
CDC. The scheme was evaluated with Illumina HiSeq or MiSeq data from 2,200 isolates, representing 
cases of known outbreaks and state-wide epidemics characterized by existing molecular assays as well 
as replicates collected from individual patients. A targeted enrichment protocol with RNA baits was also 
evaluated for implementing genomic characterization of PCR-positive nasopharyngeal specimens.  
Scheme curation identified 3,507 protein-coding loci that cover >80% of the average B. pertussis 
genome. Allele typing with wgMLST demonstrated concordance with whole-genome SNP profiles, 
accurately resolved outbreak and sporadic cases in a retrospective comparison, and clustered replicate 
isolates collected from individual patients at a single time point. Reanalysis of isolates from two state-
wide epidemics reconstructed the population structures of circulating disease with increased resolution 
to reveal new clusters of potentially related cases. Optimizing culture-independent enrichment yielded 
up to 90% B. pertussis sequencing read data and significantly reduced host contamination, sufficient for 
wgMLST directly from clinical specimens and comparison to cultured isolates.  
 
These results illustrate the utility of wgMLST for improving B. pertussis characterization and the addition 
of culture-independent enrichment has the potential to increase case representation, together aiding 
molecular epidemiology and genomic study of the current pertussis disease resurgence. 
 
Presenter: Michael Weigand, Centers for Disease Control and Prevention, Atlanta, GA, Email: 
yrh8@cdc.gov 
 
          

P-041* 
 
Evaluation of MERS-CoV Testing Capability Among U.S. Laboratory Response Network Laboratories  
B. Whitaker, D. Erdman, E. Schneider, N. DeGroote, S. Sakthivel, X. Lu, L. Lowe, P. Syribeys and S. 
Lindstrom, Centers for Disease Control and Prevention  
 
Background: In 2012 a novel coronavirus was identified as the cause of Middle East Respiratory 
Syndrome (MERS-CoV). The Centers for Disease Control and Prevention (CDC) rapidly developed and 
deployed diagnostic real-time RT-PCR (rRT-PCR) assays under U.S. Food and Drug Administration (FDA) 
Emergency Use Authorization (EUA).  Diagnostic assay kits were deployed to laboratories belonging to 

mailto:yrh8@cdc.gov


APHL 2019, St. Louis, MO, June 3-6, 2019 
 

the CDC Laboratory Response Network (LRN) that include U.S. public health laboratories (US PHLs) and 
Department of Defense laboratories that have been qualified to perform testing on patients under 
investigation (PUIs) for MERS-CoV. CDC has assessed those testing capabilities by conducting annual 
performance evaluations of any US PHL receiving the CDC Novel Coronavirus 2012 Real-Time RT-PCR 
Assay (MERS-CoV assay). 
Methods: In order to evaluate the performance of US PHLs performing the CDC MERS-CoV assay, CDC 
developed a MERS-CoV External Quality Assessment (EQA) panel comprised of mock respiratory 
specimens covering a range of strong to weak positive samples. Mock specimens were manufactured by 
serially diluting a gamma radiation inactivated MERS-CoV virus isolate in commercial viral transport 
media (VTM) along with clean, uninfected A549 human cells. Single-blinded EQA panels were shipped to 
qualified LRN laboratories and processed as clinical respiratory specimens and tested by the CDC MERS-
CoV assay. Results were reported back to CDC for confidential grading where a passing performance 
consisted of correct qualitative results and cycle threshold (Ct) values within 2 standard deviations of 
internal values replicated by CDC. 
Results and Conclusions: Initial evaluation in 2013 showed 84% of LRN labs passed the EQA panel on the 
first try. Through ongoing technical laboratory support, performance improved to 88% in 2014, 94% in 
2015, 96% in 2016 and 100% in 2017-2018.  CDC was able to determine several areas of improvement 
such as specimen processing, reagent preparation and data analysis issues.  In total, 16 performance 
issues were identified from 2013-2016 among 15 individual laboratories. From 2013-2018, qualified LRN 
labs have tested over 1300 PUIs for MERS-CoV infection. Notably, 2 patients in 2014 tested positive for 
MERS-CoV which were found to be imported from Saudi Arabia.  Currently there are 57 qualified LRN 
laboratories in the U.S. capable of performing MERS-CoV diagnostic testing using the CDC MERS-CoV 
assay. 
 
Presenter: Brett Whitaker, Centers for Disease Control and Prevention, Atlanta, GA, Email: 
bwhitaker@cdc.gov 
 
          

P-042 
 
Getting Better All the Time: Building Continuous Improvement into Production of Training Resources 
by CDC’s Division of Laboratory Systems 
K. Winter, V. Johnson, A. McKnight, K. Clark, J. Rothschild, R. Ned-Sykes and Y. Wilkins, Centers for 
Disease Control and Prevention 
 
To provide laboratory professionals with training about emerging threats, evolving practices, and 
improvement of safety and quality practices, CDC’s Division of Laboratory Systems (DLS) offers free 
courses in a variety of formats – live, face-to-face seminars and hands-on workshops as well as on-
demand webinars and eLearning courses – via www.cdc.gov/labtraining. Over the past three years, DLS 
has developed, implemented, and refined a production process that centers on continuous quality 
improvement, with the ultimate goal of better serving its target audience. This 12-step lifecycle for 
eLearning course development is guided by the ADDIE (Analysis, Design, Development, Implementation, 
Evaluation) instructional design model. The lifecycle is aligned with CDC’s Quality Training Standards 
(QTS) and allows DLS staff to more accurately forecast project timelines, communicate progress to 
stakeholders, and ensure consistency across projects. Before developing a functional prototype, an 
instructional designer creates a storyboard to delineate screen-by-screen details – including multimedia 
descriptions. This provides multimedia professionals with richer context for how videos, images, and 
interactive graphics will be integrated with other course content. Staff report that this leads to more 
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expedient creation of multimedia that fits well with the overall course. Before a course is released, at 
least 3 functional iterations (alpha, beta, and pilot) are created, and there are a minimum of 5 review 
points to gather feedback from subject matter experts and members of the target audience. Each 
prototype is informed by recommendations gathered during the previous review step, supporting the 
goal of continuous improvement. Once courses are available to the public, knowledge assessment and 
evaluation data are stored in the learning management system (LMS). DLS periodically reviews these 
data for trends, using the information to guide course improvements. Additionally, learners can reach 
out directly to DLS through an email address posted within each course (labtraining@cdc.gov).  
Recently, DLS also has begun to explore the extent to which new technologies such as virtual reality (VR) 
can enhance knowledge gain and skill adoption. Because the eLearning lifecycle has become such a 
useful tool for operationalizing and standardizing course production, DLS will use it as a model to create 
a new lifecycle for VR course production. VR and augmented reality add an element of interactivity, 
technique-based learning, and assessment that was previously limited to in-person, hands-on training 
courses.  By leveraging a continuous improvement process, DLS hopes to better meet the needs of the 
target audience, expand its reach into that audience, and incorporate more advanced training into its 
portfolio of training resources.  
 
Presenter: Yescenia Wilkins, Centers for Disease Control and Prevention, Atlanta, GA, Email: 
exq6@cdc.gov 
 
       

P-043 
 
Innovation in Pathogen Testing: Molecular Approaches to Traditional Screening Methods that have 
Arisen with the Rapidly Growing Cannabis Industry 
J. Bramante, H. King and M. Ward, Colorado Department of Public Health and Environment 
 
As the nascent cannabis industry grows, there is a burgeoning demand for novel approaches to 
pathogen detection in a variety of cannabis matrices. Notably, a need for fungal testing in cannabis 
products has been indicated. While fungal analysis has historically been conducted utilizing cultural 
methodology, there has been a recent focus on alternative, molecular-based assays for fungal 
identification in cannabis. In response to innovation in the industry and a desire for more rapid, highly 
specific approaches to testing, the Colorado Department of Public Health and Environment Laboratory 
Services Division Marijuana Laboratory Sciences Program has evaluated molecular-based testing 
platforms for the isolation and identification of Aspergillus spp. in cannabis and cannabis products. 
These molecular-based testing platforms serve as potential alternatives to cultural identification 
techniques, while also providing insight into data-supported regulation.   
 
Presenter: Julia Bramante, Colorado Department of Public Health and Environment, Denver, CO, Email: 
julia.bramante@state.co.us 
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P-044* 
 
Detecting Potential Outbreaks and Related Isolates Quickly and Easily Using MASH  
L. Fink, C. Kapsak, J. Sevinsky and E. Travanty, Colorado Department of Public Health and Environment  
 
Identifying foodborne outbreaks of bacterial disease quickly and efficiently is a major goal of public 
health laboratories, both at the state and federal level. While national organizations have many 
resources, both computationally and personnel-wise to combat outbreaks that are noticed across 
multiple states, many state partners lack sufficient resources to track and identify state-wide outbreaks 
before they become major problems. Towards this end, we have been experimenting with the open-
source program MASH as a way to generate a MinHash representation of all the isolates that have come 
through the Colorado Department of Public Health and Environment (CDPHE) for whole genome 
sequencing (WGS). This quasi-database distills down the information to a small and useable search 
space, such that when any new isolates are sequenced, they can be sketched and compared to the 
entirety of the previously sequenced isolates in a fast and easy manner. In this way, isolates which may 
be close genetic matches to one another can be identified rapidly. Then, more robust snp, wgMLST, or 
core genome comparison methods can be applied in a targeted manner to determine true genetic 
distance, and give information on whether epidemiologists need to be informed. This system has the 
potential to detect small clusters of isolates which may be epidemiologically important before the 
epidemiologists are even aware of them, and allow them to intervene quickly to curb the spread of 
disease. Our implementation of MASH (v2.0) is run on a cloud-based 8 CPU, 30 GB RAM linux virtual 
machine that costs about $0.27 per hour of operation, and the current size of the quasi-database file 
which contains information from 71 sequencing runs (comprising over 2000 samples) is 16.25 MB. The 
benefits of the size of this system mean that there would be no need to pay for large storage spaces or 
database curation. Therefore, this system could be implemented in laboratories for a minimal cost (as 
the computational and storage burdens are extremely low). Currently, work is being performed to 
automate the entire system so that it would require very little upkeep. 
 
Presenter: Logan Fink, Colorado Department of Public Health and Environment, Denver, CO, Email: 
logan.fink@state.co.us 
 
    

P-045 
 
Adoption and Adaptation: A Public Health Laboratory’s Experience Implementing Carbapenem 
Resistance Mechanism Surveillance 
S. Matzinger, K. Johnson, L. McCoy, S.E. Totten and E. Travanty, Colorado Department of Public Health 
and Environment 
 
In recent years, infections caused by Carbapenem resistant organisms (CROs) has become a significant 
public health issue worldwide.  The increase in observed resistance is linked to the expression of an 
ever-increasing number of enzymes capable of degrading this class of broad-spectrum antibiotic drugs.  
In response to this concern, Colorado Department of Public Health and Environment (CDPHE) Laboratory 
implemented the Antibiotic Resistance Laboratory Network (ARLN) surveillance algorithms 
recommended for detection of Carbapenem resistance mechanisms in gram negative bacteria and 
adopted these testing schemes to the particular needs of our state.  In recent years, CDPHE has 
identified multiple areas for improvement in our testing scheme that have resulted in an overall increase 
in efficiency, as well as an expansion in mechanism detection capabilities.  Specific improvements 
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evolved from a need to test an ever-growing number of isolates possibly harboring an increasing range 
of known resistance mechanisms.  CDPHE performed process improvement by blending the capabilities 
of multiple molecular detection assays in order to survey for as many known mechanisms as possible.  In 
addition, we performed method extensions for MALDI-TOF isolate identification of CROs in order to 
enhance robustness, increase overall testing capacity, and decrease turnaround times. This poster will 
describe the specific CDPHE laboratory derived policies developed in response to the growing concern of 
Carbapenem resistance mechanism emergence and expansion.   
 
Presenter: Shannon Matzinger, Colorado Department of Public Health and Environment, Denver, CO, 
Email: shannon.matzinger@state.co.us 
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P-047 
 
How Much Rabies is Too Much Rabies? 
R. Bagg, B. Steidley, K. Mayo, J. Knutsen, S.E. Totten, E. Travanty and J. House, Colorado Department of 
Public Health and Environment  
 
As one of the deadliest viruses on Earth, any amount of rabies is too much. Unfortunately, in Colorado 
we do not have a say in the matter. Prior to the 2018 rabies season, Colorado had policy in place to use 
the Colorado General Fund to waive rabies testing fees on rabies reservoir species that were submitted 
for surveillance purposes (no known human or animal exposures). This was done to provide improved 
data showing where terrestrial rabies had spread in the state and to also raise awareness among 
members of the public. Positive rabies virus samples almost doubled from 162 in 2017 to 280 in 2018.  
During the first half of 2018, the Colorado Department of Public Health and Environment (CDPHE) 
Laboratory Services Division received a total of 169 skunks from Denver and El Paso counties, of which 
81% were positive for rabies.  Denver and El Paso counties also had 80% of the total rabies positive 
skunks for the entire state of Colorado. Once it was realized that both Denver and El Paso counties were 
having epizootics of rabies in local skunk populations, it was evident that there was a  need to develop a 
“right sizing” plan. This volume of testing simply could not be supported by the budget or personnel 
available. The goals of the initial surveillance had already been accomplished, therefore fee-waived 
testing was limited to cases of public health importance (a known exposure or an animal found in a 
public area). The second half of 2018 saw a reduction from 169 to just 14 skunks submitted for testing 
(10 of which were positive for rabies). This allowed us to focus our limited resources and trained 
personnel on the other 860 samples submitted for rabies testing from other areas of Colorado which do 
not have epizootics of rabies. Rabies is a part of Colorado, and as positive rabies virus samples continue 
to increase, balancing right sizing with testing capacity will allow us to provide adequate rabies testing 
services as we head into 2019. 
 
Presenter: Ryan Bagg, Colorado Department of Public Health and Environment, Denver, CO, Email: 
ryan.bagg@state.co.us  
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P-048* 
 
Impact of Nontuberculous Mycobacterium Changing Guidance on Public Health: A Laboratory 
Perspective and Preparedness Plan 
S.E. Totten, K. Xavier, H. Webber, T. Regan, E. Travanty and S. Matzinger, Colorado Department of Public 
Health and Environment  
 
In 2015 only 5 jurisdictions required Nontuberculous Mycobacterium (NTM) notifications in a public 
health setting. In 2016 that number had increased to 11 jurisdictions. Little change has occurred since 
2016 despite increased reporting of NTM presence within exposures and the environment. 
In 2019, Colorado requested notification of all NTMs through a Board of Health proposal.  This created 
several public health laboratory challenges. Public Health has always needed to answer the question “TB 
or Not TB” and has had guidance on further activities if a specimen/isolate was identified as TB.  All 
samples that were deemed “Not TB” were no longer of public health concern.  Public Health 
laboratories are often set up to perform TB determination based on CIDT and then only culture if the 
specimen is TB for antimicrobial susceptibility testing (AST).  With report requirements, not just public 
health laboratories but also clinical laboratory colleagues will need to become proficient in NTM 
cultivation and identification.  Our goal is to provide low cost identification of NTM for our stakeholders 
that do not currently support NTM identification. This poster represents our road to expertise. 
Our first step on this journey was to enhance our practice to ensure optimal recovery.  We started with 
the gold standard methodology for Acid Fast Bacilli (AFB) specimen isolation including 3 media types:  
broth, LJ slants and 7H11 bi-plates.  Depending on the specimen type, additional 7H11 bi-plates may be 
added for incubation at 320C, RT and 420C.  Media will be incubated for 42 days minimum and up to 8 
weeks for LJ slants. 
 
15 NTM isolates were obtained from University of Colorado Health and National Jewish Health 
respectively for the validation of colony recognition and MALDI-TOF identification. These isolates 
represent the most often clinically recovered NTMs.  Internal colony recognition competencies were set 
up for all staff.  Bruker MALDI-TOF was then validated for NTM identification.  Our second phase 
includes lesser known NTM to ensure our repertoire and library are robust. Identification competencies 
and algorithms will be expanded as our experience continues. Colorado Department of Public Health 
and Environment (CDPHE) laboratory and our engagement with the Association of Public Health 
Laboratories (APHL) and the Centers for Disease Control and Prevention (CDC) make this laboratory a 
significant resource to the state and underserved communities within our region. 
 
Presenter: Sarah Elizabeth Totten, Colorado Department of Public Health and Environment, Denver, CO, 
Email: sarah.totten@state.co.us 
 
         

P-049 
 
Influenza A Virus Multiple Infection Dependence is Determined through Virus-host Interactions  
K. Phipps, K. Ganti and A. Lowen, Emory University  
 
Influenza A viruses (IAV) poses a substantial and continued public health threat due to the ability of the 
virus to evolve and escape pre-existing immunity. The IAV genome is comprised of eight essential, 
negative-sense RNA gene segments. Segmentation facilitates genetic diversification through 
reassortment, which occurs when multiple virions co-infect the same cell and exchange gene segments. 
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Reassortment between IAV subtypes has underlied the formation of multiple pandemic strains and also 
can enable coupling of beneficial mutations and purging of deleterious mutations within the same strain 
background. Previous studies from our lab and others suggest IAVs exhibit a dependence on co-infection 
for productive infection. Due to the requirement of multiple infection to produce reassortant genotypes, 
we assessed multiple infection dependence by assaying reassortment levels between phenotypically 
similar, genetically barcoded viruses derived from the same strain background in various cell lines. 
Notably, A/guinea fowl/HK/WF10/1999 (WF10) viruses resulted in extremely high levels of reassortment 
in MDCK cells, indicative of an acute dependence on co-infection for productive infection, but this 
dependence was ameliorated in DF-1 chicken fibroblasts. Reassortment frequency also differed with 
strain: co-infection with A/mallard/Minnesota/199106/99 (MN99) viruses yielded less reassortment 
than WF10 viruses in MDCK cells. In vitro phenotypes were corroborated by animal studies using the 
same virus strains. Quail and guinea pigs were infected with barcoded WF10 at a species determined 
10^2 ID50. Upper respiratory samples collected over the course of infection revealed much higher 
prevalence of reassortment in the guinea pigs as compared to quail. Guinea pigs infected with 10^2 ID50 
of the MN99 viruses resulted in lower levels of reassortment than WF10 viruses in the same animal 
model. These findings demonstrate the degree of multiple infection dependence is determined through 
virus-host interactions. To investigate if the multiple infection dependence is attributable to 
complementation of incomplete viral genomes, incomplete genomes were quantified by a single cell 
based assay. Measurements taken from infection of WF10 in MDCK cells revealed that incomplete viral 
genomes were present, but the frequency of missing segments was not sufficient to explain the 
reassortment levels observed. RNA quantification studies comparing viral RNA production under low 
and high multiple infection conditions revealed that polymerase function, particularly of WF10 in 
MDCKs, is enhanced under multiple infection conditions. Overall these findings reveal multiple infection 
dependence as a frequent and host dependent feature of IAV infection and point to a role for 
incomplete viral genomes and enhancement of polymerase activity in determining multiple infection 
and reassortment levels. 
 
Presenter: Kara Phipps, Emory University, Atlanta, GA, Email: k.l.phipps@emory.edu     
 
    

P-050 
 
Validation? Verification? We Have a Template for That!  
C. Campion, C. Grimes and S. Blosser, Indiana State Department of Health Laboratories 
 
The Indiana State Department of Health Laboratories (ISDHL) Validation Team was founded in 2016 with 
the goal of providing both study design assistance and a streamlined review process for assay 
validations, verifications, and method comparisons. Prior to 2016, validations were reviewed ad hoc and 
only after the study was completed. Upon review, several studies were found with fundamental design 
errors that required the departments to perform additional testing. ISDHL administrators decided to 
develop a team to review the study plans before testing starts to ensure that the study is fundamentally 
sound and to minimize the need for additional testing.   
 
Since 2016, the Validation Team has formalized the process for the design, execution, summary and 
review of validations, verifications and method comparisons, including templates for each step of the 
process. A study plan outlines the use and justification of the new or altered assay, the cost of the study, 
and the validation strategy, which includes an isolate list, type of samples, range of results, acceptable 
limits and a detailed discrepancy analysis plan. By writing a study plan, departments save money on 

mailto:k.l.phipps@emory.edu


APHL 2019, St. Louis, MO, June 3-6, 2019 
 

validations as troubleshooting steps and specimen lists are specified and agreed upon ahead of time. 
This level of planning also helps to eliminate interpretation bias and excessive retesting, which are red 
flags for QA-review and laboratory audits. Then, after the testing is completed, a write-up is created and 
submitted to the Validation Team for review. The Validation Team reviews the document for data 
integrity, data accuracy and cohesiveness of writing. The goal is to provide strong documentation that 
will not only satisfy the ISDHL Director and auditors, but also explain to other external entities and 
future employees how the conclusions were reached.  
 
At the end of 2017, the Validation Team composed a list of the “Top Ten Things We’ve Learned” in 
regards to study design, and in 2018 incorporated those lessons into updated study plan and validation 
templates.  
 
Also in 2018, the Validation Team designed and led a Validation Workshop at ISDHL. The target audience 
for this workshop was Indiana clinical microbiology laboratorians, and attendees were asked to bring a 
project idea with them that their laboratory would be validating/verifying in the near future. During this 
workshop, the Validation Team presented each section of the study plan template, demonstrating with 
real-life examples of why each element was important. Following each lecture portion, participants 
worked on their own study plans to immediately solidify the lessons learned. The event received 
excellent reviews, and ISDHL will likely turn this into an annual workshop.  
 
Looking ahead to 2019, the Validation Team hopes to present the Validation Workshop internally to 
assist those new to validation with study design, execution and analysis.  
 
Presenter: Cassandra Campion, Indiana State Department of Health Laboratories, Indianapolis, IN, 
Email: ccampion@isdh.in.gov 
 
           

P-051* 
 
From Meeting to Action – Leveraging Indiana’s Environmental Health System Meeting 
M. Hagerman,Indiana State Public Health Laboratory 
 
APHL partnered with the US Centers for Disease Control and Prevention (CDC) National Center for 
Environmental Health Environmental Hazards and Health Effects Division to provide funding for 
laboratories to develop and host a meeting of their environmental health system partners. Indiana was 
a funding recipient and hosted its meeting in October 2018 on Safe Well Water and Maternal/Child 
Health. 
 
After the meeting, Indiana leveraged this event into action items designed to reach mothers with 
information on well water testing. ISDH asked that well water testing be included on immunization 
schedules for young children and on obstetricians’ checklist for safe pregnancy. The ISDH laboratory also 
worked with the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) and 
the Indiana section of the American Congress of Obstetricians and Gynecologists (ACOG) to alert these 
groups to the possible hazards of well water with a special emphasis on Arsenic, which is a naturally 
occurring contaminant in approximately 11% of Indiana’s well water.  
 
The ISDH laboratory is now working with the Indiana Health Commissioner to explore how the state can 
enlist pediatricians to promote well water testing for mothers and young children, thereby becoming a 

mailto:ccampion@isdh.in.gov


APHL 2019, St. Louis, MO, June 3-6, 2019 
 

model for other states. ISDH has updated Indiana’s pregnancy mobile phone app to allow users to find 
recommended well water tests and testing schedules, certified laboratories and information on 
treatment of unsafe well water. ISDH also has implemented a regular meeting of state environmental 
health representatives with private well water issues on the agenda. 
 
Presenter: Mary Hagerman, Indiana State Public Health Laboratory, Indianapolis, IN, Email: 
mhagerma@isdh.in.gov 
             
             

P-052* 
 
Engaging Children in Science Activities to Build an Interest in STEM Fields 
J. Yeadon-Fagbohun, R. Gentry, J. Lovchik and M. Grazier, Indiana State Department of Health 
Laboratories  
 
Background: Celebrate Science Indiana is an annual event for Indiana elementary and middle school 
students (and their parents) to experience the excitement of science, technology, engineering, and 
mathematics (STEM) with hands-on activities designed to encourage their future participation in STEM-
related education, research, and careers. The Indiana State Department of Health Laboratories (ISDHL) is 
one of more than 50 groups that set up activity booths for this event hosted by the Science Education 
Foundation of Indiana. The event is held on the first Saturday of October in Indianapolis.  
Methods: Each year, a team of ISDHL volunteers meets to decide what activities to offer at the booth for 
the year. It’s important that the booth be interactive, engaging and instructional. ISDHL strives to offer 
activities to showcase public health, so that in addition to encouraging children to think science is fun, 
the adults remember the key points of public health. Participants leave the booth with knowledge that 
good handwashing is essential, and that bacteria are all around us. ISDHL staff volunteer for two-hour 
shifts throughout the day and have fun interacting with the parents and children. Brochures and 
teaching pages are also offered at the booth. 
Results: At the 2018 booth, ISDHL offered several different activities for the children. There was 
GloGerm to demonstrate handwashing skills, fomites and bacteria on agar plates, awesome agar art, 
uninoculated agar to touch, a pipetting skills station, and a section all about polymers, such as slime and 
water orbs.  The booth was constantly busy throughout the day with families exploring and asking 
questions. In addition to helping the children at the different activity stations, ISDHL staff answered 
questions about different bacteria and health concerns.  
Conclusions: Participation in the annual Celebrate Science Indiana event gives ISDHL a chance to ensure 
the public is aware of the Indiana public health lab.  It allows us to help cultivate a love for science in 
children, which may one day help them to consider a career in a science related field.  It also gives us a 
chance to educate families on the importance of good hygiene and the microbial world around us.  
 
Presenter: Jamie Yeadon-Fabohun, Indiana State Department of Health Laboratories, Indianapolis, IN, 
Email: jhadley@isdh.in.gov 
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P-053 
 
Validation of a New Platform for the Detection of Shiga-toxin Producing Escherichia coli 
J. Yeadon-Fagbohun, R. Genry, J. Lovchik and M. Glazier, Indiana State Department of Health 
Laboratories  
 
Background: The Indiana State Department of Health Laboratories (ISDHL) perform testing on 
specimens suspected of being Shiga-toxin producing Escherichia coli (STEC). At the end of the 2018 
calendar year, the validated platform for testing, the Cepheid SmartCycler II, was discontinued, including 
all products used with the instrument. ISDHL contacted the CDC and the public health laboratories in 
Michigan, Minnesota, and Wisconsin for information about their STEC PCR methods. After some 
research on the various protocols, a hybrid protocol was developed for the in-house validation. Due to 
ease of use and availability in our laboratory, the Applied Biosystems (AB) 7500 Fast DX instrument was 
the chosen platform for the validation. This was a variation from all of the protocols received from the 
contacted state public health labs. We also chose to add in a marker for the detection of stx 2f that has 
been known to cause illness in humans.  
Methods: A total of 57 specimens were used in the validation, which included a combination of 
negative, stx 1 positive, stx 2 positive, stx 1 & 2 positive, and stx 2f positive specimens. Care was taken 
to ensure a variety of specimen types and different serotypes of STEC were chosen for the validation. 
DNA extraction was completed using a plate sweep and heat block method. A real-time multiplex PCR 
was run to detect stx 1 and stx 2 markers in the DNA. The validation included operator variance and 
repeatability studies that compared CT values between runs and analysts.  
Results: There was 100% agreement in the 57 specimens tested between the current method on the 
Cepheid SmartCycler II and the new method on the AB 7500 Fast DX. Two specimens that had to be re-
grown due to discrepant results in the original testing. Agreement of 100% was also achieved for the 
repeatability and operator variance studies, with values that were no more than than 2 CTs between 
runs. The method was approved for use at ISDHL. This method has significant cost savings for ISDHL, 
which was an added bonus to the validation.  
Conclusions: ISDHL was able to collaborate with three other state laboratories and the CDC to create a 
hybrid protocol for the testing of STEC specimens. The method validated is for use on a platform that is 
common in most public health laboratories. This is a low cost screening method that detects the 
presence of Shiga-toxins in a culture. The new method also increased our testing capabilities by adding 
stx 2f to the targets. ISDHL was able to successfully complete the validation in time to use this new 
method for the busy summer months.  
 
Presenter: Jamie Yeadon-Fabohun, Indiana State Department of Health Laboratories, Indianapolis, IN, 
Email: jhadley@isdh.in.gov 
  
    

P-054 
 
Identification of Candida auris and Other Pathogenic Yeasts by MALDI-TOF Mass Spectrometry of 
Membrane Lipids 
L. Leung1, M. Sorensen2, E. Nilsson2, C. Chandler3, D. Goodlett3, R. Ernst3, R. Myers1; 1Maryland 
Department of Health, 2Pataigin, 3University of Maryland, Baltimore  
 
Candida species are the most common invasive fungal pathogens and the fourth most common cause of 
healthcare-associated bloodstream infections in the United States. The Centers for Disease Control and 
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Prevention estimates that 46,000 healthcare-associated Candida infections occur annually. Among 
pathogenic Candida, Candida auris represents an emerging global health threat due to the high 
incidences of multidrug-resistant and health care-associated infections; however, accurately diagnosing 
C. auris infections is challenging. Recently, protein-based identification by matrix-assisted laser 
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS) analysis has had some success 
in identifying C. auris. To improve Candida species identification, we developed a novel and 
complementary diagnostic platform that utilizes essential microbial membrane lipids as chemical 
fingerprints for identification of pathogenic fungi, including C. auris. 
 
A fungal library of lipid mass spectral profiles was constructed containing fifty-five yeast and fungal 
species, thirty of which were Candida species. Individual isolates were grown at 30˚C for 48 hours on 
Sabouraud-dextrose agar and harvested by centrifugation. Lipids were extracted by heat-assisted, 
ammonium-isobutyrate reaction of cell pellets. Mass spectra were acquired by MALDI-TOF-MS in 
negative ion mode on a microflex LRF using the matrix norharmane. To evaluate the fungal library for 
identifying Candida, 50% of spectra were randomly selected and designated as the testing set from the 
top five pathogenic Candida – C. albicans, C. glabrata, C. tropicalis, C. parapsilosis, and C. krusei – and C. 
auris. Using the PostalService™ platform, mass spectra were transformed and analyzed to extract unique 
mass difference features. Testing set isolates were classified using a Support Vector Machine algorithm, 
and identification rates of accuracy were determined by multiple analyses of different training set 
iterations. With this novel, in-house computational model, we achieved 87-95% mean accuracy for 
identification of the pathogenic Candida with 92% mean accuracy for identifying C. auris. 
 
Importantly, experiments are ongoing to determine sub-species differences, namely between C. auris 
isolates with different antifungal susceptibilities or within isolates in response to environmental cues, 
and whether these differences are diagnostic or can offer insight into virulence and drug resistance 
mechanisms.  
 
Overall this study demonstrates the potential of this platform to reduce time and improve accuracy of 
diagnosis during an infection. Our novel diagnostic platform identifies Candida species based on their 
lipid mass spectra including the newly emergent pathogen, C. auris. 
 
Presenter: Lisa Leung, AR Fellow, Maryland Department of Health, Baltimore, MD, Email: 
lisa.leung@maryland.gov 
 
    

P-055* 
 
Culture Based Method to Identify Carbapenem Resistant Enterobacteriaceae from Surveillance 
Studies in Healthcare Facilities 
J. Plemmons, P. Laksanalamai, T. Maruca, J. Ortega, C. Dominguez, L. Klein, D. Torpey and R.Myers, 
Maryland Department of Health 
 
Carbapenem-resistant Enterobacteriaceae (CRE) emergence in hospitals and long-term care facilities has 
proven to be a major public health concern due to its high resistance to conventional treatments and 
elevated mortality rates of those who become infected. Correctly identifying CRE, determining 
mechanisms, and sequencing for cluster analysis are essential for effective treatment and preventing 
further spread in these facilities. Therefore, it is important to isolate resistant organisms from CRE 
colonized patients. Previous attempts to isolate CRE from rectal swabs in our laboratory have involved 
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selecting by antibiotic resistance, but have shown little success due to difficulty titrating antibiotic 
concentration, resulting in over- or under-selection. To overcome this problem, we developed a two-
step culture approach to identify CRE from rectal swabs collected during surveillance studies in 
healthcare facilities from the Mid-Atlantic region that were determined positive by Cepheid GeneXpert 
Carba-R. This new culture based protocol utilizes inoculation of the rectal swabs in broth enrichment 
overnight at 37˚C (with no antibiotic selection) and then plating a standard dilution onto three different 
CHROMagar plates to allow for optimal CRE selection. Different species present on CHROMagar plates 
with different colors. Colonies of each color or morphology from each CHROMagar plate were identified 
and mechanism-tested using MALDI-TOF and qPCR. Our qPCR protocol was provided by the Centers of 
Disease Control and Prevention (CDC) and tests for the following Ambler classes: Metallo-beta-
lactamase (NDM, VIM, IMP), Class D (OXA), and Class A (KPC). Selected isolates were sequenced for 
further genotypic characterization by whole-genome sequencing (WGS) to investigate if subsequent 
infections found in the same facility were the same strain or were independent infections. This will 
determine if there was spread occurring within the facility. Majority (94.7%) of the rectal swabs had at 
least one CRE selected by CHROMagar media. The KPC gene was most commonly detected (84%) 
followed by IMP (10%) among the rectal swabs tested. WGS results suggest that isolates collected from 
the same surveillance study are related. Overall, this study demonstrates how effectively identifying CRE 
from rectal swabs by a culture based method will help guide treatment for patients with active infection 
and understand the regional spread of CRE. 
 
Presenter: Jessica Plemmons, AR Fellow, Maryland Department of Health, Baltimore, MD, Email: 
jessica.plemmons@maryland.gov 
 
  

P-056 
 
Stool Culture Recovery of Shiga-Toxin Producing E. coli Detected by PCR at a Tertiary Care Cancer 
Center  
J. Hauser, L. Gomez and N.E. Babady, Memorial Sloan Kettering Cancer Center  
 
Introduction: Stx-producing Escherichia coli (STEC), including O157:H7, is a food-borne pathogen that 
can cause bloody diarrhea and in ~ 3-20% of infected individuals may also cause the hemolytic uremic 
syndrome (HUS).  PCR has allowed for the increased detection of STEC in diarrheal samples tested in 
clinical laboratories.  In New York City (NYC) and New York State (NYS), STEC is a reportable disease and 
laboratories are required to submit isolates to both the NYC and NYS Department of Health (DOH). The 
implementation of culture-independent diagnostic tests (CIDTs) including multiplexed Gastrointestinal 
PCRs (GIPCR) has allowed for the increased detection of STEC. However, the rate of recovery of STEC 
isolates in the corresponding stool culture is unknown.  We performed a retrospective review of all 
GIPCR performed in 2018 at our institution to evaluate the recovery in stool culture of STEC from PCR 
positive stool samples. 
Methods: GIPCRs were performed using the BioFire® FilmArray® Gastrointestinal (GI) Panel. All STEC 
positive stools were cultured on Hektoen Enteric and MacConkey agar.  E. coli isolates were identified by 
VITEK MS (bioMérieux) and Stx production confirmed using the SHIGA TOXIN QUIK CHEK™ rapid 
immunoassay (TechLab) and PROLEX™ E. coli Latex Test Reagent Kit (Pro-Lab Diagnostics, Round Rock, 
TX).   All isolates were sent to NYCDOH and NYSDOH for confirmatory testing.  When recovery in culture 
failed, an aliquot of the stool sample was sent.  Medical records of positive patients were reviewed to 
identify possible risk factors and confirm symptoms.   
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Results: 4521 GI PCRs were performed in 2018 with 29/4521 stools (0.6%) positive for STEC. E. coli was 
recovered from 25/29 (89%) stool samples from 23 unique patients.  Stx production was confirmed in 
9/25 (%) isolates with 6/9 (67%) producing stx1 and 1/9 (11%) isolates producing both stx1 and stx2. 
Both NYCDOH and NYSDOH laboratories confirmed the presence of toxin in all 9 isolates with additional 
serotyping including O157:H7 (1/9) and non-O157 serotypes (3/9). 5/9 isolates were non-typeable. All 
23 patients reported non-bloody, soft to watery diarrhea. 2/23 cases were possibly food related and 
2/23 patients tested positive following prophylaxis for dental procedures. 
Conclusion: Detection of STEC by GIPCR in our patient population was low with only a third recovered in 
stool culture. Our study highlights both the advantages and limitations of CIDT methods to increase 
detection of STEC but with limited recovery of the isolate as needed for further public health 
surveillance work. Further studies aimed at either improving recovery in culture or performing 
surveillance directly on stool samples are needed.  
 
Presenter: Jocelyn Hauser, CPEP Fellow, Memorial Sloan Kettering Cancer Center, Email: 
hauserj@mskcc.org   
 
 

P-057 
 
Milwaukee’s Laboratory System Improvement Program 2018 Reassessment & Next Steps 
T. Dasu, J. Plevak, B. Pfotenhauer, R. Pinhancos, N. Leigh, T. Cobb, M. Stevenson, K. Schieble and S. 
Bhattacharyya, City of Milwaukee Health Department Laboratory 
 
Introduction: Continuous improvement is essential in public health laboratories (PHLs). The Association 
of Public Health Laboratories (APHL) provides a framework for assessing the quality of state and local 
laboratory systems via the Laboratory System Improvement Program (L-SIP) based on the 10 Essential 
Public Health Services (ES). As the first local PHL (LPHL) to ever conduct an L-SIP assessment (in 2010), 
the City of Milwaukee Health Department Laboratory (MHDL) in 2018 also become the first LPHL to 
complete an L-SIP reassessment.  
Methods: MHDL identified LPHL system stakeholders and collaborated with APHL on event planning and 
facilitation. Nearly 50 stakeholders representing more than 25 agencies participated in the full-day 
event, held at the Milwaukee County War Memorial on May 10, 2018. The event started with a plenary 
session to evaluate Essential Service #2 (Diagnose and investigate health problems and hazards), with all 
stakeholders then breaking up into three work groups to assess the remainder of the 10 ESs.  
Results: ES#3 (Inform, educate, and empower people about health issues), #6 (Enforce laws and 
regulations that protect health and ensure safety) and #7 (Link people to needed personal health 
services and assure the provision of health care when otherwise unavailable) were identified as system 
strengths. ES #9 (Evaluate effectiveness, accessibility, and quality of personal and population-based 
health services) was found to have low activity within the system and will be targeted for system 
improvements. MHDL also identified two moderate performing ES for targeted improvements – #2 
(Diagnose and investigate health problems and hazards) and #5 (Develop policies and plans to achieve 
health goals). Three to four priority next steps were identified under each of the ES targeted for 
improvement (ES #2, #5 and #9). System wide resources were identified that all partners can benefit 
from, with increased involvement with the LPHL system.  
Conclusions: In light of new system partners and priorities since Milwaukee’s first L-SIP assessment was 
conducted 8 years ago, it was time to reassess system’s performance. MHDL’s previous assessment and 
subsequent system improvements provided a solid groundwork from which to approach the 
reassessment, streamlining planning in many ways. Approximately 80% of the attendees were entirely 
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new to the assessment process thus posing a challenge to the host laboratory in conveying the purpose 
of the event (laboratory centric vs. system improvement focused). The system partners were engaged in 
open discussions on system strengths, improvement areas and partner interests in support of the 
greater laboratory system. Plans are in progress to spearhead system improvement efforts with 
identified next steps in 2019. 
 
Presenter: Trivikram Dasu, City of Milwaukee Health Department, Milwaukee, WI, Email: 
trsasu@milwaukee.gov   
 
           

P-058* 
 
Public Health Partnership in Response to Resistant Gonorrhea: Role of Laboratories in Enhancing Local 
Capacity toward Improved Gonococcal Surveillance 
M. Khubbar1, R. Gomez1, J. Weiner1, N. Leigh1, T. Dasu1, T. Maher2, J. Katrichis1, J. Dalby3, P. Hunter3, J. 
Pfister4, L. Amsterdam4, S. Bhattacharyya1; 1City of Milwaukee Health Department Laboratory, 
2Wauwatosa Health Department, 3University of Wisconsin, 4Wisconsin Division of Public Health 
 
Introduction: Since 2016, the Milwaukee Health Department Laboratory (MHDL) has collaborated with 
local and state agencies and the Centers for Disease Control and Prevention (CDC) to monitor trends and 
develop strategies to combat Neisseria gonorrhoeae (GC) antibiotic resistance (AR). GC culture and 
antimicrobial susceptibility testing (AST) data is shared with CDC “Strengthening the United States 
Response to Resistant Gonorrhea (SURRG)” project partners, to support national recommendations for a 
public health response to resistant gonorrhea.  
Methods: Specimens are collected from genital and non-genital sites, per defined clinical criteria. At STD 
clinics, specimens were collected on InTrays. At non-STD clinics, specimens were collected using eSwab 
and transported to MHDL within 24 hours. NAAT specimens were in APTIMA collection and transport 
media. Presumptive identification of isolates was based on presence of Gram-negative diplococci and 
oxidase positive colonies, with apiNH to confirm. AST was performed on GC isolates using Etest to obtain 
minimum inhibitory concentration (MIC) for azithromycin (AZ), cefixime (IX) and ceftriaxone (TXL). 
Isolates were referred for Agar Dilution and whole genome sequencing to Texas Antibiotic Resistance 
Laboratory Network (ARLN) and CDC. 
Results: CDC’s MIC breakpoints were used for enhanced AR surveillance. All culture and AST data were 
shared monthly with WI Division of Health, ARLN and CDC, and in real-time with all partners for ‘Alert’ 
and ‘Quick-send Alert’ isolates. From April 2017 through July 2018, 601 out of 2,317 (25.9%) patient 
specimens from the STD clinic and 37 out of 928 (4.0%) from non-STD clinics tested culture positive. Of 
those 634 isolates with AST results, 22 (3.5%) were non-susceptible (NS) to AZ and one (0.2%) to TXL. 
During the same time period, GC was detected in 9.07% of 9,265 samples using molecular assays. 
Patients NS to any of three antibiotics were followed up by disease intervention specialists (DIS) to 
administer treatment, initiate partner therapy and recommend test of cure. AST results were available 
within 7 days of collection 97% of the time. 
Conclusion: Increased public health interventions lead to early detection and treatment of patients NS 
to antibiotics, with quick contact tracing by DIS to treat and prevent spread of gonorrhea. Jurisdictional 
awareness and capacity building for GC-AST not only improved local surveillance but ruled out suspect 
treatment failure cases in Wisconsin. Real-time detection of GC resistance and strain typing will improve 
surveillance toward preventing local outbreaks. 
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Presenter: Sanjib Bhattacharyya , City of Milwaukee Health Department, Milwaukee, WI, Email: 
sbhatt@milwaukee.gov  
 
          

P-059 
 
A Comparison of Biomerieux E-test and Liofilchem MIC Test Strips Against carbapenemase-producing 
Isolates 
B. Craft, J. Dale, L. Hovde and P. Snippes Vagnone, Minnesota Department of Health Public Health 
Laboratory 
 
Introduction: With limited treatment options available, carbapenemase-producing carbapenem 
resistant Enterobacteriaceae (CP-CRE) are difficult to treat. Many of the limited drugs that are available 
are a combination of β-lactams and a β-lactamase inhibitor. In order to test resistance against these 
drug combinations, a variety of antimicrobial susceptibility testing (AST) methods are used. For this 
study, two types of gradient diffusion antibiotic test strips were utilized: “E-test” from Biomeriex 
(Durham, NC) and “MIC test strip” (MTS) from Liofilchem (Waltham, MA), containing meropenem, 
ceftazidime, and ceftazidime-avibactam.  Seventy-seven previously characterized CP-CRE isolates 
received at the Minnesota Department of Health Public Health Laboratory were tested comparing the 
two test strips.  
Methods: All 77 isolates, collected from 2012-2018, had previously tested positive by PCR for KPC, NDM, 
OXA-48-Like, VIM, or IMP carbapenemases. A variety of organisms were chosen including Citrobacter 
freundii, Escherichia coli, Klebsiella (Enterobacter) aerogenes, Enterobacter cloacae, Klebsiella oxytoca, 
Klebsiella pneumoniae, Leclercia adecarboxylata, Raoultella ornithinolytica, Providencia rettgeri, 
Pseudomonas aeruginosa, and Serratia marcescens. Frozen Isolates were subcultured and a 0.5 
McFarland standard was created for each isolate, which was evenly spread on a Mueller-Hinton agar 
plate. Test strips were placed onto the agar and incubated for 18 hours. The zone of inhibition was read 
per product insert instructions.  
Results: The test strips were compared using overall essential agreement (EA) (results +/-1 doubling 
dilution), and categorical agreement (CA) (same resistance category per CLSI breakpoints of susceptible, 
intermediate, and resistant). When comparing the two test strips, meropenem EA was 92.21% while the 
CA was 89.61%. Ceftazidime EA and CA were both 98.70%.  Ceftazidime-avibactam EA was 96.10% while 
the CA was 100%.  
Conclusions: The results show that the test strips provided by both companies compare well to each 
other. For ceftazidime and ceftazidime-avibactam, the results for overall EA and CA were above 95% 
with the differences in overall EA having no effect on the CA. Ceftazidime did have one isolate were 
there was no CA even though there was overall EA, with an E-test result of intermediate and MTS result 
of resistant. Meropenem had the most disagreement between the two tests. Meropenem was more 
difficult to read with micro colonies and macro colonies, both next to the strips and spread throughout 
the zone of inhibition, which is a likely contributor to the higher number of meropenem disagreements. 
While E-tests have been available for longer, the MTS from Liofilchem provides comparable results. 
While unable to determine which of the strips was more accurate, the high agreement between the 
strips shows that comparable results can be obtained with both.  
 
Presenter: Bradley Craft, AR Fellow, Minnesota Department of Health Public Health Laboratory, St. 
Paul., MN, Email: bradley.craft@state.mn.us 
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P-060 
 
Science and Policy of Emerging Contaminants in Minnesota 
P. Moyer, S. Saravia, C. Dahle, W. Backe, J. Kelly, K. Nyquist, A. Suchomel, J. Jacobus and J. Shmool, 
Minnesota Department of Health   
 
Minnesota (MN) has a history of supporting environmental health (EH) activities through governmental 
programs, academic research, public policy, and legislation.  One challenge in these broad EH efforts is 
ensuring that communication across sectors is adequately coordinated. This coordination is crucial to 
maximize existing resources and optimize requests to establish new projects. In particular, efforts in the 
area of contaminants of emerging concern (CEC) can be difficult to manage. Because CECs represent a 
broad class of contaminants, we needed to bring together representatives from the EH community in 
MN to help identify and prioritize this work. Within the Minnesota Department of Health (MDH), 
multiple programs work to address issues related to CECs including the Public Health Laboratory (PHL)1, 
Environmental Surveillance and Assessment (ESA)2, Chronic Disease and Environmental Epidemiology 
(CDEE)3, and Drinking Water Protection (DWP).  The ability to coordinate this type of work both 
internally as well as with external partners in the CEC fields remains a challenge.  
 
In order to improve collaboration, MDH hosted a one-day meeting made possible through an 
Association of Public Health Laboratories grant. MDH PHL, in collaboration with ESA and CDEE, planned 
the full day workshop on CECs under the guidance of a professional facilitator from the Minnesota 
Management and Budget agency. The purpose of this meeting was to inform the attending EH 
professionals about the current work being done in Minnesota as well as solicit input from stakeholders 
to inform programs about priorities or other CEC considerations. In order for this to be accomplished, a 
series of topical presentations followed by opportunities for participants to engage in small group 
activities to discuss issues and provide feedback on how to address community needs. The intent of this 
meeting was to move the discussion of CECs towards a more proactive and holistic plan to address 
future CEC issues more effectively. At the conclusion of the meeting, participants were able to evaluate 
learning objectives and capture other important feedback.   
 
The meeting, Science and Policy of Emerging Contaminants in Minnesota, built on previously held 
events, and went beyond just updating the community on CEC work already occurring, and explored 
ways in which that work can lead to policies and actions. Significant insights gained from this meeting 
included: 
• Minnesota has a diverse community of CEC-interested stakeholders that strive for collaboration 
and engagement, 
• CEC communication to the public is difficult and groups are motivated to learn about proven 
techniques for outreach, 
• These contaminants in many ways mirror our lifestyles, so the CECs we identify and prioritize 
are going to have to grow and evolve to reflect ongoing lifestyle changes and risks.  
 
Presenter: Paul Moyer, Minnesota Department of Health, St. Paul, MN, Email: paul.moyer@state.mn.us 
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P-061 
 
Optimizing Phosphorus-specific Detection for the Analysis of Glyphosate and other Organophosphorus 
Pesticides using HPLC-ICP-QqQ-MS 
K. Aviado, C. Dingman, J. Schneider, J. Chithalen and C. Bean, New Hampshire Public Health Laboratories  
 
Organophosphorus pesticides include insecticides and herbicides employed widely for agricultural use. 
Many of these compounds have demonstrated a range of health impacts. Exposures can occur through 
contact with contaminated water and agricultural products, and there is interest in developing analytical 
methods that achieve rapid, sensitive, and robust simultaneous measurement of organophosphorus 
pesticides and their breakdown products in a variety of environmental and clinical matrices. We 
investigate the application of inductively coupled plasma triple quadrupole mass spectrometry (ICP-
QqQ-MS) to quantitatively measure the phosphorus heteroatoms shared by these compounds as an 
alternative to traditional liquid chromatography-tandem mass spectrometry (LC-MS/MS) methods that 
may experience limitations related to sample derivatization and poor analyte ionization. Although 
phosphorus is considered challenging to measure in conventional argon plasma ICP-MS due to its 
difficult ionization and intense mass spectral interferences on the phosphorus detection mass (m/z = 
31), the collision/reaction capabilities of the triple quadrupole system improve analyte selectivity and 
sensitivity. We performed experimental optimizations of the ICP-QqQ-MS collision/reaction cell using 
helium, oxygen (O2), argon, and hydrogen gas, and found that the highest signal-to-noise was obtained 
by using O2 as the cell gas and selectively detecting reaction product ion 31P16O+ at m/z = 47. By 
coupling high performance liquid chromatography (HPLC) to the ICP-QqQ-MS system, we investigated a 
simple and rapid method for separation and analysis of glyphosate and its metabolite aminomethyl 
phosphonic acid (AMPA), as well as malathion dicarboxylic acid (MDA; the primary metabolite of 
malathion) using ion-pairing liquid chromatography. 
 
Presenter: Kimberly Aviado, New Hampshire Public Health Laboratories, Concord, NH, Email: 
kimberly.aviado@dhhs.nh.gov 
 
           

P-062* 
 
Optimization of Testing Methodologies for the Analysis of Organic Pollutants in Clinical Specimens for 
a Biomonitoring Surveillance Study 
C. Dingman, K. Aviado, J. Schneider, J. Chithalen and C. Bean, New Hampshire Public Health Laboratories 
 
The Tracking and Assessment of Chemical Exposures (TrACE) Study is BiomonitoringNH’s statewide 
initiative that will provide baseline data to assess long term and acute environmental chemical 
exposures to NH’s residents. The method optimization process used to analyze the low levels of 
chemical toxins found in human biological specimens that are required for analytical quantitation is 
lengthy and constantly evolving, but essential for producing robust exposure data. The analyte panels 
for the TrACE Study were chosen based on exposures expected to be found in NH’s environment and 
include panels for three sets of metals and three groups of organic pollutants. Focusing on the organic 
pollutant analytes, we have a panel to monitor exposure of 14 short and long-chain perfluoroalkyl 
substances (PFAS) from industrial contamination, cotinine from tobacco, and 10 pesticide metabolites 
from agriculture. All three panels undergo various steps of sample cleanup prior to analysis via high 
performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). In this study, we 
describe the optimization of three diverse sample preparation techniques for low-level analysis of our 
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target analytes including automation, sensitivity, runtime, and recovery. The sample preparation 
techniques for each of the panels are vastly different but all three have the same objective: a clean 
analytical extract void of interferences from matrix effects and a high, consistent recovery. The exposure 
data collected from the TrACE Study is valuable for the participants who receive their individual results 
and follow-up options. Likewise, the general population also benefits from the aggregate data that will 
be used by our state public health epidemiologists and The New Hampshire State Legislature to better 
identify new exposure events, inform policy recommendations, prioritize limited public health funds, 
and produce educational materials for New Hampshire’s citizens.  
 
Presenter: Carleen V. Dingman, New Hampshire Public Health Laboratories, Concord, NH, Email: 
carleen.dingman@dhhs.nh.gov          
   
 

P-063 
 
Serum Concentration of Polychlorinated Biphenyls (PCBs) from New Jersey State-Wide Biomonitoring 
Study: 2015-2018 
S. Du, N. Patterson, C. Chu, C.D. Riker, C.H. Yu and Z. Fan, New Jersey Department of Health 
 
Polychlorinated biphenyls (PCBs) are persistent pollutants and detectable amounts are constantly found 
in blood of most populations that have been examined. As part of efforts of New Jersey Department of 
Health State Biomonitoring program, forty ortho-substituted Polychlorinated biphenyls (PCBs) are 
measured in serum samples collected from New Jersey residence using high-resolution gas 
chromatography/isotope-dilution high-resolution mass spectrometry (HRGC/ID-HRMS). The objectives 
of this study are to characterize the concentration level and pattern of PCBs in New Jersey residence by 
age, gender and ethnicity and identify major exposure factors. The lipid adjusted median concentration 
of the sum of 40 PCB congeners (ΣPCBs) (N=600) was 168 ng/g lipid, with a 90th percentile of 304 ng/g 
lipid, minimum of 13 ng/g lipid, and maximum of 2097 ng/g lipid. Declining trend of measured serum 
PCB levels from New Jersey residence is observed compared with NHANES 2003-2004 and 2007-2008. 
The extent of declining varies by both congener and age group. In general, more significant drop was 
observed on lighter congeners and oldest age group (≥60 years old).  Measured serum PCB levels 
showed age-dependence with the highest ∑PCBs were observed in the oldest age group (≥60 years old), 
no gender dependence is observed. Factor analysis modeling will be applied to identify the co-varying 
congener patterns to reveal the contributing exposure factors for the observed variation of measured 
PCB congeners in collected samples. The findings of this study provided stratified exposure assessment 
data for PCBs within New Jersey residence.  
 
Presenter: Songyan Du, New Jersey Department of Health, Ewing, NJ, Email: songyan.du@doh.nj.gov  
     
      

P-064 
 
Development of Sample Receiving and Handling System to Support for a Large Population Study  
C.D. Riker, C.H. Yu, R. Servis and Z. Fan, New Jersey Department of Health 
 
Introduction: In 2014 the NJDOH embarked on population study requiring the processing of 1000 urines, 
3000 bloods and 1000 serum samples within 2 years time frame. This new project would require both 
the accommodation of hundreds of samples in daily submission and the long-term storage for future 
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analyses. Because of the limitation of our existing form driven system that could only accommodate 20-
40 daily sample submissions, it is imperative to further develop and optimize our sample management 
system to expand its capacity of receiving and handling large number of samples. 
 Objective: The overall goal of our study is to: 1) develop a sample receiving system with both expanded 
capacity of sample accommodation and robust sample identification check protocol; 2) to develop a 
durable label, suitable for long term cohort frozen storage and containing key identification and storage 
location elements needed to be developed.  
Approach:  To accomplish the first objective, a customized sample collection spreadsheet (SCSS) was 
designed for the collection of the sample demographic information. The SCSS includes the data that 
match with the selection criteria, which can filter and double check the information when entered by 
the provider and reviewed by our sample receiving staff.  The SCSS is then reformatted for the 
simultaneous electronic uploading of all sample data and testing requirements into the Laboratory 
Information Management System (LIMS).  To accomplish the second objective, cryogenic labels were 
selected due to the permanent adherence properties necessary for long term frozen storage (-70oC). 
The label has been designed to include both the unique NJDOH lab ID number and the barcoded version, 
to facilitate processing.  Additionally, the label has unique location ID code specifying freezer ID, shelf, 
rack number and position of sample within the rack. This will allow for easy access for the samples for 
both current use as well as for future use. 
Results: Without additional staffing, the combination of a robust sampling and data review protocol and 
the electronic accessioning process eliminated error and reduced sample processing time. The 
processing efficiencies allow what would have taken up to a week to be achieved in hours.  The 
permanently attached cryogenic barcoded sample label made processing activities more efficient and 
the location code ensured the correct sample storage location for future retrieval.    
Conclusion: The developed sample management system proved to be an effective and accurate tool for 
processing large number of samples for population study.      
 
Presenter: Collin Riker, New Jersey Department of Health, Ewing, NJ, Email: collin.riker@doh.nj.gov  
 
  

P-065 
 
Analyzing Commercial Water Bottles for Carcinogenic Hexavalent Chromium 
A. Steffens, A. Krasley, J. Shah, D. Haltmeier, E. Bind, New Jersey Department of Health 
 
Hexavalent chromium [Cr(VI)] is a naturally occurring element that has been known for decades to cause 
cancer in humans via inhalation. Though there had been some uncertainty regarding the carcinogenic 
effect of other exposure routes, recent studies show that oral Cr(VI) exposure leads to an increased risk 
of cancer, which is concerning because Cr(VI) is present in the tap water of over 200 million Americans. 
The federal maximum contamination limit (MCL) for total chromium in drinking water is 100 parts per 
billion (ppb), but there are currently no state or federal MCLs for Cr(VI) and no legal limit for Cr(VI) in 
bottled water. California set a public health goal of 0.02 ppb of Cr(VI) in drinking water after a series of 
studies and the Environmental Protection Agency has started conducting a human health assessment for 
Cr(VI). The Drinking Water Quality Institute in New Jersey is expecting to set the health-based MCL for 
Cr(VI) to 0.07 ppb for the state of New Jersey.  
 
To assess the potential health risks posed to the general population and to help inform the public health 
community, the Metals Laboratory at the New Jersey Department of Health (NJDOH) tested 
commercially available domestic and imported bottled water for Cr(VI) using a modified version of EPA 
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method 218.6 to achieve a detection limit of 0.01 ppb. The Metals Laboratory tested remnant unopened 
samples that were collected as part of NJDOH’s yearly bottled water monitoring program. Our findings, 
spanning three consecutive years, show that Cr(VI) is present in over fifty percent of bottled waters 
tested. In extreme cases, Cr(VI) levels exceeded 1 ppb (more than fifty times the health limit). 
Our findings indicate that not all bottled water is a safe alternative for individuals whose tap water is 
contaminated with Cr(VI). These data also indicate that a federal/state MCL needs to be set and 
monitored for bottled water. 
 
Presenter: Andrew Steffens, New Jersey Department of Health, Ewing, NJ, Email: 
andrew.steffens@doh.nj.gov  
  
             

P-066* 
 
A Cost-Effective Biomonitoring Approach to Identify Vulnerable Subpopulations Using Metals Data 
A . Steffens, E. Bind, A, Krasley, J. Mukherjee, D. Haltmeier, C.H. Yu and Z. Fan, New Jersey Department 
of Health  
 
New Jersey has the highest number of Superfund sites in the country and a total of over 15,000 
hazardous sites across the state. Environmental pollution has been linked to increased exposure in 
people and while routine environmental testing works well to monitor known environmental 
contaminations and risks, it is often costly and does not quantify the exposures in humans. 
Biomonitoring serves as a complimentary monitoring tool and can provide a meaningful way to identify 
new exposure trends and hotspots. 
 
The Metals Laboratory at the New Jersey Department of Health (NJDOH) conducted a large human 
biomonitoring study analyzing cadmium, lead, and mercury in 3000 blood samples and arsenic, barium, 
beryllium, cadmium, lead, thallium, and uranium in 1000 urine samples. These analytes were selected 
due to the severity of health issues stemming from exposure to these toxic metals. Since a full-scale 
population-based biomonitoring study can be very costly and labor intensive, NJDOH explored a 
convenience sample-based probing study approach to collect de-identified blood and urine samples 
from clinical laboratories and blood banks across the state as a cost-effective alternative.  
 
Our study was able to identify geographical hotspots and trends throughout the state. When combining 
these data with historical environmental sampling data for lead, we see an overlap with known 
contamination issues in Newark and other large cities.  Overlaying uranium data with geological surveys 
and current knowledge of water treatment strategies in NJ, the data show exposure occurring where 
there is no treatment. Further poststratification of the data through gender, age, and race for each toxic 
metal also provides insight into exposure trends within the study population. 
 
The Metals Laboratory data indicate that though our study approach has limitations in that it cannot 
mimic studies such as NHANES and characterize the exposure of the NJ population, it can be used as a 
probing tool to identify at-risk subpopulations. Researchers using this approach can then use the data 
generated to help design more comprehensive and focused biomonitoring studies. 
 
Presenter: Andrew Steffens, New Jersey Department of Health, Ewing, NJ, Email: 
andrew.steffens@doh.nj.gov  
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P-067 
 
A Reduction of PFNA Body Burdens from A Community Exposure to PFNA-contaminated Drinking 
Water in New Jersey after Interventions 
C.H. Yu1, C. Weisel2, S. Alimokhtari2, C.D. Riker1, Z. Fan1; 1New Jersey Department of Health, 2EOHSI-
Rutgers University 
 
Elevated perfluorononanoic acid (PFNA), one of the man-made per/poly-fluoroalkyl substances (PFAS), 
was detected in public water systems and private wells in Paulsboro and West Deptford communities in 
New Jersey (NJ). Interventions were carried out in these communities by installing granular activated 
charcoal (GAC) filters in public water system and private wells. However, the communities expressed 
serious concerns about their exposure to PFNA and effectiveness of interventions. To evaluate the 
interventions would effectively reduce the body burden, the Public Health and Environmental 
Laboratories (PHEL), NJ Department of Health (NJDOH), partnered with Environmental and Occupational 
Health and Sciences Institute (EOHSI) from Rutgers University and NJ Department of Environmental 
Protection (NJDEP), initiated an exposure study to monitor the change of PFNA in serum of local 
residents after interventions. This study, using a convenience sampling approach, aims to measure PFNA 
and additional 11 PFAS (listed in CDC Method) in serum for three consecutive years, once per year, for a 
target population size of 100-120 volunteers. The selection criteria for subjects are residents, between 
the ages of 20-74, who have lived in the affected communities for at least two years prior to 
interventions. Drinking water and house dust were also measured for 14 PFAS (listed in EPA Method 
537) in first year to confirm the water PFNA met the criteria and the house dust was not contaminated. 
Questionnaires were administered to collect information on demographics and potential PFNA sources. 
The first-year study was completed with recruiting 120 subjects and 105 home visits were made. Among 
the collected samples, 120 sera, 105 tap waters, and 74 house dust samples were analyzed at PHEL-
NJDOH. The average PFNA serum level from the recruited volunteers (n=120) was ~4 times higher than 
the national level (CDC NHANES in 2013-2014). All PFNA water levels were lower than NJDEP PFNA 
drinking water standard (<13 ng/L) and PFNA in house dust for all homes was not significantly higher 
than the levels found in control homes (n=20). The second-year study is ongoing; ~86 serum samples 
were collected to date, and 45 sera were analyzed. Results showed on average 13% reduction of PFNA 
was observed from Year 1 to Year 2 from the same 45 subjects. The second-year serum collection will be 
completed by March 2019. The half-life of PFNA will be estimated after completion of the third 
collection. In addition, estimated PFNA half-life will be obtained from individualized Physiologically-
Based Pharmacokinetic Modelling (PBPK) that incorporates exposure estimates based on reported water 
consumption for each subject while they resided in the affected area. This study will provide useful 
scientific background to help design future biomonitoring studies to determine cross-sectional PFAS 
levels and track the trends of PFAS body burdens. 
 
Presenter: Chang Ho Yu, New Jersey Department of Health, Ewing, NJ, Email: chang.yu@doh.nj.gov  
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P-068 
 
Foodborne Botulism in Home Canned Vegetables:  An Evaluation of Botulinum Neurotoxin and 
Clostridium botulinum Detection Methods 
C-A. Da Costa-Carter1, M. Perry2, B. Zhao1, A. Chiefari2, M. D’Amico2, M. Conlon2, D. Centurioni2, S. 
Hughes1, C. Egan2, J. Rakeman1; 1New York City Public Health Laboratory, 2New York State Department of 
Health - Wadsworth Center 
 
In the summer of 2018, New York City Public Health Laboratory (PHL) and New York State Wadsworth 
Center Laboratory (WC) participated in a foodborne botulism investigation that involved 3 adult family 
members and home canned vegetables.  To establish a link between the clinical cases and a suspect 
food source it was necessary to use several assays to identify botulinum neurotoxin (BoNT) activity and 
the presence of culturable Clostridium botulinum.   
 
The mouse bioassay (MBA) is considered the gold standard assay to identify BoNT activity, but it is a 
labor intensive assay, results can take up to 2-5 days to report, requires large sample volume, can result 
in non-specific test results, and its use does not establish a definitive link between patient cases and the 
environmental source of BoNT.  As a result of the limitations associated with the MBA, matrix-assisted 
laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) was also used to rapidly 
detect and characterize BoNT activity.  Furthermore, to identify and characterize C. botulinum present in 
clinical specimens and food samples, multiplex PCR was used for detection of C. botulinum toxin gene 
DNA and next generation sequencing (NGS) single nucleotide polymorphism (SNP) analysis was used to 
type C. botulinum isolates cultured during the investigation. Because of the different assays utilized, this 
investigation provides a unique opportunity to assess and compare C. botulinum and BoNT detection 
methods in clinical specimens and food samples. 
 
All three adults exhibited botulism symptoms and were treated with botulism anti-toxin. Split specimens 
from the three patients were sent to both PHL and WC for concurrent testing and included two serum 
specimens collected before anti-toxin administration from each of two patients and three stool 
specimens collected after anti-toxin administration from each of the three patients. BoNT A activity was 
detected in patient serum collected before treatment and not in stool specimens collected after 
treatment with anti-toxin.  However, C. botulinum toxin A and B gene DNA was detected in stool 
specimens from all three patients.  Among all of the food products initially tested, only residue from the 
salad bowl from which the patients ate tested positive for C. botulinum toxin gene DNA and BoNT A 
activity. The original food source of BoNT at the patient home was eventually found in a relatively clean 
and empty jar that was presumed to have contained peas used in the salad.  Eluate from the empty pea 
jar was used to detect BoNT A activity and to culture C. botulinum. Clinical isolates were obtained from 
two of the patients and using NGS SNP analysis these isolates were definitively linked to isolates from 
the pea jar eluate.  Results from this investigation illustrate the utility of employing a variety of assays to 
link patient cases of BoNT poisoning with a food source.  
 
Presenter: Cherry-Ann Da Costa-Carter, New York City Public Health Laboratory, New York, NY, Email: 
cdacosta@health.nyc.gov  
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P-069* 
 
When Does a Public Health Laboratory Reject Specimens? A Look at Specimen Rejection by Facility 
and Error Type during a Measles Virus Outbreak in Brooklyn, NY, 2018 
A. DeVito1, C. Mahle1, U. Siemetzki-Kapoor1, M. Iwamoto2, J. Rosen2, J. Rakeman1; 1New York City Public 
Health Laboratory, 2New York City Department of Health and Mental Hygiene 
 
In October 2018, the NYC Public Health Laboratory (PHL) began responding to a measles outbreak in 
Brooklyn. Measles virus testing includes real-time PCR testing of nasopharyngeal (NP) swabs and IgM 
and IgG testing of serum or blood samples. Requirements for testing clinical specimens include 
completing a paper submission form, proper labeling of the specimen, and proper collection, storage, 
and transport of the specimen. DOHMH works to ensure that any correctable error (i.e., missing or 
illegible information) is resolved through follow up with the submitter. Between 10/1 and 12/14, PHL 
received 419 requests for measles virus testing on 298 specimens.  We examined specimen rejection 
rates by type of submission error and type of facility (high volume submitters were those that submitted 
>100 specimens of any type in 2018; all others were considered low volume submitters). 
 
PHL received specimens for measles testing from 47 submitters, five of which were considered to be 
high volume. Forty-seven specimens (15.8%), representing 55 test orders, were rejected for testing. 
Thirty one of these specimens (66.0%) were rejected due to specimen hemolysis. The remaining 
specimens were rejected due to various specimen integrity issues such as insufficient specimen quantity, 
sample received without proper transport medium, improper storage of the specimen, old collection 
date, or requests to cancel the order. Of 16 rejected specimens received from high volume submitters, 
the most common rejection error was specimen hemolysis (n=11, 64.7%). Hemolysis was the reason for 
rejection of 20 specimens submitted from low volume submitters (n=31, 64.5 %). No specimen was 
rejected due to incomplete submission forms with errors that could not be fixed.   
 
The most common reason for specimen rejection was specimen hemolysis, and there was no difference 
in the most common reason for rejection between high and low volume submitters. Submissions with 
errors in paperwork or specimen integrity cause slowdowns in the testing process due to time spent 
correcting errors, while specimen rejection can cause additional delays that may involve the patient 
returning to the provider for a specimen to be recollected. These issues impact the speed at which 
results are reported to the provider and Health Department for follow up. Improving practices in the 
pre-analytical phase especially during an outbreak is of critical importance for timely initiation of testing, 
follow up, and public health action.  
 
Presenter: Andrea DeVito, New York City Department of Health and Mental Hygiene, New York, NY 
Email: adevito@health.nyc.gov 
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P-070 
 
Complications in Bacterial Identification: When MALDI and Conventional Identification Tests Don't 
Agree 
C. Harrison, S. LaVoie, L. Chicaiza, S. Nin, C-A. Da Costa-Carter and J. Rakeman, New York City Public 
Health Laboratory 
 
Matrix-assisted laser desorption/ionization time of flight mass spectrometry (MALDI-TOF MS) has 
emerged as a rapid, reliable, and low cost method for identification of many bacterial species, making it 
a highly approachable method for use in clinical and public health laboratories. Bacterial species 
identification is achieved by ionization and vaporization of cellular proteins and comparing observed 
spectrum to a database of reference spectra to generate an identification confidence score that must 
meet a set threshold to report results. Each MALDI system offers a clinical application database 
containing a limited number of FDA cleared bacterial species reference spectra and a much larger 
research use only (RUO) reference database with additional bacterial species spectra that have not been 
FDA cleared.  
 
For bacterial isolates for which we cannot report a MALDI result, bacteria are identified by FDA cleared 
conventional biochemical testing, such as the RapID™ ANA II System (ThermoFisher) or the API 
(bioMérieux) identification system. The spectral databases for MALDI are routinely updated and require 
verification or validation following each library update, while conventional biochemical identification 
system databases are rarely updated. Conventional testing methods are easy to setup but rely upon 
individual interpretation of results to determine identification, introducing an element of subjectivity. 
When discrepancies arise, they are often in closely related species of the same genus as new strides are 
made in improving MALDI spectra libraries. However, it raises the practical questions around reporting 
and best practice when current systems continue to evolve. 
 
The goal of this study is to investigate the incidence of such discrepant events at the New York City 
Public Health Laboratory. Here we analyze specimens collected between August 2017 and December 
2018 from the Office of Chief Medical Examiner (OCME) that were received for bacterial culture, and for 
which isolates were analyzed by bioMérieux Vitek MS. A preliminary analysis suggests that MALDI 
results did not agree with conventional testing methods in as many as 9% of isolates, and did not report 
an identification an additional 5% of the time. Of those that were discrepant, the majority only differed 
by species, although 2% of total isolates disagreed by genus and species. MALDI was not able to 
differentiate between some species, requiring follow-up biochemical testing, such as for Klebsiella 
variicola and Klebsiella pneumoniae. Further analysis will focus on identifying common bacterial species 
perpetuating this problem and any clinical significance in potentially reporting the incorrect species 
identification in such cases. This study highlights the complexity of reporting in such circumstances and 
invites discussion around best practices.  
 
Presenter: Christy Harrison, New York City Public Health Laboratory, New York, NY, Email: 
charrison4@health.nyc.gov 
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P-071 
 
Enhanced Legionella Isolation Using Traditional Culture Methods Augmented by Legiolert™  
S. Hughes, J. Novak, I. Rubinstein, Y. Chekoff, S. Silver, E. Patricio, J. Wang, A. DeVito, E. Gonzalez, E. 
Omoregie and J. Rakeman, New York City  Public Health Laboratory 
 
In July 2018 the New York City Department of Health & Mental Hygiene (NYC-DOHMH) identified a 
cluster of 27 cases of Legionnaires’ disease (LD) in the Lower Washington Heights neighborhood of NYC. 
Following remediation of cooling towers suspected to be associated with the LD cases, another outbreak 
of 32 cases of LD occurred in October 2018 in the same neighborhood. Cumulative samples from both 
investigations resulted in a combined total of 40 non-potable water samples from 26 different cooling 
towers (CT) that were tested for the purpose of isolating Legionella pneumophila serogroup 1 (Lp1) and 
establishing a linkage with the clinical cases associated with the outbreaks. Isolation of Lp1 from cooling 
tower water samples enabled the identification and mitigation of environmental sources of Lp1 that 
were a potential cause of these outbreaks. Additional typing of CT and clinical isolates further implicated 
a single CT as the potential source of the outbreak.  Water samples tested during these investigations 
provided a unique real-case scenario in which to compare the capabilities of traditional culture methods 
to the IDEXX LegiolertTM test kit for Legionella pneumophila (Lp) detection and isolation.   
 
To maximize the likelihood that Lp1 could be isolated from a given water sample, we employed both 
traditional culture methods and Legiolert during both investigations.  For traditional culture, 0.1 ml of 
samples was plated directly or heat-treated (50oC for 30 min) before plating on buffered charcoal yeast 
extract (BCYE) agar or BCYE with antibiotic supplement agar followed by incubation at 36oC for up to 10 
days. In contrast, Legiolert involved a sample pretreatment step prior to combining 1.0 ml of sample 
with the Legiolert culture reagent and subsequent incubation of sealed trays at 37oC for 7 days. After 7 
days, positive Legiolert tray wells were loop-transferred to BCYE agar for colony isolation and further 
characterization.  Using a combination of culture and Legiolert methods, Lp1 was isolated from 45% 
(18/40) of the samples. A total of 10 samples were positive by both methods and Lp1 was isolated 
exclusively using either Legiolert or traditional culture in a total of 8 samples; 4 each using Legiolert or 
traditional culture.  Isolation of Lp1 exclusively with one method or the other was not solely due to 
being at the detection limits for the comparative methods. Subsequent characterization of cultured 
isolates that involved identification of serogroup, pulsed-field gel electrophoresis pattern, and whole 
genome sequence single nucleotide polymorphism analysis, revealed that both Legiolert and traditional 
culture yielded the same Lp1 strains from a given sample.  Results from this study support the combined 
use of both methods for the isolation of Lp from cooling tower water samples to increase the overall 
sensitivity of culture for Lp1 from cooling tower water samples.   
 
Presenter: Scott Hughes, New York City Public Health Laboratory, New York, NY, Email: 
shughes@health.nyc.gov 
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P-072* 
 
What Can a Postdoctoral Fellow Do For Your Public Health Laboratory? Examples from Two Postdocs 
at the New York City Public Health Lab 
S. LaVoie, C. Harrison and J. Rakeman, New York City Public Health Laboratory 
 
The New York City Department of Health and Mental Hygiene Public Health Laboratory (PHL) began a 
two year postdoctoral fellowship program in the fall of 2016 and is currently hosting its second and third 
fellows. This program is designed to address the national shortage of qualified individuals needed to 
fulfill future leadership roles at public health laboratories. The first year of the fellowship is structured 
around rotations through all laboratory sections at PHL and hospital clinical laboratories in order to gain 
experience and technical skills in each area of the lab. Fellows are also expected to take on leadership 
projects of interest that address lab needs during rotations and more significant leadership roles in the 
second year in order to gain laboratory management experience. These projects allow fellows to learn 
laboratory operations and regulations, while gaining valuable experience working with laboratory staff, 
quality management, biosafety officers, laboratory information management systems, financial 
management, and public health collaborators outside of PHL.  
 
Some of the projects currently being worked on by PHL fellows involve validation and implementation of 
new assays, updating current laboratory workflows to improve efficiency and safety, reviewing 
laboratory data to assess best practices, and participating in responses to public health emergencies. 
New assays being validated at PHL include detection of active botulinum neurotoxin direct from human 
specimen using MALDI-TOF MS, Mycobacteria species identification using MALDI-TOF MS, and the 
Qiagen QuantiFERON-TB Gold Plus assay using the Dynex Agility automated platform for latent 
tuberculosis infection screening. In addition to validations, new workflows are being implemented into 
the general bacteriology laboratory to improve specimen processing efficiency and select agent rule-out 
screening of isolates before proceeding to identification workup to improve lab safety. The fellows are 
also reviewing laboratory data to look for ways to optimize TB lab workflows and investigating incidence 
of discrepant results between conventional biochemical methods and MALDI-TOF MS identification in 
the general bacteriology lab to determine best practices for reporting and potential effects on treatment 
outcomes as a result.  
 
The goal of this poster is to provide an overview of projects taken on by the two PHL postdoc fellows 
and to invite discussion and feedback on these projects and the fellowship program overall.  
 
Presenter: Stephen LaVoie, New York City Public Health Laboratory, New York, NY, Email: 
slavoie@health.nyc.gov 
 
          

P-073 
 
Legionella spp. Monitoring in New York City’s Water Distribution System  
E. Omoregie1, A. Szczerba2, J. Novak1, S. Hughes1, A. Capetanakis2, S. Feud2, J. Rakeman1; 1New York City 
Public Health Laboratory, 2New York City Department of Environmental Protection 
 
Legionella, primarily Legionella pneumophila serogroup 1, is the causative organism for legionellosis and 
has received increased attention as a result of several highly publicized national outbreaks of 
Legionnaires disease. Legionella spp. are ubiquitous in aquatic systems and have been shown to be 
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present in source and distribution waters. The presence of Legionella spp. in NYC’s drinking water 
distribution system has not been systematically investigated. Therefore, the NYC Department of 
Environmental Protection (DEP) and NYC Department of Health and Mental Hygiene (DOHMH) 
conducted a joint one-year longitudinal study to determine the prevalence and distribution of Legionella 
spp. in NYC source water and the distribution system.  
 
Twelve monthly sampling events took place between November 2017 and October 2018. A total of 255 
water samples were collected from 19 locations each month, representing water from NYC’s 
watersheds. Samples from different stages of water treatment were tested, including untreated source 
water, prefinished water and finished waters from various distribution sites including those with 
historically low residual chlorine levels and longest residence times. Physicochemical and microbial 
characteristics were measured for all samples and Legionella detection was conducted using PCR and 
culture methods. 
 
All water samples met applicable (EPA and NYS) water quality guidelines for physiochemical and 
microbiological parameters, and. Legionella spp. were infrequently detected by culture. Legionella spp. 
DNA was detected by PCR in all (23/23) untreated source water samples, but Legionella DNA detection 
in prefinished and finished water samples was variable. In total, 88% (202/231) of the water samples 
had detectable Legionella spp. DNA, which is unsurprising given Legionella spp. are ubiquitous in aquatic 
environments. Despite frequent detection of Legionella DNA throughout the distribution system, only 
2.5% (6/231) of samples were culture positive. L. bozemanii (50 CFU/100 mL) was recovered in the same 
source water site on two occasions and L. pneumophila (1 - 20 CFU/100 mL) was recovered from the 
same distribution site on four occasions. Results did not indicate a correlation between L. pneumophila 
recovery and physicochemical changes within the distribution system. However, the positive distribution 
site was in the midst of an ongoing new main replacement and street construction project. Although 
Legionella DNA was detected throughout the distribution system, the lack of recoverable Legionella in 
samples collected in this study suggest these Legionella werenon-viable and that the current disinfection 
practices are effective in protecting against the presence of Legionella spp. in New York City’s water 
supply. 
 
Presenter: Enoma Omoregie, New York City Public Health Laboratory, New York, NY, Email: 
eomoregie@health.nyc.gov 
 
      

P-074 
 
Partnership for Food Protection's Human and Animal Food Testing Laboratories Best Practices Manual  
C. Mangione1, Robyn Randolph1; 1New York State Department of Agriculture & Markets, 2Association of 
Public Health Laboratories 
 
Led by the FDA, the Partnership for Food Protection (PFP) is a multi-agency organization dedicated to 
establishing a strong and effective integrated food safety system in the United States. PFP's work is 
allocated across several workgroups, comprised of strategic partners in federal, state, and local 
government charged with advancing the PFP’s mission in a coordinated and efficient manner. The PFP’s 
Laboratory Science Workgroup was charged with documenting best practices for human and animal 
food laboratories to build confidence among stakeholders in the integrity and scientific validity of 
laboratory analytical data and to facilitate the acceptance of laboratory analytical data by regulatory 
agencies.  
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The Human and Animal Food Testing Laboratories Best Practices Manual is a consensus document, and 
the FDA Office of Regulatory Affairs (ORA) has adopted the earlier revision of this document (2013) as a 
crucial operational resource. The manual’s degree of acceptance and integration in ORA laboratory work 
supports its intended purpose to promote data sharing among federal, state, local, territorial, and tribal 
human and animal food regulatory agencies.  
 
Documenting the quality of both sampling and analysis is essential to ensure the defensibility of 
laboratory generated data. For that reason, many agencies have been reluctant to accept and act on 
data other than their own. To facilitate data acceptance, the PFP Laboratory Science Workgroup 
identified essential elements critical to the quality of regulatory data. The Human and Animal Food 
Testing Laboratories Best Practices Manual provides a set of tools, definitions, and references that 
laboratories can use to improve their operations. The workgroup strongly recommends that laboratories 
wishing to exchange data with regulatory partners adopt these best practices. 
 
As governmental regulatory partners increasingly embrace prevention-based approaches to food safety, 
including widespread surveillance efforts, the demand for laboratories that meet recognized best 
practices of analytical competency will rise dramatically. These best practices enable regulatory agencies 
to more expeditiously utilize laboratory data to identify, prevent, and remove unsafe food products 
from the marketplace. Considering the rapid globalization of the U.S. food market, and the growing 
pressure to ensure that imported food is safe for consumption, it has never been more important for 
these agencies to leverage the resources of the nation’s food laboratories and join forces to take a 
prevention-based approach to food safety. 
 
Presenter: Maria Ishida, New York State Department of Agriculture & Markets, Albany, Email:  
maria.ishida@agriculture.ny.gov          
  
  

P-075* 
 
Is the Full Picture Necessary? Targeted Sequencing vs. Whole Genome Sequencing  
N. Peinovich1, E. Snavely1, Y. Wang2, A. Shah2, K. Mitchell1, K. Musser1; 1New York State Department of 
Health-Wadsworth Center, 2Thermo Fisher Scientific 
 
Background: Whole genome sequencing (WGS) is currently being validated at the Wadsworth Center 
(WC) for clinical isolate testing to comprehensively identify acquired antimicrobial resistance (AR) genes. 
WC’s WGS approach utilizes Illumina sequencing and an in-house developed bioinformatic pipeline. 
ThermoFisher’s next generation sequencing (NGS) panel, AmpliSeq™ Antimicrobial Resistance (AMR), 
uses targeted sequencing of specific regions of the genome, simultaneously sequencing hundreds of 
genes rather than the whole genome. These analyses utilize different approaches to provide AR gene 
profiles.  We chose to compare these methods on the same set of clinical isolates to evaluate AR 
prediction. 
Methods: Twenty-four clinical isolates that were previously characterized at WC were selected for 
targeted sequencing with Ampliseq™ AMR assay. Isolate characterization included bacterial 
identification, detection of carbapenemase-encoding gene(s) using real-time PCR, carbapenemase 
production and WGS. Library preparation, templating, and sequencing followed manufacturer protocols. 
The Ampliseq™ AMR assay can identify up to 478 AR genes related to 28 different antibiotic classes 
using 2 pools of 815 total amplicons for the library preparation. WC WGS utilized Nextera XT library 
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prep, Miseq 2 x 250 bp read length sequencing and the WC AR bioinformatics pipeline that identifies 
over 6,000 AR gene variants. Both methods employed quality control (QC) steps including coverage 
cutoffs and removal of low-quality sequences; all 24 isolates passed QC. 
Results: WC WGS analysis identified over 100 different AR genes belonging to numerous antibiotic 
classes across all 24 isolates, with up to 24 genes found in a single isolate. In comparison, AmpliSeq™ 
AMR identified about 75 different AR genes, with up to 22 different AR genes detected in a single 
isolate. Both methods were able to identify beta-lactamase gene families with 100% concordance in all 
isolates. However, the WC WGS results had higher resolution for variant level gene identification, 
possibly due to the larger AR gene database used by the WC AR pipeline. Variant level inconsistencies 
most commonly arose with genes associated with beta-lactam, quinolone and aminoglycoside 
resistance. Naming convention differences between databases also contributed to discrepancies 
observed.  
Conclusion: The Ampliseq™ AMR assay is easy to use and has a fast turnaround time (TAT) of 3 days 
from library prep to sequencing. Additionally, sequencing from both isolates and primary samples is 
possible. Conversely, the WC WGS has a longer TAT (~4 days), however, WGS data can be used to 
identify AR genes and determine isolate relatedness. Both sequencing methodologies provide valuable 
information but have strengths and weaknesses depending on their intended use.  
 
Presenter: Nadine Peinovich, AR Fellow, New York State Department of Health-Wadsworth Center, 
Albany, NY, Email: nadine.peinovich@health.ny.gov   
 
          

P-076 
 
Laboratory Acquired Infections: Showcasing the Need for Laboratory Biosafety 
M. Marsico, Association of Public Health Laboratories  
 
Description: Laboratories are responsible for protecting their lab workers from harmful infectious and 
hazardous agents, yet there have still been numerous staff exposures to these biological agents. This is 
due to in part a lack of biosafety practices being conducted in these laboratories. Laboratory acquired 
infections (LAIs) have demonstrated serious gaps in biosafety and biosecurity practices at US 
laboratories throughout the years. Recently due to the US Centers for Disease Control and Prevention 
Epidemiology and Laboratory Capacity Domestic Ebola Supplemental for Enhanced Laboratory Biosafety 
and Biosecurity Capacity Cooperative Agreement, Biosafety Officials (BSO) from public health 
laboratories (PHLs) and the clinical laboratory community have improved their laboratory biosafety and 
biosecurity practices to reduce the threat of LAIs. This poster will highlight recent LAIs due to a lack of 
laboratory biosafety and biosecurity procedures along with showcasing how laboratories across the US 
along with APHL have developed resources and trainings to reduce this risk.   
What would you like attendees to learn from this session or presentation?   
Attendees will learn about LAIs that occurred in the laboratory workspace that were a result due to lack 
of biosafety procedures. The poster will highlight the need for biosafety practices to be conducted at all 
times in the laboratory.  
Relevance and timeliness: The risk of a LAI is real, most clinical labs have not incorporated risk 
assessments and other tools to mitigate risk into routine processes in their labs. APHL in partnership 
with CDC has developed several tools to assist these labs with strengthening their biosafety practices to 
reduce these risks.   
Learning Objectives: 
At the conclusion of this session, the participant will be able to:  
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• Highlight LAIs that have occurred due to a lack of biosafety practices and procedures 
• Show the impact of work APHL and our patterns have accomplished since the CDC cooperative 
agreement to mitigate risks in the laboratory  
 
Presenter: Michael Perry, New York State Department of Health-Wadsworth Center, Albany, NY, Email: 
michael.perry@health.ny.gov           
    
      

P-077 
 
Whole-Genome Sequencing and Characterization of a Cluster of Carbapenemase-Producing 
Pseudomonas aeruginosa Isolates Identified in New York State 
E. Snavely, E. Nazarian, W. Haas, S. Kogut, J. Greenko, R. Giardina, E. Adams, N. Singh, C. Wagner, J. 
Bodnar, K. Cummings, S. Morris, K. Mitchell, E. Lutterloh and K. Musser, New York State Department of 
Health-Wadsworth Center 
 
Background: The New York State Department of Health (NYSDOH) Wadsworth Center (WC) investigates 
and responds to infectious disease threats in the Northeast region as part of the Antibiotic Resistance 
Laboratory Network (AR Lab Network). The emergence of carbapenemase-producing, carbapenem-
resistant Pseudomonas aeruginosa (CP-CRPA) is of particular concern given the limited therapeutic 
options and easy transfer of resistance mechanisms between bacterial species. In this study we 
identified and characterized an unrecognized regional cluster of CP-CRPA in New York State, resulting in 
an epidemiologic investigation.  
Methods: CRPA testing at the WC included antimicrobial susceptibility testing, detection of 
carbapenemase production, and multiplexed real-time PCR assays to identify carbapenemase-encoding 
genes. Whole-genome sequencing (WGS) was performed with Illumina MiSeq and Oxford Nanopore 
MinION. WC-developed bioinformatic pipelines were used to identify AR genes, screen for mobile 
genetic elements, and determine isolate relatedness through single nucleotide polymorphism (SNP) 
analysis. 
Results: As part of the AR Lab Network, the WC tested over 1,400 P. aeruginosa isolates in 2018. Of the 
56 CP-CRPA isolates identified, 32 contained a VIM-family carbapenemase. Nearly all (97%) VIM-positive 
isolates were multi-drug resistant and harbored acquired AR genes associated with aminoglycoside, 
beta-lactam, fluoroquinolone, and fosfomycin resistance. WGS analysis identified 23 VIM-CRPA isolates 
as one sequence type, with the blaVIM-2 resistance gene located on a previously characterized class I 
integron, In59.2. Of the 23 isolates, 18 formed a cluster with SNP differences suggesting they may be 
distantly related but still share a common source. A subcluster of 9/18 isolates were 0-4 SNPs different 
from each other, indicating they are very closely related. Parallel epidemiologic investigation identified 
14 affected individuals who received care at the same outpatient urology clinic. An onsite visit identified 
practices inconsistent with standards of infection control. Isolates from 6/14 individuals belonged to the 
subcluster of 9 closely related isolates. 
Conclusion: Prior to this study, VIM-CRPA had been rarely identified in the Northeast region. Our 
investigation identified a previously unrecognized cluster of closely related strains amongst isolates that 
were not related to a recent common exposure but may share a distant common ancestor. WGS has 
informed the epidemiologic investigation by confirming relatedness between individuals. Overall, our 
analyses provided extra resolution when characterizing the isolates and determining relatedness. The 
combination of tools we used in this investigation can be applied to other AR organisms more commonly 
seen in the Northeast region. 
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Presenter: Emily Snavely, AR Fellow, New York State Department of Health-Wadsworth Center, Albany, 
NY, Email: emily.snavely@health.ny.gov 
 
 

P-078* 
 
Evaluation of Free Carnitine (C0) Cutoffs in Newborn Screening 
O. Adair, S. Hall, T. Washington and R.B. Dixon, South Carolina Department of Health & Environmental 
Control 
 
Introduction: Newborn screening (NBS) laboratories are involved in high-throughput and high-impact 
testing.  To serve the needs of this critical patient population, it is necessary to have accurate testing 
and effective cutoffs.  Developing cutoffs is challenging due to diverse populations, gestational age and 
other factors.  Nonetheless, it is essential for appropriate test interpretation. 
Methods: This poster abstract will focus on the evaluation of an analyte which serves as a screening 
biomarker in the newborn screening laboratory.  Tools such as Collaborative Laboratory Integrated 
Reports (CLIR) available at https://clir.mayo.edu/ provide an additional multivariate algorithm to 
evaluate screening test results.  The information from CLIR allows laboratories, NBS Follow Up staff and 
medical specialists to evaluate the results in context of additional screening analytes and factors such as 
birth weight.  The unique feature of free carnitine (C0) is that it has both an upper and lower cutoff.  Due 
to this characteristic, both scenarios must be evaluated.  In order to perform this evaluation, data from 
over 3 months was studied at the upper cutoff and lower cutoff.  In this poster, we will outline the key 
parameters evaluated and a summary of the results. 
Preliminary data: The intent of our study is to provide accurate screening in a way that reduces false 
positives while minimizing false negatives.    The Newborn Screening conditions considered in the study 
as indicated by the free carnitine (C0)0 biomarker include carnitine palmitoyltransferase 1 (CPT-1) 
deficiency and carnitine uptake defect (CUD).  We applied CLIR to the results in the study to evaluate the 
threshold for lower and upper cutoffs.  Second tier DNA analysis results were included for screen 
positive results to confirm or rule-out disease. 
The information derived from the initial study obviated that both confirmed negatives and confirmed 
positive samples are needed to effectively modify laboratory cutoffs.  While this is unsurprising, it 
remains a significant challenge for NBS programs due to the rare nature of particular disorders.  Our 
next steps will be to obtain feedback from clinical specialists regarding the information from this study.  
Ongoing efforts will be made to compile observations to better support cutoff evaluation and 
adjustment. 
Novel aspect: We applied existing cutoffs levels with second tier analysis results in contrast with CLIR 
results.  This allows for a retrospective cutoff level evaluation.  Developing this model will allow for more 
efficient ongoing evaluation of NBS cutoffs. 
 
Presenter: Robert B. Dixon, South Carolina Department of Health & Environmental Control, Columbia, 
SC, Email: dixonrb@dhec.sc.gov 
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P-079 
 
Biosafety Trainings: A Closer Look to Available Trainings Online 
M. Marsico1, D. Fayram2; 1Association of Public Health Laboratories, 2State Hygienic Laboratory at the 
University of Iowa 
 
In 2015, 64 state, local and territorial public health labs (PHLs) were part of the three-year, $21 million 
US Centers for Disease Control and Prevention Epidemiology and Laboratory Capacity Domestic Ebola 
Supplemental for Enhanced Laboratory Biosafety and Biosecurity Capacity Cooperative Agreement. 
These PHLs had to enhance and improve their internal laboratory biosafety and biosecurity practices but 
also work with their clinical laboratories in their jurisdiction to improve their practices and biosafety 
capacity as well.   
 
In order to strengthen biosafety and biosecurity practices in clinical laboratories, PHLs and APHL 
partners have developed numerous online trainings where participants can abccess these at any time 
from their own laboratories. These trainings are freely available for laboratorians to access on their 
respective websites.  These trainings provided clinical laboratorians the necessary information to 
enhance and improve their biosafety and biosecurity practices. For instance, the State Hygienic 
Laboratory at the University of Iowa provides training, courses and other resources to public and 
environmental health professionals throughout Iowa and across the nation. The State Hygienic 
Laboratory provides online trainings to help clinical laboratories improve knowledge and best practices 
of biosecurity along with trainings to detect potential biological threat agents.  
 
What would you like attendees to learn from this session or presentation?   
The poster will provide attendees resources for biosafety and biosecurity trainings that they can utilize 
and distribute to the clinical laboratories within their jurisdictions at no cost.  
 
Relevance: There is a gap of fundamental biosafety and biosecurity practices within clinical laboratories 
across the United States. Staff in these labs lack specific training in biosafety and biosecurity practices, 
which some perceived as an impediment to productivity. PHL Biosafety Officers and APHL partners have 
addressed these gaps in the development of virtual trainings.  
 
Learning Objectives: 
• Attendees will gather information on how biosafety officers and APHL partners are engaging 
clinical labs in biosafety and biosecurity trainings.  
• Highlight biosafety and biosecurity trainings developed through APHL partners such as American 
Biological Safety Association and The Association of State and Territorial Health Officials 
• Highlight biosafety and biosecurity trainings developed through PHLs 
 
Presenter: Drew Fayram, State Hygienic Laboratory at the University of Iowa, Coralville, IA, Email: drew-
fayram@uiowa.edu 
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P-080 
 
Emphasizing Biosafety Training in a Medical Laboratory Technology Program to Enhance Biosafety 
Knowledge and Capacity in the Future Workforce 
S. Cochran1, J. Elwood1, D. Fayram1, K. Friedley2; 1State Hygienic Laboratory at the University of Iowa, 
2Kirkwood Community College 
 
Since 2015, biosafety professionals in public health laboratories across the U.S. and its territories have 
worked with clinical diagnostic laboratories to enhance biosafety and biosecurity capacity.  These efforts 
have utilized many approaches and achieved varying degrees of success. 
 
One universally recognized need is for formal biosafety training as an integrated component of 
academic curricula. The State Hygienic Laboratory at the University of Iowa (SHL) and Kirkwood 
Community College (KCC) share a strong partnership and facilities conveniently located near one 
another on the University of Iowa Research Park. Recognizing an opportunity for a unique collaboration, 
these entities developed an introductory biosafety course as part of KCC’s first ever accredited Medical 
Laboratory Technology (MLT) program. This course was first taught during the fall 2018 semester. The 
goal of this collaboration is to instill in students the didactic knowledge of biosafety theory and best 
practices before they start clinical laboratory experiences or their careers. 
 
The team began with the 1 credit, 1 semester undergraduate biosafety curriculum recently developed 
by ABSA International and modified it to better align with the goals of the Kirkwood MLT program and 
meet the unique demands of the clinical laboratory setting. Adjunct instructors included two 
microbiology staff from SHL who combined best practice information with accounts of their own work 
experiences. Guest lecturers for this course included the SHL Biosafety Officer and several members of 
the APHL Biosafety and Biosecurity Committee. 
 
To our knowledge, this is the first collaboration between a state public health laboratory and a 
community college-based MLT program that aims to enhance biosafety in clinical laboratories by 
influencing future workforce members prior to beginning their professional careers. Plans are still in 
development to track the long-term outcomes of this course, but it is hopeful that graduates of this 
program will enter the field of laboratory science better prepared to use safe work practices and 
contribute to a culture of biosafety. Finally, we propose this model as a strategy that could be utilized by 
other state public health laboratories in collaboration with their local academic institutions to enhance 
biosafety and biosecurity capacity in clinical labs across the nation. 
 
Presenter: Drew Fayram, State Hygienic Laboratory at the University of Iowa, Coralville, IA, Email: drew-
fayram@uiowa.edu 
 
     

P-081 
 
Iowa Private Well Survey:  Partnerships for Public Health and Emerging Contaminants Research  
M. Schueller, M. Pentella and A. Mattson, State Hygienic Laboratory at the University of Iowa 
 
The quality of water sources from which people receive drinking water is of utmost importance to the 
health of the served population. Private well water consumers in the United States are an under served 
and under-protected population relative to public health. It is estimated that more than 13 million 
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households and one out of nine Americans rely on private wells for drinking water. Private wells are 
generally not regulated for routine testing and monitoring them for water quality assurances is at the 
discretion of the private well owners. Inconsistent testing requirements and lack of regulation for 
private wells presents challenges for public health in rural communities. The State of Iowa has 
approximately 110,000 private wells that provide drinking water to nearly 300,000 people living 
primarily in rural settings. Private wells in Iowa are not regulated for minimum quality requirements for 
any chemical, biological or microbiological compounds. The State Hygienic Laboratory at the University 
of Iowa (SHL), in strong partnership with county public health departments, initiated the Iowa Well 
Survey (IWS) in the fall of 2017. The IWS is a sustained, statewide effort to reach more private well 
owners and present them with an opportunity to have their well(s) tested, free of charge. SHL has 
engaged 40 counties and their associated environmental health professionals across the state of Iowa to 
complete the successful collection of raw and treated water samples from approximately 1,200 private 
wells. Each raw water well sample was analyzed for total coliform bacteria, E. coli, nitrite + nitrate as 
nitrogen and total arsenic. Additionally, compounds of emerging concern for human health, such as 
neonicotinoid insecticides, selected herbicides and associated compounds and manganese, have also 
been identified and analyzed for these well samples. Results of analyses reinforce the position that 
public health concerns exist for many people consuming private well water in Iowa. Nitrate levels have 
reached a concentration as high as 69 mg/L with approximately 12% of wells sampled exceeding the EPA 
Maximum Contaminant Level (MCL) of 10 mg/L. Concentrations of total coliform bacteria and E. coli 
have been quantifiable at a rate of approximately 40% and 8% of wells sampled, respectively, all in 
exceedance of the MCL for those microbiological organisms. Arsenic is naturally occurring and quite 
prevalent in the north central region of Iowa and in other localized geographic formations in the state. 
Concentrations up to 0.39 mg/L were found among the wells sampled with approximately 3% exceeding 
the MCL of 0.01 mg/L. Water treatment systems in 290 of the homes sampled have not insured 
completely safe drinking water for the consumers with quantifiable results for all measured parameters 
present in treated water samples. These results illustrate the pressing concerns for the health of Iowans 
consuming private well water. 
 
Presenter: Alyssa Mattson, State Hygienic Laboratory at the University of Iowa, Coralville, IA, Email: 
alyssa-mattson@uiowa.edu 
 
           

P-082* 
 
Establishing a Medical Cannabis Testing Program in Iowa 
M. Pendergast1, S. Dai2, D. May1, S. Dricken1, M. Pentella1; 1State Hygienic Laboratory at the University of 
Iowa, 2University of Iowa  
 
Beginning in May 2017, Iowa legalized medical cannabidiol and required testing of manufactured 
products for quality and safety.  The legislation identified the State Hygienic Laboratory (SHL), Iowa’s 
public health laboratory, as a resource to provide testing services for these products.  SHL immediately 
initiated a project charter to define the scope of work.  Over the course of the next 18 months, SHL 
collaborated extensively with stakeholders to establish a testing program that was both fit for purpose 
and defensible while ensuring a quality product for public consumption.  
 
During the initial ten months, SHL collaborated with IDPH to draft the lab testing rules for content and 
contamination covering: sampling procedures, limits of quantitation, action levels, inventory tracking, 
waste disposal, and security. This initial phase of rulemaking involved 400 SHL staff hours, at an 
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estimated labor cost of $15k.  Concurrently with this rulemaking process, SHL conducted validation 
studies for eight methods covering four matrices.  The validations determined the following: selectivity; 
LOD & LOQ; working and linear ranges; bias and recovery; intermediate precision; measurement 
uncertainty; and robustness. This phase spanned eight months, involved 16 staff members and 1000 SHL 
staff hours, at an estimated labor cost of $35k. The majority of the effort occurred during the final three 
months of this phase.  In order to oversee testing of medical cannabidiol products, SHL developed a 
program aligning with the twelve quality system essentials.  Program management for the establishment 
of testing required eight months and included: validation plan and study authorizations; document and 
record generation; document and record organization; and three process training exercises.  This phase 
involved 18 staff members and 1300 SHL staff hours, at an estimated labor cost of $48k.  
 
Finally, in the last three months of 2018, after the development of rules governing testing, the validation 
of analysis methods, and the establishment of a quality management system, SHL received 181 samples 
and conducted 570 tests covering potency, pesticides, metals, solvents, total yeast and mold count, total 
aerobic microbial count, Shiga-toxin producing E. coli, and Salmonella.   This testing required pre and 
post studies based on production by the manufacturer and four matrices (concentrate, capsules, cream, 
and tincture). This initial testing phase involved 16 staff members and 915 staff hours, at an estimated 
labor cost of $32k.   
 
The SHL’s success in establishing a medical cannabidiol testing program illustrates that public health 
laboratories possess unique expertise to help guide and establish complex programs. Additionally, the 
constraints and risks posed by these types of programs can be adequately addressed by following 
established project management principals and the quality system essentials.   
 
Presenter: Michael Pentella, State Hygienic Laboratory at the University of Iowa, Coralville, IA, Email:   
michael-pentella@uiowa.edu 
 
 

P-083 
 
An Outbreak of blaIMP-27 at a Nursing Home in Iowa 
R. Jepson1, A. Garvey2, M. Pentella1, C. Pedati2, N. Wilde2; 1State Hygienic Laboratory at the University of 
Iowa, 2Iowa Department of Public Health 
 
IMP-27 is a novel Metallo-Beta-lactamase found amongst the carbapenem-resistant Enterobacteriaceae 
(CRE).  CDC recognizes CRE to be one of the top three urgent antibiotic resistance threats in the United 
States.  In 2016, the CDC established the Antibiotic Resistance Laboratory Network (ARLN) and provided 
funding to establish confirmatory testing for CRE.  That same year, the Iowa Department of Public 
Health (IDPH) designated CRE infection or colonization as a reportable disease and worked with the 
State Hygienic Laboratory (SHL) to develop submission criteria for potential CRE. In March of 2017, an 
astute laboratorian at a healthcare facility in Iowa reported an unusually resistant Proteus mirabilis 
isolated from a urine culture.  The organism was sent to SHL for further characterization.  At SHL, the 
isolate tested negative for all gene targets using the GeneXpert Carba-R.  The isolate was then sent to 
CDC where testing revealed that the Proteus mirabilis was carrying the blaIMP-27 plasmid.  This 
resistant pathogen was reported to epidemiologists at IDPH.  IDPH directed the healthcare facility all 
resistant isolates of Proteus mirabilis SHL.  Seven resistant isolates confirmed to be CRE from March 
2017 to October 2018.  From six patients there were six isolates from urine cultures, one from a wound 
culture and one from a blood culture.  Epidemiologic investigation discovered that most patients resided 
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in a nearby long-term care facility (LTCF).  As part of the investigation, CRE colonization screening using 
rectal swabs detected two additional patients colonized with Proteus mirabilis bla IMP27.  No source in 
the LTCF was found but infection control recommendations were made.   
 
IDPH and SHL continue to monitor this LTCF.  In the summer of 2018, SHL confirmed  
that five isolates matched using whole-genome sequencing (WGS).  Whole-genome sequencing was 
completed using the Illumina 600 cycle MiSeq Reagent kit.  Antibiotic resistance genes were identified 
and characterized using FDA GalaxyTrakr server.   
 
To our knowledge, this is the first outbreak caused by IMP-27 carrying Proteus mirabilis.  Prior to this 
outbreak, there were only two other cases reported in the United States: one case from an Iowa 
resident in 2015 and the other from a resident of North Dakota in 2009.   
 
Presenter: Michael Pentella, State Hygienic Laboratory at the University of Iowa, Coralville, IA, Email:   
michael-pentella@uiowa.edu  
 
     

P-084* 
 
VIM-CRPA in West Texas: Conducting the First Antibiotic Resistance Laboratory Network Multi-Site 
Epi-Aid in the United States 
A. Hoffman, G. Blackwell, T. Dang and C. Wang, Texas Department of State Health Services  
 
Background: The Texas Department of State Health Services (DSHS) Antibiotic Resistance Laboratory 
Network (ARLN) has tested over 255 Carbapenem-resistant Pseudomonas aeruginosa (CRPA) isolates 
from West Texas during June 2017 to October 2018. 31 of those isolates tested positive for the 
carbapenemase VIM (Verona Integron-Mediated Metallo-β-lactamase), which accounts for nearly one-
third of the known cases in the United States. Facilities in West Texas voluntarily submitted certain 
isolates to the ARLN for antibiotic resistance mechanism testing. The positive isolates were from urine, 
sputum, wound, tissue, and respiratory sources. On October 8, 2018, the Centers for Disease Control 
and Prevention began an Epi-Aid investigation in West Texas due to the continued positive results 
without an identifiable source.  
Methods: During the Epi-Aid, medical records were reviewed for risk factors, and patients who received 
outpatient care were interviewed. Pulsed-field gel electrophoresis (PFGE) and whole genome 
sequencing (WGS) were performed on all VIM-CRPA isolates. Site visits were conducted at multiple 
healthcare facilities in West Texas where case patients received healthcare; these visits included 
infection prevention assessments, consultations, and point-prevalence surveys to assess for the 
presence of VIM within the facilities. Point-prevalence surveys were implemented by obtaining 
specimens via rectal swabs from 265 patients in seven facilities. 
Results: Thirty-one VIM-CRPA isolates have been identified from West Texas during June 2017 to 
October 2018. PFGE revealed 15 unique patterns: seven isolates share a common pattern and two 
clusters of three isolates share other patterns. WGS showed that West Texas VIM-CRPA is unique to the 
region. Point-prevalence surveys did not identify any additional VIM-positive patients. Infection control 
gaps identified included hand hygiene, environmental cleaning, and communication during transfers 
between healthcare facilities. 
Conclusions: The VIM-CRPA outbreak in West Texas is unique to the area and is characterized by 
genetically-related cases occurring across multiple closely-connected healthcare facilities. There is 
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currently no identifiable reservoir. A regional containment strategy is being developed and implemented 
to further contain this outbreak.  
 
Presenter: Abby Hoffman, AR Fellow, Texas Department of State Health Services, Austin, TX, Email: 
abby.hoffman@dshs.texas.gov 
 
    

P-085* 
 
Evaluation of the Vitek MS v3.0 System in the Identification of Clinically Relevant Molds 
S. Realegeno, P.M.K. Larkin, A.J. Dayo, D. Contreras, R. Mirasol, L. Mortimer, K. Gih and O. Garner, 
University of California, Los Angeles 
 
Molds are important opportunistic pathogens that can cause severe disease, particularly in 
immunocompromised populations. The rapid identification of molds in clinical specimens is critical for 
appropriate diagnosis and treatment. Currently, routine identification of molds in clinical specimens is 
primarily based on macromorphology and microscopic examination of cultured specimens. Some 
challenges associated with conventional identification methods include culturing lengths for isolation 
(up to 6 weeks), the induction of distinctive morphological features in culture conditions (i.e. 
sporulation), and the availability of skilled laboratory personnel trained in mycology. Matrix-assisted 
laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) is a tool increasingly being 
used in clinical laboratories for the rapid identification of bacteria and fungi. In order to implement 
MALDI-TOF MS in our laboratory for the routine identification of molds, we evaluated the FDA-cleared 
Vitek MS v3.0 system on cultured specimens from clinical isolates. Specimens were processed using the 
Vitek MS Mold Kit. We first verified microbial inactivation using the kit’s reagents, which yielded 
supernatant containing the extracted protein. Supernatant from 37 isolates spanning various mycoses 
were cultured on Inhibitory Mold Agar (IMA) and examined for growth for a total of 8 weeks. No growth 
was noted on all 37 isolates, demonstrating that the components of the Vitek MS Mold Kit adequately 
inactivated specimens. Clinical isolates for identification were subcultured on primary isolation media, 
which included IMA and Sabouraud Agar with Brain Heat Infusion (SABHI). In addition, Potato Flake Agar 
(PFA), which is used for sporulation, was also validated on select species. Specimens were collected from 
culture media at various time points to determine the earliest and optimal time point for detection. 
Mold identifications were obtained from specimens cultured on SABHI, IMA, and PFA as early as the first 
day of visible growth. However, variability in identification was noted based on target slide spotting for a 
single extract as well as the extraction time point. In some instances, no identification was obtained 
initially, but repeat extraction of the same culture on a different day yielded accurate results. MALDI-
TOF MS can improve the current workflow for mold identification by reducing reporting times through 
the identification of cultured specimens at earlier growth stages. A more rapid identification method can 
potentially lead to improvement in patient diagnosis and therapeutic management. 
 
Presenter: Susan Realegeno, CPEP Fellow, University of California, Los Angeles, Email: 
srealegeno@mednet.ucla.edu 
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P-086 
 
A User-friendly Shiny Web Application for Choosing Pool Sizes When Testing Pooled Specimens 
C. Bilder1, B. Hitt1, J. Tebbs2, C. McMahan3; 1University of Nebraska-Lincoln, 2University of South 
Carolina, 3Clemson University 
 
Background: High volume screening of clinical specimens for infectious diseases is often made possible 
by a process known as pooled testing. This algorithmic process involves testing portions of specimens 
from separate individuals together as one unit (or “pool”) to detect infection. Follow-up retesting is 
performed on members of positive-testing pools to decode the positive members from the negative 
ones. An important decision needed prior to implementation of pooling is what pool size to use. 
Choosing too large of a pool size can lead to a large number of retests, perhaps even resulting in a total 
number of tests larger than what would occur by individually testing specimens. Choosing too small of a 
pool size can also lead to an overall larger number of tests than necessary. 
Methods: To help laboratories choose a pool size, we developed a Shiny web application that leverages 
the power of the R statistical software package. This application uses analytical derivations and 
computer simulation methods to emulate the pooling process. A user-friendly web interface is provided 
so that users do not need experience with R to perform calculations.      
Results and conclusions: The application calculates the expected number of tests and the expected 
accuracy for commonly used pooling algorithms. This application can also determine the “optimal” pool 
size(s) based on minimizing the expected number of tests. Access to the application is available through 
our www.chrisbilder.com/shiny website. 
 
This research is supported by Grant R01 AI121351 from the National Institutes of Health. 

 
Presenter: Christopher Bilder, University of Nebraska-Lincoln, Email: bilder@unl.edu 
 
     

P-087 
 
Evaluation and Feasibility of Two Modified Commercial PCR Kits to Screen CIDT Stools for Shiga Toxins  
K. Starr1, R. Gee2, G. Olson2, W. Glover2; 1University of Washington Medical Center, 2Washington State 
Public Health Laboratories 
 
Background: Shiga toxin-producing Escherichia coli (STEC) are food-borne pathogens of clinical and 
public health importance. Shiga toxins (Stx1 and/or Stx2) have a prominent role in the pathogenesis of 
STEC bacteria.  The introduction of culture-independent diagnostic tests (CIDTs), specifically GI Panels, 
have changed the way in which clinical laboratories diagnose patients with foodborne illness. The 
utilization of GI panels by clinical laboratories has led to increased submissions of stools in Cary-Blair or 
GN broth to public health laboratories. This has subsequently, required public health laboratories to 
spend more time recovering isolates from positive stools.   
 Objective: Currently, our laboratory utilizes the Alere Quik Chek EIA (enzyme-linked immunosorbent 
assays) to detect Shiga toxins. Previous experience in our laboratory has shown that rare Shiga toxin 
variants may not be detected by commercial EIA kits. This can lead to discrepancies when confirming 
CIDT submitted stools. To improve our detection of known Shiga toxin variants and streamline our 
processes related to the handling of CIDT positive stools for (STEC), we sought to evaluate the feasibility 
of using a modified commercial Shiga toxin PCR assay that could eventually be incorporated into a new 
screening algorithm utilizing both EIA and PCR.   
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Methods: Two commercially available real-time PCR kits from Thermo Fisher Scientific, currently sold 
and marketed for food testing were evaluated. The TaqMan™ Verotoxin-producing Escherichia coli 
VT1/VT2 Multiplex Assay Beads (Kit 1) and Custom TaqMan™ STX1/STX2 Assay Beads (Kit 2) both utilized 
lyophilized reagents. Each kit was evaluated for the ability to detect a characterized panel of 15 Shiga 
toxin producing E. coli isolates enriched in GN broth which included rare Shiga toxin variants. DNA 
extraction methods evaluated with each kit included the recommended PrepSEQ kit, as well the 
modification of using a boil prep. Boil prep was performed using the Biorad T100 Thermal Cycler 
followed by centrifugation and dilution.  PCR was performed using the ABI 7500 Fast real-time PCR 
instrument.     
Results: Evaluation results revealed discrepancies in the performance among the two kits.   Kit 1 was  
not able to detect the following Shiga toxin variants (1d, 2e, 2f, and 2g). In comparison, Kit 2 accurately 
detected all 15 characterized isolates within the panel. Both DNA extraction methods performed equally 
and did not affect the performance of either kit. 
                            
Conclusions: Based on the ability of Kit 2 to detect all of the Shiga toxin variants within the panel, it 
appears as the best candidate to integrate within the proposed screening algorithm for STEC positive 
CIDT stools.  Successful validation of this assay has the potential to streamline our screening of CIDT 
stools, improve our detection of Shiga toxin variants, and reduce discrepancies when confirming STEC 
positive CIDT stools. 
 
Presenter: Kimberly Starr, CPEP Fellow, University of Washington Medical Center, Seattle, WA, Email: 
starrkim@uw.edu 
 
    

P-088 
 
Biomonitoring Pyrethroid Pesticides in the Four Corners States 
J. Patel1, G. Silva2, S. Chaudhuri1; 1Utah Public Health Laboratory, 2New Mexico Scientific Laboratory 
Division 
 
Objective: The objective of this study is to develop and expand laboratory-based biomonitoring 
programs that address concerns common to the four corner states, to assess the extent and nature of 
human exposures to environmental toxicants that have the potential to cause harm, and to help prevent 
diseases resulting from such exposures. Pyrethroid pesticides are of concern as they are such toxicants 
that are widely used for mosquito and other household insect control in the four corner states of Utah, 
Arizona, Colorado, and New Mexico. 
Methods: The Four Corners States Biomonitoring Consortium comprised of laboratory and epidemiology 
program staff of the four states worked together to develop and implement pyrethroid biomonitoring in 
the four states. 
 
Laboratory workload for the study was undertaken by the public health laboratories of Utah and New 
Mexico. These laboratories utilized existing infra-structure and equipment from respective Chemical 
Threat programs to perform the analytical work needed for this study.  
 
The analytical methods utilize an extraction process followed by liquid chromatography-tandem mass 
spectrometry to measure concentrations of metabolites of pyrethroid pesticides in urine. 
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Chemists from Utah and New Mexico laboratories received hands-on training at the Centers for Disease 
Control and Prevention (CDC) laboratory by CDC subject matter experts. On-going consultation and 
training was received by the same to troubleshoot method problems.  
 
Both targeted and random samples were collected by the four states and shipped to the laboratories in 
Utah and New Mexico for analyses. Targeted samples were collected from participants who are involved 
with spraying insecticides to control mosquito populations. 
Results: The laboratories have successfully validated the biomonitoring method for three metabolites of 
pyrethroids in urine and have analyzed approximately 250 samples. Results will show how the Utah and 
New Mexico laboratories worked together and helped each other to assure analytical needs of the 
consortium are met. Geometric mean and selected percentiles of the pyrethroid metabolites 
concentrations in urine will be presented. Results of the pyrethroid metabolites from participants in the 
mosquito abatement districts will be compared with those collected randomly from participants all over 
Utah. 
 
Presenter: Jackie Patel, Utah Public Health Laboratory, Taylorsville, UT, Email: jspatel@utah.gov 
 
       

P-089 
 
Skin Colonization Screening for Carbapenem Resistant Acinetobacter baumannii using the EnviroMax 
Plus® Environmental Sampling Swabs 
L. Smith1, B. Rane1, M. Jahan1, H. Schuckel1, A. Smith2, M. Vowles2, L. Rider2, A. Rossi1; 1Utah Public 
Health Laboratory, 2Utah Department of Health 
 
Carbapenem resistant Acinetobacter baumannii (CRAB) is an important nosocomial pathogen causing 
high mortality and morbidity in debilitated patients worldwide. Identification of CRAB-colonized patients 
and environmental sources of infections in healthcare facilities is essential for the implementation of 
infection control measures. It is widely accepted that Acinetobacter is an efficient skin colonizer and that 
this site is optimal for organism recovery. It has also been shown that collection with moistened sponges 
is superior to swabbing with conventional rayon swabs. Based on this information we assessed whether 
the EnviroMax Plus® (EMP) swabs (Puritan®), a foam sponge collecting device designed for 
environmental sampling, could be effectively used for skin colonization studies. Here we evaluated the 
performance of EMP swabs for the recovery of Acinetobacter from the skin of healthy individuals by 
comparing them to a conventional Amies medium-based nylon swab system (eSwab™, Copan). We also 
report on the successful implementation of EMP swabs in a point prevalence survey aimed at addressing 
CRAB colonization in a long-term care facility (LTCF) with a ventilator unit in Utah. 
 
For the performance evaluation, 29 healthy volunteers at the Utah Public health Laboratory were 
swabbed on each forearm, hand and half of the forehead with either an EMP or an eSwab™ swab. The 
swabs were submerged in 10 mL of tryptic soy broth (TSB) and incubated overnight at 36°C. 100 µL of 
the enrichment broth was plated on Leeds Acinetobacter Medium (LAM) and growth scored the 
following day. Up to four colonies growing on LAM were used for bacterial species identification by 
MALDI-TOF mass spectrometry with a Brucker Biotyper instrument. During the CRAB-colonization 
investigation at the LTCF, one EMP swab was used to sample the axilla and groin of patients. TSB broth 
enrichment was conducted as described above, but in this case a β-lactam-supplemented chromogenic 
medium (CHROMAgar™ Acinetobacter with MDR supplement) was used for selection of CRAB. Species 
identification from presumptive CRAB+ colonies was performed through MALDI-TOF analysis. 
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Colonization with Acinetobacter spp. (A. ursingii, A. pittii, A. baumannii and A. schindleri) could be 
detected in three volunteers (10.3%) using the EMP swabs. Collection with the eSwab™ swabs identified 
only one additional individual colonized with A. pittii (3.4%). Use of EMP swabs resulted also in greater 
non-target flora recovery when compared to eSwab™ swabs (27.5% vs 13.8%). In the LTCF investigation, 
47 patients were sampled using EMP swabs and CRAB was recovered from the skin of 10 of them 
(21.3%). 
 
These data reproduce previous observations indicating a better performance of sponge-collecting 
devices in CRAB-colonization screening when compared to conventional swabs and demonstrate the 
suitability of EMP swabs for sampling intact skin.  
 
Presenter: Alessandro Rossi, Utah Public Health Laboratory, Taylorsville, UT, Email: arossi@utah.gov 
 
 

P-090 
 
Dissemination of OXA-23 Producing Acinetobacter baumannii during an Outbreak in a Long-term Care 
Facility 
E. Young, K. Oakeson, A. Rossi and R. Atkinson Dunn, Utah Public Health Laboratory 
 
Background: Acinetobacter baumannii is a highly adaptive organism associated with hospital and long-
term care facility infections. A. baumannii readily achieves antibiotic resistance, either through intrinsic 
or acquired resistance through transformation. A. baumannii can colonize almost any surface and 
survive commonly used disinfectants, making environment eradication difficult. Immunocompromised 
and other vulnerable patients, such as those in long-term care facilities or nursing homes, are a target 
for A. baumannii infections, which are difficult to treat. 
Methods: Whole genome sequencing (WGS) was performed on all positive patient and environment 
samples submitted to the Utah Public Health Laboratory (UPHL) from an Acinetobacter baumannii 
outbreak at a long-term care faculty in Utah.  WGS data was analyzed using the reference free analysis 
pipeline developed at UPHL (Oakeson et.al) to identify all shared homologous protein coding genes in 
the isolates and build a phylogenetic tree. The phylogenetic tree was then used to determine 
relatedness of the isolates. Additionally, the WGS data for each isolate was searched for the presence of 
know antimicrobial resistance genes.  
Results: Phylogenetic analysis revealed that all the isolates are closely related and form two 
monophyletic clades, indicating multiple transmission events after a single contamination event. All 
isolates sequenced contained a single copy of OXA-23, a known carbapenemase that confers resistance 
to ampicillin and cephalothin antibiotics.  
Conclusions: WGS of hospital acquired infections can provide invaluable information that can confirm to 
relatedness of isolate in outbreak situations and antimicrobial resistance predictions that can be used to 
inform treatment. Additionally, WGS can be used for surveillance and early detection of clusters before 
outbreaks can spread.  
 
Presenter: Erin Young, Bioinformatics Fellow, Utah Public Health Laboratory, Taylorsville, UT, Email: 
eriny@utah.gov 
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P-091 
 
A Biomonitoring Study to Examine Baseline Exposures to Toxic Metals and Perchlorate in Virginia in a 
Geographically Representative Population 
D. Dannouf, S. Wyatt and C. Retarides, Virginia Division of Consolidated Laboratory Services 
 
The Commonwealth of Virginia is a geographically diverse state spanning from the Appalachian 
Mountains to the Atlantic Ocean.  Within Virginia are small farming and mining communities, large cities 
and urban areas, military installations and shoreline fishing and recreation areas; each with its own 
unique environment.  Virginia is rich in natural resources including coal and many minerals including 
large deposits of uranium in the southern and western regions.  Studies have shown drinking water 
sources may be contaminated with uranium from trace levels to more than twice the EPA allowable 
maximum contamination limit (MCL) of 30 μg/L.1   Chronic exposure to uranium and other metals can 
lead to health issues including renal damage.   Perchlorate is a highly water soluble chemical and 
accumulates in leafy green vegetables.  It is present in fertilizers, fireworks, munitions and high energy 
propellants and is ubiquitous in the environment. Chronic exposure to perchlorate can affect thyroid 
health, resulting in hypothyroidism.  Exposure to uranium, barium, cadmium, thallium, lead and 
perchlorate is being assessed through analysis of urine samples self-collected by volunteers recruited at 
community colleges throughout Virginia in order to provide a geographically representative population 
from which to compile data.  The Virginia Community College System consists of twenty-three 
community colleges serving distinct regions of the state.  Students, faculty and staff live and work within 
these regions; therefore, environmental exposures to chemicals are expected to be representative of 
the area population.  Point-in-time urine metal and perchlorate concentrations from convenience 
samples were evaluated to determine if correlations could be established between several factors.  This 
included geographic location, gender, drinking water source, tobacco use and dietary habits.  
 
Presenter: Shane Wyatt, Virginia Division of Consolidated Laboratory Services, Richmond, VA, Email: 
shane.wyatt@dgs.virginia.gov 
 
          

P-092 
 
Harnessing Luminex Microsphere Technology to Consolidate and Enhance Detection of 
Carbapenemase and Mobile Colistin Resistance Genes 
M. Precit1, S. Angeloni2, M. Tran1, R. Ruiz1, B.Hiatt1, R. Gautom1, W. Glover1; 1Washington State Public 
Health Laboratories, 2Luminex Corporation 
 
Background: Mechanisms conferring carbapenem or colistin resistance, carbapenemase or mobile 
colistin resistance (mcr) genes respectively, are of great concern to clinical and public health officials. 
These mechanisms are typically plasmid-borne and can disseminate rapidly by horizontal gene transfer 
making prompt detection and subsequent response critical for infection control. However, accurate 
detection remains a challenge due to numerous genes and genetic variants that have been described. 
Real-time PCR and other commonly available methods are often limited by the number of targets 
detected requiring the use of multiple assays. Thus, a more comprehensive multiplex genomic assay 
would improve and streamline detection and response to carbapenemase and mcr genes. 
Objective: We sought to develop a  consolidated multiplex genomic assay to enhance detection of the 
known genetic variants of carbapenemase and mcr genes from Gram-negative bacteria including blaKPC, 
blaNDM, blaIMP, blaVIM, blaOXA¬-48/48-like, blaOXA¬-24,40/24,40-like, serratia marcescens enzyme 

mailto:shane.wyatt@dgs.virginia.gov


APHL 2019, St. Louis, MO, June 3-6, 2019 
 

(sme), and mcr-1-4 in a single assay via traditional PCR paired with Luminex color-coded magnetic 
microsphere technology.  
Methods: NCBI was used to collect and compile known genetic variant sequences for the 11 targets. 
Variants were aligned, and target-specific consensus sequences were generated with Sequencher and 
used to design DNA oligonucleotides including amplification primers and probes able to detect the 
known variants for each gene target of interest. Conditions for a multiplex PCR generating biotinylated 
amplicon for targets of interest was optimized using DNA extracted from 12 representative bacterial 
isolates and preliminarily evaluated using an additional 20 strains. Luminex MagPlex microspheres were 
coupled to respective capture DNA oligonucleotide probes designed for each target, and tested for 
hybridization using reverse-compliment capture oligonucleotides as well as biotinylated amplicon 
generated from a subset of 11 isolates to ensure target specificity measured via the MagPix fluorescence 
based detection system. 
Results: Preliminary findings showed that our laboratory developed multiplex assay was able to amplify 
blaKPC 2-6, blaNDM 1, 4-7, blaIMP 1,4,14,18,27, blaVIM 1-4, 11, 27, blaOXA¬-48,181,232, blaOXA¬-
24/40, sme 1,3, and mcr 1-4. Additionally, biotinylated amplicons generated from a subset of 11 
bacterial isolates (the same strains used in PCR optimization) as well as the reverse-compliment control 
capture oligonucleotides all hybridized to the appropriate corresponding color-coded microsphere-
probe pair, as measured by the MagPix’s ratio of fluorescence over background.  
Conclusions: This genomic assay shows promise as a possible novel method able to consolidate and 
enhance detection of carbapenemase and mcr genes present in Gram-negative bacteria.  
 
Presenter: Mimi Precit, AR Fellow, Washington State Public Health Laboratories, Shoreline, WA, Email: 
mimi.precit@doh.wa.gov 
 
    

P-093 
 
High-throughput Real-time PCR for Candida auris Colonization Testing 
A. Bateman, T. Danz, A. Valley, A. Sterkel and D. Warshauer, Wisconsin State Laboratory of Hygiene 
 
Candida auris is rapidly emerging worldwide. Compared with other Candida species, C. auris has higher 
levels of resistance and an increased ability to colonize skin surfaces and survive in the environment. The 
Wisconsin State Laboratory of Hygiene, as a reference center for the Antibiotic Resistance Laboratory 
Network, performs C. auris colonization testing to support health care facilities control C. auris 
transmission. C. auris colonization was initially performed using a culture-based method. For improved 
turn-around-time, we adapted a published real-time PCR1 assay for rapid results and high throughput. 
The PCR reagents and conditions are unchanged, but the extraction was updated to the following: two 
washes with phosphate-buffered saline followed by freezing at -20C for 30 min and heating at 70C for 30 
min. The updated extraction is inexpensive, avoids bead beating and automated nucleic acid extraction, 
and can be performed in a 96-well plate format for high-throughput testing.  
 
Initial studies used 56 archived samples from Wadsworth Center, New York State Department of Health 
with Wadsworth’s results as the gold standard. The sensitivity of culture-based colonization was 59%, 
while PCR was 85%. The specificity of both was 100%. In the second phase, 51 prospectively-collected 
samples were tested in parallel with culture and PCR, with 94% (48/51) agreement. The limit of 
detection of the C. auris PCR was estimated to be 10 CFU/reaction. The specificity of the PCR was 
assessed by testing 10 isolates of closely related Candida species; all results were negative, as expected. 
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To assess reproducibility, a panel of four specimens was run by three different microbiologists on three 
different days, with consistent results and Ct values.  
 
We describe a real-time PCR assay that is accurate, sensitive, specific, and reproducible. We will 
implement this assay in parallel with culture-based colonization testing for 4 months, and will use the 
parallel testing data to inform the best testing algorithm for C. auris colonization screening.  
 
1. Leach L, Zhu Y, Chaturvedi, S. Development and Validation of a Real-Time PCR Assay for Rapid Detection 
of Candida auris from Surveillance Samples. J Clin Microbiol. 2018;56(2). 

 
Presenter: Allen Bateman, Wisconsin State Laboratory of Hygiene, Madison, WI, Email: 
allen.bateman@slh.wisc.edu 
 
 

P-094 
 
Carbapenem-resistant Acinetobacter baumannii Harboring a Plasmid Carrying blaOXA-72 in an 
Outbreak Involving an Intensive Care Unit and Long-term Care Facilities in Wisconsin 
K. Florek1, S. Wagner1, M. Lasure2, N. Shrivastwa2, A. Bateman1, D. Warshauer1; 1Wisconsin State 
Laboratory of Hygiene, 2Wisconsin Division of Public Health 
 
Background: Acinetobacter baumannii is an opportunistic pathogen implicated in a variety of 
healthcare-associated infections and is a concern in intensive care units. Here we report an outbreak 
during October 2018 involving patients in an intensive care unit (Facility A) in Wisconsin. Initially, 
Acinetobacter baumannii isolates with matching antimicrobial susceptibility (AST) profiles were 
identified in 5 patients in Facility A, suggesting the potential spread of a carbapenem resistant 
Acintobacter baumannii (CRAB). 
Methods: AST information was collected from three major clinical laboratories in the Wisconsin Clinical 
Laboratory Network on recent CRAB isolate submissions. An additional 3 isolates from Facility A and 1 
isolate from Facility B were found to match the AST profile of the original 5 from Facility A. Isolates were 
submitted to the Wisconsin State Laboratory of Hygiene where sequencing was performed using both 
the Illumina MiSeq and the Oxford Nanopore MinIon sequencing platforms. To identify if the resistance 
mechanism was plasmid-borne, genome assemblies were created using a short read and long read 
hybrid assembly method. 
Results: Comparison of the 9 isolates by core genome and single nucleotide polymorphisms (SNPs) 
indicated that 6 of the 9 isolates were closely related, one of which was from Facility B. All six isolates 
contained a 10,879 bp plasmid carrying two copies of the OXA-24/40-like β-lactamase OXA-72. All 6 
plasmids were identical at the nucleotide level, while one isolate had a 5,845 bp region that was 
reversed and flanked with XerC/XerD-like recombination sites. These plasmids were only 3 SNPs 
different from a previously published CRAB plasmid pAB120 (JX069966). 
Conclusion: The combination of an established clinical laboratory network and strong laboratory and 
epidemiology communication helped identify a potential transmission route of this outbreak. These data 
helped identify a long-term care facility in Wisconsin (Facility C) as the connecting factor between 
Facility A and Facility B. Here we demonstrate the value in using AST as a method of prioritizing the use 
of valuable whole genome sequencing (WGS) resources on potential outbreak isolates. The combination 
of long read and short read WGS proved useful in the confirmation of outbreak isolates and 
identification of a plasmid-borne OXA-72. 
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Presenter: Kelsey Florek, AR Fellow, Wisconsin State Laboratory of Hygiene, Madison, WI, Email: 
kelsey.florek@slh.wisc.edu 
 
        

P-095 
 
Assessing the Impact of the FDA Reclassification of Rapid Antigen Influenza Diagnostic Tests (RIDT) in 
Wisconsin 
E. Reisdorf, A. Bateman, M. Wedig and P. Shult, Wisconsin State Laboratory of Hygiene 
 
Background: In February 2017, a Food and Drug Administration (FDA) final rule reclassifying RIDTs from 
class I to class II devices with special controls to help improve the overall quality of testing for influenza 
virus went into effect. We assessed the early impact of the FDA reclassification on RIDT testing behavior 
and performance in Wisconsin.  
Methods: The Wisconsin State Laboratory of Hygiene (WSLH) collects detailed clinical laboratory testing 
information along with specimens submitted for respiratory pathogen surveillance from sentinel sites. 
This includes the diagnostic testing kit used and test results which are recorded in the laboratory 
information system. All surveillance specimens received are tested for influenza by real-time reverse 
transcription PCR (RT-PCR) (CDC Human Influenza Virus Real-time RT-PCR Panel (IVD)).  The WSLH RT-
PCR results were compared to those provided by the clinical laboratories to assess the “real world” 
performance characteristics at multiple clinical laboratories pre and post FDA reclassification. Data 
analysis was performed from the 2012-2013 to the current 2018-2019 influenza season. Performance of 
the RIDTs was assessed by determining the percent discordant rates obtained with RT-PCR testing at the 
WSLH. 
Results: Since the FDA reclassification, the number of different RIDT tests used by clinical labs in 
Wisconsin has declined from 8 during the 2015-2016 influenza season to 2 predominate tests (Quidel® 
Sofia and BD VeritorTM) in 2018-2019 season. The number of RIDTs reported were similar from season 
to season; however there has been an increase in the number of rapid molecular tests performed. The 
number of pre-screened RIDT surveillance specimens tested at WSLH ranged from 220 to 1,120.  The 
percent discordant rates for all RIDTs specimens tested for the 2015-2016, 2016-2017, 2017-2018 and 
2018-2019 seasons were 11.8%, 8.8%, 10.3% and 10% respectively. The discordant rates before the 
reclassification ranged from 0% to 17.5% for those tests with >5 specimens tested by RT-PCR at the 
WSLH. After reclassification, the percent discordant ranges were 9.4% to 11.5% for the two RIDTs.  
Surprisingly, the influenza test with the highest discordant rate for the 2016-2017, 2017-2018 and 2018-
2019 seasons was not an immunoassay RIDT, but a rapid molecular test.   
Conclusions: The FDA reclassification of the RIDTs from class I to class II devices may have had an impact 
by decreasing the number of tests that were used by clinical laboratories in Wisconsin to two. However, 
the overall performance of the RIDTs assessed by the percent discordant rates compared with RT-PCR 
testing at WSLH remained similar over the four influenza seasons that were analyzed (pre and post 
reclassification). The diagnostic influenza test with the highest discordant rate from the past three 
influenza seasons was a rapid molecular assay which was not subject to the FDA reclassification.  
 
Presenter: Erik Reisdorf, Wisconsin State Laboratory of Hygiene, Madison, WI, Email: 
erik.reisdorf@slh.wisc.edu 
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P-096 
 
Use of Galileo™ AMR for the Automated Annotation of Antimicrobial and Antiviral Resistance Genes 
in GenBank 
G. Tsafnat, A. Watts and T. Watson, Arc Bio LLC 
 
Introduction: Galileo™ AMR is a cutting-edge software system for the comprehensive annotation of 
antimicrobial resistance (AMR) genes and associated elements that allow their mobilization.  Galileo™ 
AMR supersedes the Multiple Antimicrobial Resistance Annotator [1] developed at the New South Wales 
Univ and Westmead Hosp, Sydney Australia and adds important features like high-throughput (HT) 
analysis.  
Galileo™ AMRlets users upload bacterial sequences. In a few minutes, Galileo™ AMR  accurately 
annotates all known Gram-negative resistance genes and associated mobile elements, including 
resistance gene cassettes, transposons etc.. The High-Throughput (HT) version of Galileo AMR™ can 
additionally annotate SCCMec regions in Staphylococcus aureus and antiviral resistance (AVR) markers 
in human cytomegalovirus (CMV). 
Methods: Galileo AMR™ HT was used to annotate all of GenBank.  The nucleotide database from NCBI  
was downloaded (Jan 28, 2018). BLAST was performed for all sequences in the Galileo AMR™ HT 
database except for very common elements such as IS1. The flat file for accessions that had one or more 
matches was subsequently downloaded[1] and species names extracted. All synthetic, eukaryotic and 
non-CMV viruses were removed. The sequences of the remaining ~22,000 sequences were converted to 
FASTA format and annotated using Galileo™ AMR. Annotations in the flat file were ignored.    
Results: Over 99% of the elements in the Galileo™ AMR database were found at least once in GenBank. 
 
Gram-negatives: Galileo™ AMR found over 17,282 sequences containing resistance genes and/or 
associated mobile elements. Approximately half the sequences (n=8,948;51.8%) contained an insertion 
sequence and over a quarter (n=4,737;27.4%) included a transposon. Resistance genes were found for 
all classes of antibiotics with beta-lactamase genes being the most common. 
 
S. aureus: Approximately 1.6 million S. aureus sequences were identified. Less than 6% showed evidence 
of the presence of SCCMec.  
 
CMV: All CMV sequences of containing the genes UL54 (n=399) and UL97 (n=630) were annotated. All 
genes included at least one AVR markers (range [1:56] each gene).  
 
Conclusion: GenBank provided a rich catalogue of AMR sequences in the studied organisms.  Although 
the frequencies of exemplars do not reflect frequencies in the real world, the database represents drug 
resistance in the studied organisms. These results demonstrate the ability of Galileo™ AMR to detect 
antimicrobial resistance markers. Powered by multiple state-of-the-art databases and a next generation 
genomic detection engine, Galileo™ AMR is designed to empower those who perform AMR sequence 
research and analysis. 
 
Disclaimer: Galileo™ is a trademark of Arc Bio, LLC. For Research Use Only. Galileo™ AMR HT is currently under 
development 

 
References:  1.  Partridge SR, Tsafnat G, et al. FEMS Microbiol Rev. 2009 Jul;33(4):757-84.   
 

Presenter: Guy Tsafnat, Arc Bio LLC, Menlo Park, CA, Email: guyt@arcbio.com     
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P-097 
 
Wastewater-based Epidemiology to Combat the Opioid Crisis 
K. Foppe, N. Endo and M. Matus, Biobot Analytics       
  
In October 2018, the U.S. Department of Health and Human services (HHS) renewed the declaration that 
the opioid crisis is a national public health emergency.  Since the initial declaration in 2017, there has 
been an unprecedented growth in awareness of the opioid crisis, but a lack of data to effectively inform 
public health officials’ decision-making. “Better data” are called for to better understand and suppress 
the opioid crisis as written in the five-point strategy announced by the HHS. Conventional metrics to 
assess the scope of the crisis have been limited to drug seizure data, hospital reports, and overdose 
records.  However, these reporting methods are prone to underestimation of the true problem. Better 
data are inclusive, fast-arriving, and scientifically-sound evidence to allow public health officials to make 
fast, informed decisions to end this epidemic. 
 
Wastewater-based epidemiology (WWBE) is a prominent method of monitoring the consumption of 
opioid in communities, providing more accurate data near-real time. In the last two decades, WWBE has 
been successfully used to measure the concentration of opioids, as well as other illicit drugs from raw 
wastewater influent. WWBE is a semi-real time approach with a turnaround time of days compared to 
the months and years required for reporting data to be collected.  
 
Advancing WWBE, Biobot Analytics measures the concentration of opioid metabolites within a city.   
Using GIS analysis of the city’s sewer systems, Biobot Analytics selects a representative set of manholes 
throughout the city to deploy its sampling devices.  While the application of WWBE to the  upstream 
sewer network is challenging, it bears significant potential in understanding the true scope of the opioid 
crisis with finer spatial resolution.  Over a 24-hour period, each device collects raw sewage samples 
which are filtered and loaded through Oasis HLB solid-phase extraction (SPE) cartridges.  These 
cartridges are extracted in the lab and analyzed via  HPLC-MS/MS.  The method is capable of measuring 
the concentration of opioids as well as many other illicit and prescription drugs present in wastewater.  
These data are transformed into consumption data (mg/day/1000 people) as well as milligram morphine 
equivalent (MME) for opioid compounds.  In liaising with cities, these data are used to understand the 
high- and hidden-risk areas of a city, track consumption trends, and implement efficient interventions in 
a timely manner. 
 
Presenter: Katelyn Foppe, Biobot Analytics, Somerville, MA, Email: katelyn@biobot.io   
  
            

P-098 
 
Evaluation of Leading Commercial Assays for the Early Diagnosis of Lyme Disease in US Populations 
J. Hahm, J. Breneman, J. Liu, L. Rabkina, W. Zheng, S. Zhou, R. Walker and R. Kaul, Bio-Rad laboratories 
  
Background: Lyme disease is a growing public health concern as the number of US counties reporting its 
incidence has increased substantially over the past decade.  Early detection of Lyme disease is of high 
clinical value for treatment efficacy and the prevention of more serious, long-term health 
consequences.  Bio-Rad Laboratories has developed a multiplexed Lyme assay that detects both IgM and 



APHL 2019, St. Louis, MO, June 3-6, 2019 
 

IgG antibodies using a unique combination of synthetic peptides and recombinant protein antigens for 
an improved early detection without sacrificing high specificity.    
Methods: An externally-validated Lyme ‘Premarketing’ panel from the Centers for Disease Control 
consisting of 280 well-characterized Lyme disease and non-disease controls was used to evaluate the 
sensitivity and specificity of the BioPlex 2200 Lyme Total Assay. In addition, 105 vendor provided Lyme 
disease positive samples and 200 endemic and non-endemic hospital normals were evaluated during the 
course of this investigation. Results obtained were compared to LIAISON Borrelia burgdorferi (DiaSorin, 
Inc.); Vidas II IgM and IgG (BioMerieux, Inc.); Lyme PepC10/VlsE1 IgM/IgG (Zeus, Inc.); Lyme C6 B. 
burgdorferi ELISA (Immunetics, Inc.).  Positive or equivocal samples were subsequently tested by both 
IgM and IgG Western blot (MarDx, Inc.) assay. 
Results: Using the CDC Lyme Premarketing panel, overall clinical sensitivities of 91.1% (82/90), 84.4% 
(76/90), 88.9% (80/90), and 85.6% (77/90) with specificities of 96.8% (184/190), 97.9% (186/190), 89.5% 
(170/190), and 84.7% (161/190) were respectively measured for the BioPlex 2200 Lyme Total assay, 
Immunetics C6, Zeus PepC10/VlsE1, and BioMerieux VIDAS Lyme II.  Notably, sensitivities of 84.6% 
(33/39), 71.8% (28/39), 82.1% (32/39), and 79.5% (31/39) were respectively observed among an early 
infection category of “Acute” samples.  Of the vendor tested Lyme positive samples, positive 
agreements of 68.6% (72/105), 52.4% (55/105), 61.9% (65/105), 64.8% (68/105), and 70.5% (74/105) 
were observed for the BioPlex 2200 Lyme Total, DiaSorin LIAISON, Immunetics C6, Zeus PepC10/VlsE1, 
and BioMerieux VIDAS Lyme II, respectively.  Additionally, positive agreements of 69.4% (50/72), 55.6% 
(40/72), 58.3% (42/72), 62.5% (45/72), and 73.6% (53/72) were respectively observed for the acute 
group of vendor samples. 
In parallel, non-endemic prevalence values of 3%, 4%, 4%, 7%, 10% and endemic values of 5%, 3%, 8%, 
6%, and 5% were observed for the BioPlex 2200 Lyme Total, DiaSorin LIAISON, Immunetics C6, Zeus 
PepC10/VlsE1, and BioMerieux VIDAS Lyme II.  
Conclusion: Overall, the BioPlex 2200 Lyme Total assay exhibited an unmatched combination of both 
relatively high sensitivity and specificity that was not observed among commercially available Lyme 
kits.  Importantly, the improved sensitivity of the BioPlex 2200 Lyme assay was primarily from early 
Lyme disease samples observed in both the CDC Premarketing panel as well as vendor-supplied samples.  
  
Presenter: Johnnie Hahm, Bio-Rad Laboratories, Hercules, CA, Email: johnnie_hahm@bio-rad.com 
 
           

P-099 
 
Improved Laboratory Workflow using the BioPlex 2200 Syphilis Total & RPR Assay  
W. Zheng, S. Zhou, J. Seiki, R. Walker and R. Kaul, Bio-Rad Laboratories     
        
Background: Syphilis is a sexually transmitted disease caused by gram negative bacterium Treponema 
pallidum. Serological diagnosis of syphilis infection requires the combination of treponemal and non-
treponemal test results. The two main testing algorithms are known as the traditional and reverse 
sequence algorithms.  Both algorithms have selective advantages and disadvantages. Historically, non-
treponemal assays are manual and labor intensive with subjective test result interpretation. Bio-Rad 
Laboratories has developed a fully automated treponemal and non-treponemal combo assay that 
provides both Syphilis Total (IgG and IgM) and RPR serological test results simultaneously, thereby 
offering a one-step universal testing method with reduced turnaround time and good performance. The 
BioPlex 2200 Syphilis Total & RPR assay is highly sensitive and provides on-demand automated RPR titer 
determination capability up to 1:2048. 
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Methods and Materials: 206 samples comprising 108 retrospective and 98 prospectively collected 
samples were tested with the BioPlex 2200 Syphilis Total & RPR assay, Serodia TPPA (Fujirebio 
Diagnostics, Malvern, PA), and Macro-Vue RPR Card test (Becton Dickinson, Franklin Lakes, NJ). 
Additionally, end point RPR titer determinations were performed on eight in-house and six American 
Proficiency Institute (API) panel members.  
Results: Of the 206 samples tested by the BioPlex 2200 Syphilis Total & RPR assay, 98 (47.6%) tested 
positive for Syphilis and RPR indicative of an active infection, 82 (39.8%) tested negative by both assays 
suggestive of no syphilis infection, 14/16 Syphilis(+)/RPR(-) confirmed positive by the TPPA test 
indicative of previously treated syphilis infection while 9/10 Syphilis(-)/RPR(+) samples tested negative 
by the TPPA test and may be classified as RPR false positive. Taken together, the new algorithm (co-
testing) generated 11/206 (5.3%) discordant samples, compared to 9/108 (8.3%) using the traditional 
algorithm and 2/114 (1.8%) using the reverse algorithm. However, both traditional and reverse 
algorithms missed RPR-/Syph+/TPPA+ (N=14) and Syph-/RPR+/TPPA+ (N=1) samples, a disadvantage 
with the multi-step testing algorithm.  Of note is the higher diagnostic value of the BioPlex RPR assay 
since higher detectable levels of the antibody titers were observed compared to the BD Macro-Vue RPR 
card test. When six API RPR positive panel members and eight in-house acquired RPR positive samples 
were subjected to end point RPR titration, 10 generated higherr RPR titers by at least one dilution factor 
on the BioPlex 2200 RPR assay.  
Conclusions: In summary, the new testing algorithm where syphilis screen and confirmation is 
performed simultaneously by running both treponemal and non-treponemal tests together offers one-
step universal syphilis testing with excellent assay performance coupled with the higher titer sensitivity 
of RPR assay. 
 
Presenter: Ravi Kaul, Bio-Rad Laboratories, Hercules, CA, Email: ravi_kaul@bio-rad.com    
  
          

P-100 
 
Tips & Tricks for Extracting Perfluorinated Compounds from Drinking Water and Wastewater using 
Solid Phase Extraction 
M. Ebitson and E. Walters, Biotage 
 
Perfluorinated compounds (PFCs) are a group of compounds that have been used in a wide array of 
industrial and household applications, including fabric protectors, non-stick coatings for cookware, 
coatings for food packaging and in some fire-fighting foams.  Due to the strength of the carbon-fluorine 
bonds within the molecule, PFCs are highly resistant to degradation even when metabolized or exposed 
to harsh environmental conditions. Their persistence in the environment allows them to accumulate in 
water sources, particularly those used for consumption. 
 
Exposure to perfluorinated compounds has been found to negatively impact the health of the consumer, 
which motivated the U.S. EPA to add these compounds to the list of chemicals that are monitored in 
drinking water.  The EPA has outlined a method for extracting and quantifying those analytes from 
drinking water in Method 537.  One of the biggest challenges when tackling this application is in 
minimizing interferences and opportunities for contamination during sample preparation and analysis. 
As PFCs are highly stable and non-reactive, they have become commonly used materials for equipment 
parts and laboratory supplies.  
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This work will demonstrate the use of a cartridge-based extraction system to extract and quantify up to 
24 PFC compounds in drinking water to highlight the challenges associated with this application.  The 
work will emphasize a number of potential pitfalls that analysts face – including blank interferences, 
system interferences and carryover effects – along with tips for troubleshooting those interferences and 
avoiding them during future analyses. 
 
Presenter: Evan Walters, Biotage, Salem, NH, Email: Evan.walters@biotage.com  
 
             

P-101 
 
High-Definition PCR (HDPCR): A Novel and Economic Multiplexing qPCR Technology for Tickborne 
Pathogen Testing 
B. Amro, H. Carolan, R. Abanes, J. Nayak, J. Hill, C. Smith, B. Leatham, A. Estanda, D. Broxterman, A. 
Schroeder, S. Powell, L. Jacky and K. Menge, ChromaCode 
 
Background: The U.S. is experiencing an increase in infections from tickborne diseases and a geographic 
expansion of tick-borne cases. There has also been a noticeable increase in the percentage of tick 
species carrying multiple disease agents. While access to serologic and microscopic methods are 
widespread, there are limited singleplex PCR tests available and no multiplex PCR tests. This study 
describes the development of ChromaCode’s multiplex HDPCR™ Tickborne Panel (TBP) Research Use 
Only (RUO) and its performance across a series of analytical studies. 
Methods: HDPCR Overview: HDPCR™ is ChromaCode’s novel multiplexing technology and is the coupling 
of widely-used, low-cost chemistries with proprietary data science algorithms. HDPCR seamlessly 
integrates onto common real-time and digital PCR platforms to enhance the multiplexing levels of these 
instruments for test applications of 5-50 targets without any hardware changes. While traditional qPCR 
multiplexing relies on differentiation of targets by color, HDPCR enables detection of multiple targets 
within a single color channel by differentiating them by signal intensity.  
Test Design: TBP is a single well, 4 channel assay: Channel 1 – Borrelia Group 1 (B. burgdorferi, B. 
mayonii), Ehrlichia chaffeensis, Borrelia miyamotoi; Channel 2 – Rickettsia spp., Ehrlichia muris 
eauclarensis, Anaplasma phagocytophilum; Channel 4 – Internal Control; Channel 5 – Borrelia Group 2 
(B. hermsii, B. parkeri, B. turicatae), Babesia microti, Ehrlichia ewingii.  
Analytical Studies: Inclusivity, exclusivity, and limit of detection (LOD) studies were performed to 
characterize the performance of TBP. Testing was performed on the ABI 7500 Fast, ViiA 7 and 
QuantStudio 7. Results were analyzed on ChromaCode’s cloud-based software ChromaCode Cloud.  
Results: Inclusivity Study: Inclusivity was established for the genus or group level TBP targets by testing 
synthetic templates spiked into TE buffer in triplicate at 3X LOD. In total, Borrelia Group 1 was inclusive 
to 6 Borrelia species, Borrelia Group 2 was inclusive to 3 Borrelia species, and Rickettsia spp. was 
inclusive to 14 Rickettsia species.  
Exclusivity Study: The exclusivity study was performed using a mix of genomic DNA and synthetic 
samples. Strains tested were near-neighbor strains to TBP targets. The samples were tested in triplicate 
at 1 million copies/reaction and/or at 1,000 copies/reaction. A total of 23 unique organisms/strains 
were shown to be exclusive to TBP targets.   
Limit of Detection: The LOD for each TBP target was established using synthetic DNA spiked into TE 
buffer. Each of the nine TBP targets had a LOD of 10 copies per reaction.  
Conclusions: HDPCR is a new multiplex technology that enables higher multiplexing on existing qPCR 
instruments. TBP is ChromaCode’s first HDPCR test and enables multiplex detection of common 
tickborne diseases from whole blood. 
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P-102 
 
Testing Anti-Zika Virus NS1 IgA Additionally to IgM Increases Sensitivity in Acutely Infected Patients 
from Regions Endemic for Flaviviruses  
K. Steinhagen, N. Muigg, O. Sendscheid and W. Schlumberger, EUROIMMUN 
 
Introduction: Specific IgM response to Zika virus (ZIKV) can be low or absent in patients with acute ZIKV 
infection and a history of other infections with related flaviviruses, e. g. dengue virus (DENV), presenting 
with an early high IgG titer. In these ZIKV cases, IgA against ZIKV non-structural protein 1 (NS1) was 
observed in the acute phase, suggesting anti-ZIKV IgA as alternative acute marker in secondary 
infections. In this study, we investigated the diagnostic benefit of an ELISA for combined detection of 
anti-ZIKV NS1 IgA and IgM. 
Methods: The following human serum panels were included in this study: [1] A sensitivity panel (panel 
1) comprising acute serum samples (day 8-16 post symptom onset) of 31 residents from the Dominican 
Republic (2015), where ZIKV and DENV are endemic. Patients had been tested positive for ZIKV RNA and 
anti-DENV IgG during the viremic phase (≤ day 5). [2] A specificity panel (panel 2) consisting of serum 
samples (day 3-7 post symptom onset) of 40 Vietnamese patients, hospitalized with DENV hemorrhagic 
fever according to the World Health Organization case definition grade I and tested positive for DENV 
nucleic acid and anti-DENV IgG. Vietnam (2015) is endemic for DENV but not for ZIKV.  
Anti-ZIKV NS1 antibodies were determined in each sample using a commercial NS1-based Anti-Zika virus 
ELISA IgM (Euroimmun AG, Germany) and a corresponding ELISA (Euroimmun), applying a combination 
of anti-human IgA/IgM conjugated with peroxidase. 
Results: In panel 1, 29% (9/31) of samples were positive for anti-ZIKV NS1 IgM, whereas 100% were 
positive for combined specific IgA and IgM. In panel 2, none of the sera reacted in the Anti-Zika virus 
ELISA IgM, two samples were reactive in the Anti-Zika virus IgAM ELISA (5.0%). 
Discussion: As patients with acute ZIKV infection from flavivirus endemic regions may not develop NS1-
specific antibodies class IgM, additional testing of anti-ZIKV NS1 IgA is required.  
 
Presenter: Maite Sabalza, EUROIMMUN US, Inc., Email: maite.sabalza@euroimmun.us 
 
   

P-103 
 
Dried Blood Spots Represent Well-suited Specimens for Detection  of Anti-Trypanosoma cruzi 
Antibodies 
A. Franke1, F. Lindhorst2, O. Sendscheid2, K. Steinhagen2; 1University Luebeck, 2EUROIMMUN 
 
Introduction: The parasitic kinetoplast Trypanosoma cruzi can be found in warm rural areas. In Brazil, 
the estimated seroprevalence of T. cruzi is 1-6%. CDC estimates that more than 300,000 persons with a 
Trypanosoma cruzi infection live in the United States. Transmission occurs by hematophagous bugs and 
infection causes Chagas disease, which can be fatal if untreated. Diagnosis is usually performed by 
microscopic detection in blood smears (early during infection), by xenodiagnostics or by detection of 
specific antibodies. Blood spotting onto filter paper is an easy and well-established method for collecting 
specimens used in serology. After drying, analytes such as antibodies can be extracted from these Dried 
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Blood Spots (DBS) and subsequently be used for the diagnosis of different diseases. For efficient analysis 
by ELISA, DBS have to meet several requirements, including comparability to serum (gold standard), 
reproducibility of extraction, stability during storage and transport. In this study, we analyzed the 
extraction of anti-T. cruzi IgG from DBS and the detection of these antibodies using the Anti-
Trypanosoma cruzi IgG ELISA (Euroimmun AG, Germany). 
Methods: To validate DBS as proper specimens, 12 paired samples covering a wide range of the 
calibration curve were analyzed in triplicate. As DBS lose reactivity over time, the extraction volume was 
adapted such that freshly produced DBS show 120% recovery compared to the respective serum 
(diluted 1:101). Reproducibility was examined in 10 measurements at 5 days including sample 
duplicates. DBS were stored in a closed bag with desiccant at -20°C, 4°C, RT or 37°C for 4 weeks. 
Measurements were performed after 1, 2 and 4 weeks. To test for stability during transport, DBS were 
stored at 30°C in a closed bag with desiccant or in an open bag for 3 weeks, and measured weekly. In 
addition, we examined DBS obtained from 440 pregnant women from Brazil.  
Results: The detection of anti-T. cruzi IgG from DBS showed high reproducibility as well as 100% 
sensitivity and specificity compared to serum analysis. Storage of DBS over 4 weeks at -20°C, 4°C or RT 
resulted in a temperature-independent loss of reactivity of 20% on average. DBS stored at 37°C showed 
78% recovery compared to serum after 4 weeks. Among 440 DBS from pregnant Brazilian women, 5 
positive or equivocal results could be confirmed in duplicates resulting in a seroprevalence of 1.1%. 
Discussion: DBS fulfil all conditions for efficient serological diagnostics. Due to their high-temperature 
stability and simplicity of collection, DBS can be used in rural areas with less infrastructure or in 
serological studies: blood is collected on filter paper by the patient and then sent to a laboratory for 
analysis without the need for permanent cooling. It has been shown that also other immunoglobulin 
isotypes can be extracted and subsequently detected from DBS. Automated punching systems for DBS 
facilitate the entire process. 
 
Presenter: Oliver Sendscheid, EUROIMMUN US, Inc., Email: oliver.sendscheid@euroimmun.us 
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Development of Anti-Powassan ELISA for the Detection of Specific Antibodies Based on Different 
Antigenic Substrates 
O. Klemens1, J. Boethfuer1, S. Wong2, L. Binnenkade1, O. Sendscheid1, K. Steinhagen1; 1EUROIMMUN, 
2New York State Department of Health 
 
Introduction: The tick-borne Powassan virus (POWV) is a member of the family Flaviviridae. POWV 
infections in humans were reported in the US, Canada and Russia with a considerable increase in recent 
years, with only 27 cases in the second half of the 20th century but 98 cases within the last ten years 
(CDC statistics). Since other tick-borne diseases transmitted by the same vector occur at high incidences 
(e.g. Lyme disease), an underestimation of POWV infections is suspected. POWV infections present with 
a wide spectrum of symptoms including severe neurological signs like encephalitis. Besides imaging 
techniques to diagnose neurological manifestations, diagnostic methods comprise direct virus detection 
or the detection of specific antibodies against POWV. No serological assays are commercially available. 
We have developed different ELISAs for the detection of antibodies against POWV to enable sensitive 
screening of suspected cases and a more accurate prevalence estimation of this rare but life-threatening 
disease. 
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Methods: Two antigens, the POWV glycoprotein E (gE) and the non-structural protein 1 (NS1), were 
separately coated on microplates. Both antigens were compared with respect to sensitivity and 
specificity for the detection of anti-POWV IgM and IgG using the following panels. 
Sensitivity panel:  
7 samples from patients with acute POWV infection, characterized as positive for anti-POWV IgM 
(confirmed by plaque reduction neutralization assay) at the Wadsworth Center NYSDOH, USA. Specificity 
panel: 171 samples of healthy individuals (49 blood donors, 73 pregnant women, 49 children). 
Cross-reactivity panel: 
Patients positive for antibodies against dengue virus (DENV, 51 IgM, 58 IgG), West Nile virus (WNV, 47 
IgM, 38 IgG) or Zika virus (ZIKV, 8 IgM, 37 IgG) using ELISA. 
Results: In the sensitivity panel, IgM was detected in 100% (7/7) of samples using POWV gE and in 85.7% 
(6/7) using POWV NS1 as antigen. IgG was detected in 85.7% (6/7) of samples using gE and in 42.9% 
(3/7) using NS1. Specificity was higher using NS1 compared to gE (IgM: 97.1% (gE) vs. 97.7% (NS1); IgG: 
79.5% (gE) vs. 98.2% (NS1)). Cross-reactivity was comparable (DENV, ZIKV) or lower (WNV) when using 
NS1 instead of gE for the detection of IgM and considerably reduced for the detection of IgG. 
Discussion: The gE-based ELISA revealed highest sensitivity for anti-POWV IgM to detect acute POWV 
infections. Specificity with respect to healthy individuals and other flavivirus infections was higher when 
using NS1 instead of gE for IgM detection and to an even greater extent for IgG detection. Comparison 
between the highly conserved gE and the more species-specific NS1 protein suggests a strategy based 
on two ELISAs: Sensitive detection of anti-POWV IgM with the gE-based ELISA and specific detection of 
anti-POWV IgG with the NS1-based ELISA, e. g. in patient follow-up samples or in seroprevalence 
studies. 
 
Presenter: Oliver Sendscheid, EUROIMMUN US, Inc., Email: oliver.sendscheid@euroimmun.us 
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Completely Automated Hydrolysis, Extraction and Analysis of Opioids in Urine using a New Robotic 
Autosampler and LC/MS/MS Platform 
J. Stuff, F. Foster and J. Whitecavage, GERSTEL, Inc. 
 
Introduction: The Opioid Epidemic continues to increase throughout the United States. According to the 
CDC, 66% of all drug overdose deaths in 2016 involved an opioid1. This calculates to roughly 116 deaths 
every day from opioid related overdoses. After becoming addicted to prescription opioids, users may 
unfortunately turn to illicit alternatives such as heroin. To compound the issue further, heroin has 
increasing been found to be mixed with other synthetic opioids such as fentanyl, which is 100 times 
more potent than morphine. There is a critical need for forensic, heath care, and law enforcement 
scientists to be able to quickly assess and monitor which opioid is involved, to effectively respond to this 
epidemic. 
Methods: Automating the entire hydrolysis, extraction, and subsequent analysis by LC/MS/MS provides 
the critical high throughput analysis for opioids in urine. Using the new GERSTEL MPS robotic 
autosampler, syringe transfer of all liquids involved in the enzymatic hydrolysis procedure, controlled 
incubation of the samples for a defined period of time, as well as extractions of the subsequent 
hydrolyzed urine samples using dispersive solid phase extraction were performed. The resulting eluents 
from the automated extractions were then introduced into the new Agilent Ultivo LC/MS/MS 
instrument. 
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Preliminary Data: As a result of this study, we were able to show that an automated enzymatic 
hydrolysis and subsequent cleanup method was shown to be successful using the GERSTEL MPS robotic 
sampler for a variety of opioid compounds in urine. Using this method, opioid analytes can be rapidly 
and reproducibly isolated from hydrolyzed urine samples using an automated cleanup procedure 
coupled to LC/MS/MS analysis using the Agilent Ultivo Triple Quadrupole Mass Spectrometer, allowing 
their respective limits of detection to be met. Linear calibration curves resulting in R2 values 0.99 or 
greater were acheived upon the complete automated hydrolysis of glucuronide conjugated analytes. 
Coupling the solid phase extraction to the LC/MS/MS provides high throughput and minimizes matrix 
interference from these biological samples. 
Novel Aspect 
 
Complete automation of enzymatic hydrolysis procedure coupled with the online extraction and 
LC/MS/MS analyses of opioid drug compounds in urine. 
 
Presenter: John Stuff, GERSEL, Inc., Linthicum, MD, Email: jrstuff@gerstelus.com 
 
      

P-106 
 
New Legionnaires’ Disease Prevention Roles for Environmental and Clinical Public Health Laboratories 
P. Root1, P. Gounder2, K. Majeska1; 1IDEXX, 2Los Angeles County Public Health 
 
As Legionnaires’ disease outbreaks make headlines, clinical and environmental public health 
laboratories are fielding questions about prevention and the role of microbiological testing in reducing 
risk. This poster will educate laboratorians on 3 ways to combat this deadly disease: raising awareness, 
providing environmental testing guidance and encouraging sputum sample collection. It will also 
incorporate a case study of a 2018 Water Safety Management Plan (WSMP) education effort by a large 
public health laboratory.  
Raising Awareness: The CMS memo stating healthcare facilities must reduce their Legionnaires’ disease 
risk was published in 2017.  However, in a recent survey, 65% of the long-term care facility staff 
expected to be involved in WSMPs (infection control professionals, directors of engineering, etc.) rated 
their WSMP understanding as “Low”.  This poster will prepare public health labs to educate their 
communities 1) about Legionnaires’ disease prevalence, 2) water features where L. pneumophila can 
proliferate, 3) new research about “cold” water and cooling towers. 
Providing Guidance on Routine Monitoring: The abundance of Legionnaires’ disease guidance makes it 
tough to stay current. The poster will prepare attendees to talk with their stakeholders about 1) the 
value of routine monitoring to ensure a WSMP is effective 2) the revision of ASHRAE Standard 188’s 
Annex C guidance to recommend accredited laboratory use and 3) choosing routine testing methods. 
Encouraging collection of culture samples from Legionnaires’ Disease Patients: Per the CDC, the best 
way to identify a Legionnaires’ disease source and reduce the risk of more cases is to match a patient’s 
sputum sample cultured in a clinical laboratory with a water sample culture. With a clinical sample for 
comparison, further analyses can be performed for a strain and/or sequence match. This poster will 
cover communicating this message to hospitals and promoting testing services the public health lab may 
provide. It will also show how clinical culture data, like those from the European Centers for Disease 
Control and CDC provide insight into the causes of Legionnaires’ disease and for prioritizing monitoring 
and mitigation efforts.  
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Case Study: In 2018 the Los Angeles County Public Health Department hosted 128 staff from 90 skilled 
nursing care facilities for a day-long WSMP Seminar. The poster will highlight “before and after” 
learnings and key success factors for this initiative. 
 
Presenter: Patsy Root, IDEXX, Westbrook, ME, Email: patsy-root@idexx.com 
   
       

P-107 
 
Chicken and Egg: A Catch 22 Paradox for Surveillance and Control of Avian Influenza  
B. Backstedt, J. Michelotti, L. Gardiner, J. Lucas, G. Olinger and K. Yeh, MRIGlobal 
 
Biosurveillance is the process of detecting syndromic, molecular and serological evidence of relevant 
disease pathogens in animals, humans and the environment.  It can provide the epidemiological 
knowledge to prevent disease spread to humans or other animals and potentially protect against 
bioterrorism events. Outbreaks of highly pathogenic avian influenza (HPAI) and other high consequence 
pathogens in bird and livestock populations generate public health responses that often result in 
significant culling of domesticated animals and wild reservoirs. A robust One Health 
biosurveillance approach for HPAI in wild and domestic fowl, particularly chickens, ducks, and geese, 
aims to reduce the negative impact of outbreak events leading to improved global health security. 
Theoretically, earlier disease control response can be implemented if active biosurveillance on all farms 
is in place and the HPAI is detected earlier based on its activity in neighboring regions. Additionally, 
limiting the spread and overall prevalence of HPAI among wild and domestic fowl could decrease the 
likelihood of human exposure. We performed a systematic review of published data on HPAI outbreaks 
over the past five years including the efficacy of containment by stamping out the affected bird 
reservoirs and economic impacts. The effectiveness of culling infected flocks varied widely by outbreak, 
likely due to additional factors such as wild bird movement and prevalence of domestic backyard flocks. 
The World Organization for Animal Health (OIE) maintains standards and recommendations for 
veterinary diagnostic reference labs. However, due to the costs, resources, and technical skills required 
for diagnostic testing, most HPAI testing occurs only after the discovery of sick or dead birds, allowing a 
strong possibility for further spread and potential human exposure before confirmation of the outbreak. 
From our capacity building experience especially in low and middle income countries, there remains a 
continuing need for simple, low cost, active biosurveillance of HPAI and continued personnel biosafety 
training to prevent human exposure.  
 
Presenter: Brian Backstedt, MRIGlobal, Kansas City, MO, Email: bbackstedt@mriglobal.org 
 
          

P-108 
 
Trends in Products and Countries Refused from Import into the United States 
T. Dickerson, K. Yeh and J. Lucas, MRIGlobal 
 
The United States imported $2.4 trillion in goods over the course of 2017, with 58% of the imports 
coming from China, Mexico, Canada, the European Union and Japan. Of this $2.4 trillion, capital goods 
such as semiconductors and computers contributed $641 billion to the US economy, while consumer 
goods like food, cell phones, TVs and apparel accounted for $602 billion. Of this $602 billion, $138 billion 
was attributed to food imports, with the most imported foods being fish and shellfish, meat, dairy, 
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vegetables, fruits, nuts, coffee, tea, spices, grains, candy, sugar, chocolate, cocoa, beverages and liquor. 
Unfortunately, some of these products come from countries with food regulations different from the 
United States which in turn increases the risk of foodborne illnesses. Moreover, foodborne illnesses 
seem to occur more frequently in food categories (eg. meat, fish, fruits and vegetables) that are in 
higher demand and have a wide range of countries of origin. In fact, the FDA is responsible for 
monitoring imports from over 300 ports of entry in approximately 150 different countries. However, due 
to the tremendous volume of imported products and limitations in time, as well as human and financial 
resources, the FDA physically examines less than 1% of the products awaiting entry; although all 
imported foods are electronically examined. Thus, the FDA prioritizes whether a food shipment should 
be imported upon a risk-based prediction algorithm that determines whether the products in question 
should be inspected in the field or a laboratory.  
 
Violations that are most commonly cited for refusal of products into the United States include the 
detection of pathogens (eg. Salmonella and Listeria) and toxins such as aflatoxins, chemical 
contamination (eg. pesticides, drug residues or unsafe additives) and other sanitary violations like “filth” 
or a “decomposed appearance.” Thus, the objective of this study was to assess the literature for trends 
in products and their exporting countries that have been refused entry into the United States due to the 
detection of foodborne pathogens. Of the literature reviewed, the greatest number of refusals were 
associated with Salmonella. Mexico had the greatest number of Salmonella violations for vegetables, 
fruits, non-chocolate candy and gum, while violations for India were more commonly found in spices, 
flavors and salts.  China, on the other hand, had the greatest number of refusals for fishery and seafood 
products, vegetables and fruits. Hence, this literature review indicates rigorous international standards 
should be developed and regularly monitored for. 
 
Presenter: Tamar Dickerson, MRIGlobal, Kansas City, MO, Email: tdickerson@mriglobal.org   
  
        

P-109 
 
Diagnostic Drug Susceptibility Testing Platform Comparison for the NIAID Mycobacterium tuberculosis 
Quality Assurance Program Isolate Repository 
E. Tacheny1, R. Howard1, N. Parrish2, D. Armstrong3, J. Coffin1; 1MRIGlobal, 2Johns Hopkins University, 
3Johns Hopkins Hospital 
 
The World Health Organization (WHO) listed tuberculosis as one of the top ten causes of death 
worldwide in 2016 and the leading cause of death among people with HIV. Additionally, the WHO 
estimates that in 2016, 490,000 people developed multidrug-resistant tuberculosis (MDR-TB). These 
patients have a form of tuberculosis resistant to both first-line drugs, rifampicin and isoniazid. This 
necessitates treatment using second-line anti-tuberculosis drugs such as fluoroquinolones or injectable 
drugs like kanamycin. However, only an estimated 1 in 4 MDR-TB patients receive the correct antibiotic 
regimen. Further research is needed to better detect and diagnose MDR-TB drug susceptibility, in order 
to provide guidance for healthcare professionals to prescribe the right treatment regimen for a patient. 
Here, our team presents a combined drug susceptibility profile of clinical Mycobacterium tuberculosis 
(Mtb) isolates for the National Institutes of Health (NIH-DAIDS) Mycobacterium tuberculosis Quality 
Assessment Program (TBQA), contract number HHSN272201700001C. The data presented here 
compares established methods of antimicrobial resistance (AMR) detection including conventional 
culture-based methods and newer, culture-independent molecular diagnostics. Our team presents each 
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method side-by-side for results comparison in an effort to provide guidance on the performance of each 
method for the determination of drug susceptibility. 
 
Presenter: Ryan Howard, MRIGlobal, Kansas City, MO, Email: rhoward@mriglobal.org 
 
 

P-110 
 
Assessment of Laboratory Procedures and Sample Handling for Optimal Detection of Mycobacterium 
tuberculosis in Gastric Fluid 
J. Coffin, T. Dickerson, R. Howard and E. Tacheny, MRIGlobal 
 
Worldwide, tuberculosis (TB) is one of the top 10 causes of death and the leading cause from a single 
infectious agent.  As per the 2018 WHO Global Tuberculosis report, in 2017, an estimated 1 million 
children became ill with TB and 230,000 children died of TB (including children with HIV associated TB).  
Drug resistance to the standard antimicrobials has emerged to be a serious health challenge. Since 
babies and young children are unable to expectorate sputum, aspiration or lavage of gastric fluid is the 
usual and more difficult procedure for obtaining a pediatric specimen to test for M tuberculosis and 
drug susceptibility.  Currently, there is no standard laboratory procedure available in the literature for 
culture of pediatric gastric fluid specimens with conflicting information on processing, value of 
neutralization and sample handling.  
 
Our study, which is in its second year and funded by the NIH NIAID contract number 
HHSN272201700001C for Mycobacterium Tuberculosis (Mtb) Quality Assessment Program (TBQA), 
evaluated laboratory procedures for detection of M tuberculosis in gastric fluid. The NIAID-funded AIDS 
Clinical Trials group (ACTG) and International Maternal Pediatric Adolescent AIDS Clinical Trials Network 
(IMPAACT) are coordinating a large scale clinical trial on protecting household contacts on exposure to 
Newly Diagnosed Index Multi-drug Resistant Tuberculosis Patients. (PHOENIx).  Household contracts, 
particularly children will be evaluated for exposure to and infection with TB via analysis of gastric fluid.   
 
Several laboratory conditions and methods of neutralization were assessed including time of 
neutralization and sample handling conditions prior to laboratory processing.  Our previous results 
showed there was a benefit to neutralization of the gastric fluid, based on increased organism recovery 
in paired samples.  In addition, though most samples were processed following the Association of Public 
Health Laboratories (APHL) sample processing method, our team also compared that method of sample 
processing to another published method.  Six rounds of experiments were completed in all using 
commercially available simulated gastric fluid inoculated with M tuberculosis H37Ra. Sample sediments 
post processing were inoculated in duplicate or triplicate onto Lowenstein Jensen agar bottles and 
incubated for 6 weeks, checking periodically for growth and counting colonies. Results of these studies 
indicate sample handling and processing are as important as neutralization of fluid in organism recovery.   
 
Presenter: Erin Tacheny, MRIGlobal, Kansas City, MO, Email: etacheny@mriglobal.org 
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P-111 
 
Integration of Human and Veterinary Diagnostic Laboratory Personnel Capacity Building Efforts in 
Guinea and Senegal 
J. Ndjomou, N. Wauquier, S. Shearrer, J. Alam, C. Asbun, B. Karlstrand, M. Mar, L. Presser and S. Altman, 
MRIGlobal 
 
After the 2014-2016 West Africa ebolavirus epidemic, international partners independently scaled up 
efforts to improve regional health security capabilities in the affected countries. The partners’ efforts 
generally targeted either the human health or veterinary sector, widening existing gaps at the interface 
between national human and animal health systems. As part of a United States Defense Threat 
Reduction Program (DTRA)-funded effort to improve biorisk management (BRM) capacity in West Africa, 
MRIGlobal implemented BRM training at the premier Senegalese veterinary institute. Training 
opportunities at the veterinary institute were extended to personnel in key Senegalese public health 
laboratories to bolster health security improvement efforts through improving laboratory BRM 
practices. Extending trainings beyond the veterinary laboratory led to successful collaborations between 
participants and facilitated the development and implementation of key quality and safety documents, 
trainings, and other biorisk essentials at all engaged sites. The blended trainings allowed participants to 
use a shared set of foundational tools to implement both best/better practices and lessons learned by 
colleagues engaged in parallel One Health activities. Establishing open communication and trust 
between personnel at different human and veterinary institutions through blended training 
opportunities increases the potential for future collaborative capacity-building, disease surveillance, and 
outbreak response activities. 
 
Presenter: Nadia Wauquier, MRIGlobal, Kansas City, MO, Email: nwauquier@mriglobal.com  
 
           

P-112 
 
Analytical Validation of a Sample-to-Sequence Pipeline for Non-Targeted Pathogen Detection in 
Clinically Relevant Matrices 
K. Parker1, B. Knight1, H. Wood1, D. Yarmosh1, J. Russell1, J.R. Aspinwall1, K. Werking1, P. Chain2, P.E. Li2, 
R. Winegar1, 1MRIGlobal, 2Los Alamos National Laboratory 
 
The ability to identify an unknown infectious agent in a clinical sample is often limited by the tools 
available to the clinician.  Current microbial and molecular methods are complicated by factors such as 
fastidious growth conditions, the need to perform a series of differential growth tests, and the 
challenges of designing large panels of molecular assays that are both sensitive and specific over a broad 
range of organisms.  Next generation sequencing (NGS) provides a means for unbiased detection of 
pathogens from a variety of clinical matrices.  With a non-targeted approach, NGS has the potential to 
identify any pathogen within a sample, providing a more comprehensive assessment of the infectious 
agents and any commensal organisms.   
 
MRIGlobal has developed PanGIA (Pan-Genomics for Infectious Agents), a sample to sequence workflow 
capable of detecting pathogens from clinical samples.  This fully integrated workflow includes all steps 
required for sample through library preparation and next-generation sequencing on the Illumina MiSeq 
and followed by bioinformatics analysis for unbiased pathogen identification.  Here we present the 
results from our analytical validation of the PanGIA system with nasopharyngeal swabs, demonstrating 
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the limit of detection and repeatability of the system with a wide range of pathogen types. We observed 
an approximate LOD of 10,000-1,000,000 PFU/ CFU per mL for our pathogen surrogates V. cholerae 
(Gram negative bacteria), S. aureus (Gram positive bacteria), Modified Vaccinia Ankara virus (DNA virus) 
and Venezuelan Equine Encephalitis virus (RNA virus). The results presented here demonstrate the 
ability to use the PanGIA pipeline for the detection of clinically relevant pathogens from a clinically 
relevant matrix. 
 
Presenter: Hillary Wood, MRIGlobal, Kansas City, MO, Email: hwood@mriglobal.org 
 
      

P-113 
 
Brodifacoum-laced Synthetic Cannabinoids 
L. Blum, J. Homan and M. Danno, NMS Labs 
 
In early 2018, individuals seeking medical care for unexplained bleeding began to appear in the mid-
western states of the U.S.  Initially a blood sample from one of the cases was sent to NMS Labs for an 
anticoagulant screen, which consisted of an LC-MS/MS based assay to identify brodifacoum, 
bromadiolone, chlorophacinone, dicumarol, difenacoum, diphacinone, and warfarin.  This blood sample 
tested positive for brodifacoum.  Soon, additional samples from patients with similar clinical signs were 
sent to the lab from various state departments of health and hospitals and tested positive for mostly 
brodifacoum with some also detecting small amounts of difenacoum and bromadiolone.   The only 
common factor amongst these patients was the use of synthetic cannabinoid products around the time 
the bleeding symptoms developed.  Subsequent testing by law enforcement laboratories confirmed the 
presence of brodifacoum in some of the synthetic cannabinoid products.  The qualitative LC-MS/MS 
analysis for anticoagulants employed a standard addition analysis with a 10 ng/mL standard to verify the 
reporting limit.  With no deuterated standards available as internal standards, chloro-warfarin was 
added to each sample as an analog internal standard.  This was followed by an acetonitrile crash and 
then a back-extraction into methyl tert-butyl ether. After dry down, the extract was reconstituted with a 
mixture of aqueous ammonium hydroxide/methanolic ammonium hydroxide. The LC-MS/MS analysis 
employed negative-ion electrospray and utilized a C18 column with aqueous ammonium 
hydroxide/methanolic ammonium hydroxide mobile phase.  From mid-March through the end of 2018, 
we received approximately 424 requests for anticoagulants or brodifacoum testing which included 
about 351 individuals from 31 states and Washington, DC.  Of these samples, 219 qualitatively tested 
positive for brodifacoum, 59 for difenacoum, 30 for bromadiolone, and 1 for diphacinone.  Following the 
receipt of a deuterated brodifacoum standard from the CDC, a quantitative assay for brodifacoum was 
developed and then 26 samples were subsequently tested.  Twenty-one (21) quantitative samples were 
positive with a few patients having multiple samples collected over time for testing.  The first positive 
quantitative sample measured from 13 individual patient specimens ranged from 14 to 357 ng/mL and 
averaged 108 ± 102 ng/mL with a median of 78 ng/mL.  Adulterants are often prevalent in abused drugs 
and the substances can be wide ranging.  Their impact on public health can vary depending on the 
substances involved.  In this case, the coordinated efforts of governmental agencies and the testing 
laboratory were crucial in identifying the cause of bleeding and the extent of the problem. 
 
Presenter: Lee Blum, NMS Labs, Horsham, PA, Email: lee.blum@nmslabs.com 
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Molecular Detection of Four Common Etiologies of Genital Ulcer Disease Using Sequential and Parallel 
Testing 
C.L. McGowin, S. McCune, J. Engstrom-Melnyk, Roche Diagnostics Corp 
 
Introduction: Genital ulcers (GUs) remain a frequent chief complaint of men and women attending U.S. 
sexual health clinics, but presumptive clinical diagnoses based solely on lesion characteristics is 
insensitive for the differentiation between common sources of GUs , which include Treponema pallidum 
(Syphilis), HSV1/2, and VZV.  Adding to the complexity of diagnosis, tests that directly detect T. pallidum 
in lesions are not widely available and no current blood tests exist for the diagnosis of active infections. 
Clinically, the ability to accurately differentiate and identify the underlying etiology of GUs would lead to 
more timely and appropriate treatment decisions, thereby improving patient care, expanding antibiotic 
stewardship impact, positively impacting public health initiatives, and ultimately curtailing transmission.  
Considering the incidence of syphilis has increased by an alarming 76% since 2013 , urgent public health 
pleas and published “calls to action” now exist that aim to stem this re-emerging healthcare burden . 
Here, we describe a diagnostic workflow that allows for sequential and parallel testing to characterize 
GUs, relying on a combination of IVD and LDT NAAT-based solutions performed on the cobas  4800 
System, to detect HSV1/2, VZV, and T. pallidum from single specimens. 
Method: Commercially available control material for HSV1, HSV2, VZV, and T. pallidum were spiked into 
MSwab medium at varying concentrations; eight (8) swabs from the MSwabTM System were dipped into 
each of the spiked specimen vials and transferred to their respective collection tubes.  Initial testing was 
split between two runs performed by the cobas  HSV1 and 2 Test on the cobas  4800 System.  The 
extracted nucleic acid remaining in the deep-well plate was subsequently used for VZV and T. pallidum 
testing on the cobas  4800 System User Defined Function (UDF) channel using published primer/probe 
sequences. 
Results: Detection of VZV and T. pallidum on the UDF channel using nucleic acid extracts obtained 
following HSV1/2 testing on the cobas 4800 System was possible, demonstrating high reproducibility 
and precision across several replicas.  
Conclusion: Novel solutions that aim to reduce empiric therapy, or shorten the interval to treatment 
success, are critical for both diagnostic and antibiotic stewardship.  Through the use of a sequential 
diagnostic testing algorithm, more accurate discrimination between GU etiologies may provide valuable 
clinical insight for accurate patient care. 
 
Presenter: Chris McGowin, Roche Diagnostics, Indianapolis, IN, Email: chris.mcgowin@roche.com 
 
         

P-115 
 
Quantitative Analysis of Fentanyl and Analogues in Human Whole Blood 
P. Negri1, C. Burrows1, A. Krotulski2, D. Tran1, X. He1, O. Cabrices1, A. Wang1, H. McCall1, X. Chen1; 1SCIEX, 
2Center for Forensic Science Research and Education at the Fredric Rieders Family Foundation 
 
Fentanyl analogues and their metabolites are a rising concern as thousands die from opioid overdose 
across the country. Some of these synthetic drugs have very high potency and thus only require a small 
amount for an accidental overdose. In addition, these high potency drugs pose a danger to public health 
and public safety personnel due to the possibility of skin absorption or inhalation of the drug. In order to 
properly identify these fentanyl analogues in biological matrices, forensic laboratories require sensitive 

mailto:chris.mcgowin@roche.com


APHL 2019, St. Louis, MO, June 3-6, 2019 
 

MS systems to accurately quantitate at low concentrations, and highly specific chromatographic 
methods in order to separate and properly identify isomers.  
 
Here, a confirmatory method for fentanyl and its analogues in human blood is demonstrated. Due to the 
inclusion of isomers that are challenging to monitor based on similar fragmentation patterns, the 
separation of these isomers within the panel was key in method development, in order to accurately 
identify all fentanyl analogues. The development of an optimized chromatographic method enabled 
baseline resolution of 29 fentanyl analogues in a 17-minute runtime. The column used in conjunction 
with an optimized mobile phase composition produced the separation that was needed to correctly 
distinguished all isomers. Using this comprehensive workflow, confident identification of fentanyl, its 
analogues, and metabolites was achieved in a complex biological matrices such as human whole blood. 
Quantification of the 29 fentanyl analogues resulted in LODs in the sub ng/mL range while maintaining 
linearity and precision for all compounds across the calibration range. These results demonstrate that 
the combination of mass spectrometry and highly specific chromatographic methods allows accurate 
quantification of these new substances while offering confident drug identification at low concentration 
levels. 
 
Presenter: Pierre Negri, SCIEX, Redwood City, CA, Email: pierre.negri@sciex.com  
           

P-116 
 
Statewide Sample Tracking: Learning from Newborn Screening and Sexual Assault Kit Deployments 
H. MacIntosh, STACS DNA 
 
States have legislation or regulations mandating sample tracking for public health and safety. How can a 
state program keep track of thousands of samples coming from hundreds of submitters across a large 
region to ensure timeliness and transparency? 
 
Track-Kit sample tracking is being used by thousands of users to track newborn screening specimens and 
sexual assault kits. Track-Kit is a cloud-based system that is in use or is being deployed in seven 
states/provinces in North America. More than simply telling you where your samples are, Track-Kit can 
also: 
 
• Alert hospital or lab staff of delays so that they can take action. This not only expedites 
processing samples, it can save money by avoiding recollection and associated costs (kit, collection, 
courier and processing). 
• Give all users the information they need around the clock, including giving the state a global 
view of the status and location of all kits. 
• Track inventory to ensure hospitals never run out of kits, which can save time and money. 
• Increase quality by alerting the collector if a kit has expired. Avoiding using expired kits means 
the lab gets a quality sample the first time, and avoids requesting a recollection and additional costs.  
• Meets hospital accreditation requirements as it documents delivery of kits to the lab. 
 
This poster shows graphically two use case deployments and how states are benefitting: 
 
Newborn screening (NBS): Track-Kit is being used in Ontario by 200 hospitals to track 150,000 specimens 
a year. The state of Utah will be deploying Track-Kit to 42 hospitals to track 115,000 specimens by the 
end of 2019. These newborn screening programs know the status of every specimen to ensure timely 
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screening. Specimens must be tested within 48 hours of collection to identify babies who are at risk of 
serious disease. Before tracking, specimens occasionally went astray, getting lost in the hospital, or 
getting lost by the courier; the lab may not have known that a baby was missed until days later. Delays 
in diagnosis and treatment can result in delay in a baby’s development, lifelong serious disease or 
premature death.  Track-Kit is helping Ontario and Utah to avoid delays and meet their timeliness goals. 
 
Sexual assault kits (SAK): Many states now have laws specifying that rape kits must be sent to the lab 
and processed within a certain timeframe and that survivors are informed as to the status of their kits. 
Track-Kit is being used in Washington State, Arizona and Michigan and is being deployed in Texas and 
Nevada to track SAKs from collection at the hospital, in law enforcement custody, and delivery to the 
DNA lab. Using a confidential survivor portal, survivors can access the location and status of their SAK as 
well as access local, regional and national resources and contact information for their medical facility 
and law enforcement agency. States are able to maintain a global view of all SAKs to meet their 
legislative and reporting requirements. 
 
Presenter: Heather MacIntosh, STACS DNA, Ottawa, ON, Canada, Email: 
heather.macintosh@stacsdna.com 
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Detection of Plasmid-mediated Colistin Resistance Genes (mcr) by Multiplex Real-Time PCR: 
Improving Surveillance of an Emerging Global Threat 
E. Alao, S. Cossette, M. Torres and C. Connelly, Streck 
  
Background: Recent increases in colistin-resistant infections led the CDC to launch an urgent public 
health response for mcr gene surveillance. Colistin is a last-resort antibiotic that is more utilized due to 
increases in carbapenem-resistant infections. Since mcr-1 was first reported, more mcr gene variants 
have been identified, but few screening tools have been developed to rapidly detect mcr-positive 
samples. To improve surveillance for mcr genes, we describe a multiplex real-time PCR assay that 
detects mcr gene variants 1 through 5 in less than 45 minutes. 
Materials/methods: This study utilizes sequence-specific primers and probes for the real-time PCR-
based detection of colistin resistance (mcr) gene variants. An internal control (IC), targeting a conserved 
region in Gram-negative bacteria, is also included in the multiplex mix to discriminate false negatives 
samples. Positive DNA controls are included with the multiplex assay. Data were generated using the 
Bio-Rad CFX96 Touch™ Real-time PCR Detection System.   
Results: The mcr real-time PCR multiplex assay is optimized to amplify mcr genetic variants 1 through 5. 
Amplification of serial dilutions of target controls generated PCR efficiencies ≥ 90% and a correlation 
coefficient of ≥ 0.999 for all variants tested. The specificity of the assay was tested using 80 clinical 
isolates and determined to be 100%. Internal control DNA were detected in 100% of samples and within 
20 PCR cycles. 
Conclusions: The mcr real time PCR assay provides a rapid amplification and detection strategy to 
monitor plasmid-mediated colistin resistance genes. The data demonstrate a very specific assay, with no 
observed cross-reactivity with previously characterized clinical isolates from Gram-negative organisms. 
Future studies will evaluate the clinical sensitivity of the assay. The results demonstrate this assay can 
serve as a screening tool for surveillance of this mcr-mediated colistin resistance, thereby improving 
antimicrobial stewardship practices to minimize mcr gene dissemination into the community. 
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Presenter: Esther Alao, Streck, La Vista, NE, Email: ealao@streck.com    
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Regional Environmental Health Meeting – Monterey: A Template for Coordinating Water Emergency 
Response 
A. Babatola1, D. Ferguson2; 1City of Santa Cruz (CA) Environmental Laboratory, 2County of Monterey (CA) 
Public Health Laboratory 
 
The importance of streamlining reporting and accessing resource for managing water contamination 
emergencies is often demonstrated after the experience of the crises. The consequences of unclear 
protocols for resource allocation and coordination are preventable by advanced planning and training. 
The Central Coast Region of California includes private and public water utilities, special districts, and 
federal facilities including military installations whose roles and responsibilities may be directed by 
multiple jurisdictions including local and state environmental and public health departments. Response 
coordination may be complex, given the type and magnitude of contamination. Further, many agencies 
have overlapping responsibilities; thus, water resource managers may have unclear protocols for 
communicating contamination emergencies and coordinating laboratory support. Therefore, this area 
provides favorable conditions to develop and test a template, i.e., quick reference guidance manual for 
efficient and effective coordination. Representatives of state and local agencies including five counties 
have committed to this regional environmental health meeting with the purpose of creating a 
streamlined and effective template for the region and as a template for others. 
 
This poster presents excerpts from the meeting including flow charts, checklists, and brief session 
summaries from the meeting in Salinas on April 30, 2019. 
 
Presenter: Akin Babatola, City of Santa Cruz (CA) Environmental Laboratory, Santa Cruz, CA, Email: 
ababatola@cityofsantacruz.com  
 
 
*Poster was selected to participate in the Poster Speed Dating Session on Tuesday, June 4 
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