MINUTES OF THE MULTISTATE PROJECT 

S-1022 Basic and Applied Aspects of Bacterial Source Tracking

 ANNUAL MEETING

Charleston, South Carolina

June 19-20, 2006

Participants:  Yucheng Feng (Auburn University), Terry J. Gentry (Texas A&M University), Alexandria Graves (North Carolina State University), Charles Hagedorn (Virginia Tech), Peter Hartel (University of Georgia), Cindy H. Nakatsu (Purdue University), Mary Savin (University of Arkansas), Alan Sexstone (West Virginia University) and Janice Thies (Cornell University).

June 19 (Monday), 9:00 a.m. to 11:20 a.m.

Peter Hartel opened the meeting and addressed a few housekeeping details as well as reminded members that annual reports should be submitted to Alex Graves.  Alex Graves serves as the Chair for this year of the project and is responsible for submitting an annual report to the project director within 60 days.  

Members were welcomed by Geoff Scott.  Geoff shared quick facts and an historical perspective about the state of South Carolina. He also identified and described the contributions of the 5 partners to the Hollings Marine Lab.  These partners include NOAA’s National Ocean Service, the National Institute of Standards and Technology, the South Carolina Department of Natural Resources, the College of Charleston, and the Medical University of South Carolina.
There were no administrators present.  The meeting proceeded with discussion of Objective # 2 (To determine the stability of antibiotic resistance genes in fecal indicator bacteria under different environmental conditions in order to understand the movement of these genes in soils and waters receiving animal wastes, and the effect of their stability on the reliability of detection methods based on characterizing these genes).  Cindy Nakatsu, Janice Thies, Mary Savin, Yucheng Feng and Alex Graves discussed projects currently in progress.

Cindy Nakatsu has looked at the distribution of close to 1700 isolates of over 144 animals.  E. coli isolates were randomly selected from the environment and evaluated for EHEC virulence genes.  Toxicity tests were performed in tissue cultures instead of animals.  Five percent had the toxin genes.  Forty-six percent of isolates with toxin genes were cytotoxic.  Three percent of isolates without toxin genes were cytotoxic: this means they still have the potential of being pathogenic.  Of the genes evaluated, (stx) is far more pathogenic than the O157.  Most of the isolates with (stx) genes were collected from deer.  BOX fingerprints were exactly the same from the same animal; however, not all were cytotoxic.  

New directions for Nakatsu’s lab include evaluating human gut microbial community structure using rRNA PCR-DGGE.  Factors of evaluation include the influence of diet and perturbation.  The goal of this work is to determine what of the human microbial community is stable and what is not stable. They are currently looking at healthy teenagers on controlled diets to test Ca absorption, and they are also evaluating the gut microbial community of babies using community analysis rep-PCR- DGGE.  In example results, the community DNA fingerprint of each subject is unique to each subject. When diets are the same, communities become stable.  During the washout period when the participants went home, the fingerprints changed. Interestingly, an Archaea group found in gut and seems to be really stable.  When evaluating the gut of healthy babies, they found three bands, Enterococcus, Streptococcus and Terococcus.  As the babies develop so do the bacterial communities; however, as they become ill, some of the bands disappear.  Some of the communities are capable of surviving antibiotic treatment; however, each time antibiotics are administered the bacterial communities change, even though the communities have re-established, they are composed of different bacterial species.

Janice Thies has been working on a field trial in Aurora, NY, looking at dairy manure applied to soil from farms where monensin is used as a feed additive for calves. Thies’ group has collected soils and recovered antibiotic resistant bacteria from the soil samples.  Bacteria were cultured on R2A and Columbia medium; 3000 isolates were recovered and stored.  They are using T-RFLP analysis of amplified full-length 16S rRNA genes  restricted with MspI  and RsaI.  They are also evaluating factors such as soil organic matter, pH and other variables that may be affected by the manure application.  Future directions include evaluating the 3000 isolates for the presence of toxicity genes.  One  problem with targeting monensin for study is that it is an ionophore that is transported via an antiporter pathway. Resistance to this antibiotic is the result of many gene products interacting, which makes detecting antibiotic resistance development difficult. 

Thies’ group has used several methods to evaluate bacterial community composition in their work.  These methods include DGGE, T-RFLP, ARISA, and 2D-PAGE.  The 2D-PAGE approach was developed by Chris Jones as part of his graduate research work. Use of 2D-PAGE provides the greatest level of discrimination between communities.  Target DNA for amplification and analysis must meet specific criteria; amplicons must have a large range of size and polymorphisms in G+C content.  Janice’s laboratory uses the Ribosomal Intergenic Spacer Sequence Collection (RISSC), from which 16S and 23S rRNA gene sequences have been removed (Garcia-Martinez, J., I. Bescos, J. J. Rodriguez-Sala, and F. Rodriguez-Valera. 2001. RISSC: a novel database for ribosomal 16S-23S RNA genes spacer regions. Nucleic Acids Res. 29:178-180).  The RISSC database contains well over 2000 sequences; which yield 626 size classes in silico for the first dimension. In the second dimension, a denaturing gradient is used to separate differently-sized amplicons based on their G+C content. A total of 1782 spots can be resolved in silico, when both size and sequence are taken into account. In practice, nearly 400 spots can be resolved from soil communities using SYBR-Green I staining.  However, use of a laser increases the sensitivity by which to detect spots, thus yielding over 700 OTUs that can be used to compare between communities.

Mary Savin has teamed with Cindy Cisar and Shiping Deng to evaluate antibiotic resistance in fecal indicator bacteria in stream waters in Arkansas (Mud Creek and Spring Creek) and Tahlequah Creek in Oklahoma.  This project is in response to USGS findings of the antibiotics erythromycin, sulfadimethoxine, sulfamethoxazole, tylosin, trimethoprim, ciprofloxacin, and ofloxacin - at very low levels in the creeks in Arkansas.  Mary and Cindy’s groups are evaluating ampicillin, ofloxacin, tetracycline, gentamicin, trimethoprim, and chloramphenicol resistance using two different approaches.  First approach to determine if antibiotic resistance of bacterial indicators in stream water increases down stream from the input of wastewater treatment effluent was to have student add antibiotic to the water, grow, and get coliforms and E. coli MPN.  Water samples were collected from Mud Creek upstream from the wastewater treatment facility and at a 1st downstream and 2nd downstream position.  Preliminary data for ampicillin, tetracycline and ofloxacin suggest that there is higher resistance to the antibiotics at the first downstream location and that resistance decreases at the second downstream location. 

They will perform the study again, using a second approach of collecting bacterial isolates and measuring inhibition of growth in the presence of antibiotics. ColiQuant plates (differential medium) will be used to isolate E. coli.  With the ColiQuant plates purple color indicates the presence of E. coli, and pink indicates fecal coliforms.  Isolates identified as E. coli will be streaked onto Mueller Hinton, and confirmed still purple by restreaking on ColiQuant.  Isolates will be confirmed as E. coli by oxidase test, Gram stain, and use of a Gram negative ID kit. Antibiotic resistance testing will be conducted using antibiotic strips to determine MIC (minimum inhibitory concentration).

Yucheng Feng has been involved with two projects.  The first project involves the evaluation of 2 antibiotics used in catfish feed on soil microbial communities.  This is part of a fate and transport study. Feng’s lab is still evaluating what molecular techniques to use and is currently considering T-RFLP or DGGE.

 

The 2nd project is a bacterial source tracking study using a library based rep-PCR approach.  Current library is small containing 414 unique E. coli DNA fingerprints. Water samples were collected from 2003 to 2004.  Eighteen percent of the E. coli isolates from water samples matched a human signature. The presence of the human signature was confirmed by LC-MS analysis of chemical compounds known to be used by humans.   The study will continue for two more years.  Feng plans to expand the database.

Alex Graves has been working on evaluating the antibiotic resistance profiles of indicator bacteria in swine manure before and after manure management and the development of antibiotic resistance in nursery pigs at different stages of development.  Preliminary results suggest that antibiotic resistance is not confined to one particular stage of development of the pig, and thus the emergence of antibiotic resistance can likely be attributed to increased exposure of enteric bacteria to antibiotics during the growth promotion stage at the nursery facility.  When evaluating antibiotic resistance at the nursery, nursery lagoon, finishing and finishing lagoon, the results suggest that antibiotic resistance is not confined to one particular stage of livestock production, and the indicator bacteria that persist after manure management continue to exhibit antibiotic resistance.  In addition to evaluating indicator bacteria from swine waste, Graves’ group has also worked with the phenotypic (ARA) and genotypic (rep-PCR) characterization of indicator bacteria from cattle manure.  The data has not yet been interpreted.

We had time for one more presentation before we adjourned for lunch.  Alan Sexstone presented information on Objective 1 (To combine targeted sampling with fluorometry and detection of fecal sterols as BST methods to detect fecal contamination in national waterways).  Alan has been involved with efficacy of onsite treatment systems, subsurface flow gravel wetlands, and aerobic treatment units.  He is currently looking at manures from organically-raised animals versus those raised conventionally.  Efforts have been focused in the fate of physical chemical and microbial contaminates in domestic wastewater following treatment by small constructed wetlands. Sexstone has also looked at the effectiveness of treatment and diversity of microbial populations within a constructed wetland treating wastewater.  He has evaluated the differences in findings from real time approach and conventional approach to measuring the effectiveness of treatment.  He looked at the standard performance and found that the systems worked better in the summer.  He saw that the heterotrophic populations changed based on position in the wetland system. Sexstone has also looked at aerobic treatment units (ATUs).  He found that often the systems were not performing correctly, due to either mechanical failure, too high BOD, or TSS.  These are alternative treatment systems located in areas where soils are not suitable for conventional septic systems.  A Community of Interest has homes all around the lake, and all of the homes have ATU.  Sexstone is interested in applying chemical and bacterial source tracking to this study area.

June 19, 1:30-5:30

The afternoon session continued with research conducted under Objective #1.  Peter Hartel and Chuck Hagedorn have been conversing over the last year about trying to address BST methods that will broadly address human fecal pollution.  One such method is fluorometry, which measures optical brighteners in water from dishwashing and laundry detergents.  The simplest method is put a piece of unbleached cotton in the water.  If optical brighteners are in the water, then the cotton will put it up.  One can see the optical brighteners by shining a UV light on the cotton.  However, there has to be a tremendous amount of optical brighteners present.  Therefore, in a case where there is a low optical brightener concentration, one would need a fluorometer for detection.  Question:  Does OM interfere with fluorometry?  Findings indicated that OM does interfere with fluorometry.  Hartel’s group used Suwannee River Natural Organic Matter to evaluate the interference.  Hartel also found that sea water has high magnesium and can also interfere with readings:  there are differences in freshwater and seawater. Cations and anions affect fluorescence, and the principal one is Mg; however, Hartel is not certain of the mechanism.  Current efforts address interference involve using UV light to degrade the optical brighteners, and a reduction of greater than 30% will be indicative of optical brighteners not just OM.  Question:  Do optical brighteners survive waste treatment?  They do; however, optical brighteners photodegrade, so they need to be in sediment to persist.  Fluorometry is a good tool to answer “human or not.”  This selection is from a regulatory standpoint.  After that, choose an additional method to confirm human and find what else is there.  Future efforts include use of a hand-held model, and possibly developing a continuous flow tube to add to it.

Chuck Hagedorn has two non-refereed publications on the CSES extension site.  Hagedorn’s student, Jay Dickerson, came up with exposing all samples to UV light.  Chuck explained that optical brighteners are a very large class of compounds that are described as optical brighteners by the chemical industry and as fluorescence whitening agents (FWA) by those in the laundry industry. The compounds FB-28 and CBS-X are used in over 90% of cleaning agents, including dishwashing liquids.  They have also been used in textiles and the paper industry.  For example, FWA is added to toilet paper and will come out of the paper quickly in a septic tank. 

Hagedorn’s group evaluated the standard curves using cross-calibration of standards with ISA-NORIBA fluorolog using pure samples of the most widely used OB. They tested a very wide variety of components from the oil industry, such as crude oil, diesel fuel and antifreeze.  By the time a 10th of a percent crude oil/diesel fuel, it can be seen and smelled,  and if a match is struck, it will probably ignite a fire. After exposure to UV light, there isn’t much reduction; however, the septic tank effluent detergents etc. can be photo decayed.  So it appears to be an essential step to use UV light when there is the possibility of aromatic compounds that may cause interference.  They evaluated pure materials, and there was no decay.  But when the pure materials were added to septic tank, there was some degradation.  However, a ratio may need to be determined to accurately assess the actual contribution of the septics.  Positive readings were 80-100, negative below 50-60, and uncertain within 60-80.

This is Chuck’s third summer working in VA public beaches funded by the VDH. Before discussing this project in detail, Chuck recognized Ray Reneau (who thought of using OBs in the 1980s); however, it wasn’t until BST sparked the interest that we are now investigating its use an indicator of human pollution.  Chuck found 6 of 16 VA beaches had regular advisories; 4 of the six had a human signature.  The remaining two had impacts from birds.  They didn’t find optical brighteners in these areas impacted by birds.  

Chuck’s final thoughts for Fluorometry include:

· need to cross validate with less expensive equipment.  High end validation is complete.  

· need to quantify additive and subtractive fluorescent values plus examine UV wavelengths, intensity and exposure duration.

· need for better approaches for deployment-airborne detection (NASA) or a submersible (U.S. Navy).  They are currently working with a VT group on autonomous surface water vehicles and will test in July.  

Environmental Detection News, edited by Sue Hagedorn, will move to journal format so that case studies can be published.  

Following Chuck’s presentation were the presentations from the NOAA scientists, Jan Gooch, Jill Stewart, Brian Robinson, Jason Gregory, Brian Thompson, and Chris Johnson.

Jan Gooch discussed the use of different approaches to evaluating antibiotic resistance.  They used MAR for E. coli (10 antibiotics, 1 concentration of each), as well as ARA (26 antibiotic, 4 concentrations of each--custom panel design).  They tried to address the 5 different classes of antibiotics.  Using the custom panel design, the plate is read for the MIC value for each antibiotic, one bacterial isolate per plate.  Plates cost about $8.50 each, and one bacterial isolate is used per plate.  Gooch’s group also uses genotypic methods to evaluate bacterial isolates.  They used PFGE but got too many bands to analyze.  With Ribotyping they used bionumerics to analyze the bands.  In this instance they set the similarity index and the software will tell when there was a match.  This group has also been involved with F+RNA coliphage sero- or geno-typing.  Coliphages are grouped into 4 groups.  Type 2 and 3 are indicative of human pollution.  They are looking into direct pathogen detection, specifically identification and quantification of host-specific microbial species and host specific genetic markers, focusing on library-independent methods.  Ongoing research involves determining densities of bacteria and viruses in oysters from various monitoring sites as well as looking at the role of metal contamination in the proliferation of antibiotic resistance in coastal water-borne pathogens.  Preliminary data suggest that there is an increased level of antimicrobial resistance in presence of heavy metals.  The heavy metal sites include Chromium, at an old WWII site, and mercury at the LCP site right outside of Brunswick.  Fecal coliforms, E.coli, and Enterococcus sp., Vibrio vulnificus, V. parahaemolyticus, Norovirus and Enterovirus have been the organisms of interest.

Jill Stewart spoke about the oceans and human health initiative and the goal of evaluating and understanding the impacts on human health.  Three key groups within OHI are genomic application, emerging chemical contaminants and pathogen source tracking component.  

Accomplishments include but are not limited to:  

· performed coliphage methods demonstration at the interstate shellfish sanitation conference.  

· trained representatives from Hampton Roads VA.  Sanitation district in coliphage detection technology. 

·  helped distinguished human and non human sources in Charleston’s stormwater drainage system.  

· drafted memorandum of understanding (MOU) with US Centers for Disease Control and Prevention.    

· Participated at the American Society for Microbiology meetings.

Brian Robinson discussed the Tidal Creeks project and a shellfish project.  They evaluated FC, ENT, F+ coliphages, and F-. as well as Norovirus.  F+ was more interesting because it can be separated in human versus animal hosts.  Trends were the same for the shellfish and tidal creeks project.  Interestingly, there was a site where the Norovirus was detected in an oyster, but the fecal coliform count was 0 for that area.  They are currently looking in to method development, looking for a non-filter based method. They are also looking at evaluating MS2 Coliphage instead of Norovirus because Norovirus can infect humans.  For filtration methods, they are looking for membranes that will work in marine waters.  They are in the process of developing internal controls for all aspects of current methodology.  

Jason Gregory discussed the use of quantitative RT-PCR.   Obstacles include inhibitory compounds abundant in complex environmental waters; purification seems to increase inhibitory compounds. In an effort to address this, they developed a competitive internal positive control for calibration.  They are interested in implementing viral qRT-PCR assays into current sampling framework.  They also want to develop a control to monitor extraction to address efficiency and reproducibility as well as controls to monitor filter efficiency. 

Brian Thompson discussed his contributions to antibiotic resistance analysis.  He primarily focuses on isolation and enumeration. He has used different methods, including MPN methods for fecal coliforms, streaked on RBA, mFC and confirmed with nutrient agar with MUG.  He also looked as source sampling from a wastewater treatment plant using the panel of 26 antibiotics, and he anticipates better discrimination.  With MAR, there was a lot of overlap, not enough discriminatory power.  He didn’t find much discriminatory power with penicillin and erythromycin.  Modifications may be necessary to increase discriminatory power.

Chris Johnson discussed the application of Luminex xMAP.  This procedure is basically a modified flow cytometry application.  This system is currently used in clinical studies, looking proteins and mutation analysis; it has the potential to multiplex up to 100 reactions in a single well.  Each bead can be coated with a reagent specific to a particular bioassay. Biotin is the key component in fluorescence.  The process involves PCR-target gene sequence-amplify with biotin label primers-denature to hybridize to probe-coupled beads for fluorophore detection.  To date they have designed DNA hybridization for enterobacteria assay.  An assay is designated as positive if it is twice the background.  With the enterococci assay, there are positive results at 100pg: this equals about 10-15 cells.  Future directions include optimizing assays currently under development, developing assays for additional targets, and comparing with real time PCR assay and traditional culture methods, among others.  Comparison to the MPN found that the MFI values were a little lower and could be attributed to PCR interference.  Future directions also include looking at developing an inhibition control.

Monday’s meeting ended with a tour of the Hollings Marine Laboratory.

June 20 (Tuesday) 8:00 a.m. to 8:52 a.m.
Steve Hodges, the department head for Soil and Crop Environmental Sciences at Virginia Tech, will meet with USDA program managers soon to attempt to set priorities that will appear in their requests for proposals.  The previous RFP, which included Salmonella, Cryptosporidium, and Norovirus, didn’t make sense for the ultimate goals of source tracking.  Steve asked for our feedback on what we would like to see in an RFP.  Comments and suggestions were given to Chuck, and we agreed on a final mission statement to: “support basic and applied research that will result in sampling protocols and source tracking methods (chemical, phenotypic and genotypic) to provide practical answers quickly and reliably at the watershed level.”  We also suggested that Steve encourage USDA to move to a pre-proposal system, recognizing that there may be a challenge in getting the manpower to handle such a system.

We also discussed our ability to maintain an active and effective working multistate research group.   When USDA evaluates the effectiveness of these projects, our productivity is divided by the number of people. During the discussion it was suggested that the appropriate station director be notified if a multistate researcher failed to submit annual report or to attend the annual meeting. The official mechanisms of removing people from the group were also discussed.  Several questions were posed, including:  How do we link into the official system?  Did the inactive member actually fill out an AD416? Ultimately the answer to these questions is we have the capability to formally remove names from the NIMSS website and to information to the administrator.  This should take place at the first failure to submit an annual report or attend a meeting.

 Peter Hartel made a motion “Failure to submit an annual report and attend at least one meeting every two years will result in formal removal of your name from Appendix E.”   The motion was seconded by Janice Thies, and the motioned passed with one abstention, (Yucheng Feng).  This motion should help both the group to prevent inactivity and multistate researchers get funding to travel to the meeting.

Peter made a motion to hold the next annual meeting in Puerto Rico. Peter has performed previous studies on fluorometry in Mayagüez Bay, Puerto Rico (Fig. 1).  We would use primarily library independent BST methods.  We would work together, and submit a manuscript for publication in Environmental Detection News.  The question is the date of the meeting because we don’t want to be there during a rainy season or high tourist season, and we also discussed how it would fit into our schedules.  Potential dates would be the first two weeks of January.  We want the best possible outcome.  Janice seconded the motion. The motion passed, and all were in favor of the next annual meeting to take place in Puerto Rico. 

The final order of business was to elect the chair for next year.  Janice Thies nominated Charles Hagedorn for Chair.  The motion was seconded by Yucheng Feng, and the motion passed with all in favor.  

The meeting was adjourned at 8:52 a.m.

Alexandria Graves, Chair
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Figure 1.  Location of sampling sites in Mayagüez Bay, Puerto Rico.  Each location shows the site number (top boldface number), fluorometric value (middle number), and number of Escherichia coli (bottom number).  Excluding the Yagüez River (which has already been sampled), the Multistate team will conduct BST on one or more of the creeks emptying into Mayagüez Bay.

