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Research Accomplishments:

Objective 1. To combine targeted sampling with fluorometry and detection of fecal sterols as bacterial source tracking (BST) methods to detect fecal contamination in national waterways.

Shiping Deng and her team sampled seven sites along three creeks in Stillwater area; 42 samples were taken during base-flow and 21 were taken during the high-flow period. Counts of Enterococci were tested first with the IDEXX Enterolert™ System. A total of 525  Enterococci isolates were obtained from the positive Enterolert™ wells and were subsequently verified by Enterococcosel agar plates (black colonies) and brain heart infusion agar (BHIA) plates supplemented with 6.5% NaCl. Positive isolates were further confirmed to be catalase negative, gram positive, and shown to be spherical or ovoid cells under a phase contrast microscope. Overall, 347 out of the 525 isolates obtained were positive enterococcel bacteria. Counts of Enterococci were significantly higher in the creeks following passing through the OSU Animal Science Arena, suggesting impact of farming activity on fecal bacterial contamination in watersheds. However, the impact from the urban population was not detectable. Counts of Enterococci in the surface water during high-flow period were approximately 100 times higher than those sampled during base-flow period. Therefore, effective management of storm water is critical in maintaining water quality in the environment.
Yucheng Feng’s lab continued to use bacterial source tracking in the Catoma Creek watershed.  Water samples were collected monthly at six locations in the watershed during the year.  E. coli concentrations in the water samples ranged from 7 to 8550 CFU/100 mL of water.  Total phosphorus concentrations in the water samples were consistently higher than the Ecoregion 9 reference level of 0.036 mg/L.  More than 1000 E. coli isolates have been obtained for source identification.  The size of the E. coli rep PCR DNA fingerprint library has been increased to about 1000 E. coli isolates for nine source groups.  We are in the process of obtaining the rep-PCR DNA fingerprints of all E. coli isolates.  To verify the presence of human contamination in the watershed, water samples were analyzed by LC/MS/MS for nine chemicals commonly used by humans.  All samples contained at least one chemical at nanogram levels.  Seven of the nine chemicals were detected in one water sample collected at an urban location.
Chuck Hagedorn’s lab continued to deploy BST to solve pollution problems in urban settings and coastal locations.  Three research projects were completed, one of which involved multistate collaboration.  

Two public beaches (Anderson and Hilton) in Newport News, Virginia, were frequently closed to swimming in 2004 due to high Enterococcus spp. counts that exceeded the regulatory standard. The source tracking methods of antibiotic resistance analysis (ARA) and fluorometry (to detect optical brighteners) were used in the summer of 2004 to determine the origins of fecal pollution at the two beaches. Both methods detected substantial human-origin pollution at the two beaches, in locations producing consistently high levels of Enterococcus spp. Investigations by municipal officials led to the fluorometric detection and subsequent repair of sewage infrastructure problems at both beaches in 2005. The success of the mitigation efforts was confirmed during the summer of 2006 using ARA and fluorometry, with the results cross-validated by pulsed-field gel electrophoresis (PFGE). There were no closures for either beach in 2006. This is the first BST report where fecal sources were identified, traced to a point source, physically repaired and validated by subsequent monitoring and source tracking results. The major conclusions of this project were:
1. Considering the limitations of all current BST methods, the validation of results using multiple methods is still recommended at this time. Consensus between methods in identified sources increases confidence in conclusions, and is particularly important for localities willing to allocate funds to support remediation efforts.

2. Fluorometric results were encouraging for future use in storm drains and near-shore applications, as well as use in continuous-flow mode for optical brightener detection in larger bodies of water. Continued testing is warranted as the possibility of interference still exists from other chemicals such as aromatics. In its current form, fluorometry can be considered most effective as a supplemental means for verifying a human signature or as a way to locate the point of sewage entry into a water body.

3. The ARA library constructed and applied over the three summers of this project showed a good degree of stability, as indicated by high rates of correct source classification from 2004 through 2006 (with the library updated each year), and successful results (accurate classification) with blind challenge sets of isolates. These results were encouraging for future projects spanning multiple years.
A new library-based BST approach intended for initial application in the coastal waters of Virginia was evaluated. Host-origin isolates of Enterococcus spp. were collected from beaches and the surrounding tidewater region of Virginia and used to construct a library using the pattern of DNA band lengths produced by the amplification of the 16S-23S rDNA intergenic spacer (IGS) region, and subsequent digestion with MboI. Initial results from small host-origin libraries (64 and 200 total isolates) with discriminant analysis (DA) and logistic regression (LR) yielded high average rates of correct classification (ARCC) for a four-source classification split (birds, dogs, sewage, and wildlife), with ARCCs ranging from 83 to 100%. However, the poor results obtained when classification was attempted on a non-library validation set (VS, ARCCs of 47 and 48% using DA and LR, respectivel) demonstrated that a library of 200 isolates was insufficient to adequately represent the diversity of the enterococci in the sampled region. An increase in the library size to 1029 total isolates was accompanied by a reduction in the ARCC of the library to 42.7% with DA and 45.7% with LR, plus similarly poor results were obtained from the validation set. The low correct classification rates generated by the larger known-source library were unsuitable for field application. Many reported MST methods have been based on results obtained using small host-origin libraries without external validation. Our results indicate that such an approach can be very misleading, and that larger libraries and external validation is essential for the confirmation of preliminary results.

In a multistate effort, researchers from GA and VA used fluorometry to detect optical brighteners to correctly identify two negative and three positive locations for human fecal contamination.  When combined with counts of fecal bacteria, the new fluorometric method appeared to be a simple, quick, and easy way to identify human fecal contamination in environmental waters. Because optical brighteners are sensitive to sunlight, it was necessary to determine if fluorometry could be improved by exposing water samples to ultraviolet (UV) light to differentiate between optical brighteners and other fluorescing organic compounds.  Optical brighteners were likely present when the relative percentage difference in fluorometric value of the water before and after UV light exposure was >30% (glass cuvettes, 60 minute exposure) or >15% (polymethacrylate cuvettes, 5 minute exposure).  In a blind study, the presence or absence of optical brighteners was correctly identified in 90 of 90 (100%) of the samples tested with a more expensive field fluorometer and in 87 of 90 (97%) of the samples tested with a less expensive handheld fluorometer.
Peter Hartel’s program continues to develop inexpensive methods of BST.  Five research projects were completed, three of which involved multistate collaboration.  

The percentage of Enterococcus faecalis isolates among all fecal enterococci in an environmental water sample may serve as an inexpensive indicator of human and bird fecal contamination.  Research suggests that some subspecies of fecal indicator bacteria are better adapted than others to survive environmental conditions.  In a multistate study between researchers from AL and GA, we determined the survival of seven different Ent. faecalis subspecies, three from different wastewater treatment plants and one from a latrine (presumably all of human origin), two from birds, and the American Type Culture Collection (ATCC) type strain, in two freshwater creek sediments, Saugahatchee Creek in Alabama and Tanyard Creek in Georgia.  Ribotyping was used to identify different subspecies.  Survival was determined in modified sentinel chambers (Microfilterfuge( tubes sealed at both ends with ≤0.45 µm membranes).  Each Enterococcus ribotype was inoculated into sentinel chambers at approximately 105-6 bacteria per g dry weight of sediment, and the Most-Probable Number (MPN) was estimated at Days 0 and 11.  The MPNs of the seven Ent. faecalis subspecies declined 62.4 to 95.2 % in Alabama sediment; MPNs of the same subspecies declined 95.4 to 99.6% in Georgia sediment.  There was no positive correlation among the subspecies that survived better in Alabama sediment and those that survived better in Georgia sediment.  Statistical analyses suggest that not only did differences in survival exist among subspecies of Ent.  faecalis, but also that differences existed between locations.  However, in terms of BST, the rapid decreases in MPNs suggested that any subspecies adaptation to environmental conditions was minor.

The limited host range of Ent. faecalis may reduce its clonal diversity and thereby increase its geographic sharing of ribotype patterns.  Such sharing would be advantageous for bacterial source tracking.  In a multistate study among researchers from DE, GA, ID, NY, and PR, we determined the geographic sharing of ribotype patterns in 752 Ent. faecalis isolates obtained primarily from wastewater treatment plants in Delaware (15 locations; 490 isolates), Georgia (2 locations; 48 isolates), Idaho (1 location; 118 isolates), New York (2 locations; 48 isolates), and Puerto Rico (2 locations; 48 isolates). Isolates were ribotyped with a RiboPrinter.  When pooled across all locations and analyzed at a similarity index of 100% and a tolerance level of 1.00%, the 752 Ent. faecalis isolates yielded 652 different ribotypes, of which 429 (66%) were unshared. Even when the matching criterion was relaxed by decreasing the tolerance level from 1% to 10% or lowering the similarity cutoff from 100% to 90%, half or almost half of the ribotypes were unshared.  A Mantel test of zero correlation showed no statistically significant correlation between ribotype patterns and geographic distance among the 32 samples (one location at one time) at either the 1.00% (P = 0.91) or 10.00% (P = 0.83) tolerance levels.  Therefore, the percentage of ribotype patterns shared between two locations did not increase as the distance between locations decreased. In the case of BST, a permanent host origin database sufficiently large to encompass these ribotype patterns would be time-consuming and expensive to construct.

In an effort to develop an inexpensive method of detecting human fecal contamination in a freshwater creek during baseflow and stormflow conditions, we combined targeted sampling with fluorometry.  Targeted sampling is a prelude to BST and finds sources of fecal contamination by continued sampling and resampling over ever-decreasing distances.  Fluorometry identifies human fecal contamination in water by detecting fluorescing compounds, optical brighteners, from laundry detergents.  Potato Creek, a freshwater creek in Georgia (U.S.A.), had three reaches identified as containing high numbers of fecal bacteria, and these reaches were sampled by targeted sampling and fluorometry.  Targeted sampling quickly and inexpensively identified humans, cattle, and dogs as the major sources of fecal contamination in the first, second, and third reaches, respectively.  Fluorometric values were consistent with these identifications, but high fluorometric values were sometimes observed in areas with no fecal contamination.  One likely cause of these false-positive signals was fluorescence from organic matter.  For targeted sampling, the cost of each sample was $6, with a one-time equipment cost of $3,650; for fluorometry, the cost of each sample was negligible, with a one-time equipment cost of $14,250.  This was the first study of this relatively inexpensive combination in freshwater during both baseflow and stormflow conditions.
In continuing the effort begun on Potato Creek, we combined targeted sampling with fluorometry on St. Simons Island, Georgia.  Targeted sampling and fluorometry identified two hotspots of fecal contamination.  One hotspot was confirmed as fecal contamination from humans, but the other was not, most likely because of background organic matter fluorescence.  Adding a 436-nm emission filter to the fluorometer reduced this background fluorescence by >50%, and with this filter in place, the second hotspot was identified as fecal contamination from birds.  As long as a fluorometer is equipped with a 436-nm emission filter, targeted sampling combined with fluorometry may be a relatively inexpensive method to identify human fecal contamination in water.

Finally, because optical brighteners are sensitive to sunlight, we determined if we could improve fluorometry by exposing water samples to ultraviolet (UV) light to differentiate between optical brighteners and other fluorescing organic compounds.  Optical brighteners were likely present when the relative percentage difference in fluorometric value of the water before and after UV light exposure was >30% (glass cuvettes, 30 minute exposure) or >15% (polymethacrylate cuvettes, 5 minute exposure).  In a blind study, we correctly identified the presence or absence of optical brighteners in 178 of 180 (99%) of the samples tested with a more expensive field fluorometer and in 175 of 180 (97%) of the samples tested with a less expensive handheld fluorometer.  In the field, multistate researchers from GA and VA used the method to correctly identify two negative and three positive locations for human fecal contamination.  When combined with counts of fecal bacteria, the new fluorometric method may be a simple, quick, and easy way to identify human fecal contamination in environmental waters.

Mike Sadowsky’s team has been developing and testing a genotypic technique that will permit the rapid analysis of a large number of samples in a relatively short period of time. 

The gene probes identified in earlier research (M. J. Hamilton, T. Yan, and M. J. Sadowsky, Appl. Environ. Microbiol. 72:4012-4019, 2006) were used for the development of a high-throughput and quantitative macroarray hybridization system to determine numbers of E. coli bacteria originating from geese/ducks. The procedure was developed using a QBot robot for picking and arraying of colonies, allowing simultaneous analysis of up to 20,736 E. coli colonies from water samples, with minimal time and human input. Statistically significant results were obtained by analyzing 700 E. coli colonies per water sample, equivalent to approximately 30 sampling sites per macroarray. Macroarray hybridization studies done on E. coli collected from water samples obtained from two urban Minnesota lakes and one rural South Carolina lake indicated that geese/ducks contributed up to 51% of the fecal bacteria in the urban lake water samples, and the level was below the detection limit in the rural lake water sample.
While E. coli is used as an indicator of fecal contamination in water, recent reports indicate that soil populations can also be detected in tropical, subtropical, and some temperate environments. In this study, viable E. coli populations were repeatedly isolated from northern temperate soils in three Lake Superior watersheds from October 2003 to October 2004. Seasonal variation in the population density of soilborne E. coli was observed; the greatest cell densities, up to 3 × 103 CFU/g soil, were found in the summer to fall (June to October), and the lowest numbers, ≤1 CFU/g soil, occurred during the winter to spring months (February to May). Horizontal, fluorophore-enhanced repetitive extragenic palindromic PCR (HFERP) DNA fingerprint analyses indicated that identical soilborne E. coli genotypes, those with ≥92% similarity values, overwintered in frozen soil and were present over time. Soilborne E. coli strains had HFERP DNA fingerprints that were unique to specific soils and locations, suggesting that these E. coli strains became naturalized, autochthonous members of the soil microbial community. In laboratory studies, naturalized E. coli strains had the ability to grow and replicate to high cell densities, up to 4.2 × 105 CFU/g soil, in nonsterile soils when incubated at 30 or 37°C and survived longer than 1 month when soil temperatures were ≤25°C. 
In s study to develop source-specific markers, pooled genomic tester and driver DNAs were used in suppression subtractive hybridizations to enrich for host source-specific DNA markers for E. coli originating from locally isolated geese. Seven markers were identified. When used as probes in colony hybridization studies, the combined marker DNAs identified 76% of the goose isolates tested and cross-hybridized, on average, with 5% of the human E. coli strains and with less than 10% of the strains obtained from other animal hosts. In addition, the combined probes identified 73% of the duck isolates examined, suggesting that they may be useful for determining the contribution of waterfowl to fecal contamination. However, the hybridization probes reacted mainly with E. coli isolates obtained from geese in the upper midwestern United States, indicating that there is regional specificity of the markers identified. Coupled with high-throughput, automated macro- and microarray screening, these markers may provide a quantitative, cost-effective, and accurate library-independent method for determining the sources of genetically diverse E. coli strains for use in source-tracking studies. 
Cladophora glomerata, a macrophytic green alga, is commonly found in the Great Lakes, and significant accumulations occur along shorelines during the summer months. Recently, Cladophora has been shown to harbor high densities of both E. coli and enterococci. Cladophora may also harbor human pathogens; however, until now, no studies to address this question have been performed. In a study on Cladophora, isolates were obtained from the Lake Michigan and Burns Ditch (Little Calumet River, Indiana) sides of a breakwater during the summers of 2004 and 2005, and examined for Shiga toxin-producing E. coli (STEC), Salmonella, Shigella, and Campylobacter. The presence of potential pathogens and numbers of organisms were determined by using cultural methods and by conventional PCR, most-probable-number PCR (MPN-PCR), and quantitative PCR (QPCR) performed with genus- and toxin-specific primers and probes. While Shigella and STEC were detected in 100% and 25%, respectively, of the algal samples obtained near Burns Ditch in 2004, the same pathogens were not detected in samples collected in 2005. MPN-PCR and QPCR allowed enumeration of Salmonella in 40 to 80% of the ditch- and lakeside samples, respectively, and the densities were up to 1.6 × 103 cells per g Cladophora. Similarly, these PCR methods allowed enumeration of up to 5.4 × 102 Campylobacter cells/g Cladophora in 60 to 100% of lake- and ditchside samples. The Campylobacter densities were significantly higher (P < 0.05) in the lakeside Cladophora samples than in the ditchside Cladophora samples. DNA fingerprint analyses indicated that genotypically identical Salmonella isolates were associated with geographically and temporally distinct Cladophora samples. However, Campylobacter isolates were genetically diverse. Since animal hosts are thought to be the primary habitat for Campylobacter and Salmonella species, these results suggest that Cladophora is a likely secondary habitat for pathogenic bacteria in Lake Michigan and that the association of these bacteria with Cladophora warrants additional studies to assess the potential health impact on beach users.
Alan Sexstone reported that, in the U.S., where decentralized systems serve approximately 25% of the population, septic tank effluent is the most frequently cited source of pathogens in groundwater contamination. Where standard septic systems cannot be installed, there is a need for alternative and cost-effective on-site wastewater treatment systems. Subsurface flow constructed wetlands and aerobic treatment units (ATUs) currently are used as alternative on-site treatment systems in West Virginia. They are permitted and regulated by the West Virginia Department of Environmental Protection (WVDEP), Division of Water and Waste Management (DWWM) and classified as experimental treatment systems due to limited information on operations and problems with existing installations. 

As part of the current multi-state project, Sexstone’s team plans to monitor on-site systems discharging from individual households into Paradise Lake (39o 30' 6.52" N, 79o 54' 23.35" W). The study site is a ~30 ha impoundment surrounded by residential housing with no centralized wastewater collection. The lake also supports a large population of non-migrating Canadian geese. Previously, we have conducted microbial enumerations, BOD5 and TSS on influent and effluent samples obtained from two ATUs equipped with devices for telemetric monitoring in real-time. The WVDEP average monthly discharge limitations for alternative systems (30 mg L-1 BOD5, 30 mg L-1 TSS, and 200 CFU 100 ml-1 fecal coliforms) sometimes were exceeded. We plan to use chemical source tracking methods (fluorometry, fecal sterols) to discriminate human and non-human fecal contamination in water and sediments obtained from this system.

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 Cisar has been working on developing a PCR assay for the detection of chicken feces in water. Bacteroidales are fecal anaerobic bacteria that are abundant in the digestive tracts of warm-blooded animals. Her team has amplified, cloned, and sequenced Bacteroidales 16S rRNA gene sequences from chicken feces. A phylogenetic tree was constructed with DNA sequences from 31 chicken fecal clones. Based on this phylogenetic analysis eight primer pairs for PCR were designed and tested for specificity. Seven of the eight primer pairs produced PCR products in reactions containing fecal DNA from chickens and other animals. One primer pair was specific for chicken feces, producing a PCR product only in reactions containing chicken fecal DNA. No PCR products were produced in reactions containing wild turkey fecal DNA, deer fecal DNA, or cat fecal DNA.
Terry Gentry is involved in two projects to evaluate the ability of different management practices to reduce the environmental contribution of E. coli and antibiotic resistant bacteria from different grazing systems and the land application of animal manures.  For the grazing studies (first project), three different sites across Texas will be tested – Welder Wildlife Refuge, Riesel Experiment Station, and a private ranch. Evaluation and demonstration of proper grazing management will primarily take place on the Welder Wildlife Refuge near Sinton, Texas. Three small (1-2 acres) watershed sites on the Welder Refuge will be refurbished and equipped to measure runoff and collect samples for three years from three different treatments - one with no grazing, one with prescribed grazing, and one with heavy grazing. These data will be compared to that collected at Riesel on (1) ungrazed native prairie and (2) grazed improved pasture over the same three year period to identify regional differences and effects of grazing. On the private ranch, effects of prescribed grazing used in conjunction with alternative water supplies and fencing will be determined over a three year period.  Runoff samples will be collected from watershed sites on the Welder Refuge and Riesel using ISCO samplers.  Upstream and downstream grab samples will be collected on a periodic basis (~ every 2 weeks) from the private ranch.  Water samples from all locations will be analyzed for E. coli and antibiotic resistant bacteria during runoff events or on a periodic basis for streams.  Samples will also be analyzed for a ruminant Bacteroides marker. 
For the land application of manures (second project), a total of four sites will be selected for the evaluation of BMPs.  The four fields will consist of three manured (wastewater, vacuum manure, dry manure) fields (corn, hay, and pasture) and one inorganic fertilized hay field.  The manured fields will have buffer strips, one managed and one unmanaged.  The inorganically fertilized field will not have a buffer strip.  Each field will be set up for edge of field monitoring using ISCO samplers.  Each field will be bermed forcing the runoff to run through a single outlet.  This water will be split into the managed and unmanaged filter strip.  An ISCO sampler will be placed prior to the buffer at the edge of the field and after each buffer at the edge of that land management unit (nine monitoring sites, plus one control).  Runoff from storm events will be collected by the ISCO samplers.  Grab samples will be collected upstream and downstream from the sites.  E. coli numbers will be analyzed from each runoff sample.  E. coli will be isolated from each potential source and fingerprinted using a combination of the enterobacterial repetitive intergenic consensus sequence-polymerase chain reaction technique (ERIC-PCR) and RiboPrinting (G. D. Di Giovanni).  Genetic fingerprints of E. coli isolates will be added to a developing statewide source tracking library (TAES-El Paso AREC).  E. coli will be isolated from edge of field runoff samples, collected after storm events, and upstream and downstream grab samples four times per year.  These isolates will be compared to the environmental library to determine the source(s) of the isolates and the relative contribution of each source to the total E. coli load.  Water samples will also be analyzed for Bacteroides human and animal genetic markers (G. D. Di Giovanni). 
Alex Graves and her team are studying the agricultural use of antibiotics to see if this practice is partly responsible for the emergence of antibiotic-resistant organisms. Large amounts of managed manure are land applied, which opens the door for the spread of antibiotic resistance in the environment. Thus, the goal of this project is to evaluate the effects of lagoon treatment on the persistence of antibiotic resistant enteric bacteria isolated from swine feces. Both cool season and warm season samples were collected from a swine farm located in Sampson County, NC. Each season samples included three nursery swine fecal samples, three nursery swine lagoon liquid samples, four finishing swine fecal samples, three finishing swine lagoon liquid samples, and four soil samples from both nursery and finishing swine spray field. A total of 4032 E. coli isolates and 4896 Enterococcus isolates were obtained from the samples. The antibiotic resistance profiles of the isolates were determined using a set of antibiotics at various concentrations. The antibiotic cephalothin, erythromycin, oxytetracycline, tetracycline, streptomycin, and neomycin were tested for both bacterial species, but different concentrations were applied. For E. coli, rifampicin was also tested; for Enterococcus, chlortetracycline, vancomycin, and amoxicillin were also tested. After antibiotic resistance analysis was achieved, 25 isolates were randomly selected from each sample for further evaluation by polymerase chain reaction test. Soil samples were collected; however, fecal indicator bacteria were not recovered.  Additionally, E. coli was not recovered from warm season nursery lagoon samples. All isolates displayed multiple antibiotic resistance, and for the isolates from the same source, the resistance patterns were similar for the antibiotics within the same antibiotic family. Percentages of resistant isolates were greater in nursery fecal samples than in finishing fecal samples for majority of antibiotic tests. For nursery samples, percentages of antibiotic resistant isolates decreased after lagoon treatment for majority of antibiotic tests. For finishing samples, no such trend was obvious. The results indicated that antibiotic resistant isolates still persist in the lagoon liquid, which may cause potential risk to human and environmental health. And because antibiotic resistance may affect later therapeutic and subtherapeutic value of these antibiotics, management strategies of agricultural antibiotic use may be improved. The antibiotic resistance patterns and molecular banding patterns of the isolates were not unique to a specific source. The results suggest that there is considerable overlap among nursery feces, nursery lagoon, finishing feces and finishing lagoon samples.  However, if combine of the feces and the lagoon isolates together and only classify isolates from nursery to finishing swine, the percentages of correctly classified isolates became larger.  The results suggest that antibiotic resistance analysis (ARA) and PCR would best be used for identifying fecal contamination from swine sources based on broad categories (nursery versus finishing) instead of relying on these procedures for specific identification of lagoon and feces separately.
Savin’s team is assessing whether low levels (<1 ppb) of antibiotics or bacteria that may be entering the environment with wastewater treatment plant effluent are altering levels of antibiotic resistance in aquatic ecosystems. To test this hypothesis, E. coli and total coliform most probable numbers (MPN) have been measured both in the presence and absence of antibiotics. Samples have been collected downstream of where effluent enters the stream, in the effluent, and upstream of the effluent input in northwest Arkansas. Escherichia coli and total coliforms were enumerated using defined substrate technology (IDEXX Laboratories, Inc., Colilert reagent). Most probable numbers of bacteria were determined in the absence and presence of ampicillin, ofloxacin, or tetracycline in August and September, 2006, in three streams in Northwest Arkansas, Spring Creek, Columbia Hollow, and Mud Creek. Mud Creek was also sampled in June and December, 2006. Total coliform and E. coli numbers varied among streams, within a stream, and among sampling times within a stream. For example, E. coli geometric means (per 100 mL) in Mud Creek ranged from 50-300 in June, 235-500 in September, and 40-1200 in December. Among streams in late summer E. coli (per 100 mL) ranged from 50-500 and coliforms ranged from 3000-36,000, with no consistent pattern across streams in abundance from upstream to downstream.  Bacteria resistant to ampicillin and tetracycline were cultivated in the effluent and in all three streams. More coliforms seemed to be resistant to ampicillin than tetracycline, but this pattern was not apparent for E. coli. A smaller proportion of E. coli and coliforms were resistant to ofloxacin, with very few ofloxacin-resistant bacteria enumerated in any upstream location.
Alan Sexstone reported that The Davis College of Agriculture at West Virginia University maintains a certified organic farm to evaluate efficacy of defined organic production systems for both plants and animals. Alan’s group will compare patterns of antibiotic resistance in fecal bacterial isolates obtained from organic and conventionally raised chickens and sheep, and from pasture-raised beef cattle.  We also will compare rep-PCR fingerprints obtained from these isolates. The long term goal is to develop ARA and rep-PCR based methods for MST in watersheds of northern WV.  Rachel Wiechman and Susan Seese, both M.S. students, will conduct these studies.
Repetitive element PCR (rep-PCR) DNA fingerprinting is a cultivation-dependent technique that can be used to differentiate strains within a bacterial species.  Highly specific genomic “fingerprints” are generated and have proven useful in differentiating among various strains of fecal indicator bacteria such as E. coli.  During the past year we employed a PCR primer (BOX A1R) corresponding to interspersed repetitive DNA elements which occur in variable locations throughout the bacterial genome. The objective of the present study was to analyze rep-PCR fingerprints of 600 E. coli isolates from both conventional and organic sheep and poultry production systems.  We also examined isolates from pasture-raised beef cattle.  This technique was also employed to examine the persistence of E.coli in the soil of grazing areas impacted by animal waste.  The working hypothesis was that there would be differences in these fingerprint patterns related to source, with greater commonality of fingerprints within groups than between groups.  We reasoned that with time, fingerprints of E. coli isolates obtained from the soil would become more like those of the grazing animals.  Rectal and/or fecal swabs were collected from 30 organically and conventionally-reared sheep and chickens, as well as from pasture-raised beef cattle selected from various experimental systems at the WVU farms in Morgantown, WV.  PCR was performed on the isolates, and multiple rep-PCR products were separated by electrophoresis.  Banding patterns were assigned strain identities and similarities among strains were investigated by UPGMA (Unweighted Pair Group Method with Arithmetic Mean) analysis.  Data supported the presence of multiple E. coli strains among the various animals and suggest that distinct strains are obtained based on the production practice employed; which in turn affects populations and persistence of E. coli in soils.

Janice Thies’s team is developing a high resolution method for bacterial community analysis to analyze community shifts potentially associated with fecal contamination events. The method is a highly discriminatory two-dimensional polyacrylamide gel electrophoresis (2D-PAGE) protocol to facilitate molecular microbial community analysis in soil and water samples. We tested its use in soils containing naturally high concentrations of Zn and Cd. Community analysis using 2D-PAGE was compared with three other community analysis methods: denaturing gradient gel electrophoresis (DGGE), terminal restriction fragment length polymorphisms (T-RFLP), and automated ribosomal intergenic spacer analysis (ARISA) in order to determine the consistency of each method as well as to compare their ability to resolve polymerase chain reaction (PCR) amplicons into the highest number of individual, operational taxonomic units (OTUs). The 2D-PAGE of ITS regions resulted in a three-fold increase in the number of detected OTUs in comparison to any other method. The resolution of the 2D-PAGE method was ten times higher than DGGE.  Resulting gels can be compared using standard spot-matching software typically used in protein gel analysis.  In addition, incorporating the use of fluorescent end-labeling and laser gel scanning improved the sensitivity of this method, and we believe that other marker genes beside the ITS regions may be used in this system.  It remains to test its utility for bacterial source tracking.
Usefulness of Findings:

Cisar: If additional testing of the chicken feces-specific PCR assay continues to demonstrate that cross-reactions are very limited, then this marker could be made available for testing in any project where chickens might be a suspected source of fecal pollution. Collaborative work between Savin (University of Arkansas) and Cisar (Northeastern State University in Tahlequah, OK) resulted in a Northeastern State University student becoming a graduate student working in Savin’s laboratory in 2006.   
Deng: Training and educating undergraduate students is the main outcome of this project.  Another Wentz Undergraduate Research project related to this subject was funded by the Lew Wentz Foundation.  Data obtained was presented at the OSU Wentz Research Conference in April 2007.

Feng: Fecal contamination of surface water is a nationwide problem. Fecal contamination in a watershed usually comes from multiple sources, which cannot be readily determined.  Identification of fecal contamination source is essential to develop effective pollution control strategies and ensure pollution control efforts are directed at the correct sources.

Gentry: The projects described under Objective 2 will provide baseline data on the effectiveness of different management practices to reduce the numbers of E. coli and antibiotic resistant bacteria from grazing systems and the land application of dairy manures.  These studies will also evaluate the usefulness of current Bacteroides markers for determining the level of fecal contamination.
Graves: Two source tracking methods, antibiotic resistance analysis and PCR, appear to be suitable for identifying fecal contamination from swine sources based on broad categories (nursery versus finishing). The procedures could be made available for testing in any project where swine farms might be a suspected source of fecal pollution.

Hagedorn and Hartel: Many BST methods are too expensive for most communities to afford.  Therefore, members of the multistate research project have concentrated on developing inexpensive BST methods.  This year the focus was on developing an inexpensive method to identify human fecal contamination.  This method combined targeted sampling and fluorometry.  Organic matter interfered with fluorometry and this interference was eliminated by using specific wavelength emission filters and UV light.  In this manner, a new fluorometric method was developed that was a simple, quick, and easy way to identify human fecal contamination in environmental waters (see plans from Thies).

Nakatsu: The diversity and structure of microbial communities in the human gut remains poorly characterized making it difficult to choose fecal indicator bacteria and determine factors influencing the stability of antibiotic resistance genes.  We used PCR-DGGE to compare differences in to human gut microbial community profiles from different subjects. Total DNA extracted from fecal samples was used to amplify a portion of the 16S rRNA gene by PCR, which was then profiled using DGGE separation. The analysis demonstrated there was considerable inter-subject but a smaller intra-subject (temporal) variability in the bacterial community profiles.  The high variability in microbial community profiles both within and between human subjects demonstrates the challenge in understanding the ecology of the human biome.

Sadowsky: Macroarray hybridization, coupled with the use of other host source-specific gene probes described under Objective 1, holds great promise as a new quantitative microbial source tracking tool to rapidly determine the origins of E. coli in waterways and on beaches. Another project resulted in the first report of the growth of naturalized E. coli in nonsterile, nonamended soils. The presence of significant populations of naturalized populations of E. coli in temperate soils may confound the continued use of this bacterium as an indicator of fecal contamination. To alleviate the problems associated with BST methods that require construction of large known-source libraries, pooled genomic tester and driver DNAs were used in suppression subtractive hybridizations to enrich for host source-specific DNA markers for E. coli originating from locally isolated geese. While seven probes were identified, they reacted mainly with E. coli isolates obtained from geese in the upper midwestern United States, indicating that there was regional specificity of the markers identified. Coupled with high-throughput, automated macro- and microarray screening, these markers may provide a quantitative, cost-effective, and accurate library-independent method for determining the sources of genetically diverse E. coli strains for use in source-tracking studies. However, future efforts to generate DNA markers specific for E. coli must include isolates obtained from geographically diverse animal hosts.
Savin: The initial studies described under Objective 2 demonstrated that two streams investigated in a watershed study carried a significant load of coliform bacteria, including E. coli. The proportion of E. coli resistant to an antibiotic appears to increase in several effluent samples as compared to upstream samples, but differences among sites within a stream were not always clear, especially among coliforms. More research is needed to determine whether bacterial antibiotic resistance in stream water downstream of inputs is influenced by wastewater treatment effluent. Collaborative work between Savin (University of Arkansas) and Cisar (Northeastern State University in Tahlequah, OK) resulted in a Northeastern State University student becoming a graduate student working in Savin’s laboratory in 2006.   
Sexstone: Data obtained from the past year support goals outlined in Objective 2. The presence of multiple E. coli strains among the various animals (organically and conventionally-reared sheep and chickens, and pasture-raised beef cattle selected from various experimental systems at the WVU farms in Morgantown, WV) suggests that distinct strains are obtained based on the production practice employed; which in turn affects populations and persistence of E. coli in soils. 
Thies: The Multi-state team’s ‘targeted sampling’ of two streams in Mayaqüez, Puerto Rico, in 2007 is allowing us to compare and contrast the usefulness of several different bacterial source tracking (BST) methods that are either in use currently or under development. Each of the participants is using different, yet complimentary, BST methods to identify sources and types of bacteria (and viruses) contaminating these waters. Use of the same samples for all analytical work across the various laboratories will reduce intra- and inter-sample variability and by employing different techniques in different laboratories allow us to characterize the status of these streams more fully. The final (meta) analysis of our data sets should yield recommendations of which approaches provide the more robust means of characterizing the biological quality of our nation’s waterways (see plans from Hagedorn and Hartel).

PCR fingerprinting of DNA extracted from environmental samples, while highly useful in comparing microbial communities, is hampered by low resolution of the resulting community fingerprints. The high resolution community fingerprinting technique we developed allows us to detect 3-10 times higher number of operational taxonomic units (OTUs) in sampled communities than the more popular methods in use today. This will enable us to detect more subtle differences between samples, particularly shifts in low abundance taxa normally masked by the OTU overlap that is characteristic of other PCR fingerprinting methods. Better detection of community-level differences should allow us to determine if these shifts are correlated with the presence or absence of important pathogens in environmental samples by use of statistical methods such as multi-dimensional scaling.
Work Planned for Next Year:

Cisar: Future plans include testing of the putative chicken feces-specific PCR assay with additional chicken fecal DNA samples, and bovine and human fecal DNA samples described under Objective 2. 

Deng: Continue projects described under Objective 1.

Feng: Continue projects described under Objective 1.

Gentry: Complete renovations of watershed sites and installation of sampling equipment as described under Objective 2.  Begin sample collection and analyses for E. coli, antibiotic resistant bacteria, and source tracking.
Graves: Evaluate E. coli isolates described under Objective 2 for resistance and virulence genes. Take the lead in producing a refereed journal article on work for next year described by Hagedorn and Hartel..     
Hagedorn and Hartel: The improved fluorometric method is ready for multistate testing, beginning with Puerto Rican waters because those waters are remarkably low in interfering organic matter (hence the location for the multistate annual meeting).  Researchers from GA and VA will collaborate with multistate researchers from five other member states (AL, MN, NC, TX, and WV) on field-testing the improved fluorometric method.  
Nakatsu: Continue to investigate the stability of human colonic microbial community structure in response to diet and other perturbations (such as antibiotic use).  The current fear of the widespread distribution of antibiotic resistance in the environment is its potential to be transferred to human pathogens. Antibiotic resistance genes are typically encoded on mobile genetic elements.  Gene transfer is most likely to occur in environments such as the gastrointestinal system, where microbial densities are high.  To understand the likelihood of transfer requires more information on factors influencing gut community composition, potential for acquiring resistance genes, and establishment in the host.
Sadowsky: Continue projects described under Objective 1.
Savin: Work on the enumeration of the antibiotic resistant bacterial community will continue in 2008. In addition, plasmids will be extracted from water and isolates and investigated for the presence of broad host range determinants and resistance to multiple antibiotics as described under Objective 2.
Sexstone: Objective 1: Monitoring of indicator bacteria, fluorometry, and fecal sterols is planned using point source influents from ATUs and sediments obtained from a West Virginia lake surrounded by residential housing with no centralized wastewater collection. Objective 2: Fecal bacterial isolates obtained from organic and conventionally raised chicken and sheep, and from pasture-raised beef cattle, will be characterized to compare patterns of antibiotic resistance, rep-PCR fingerprints, and persistence in soil.

Thies: Objective 1: In ongoing work, we are characterizing water and epilithic biofilms sampled from the Sabalo and Savat streams in Mayaguez, Puerto Rico, in May 2007. Ten different target gene sequences are being characterized by PCR fingerprinting analysis of total DNA extracted from the samples. Objective 2:  In 2007-08, I plan to work collaboratively with Ruth Zadoks (Quality Milk Production Services [QMPS], Cornell University Veterinary Sciences) to conduct a bacterial source tracking (BST) study on Klebsiella strains that cause mastitis in dairy cows on New York farms. Similarly to BST for water quality applications, the more robust BST methods identified under Objective 1 will be applied to identify sources and establish transmissions routes of Klebsiella strains on NY dairy farms. Feed, water, manure, bedding and milk will be sampled seasonally on two dairy farms where clinical mastitis has been confirmed in the herd. Milk samples will be analyzed by the QMPS and Klebsiella isolated from positive samples. Klebsiella isolates will be characterized by PCR and antibiotic resistance fingerprinting. Similarly, Klebsiella will be isolated from the environmental samples in the Thies lab and also characterized by PCR and antibiotic resistance fingerprinting to identify the sources of isolates causing mastitis in the cows (and aiding in establishing treatment and prevention protocols). Real-time, community-level, PCR fingerprinting will be assessed for its usefulness in characterizing the potential for different ecotypes to persist in the environment and cause mastitis in dairy cows. Local (farm level) libraries of Klebsiella isolates will be established for use in comparing strains isolated in other studies within the region and between regions. 

At the annual project meeting in Puerto Rico, rocks with adhering biofilms were also sampled from the stream beds in both the Sabalo and Savat streams. Rocks were placed in sterile plastic bags, placed on ice and transported to Cornell University the following day. Biofilms on the rock surfaces were sampled in two ways: shaking to remove lightly adhering cells and scraping combined with the use of surfactants to recover tightly bound cells. Sampled biofilms were pelleted by centrifuging. Total DNA was extracted from the pelleted cells and stored frozen at -20°C for further analysis. In ongoing work, we are characterizing the same 10 target gene sequences that are being used to test the water samples in order to detect the presence of bacterial pathogen populations persisting in epilithic biofilms in the two streams.
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