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	Beaches near and along the southern coast of Lake Michigan have experienced an increase in closures due to high levels of Escherichia coli. While not normally pathogenic, E. coli is an indicator for potential fecal contamination of water. The State of Indiana ranks second in dumping untreated sewage into its waterways, behind only Pennsylvania. This problem is of particular concern in Northwest Indiana, where over 400 million gallons of untreated sewage overflows occur, directly impacting the southern Lake Michigan watershed. In an ongoing study to determine potential sources of contaminating E. coli in regional urban rivers and inland lakes, we retrospectively analyzed a subset of environmental isolates for the presence of enterotoxigenic E. coli (ETEC), the most common pathogenic form of E. coli in the developing world. A multiplex PCR assay revealed that nearly 1% of the isolates examined were positive for either heat-labile (LT) and/or heat-stable (ST) enterotoxins. The toxin-positive isolates identified are being further characterized for the expression of human-specific colonization factors using affinity purified polyclonal antibodies, as well as for genotypic and serotypic relationships. Our findings suggest that E. coli with the potential to cause human disease may be common in the local watersheds around southern Lake Michigan and could serve as an ecological reservoir of virulence factors.
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	An important human pathogen, Escherichia coli O157:H7 can cause gastroenteritis and hemolytic uremic syndrome when ingested during swimming, especially in children. Although federal statutes suggest guidelines for the acceptable levels of bacteria that can be present in recreational bathing waters, recent evidence has shown that these criteria may not accurately represent the number of pathogens present. During outbreaks of E. coli O157:H7, levels of fecal indicator organisms have been within acceptable ranges, suggesting that the infectious dose of this pathogen is too low to be detected by the fecal indicator method. In addition, beach sand is not included in samplings to test for indicators, so bacteria inhabiting the sand may go undetected. E. coli isolated from sand and water samples collected at six public beaches in St. Clair County, MI during 2001, 2002, and 2003 were screened for the pathogen, E. coli O157:H7. E. coli O157:H7 isolates were preliminarily identified based on their colony morphology on sorbitol-MacConkey-BCIG agar. DNA from putative E. coli O157:H7 isolates was extracted by alkaline lysis and amplified by PCR with primers specific for the Shiga-like toxin and O157 biosynthesis genes. Fourteen of 364 isolates were initially identified as E. coli O157:H7 based on colony morphology. Of these, five showed amplification for one of the two genes and two isolates showed amplification for both genes tested by PCR. These two isolates were found in sand during August 2002 and water during March 2003. Viable E. coli O157 carrying the Shiga toxin gene were isolated from both sand and water at recreational beaches. This may be a result of active colonization of the sand by the E. coli. In addition, the beach was open to the public when these isolates were present, suggesting that current fecal indicator testing methods may not be sufficient to ensure public safety. These organisms may also utilize a cold-survival mechanism, as one of the isolates was recovered from below-freezing water.
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	Escherichia coli is a genetically and phenotypically diverse bacterial species found in the gastrointestinal tract of humans, warm-blooded animals, and the environments where these hosts live. Many studies have focused on the characteristics of pathogenic E. coli, but much less is know about the genetic structure and adaptations in natural populations of E. coli in the environment. Here, we used the method of multilocus enzyme electrophoresis (MLEE) to quantify allelic variation and identify multilocus genotypes in a collection of E. coli isolated from water and sand from beaches along Lake Huron in Michigan. MLEE of 18 enzymes encoded by conserved housekeeping genes resolved 6.7 alleles per locus and distinguished 91 distinct allele profiles or electrophoretic types (ETs). Five ETs were represented by multiple isolates and the most common ET, represented by 16 isolates, was recovered from all 6 sampling sites, suggesting that this ET marks a common clone in this environment. Furthermore, 24 of the 111 isolates (21.6%) were closely related and formed a distinct cluster in a dendrogram based on pairwise genetic distance. Comparison to a database of 1386 ETs (most of which are from clinical sources), revealed three environmental ETs that match five strains with known virulence genes (e.g. stx1, stx2, and eae). The results indicate that E. coli genotypes are not distributed randomly in freshwater beach environments, and suggest that certain clones are widely distributed and have a selective advantage in this environment.
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	Background: In Escherichia coli, the statistical association of beta-glucuronidase (uidA) DNA variants with particular hosts has been applied successfully to microbial source tracking of environmental E. coli (Ram et al., JEQ, in press, 2004). However, strains with the most common allele (uidA1, Genbank AY447047) were isolated from all hosts (humans, birds, pets, and farm animals). Also, while some pathogenic E. coli exhibit distinct variants of the uidA gene (e.g., O157:H7, Genbank AF305917), others are identical to uidA1 and cannot be subtyped by their uidA sequence alone. This study investigates the hypothesis that strains with the uidA1 allele can be further differentiated by examining single nucleotide polymorphisms (SNPs) in a 2nd gene, malate dehydrogenase (mdh). Methods: A 499-nt segment of mdh was sequenced in 30 environmental, 17 fecal, and 2 sewage isolates that were previously identified as having the uidA1 allele. Additionally, mdh was sequenced in K12 E. coli and ~350 pathogenic strains. Results: The 49 environmental, fecal, and sewage isolates exhibited 13 mdh alleles, of which the K12 sequence was the 2nd most frequent (12 strains). The most common (14 strains) mdh allele differed from K12 at 4 bases, and one allele differed from K12 at 11 bases. A total of 23 SNPs were synonymous, and 3 predict conservative amino acid replacements. Similarly, of ~350 pathogenic E. coli strains sequenced at both uidA and mdh loci, 78 strains with the uidA1 allele had 15 mdh alleles, a similar diversity to the non-clinical strains. SNPs defining mdh and uidA alleles exhibited linkage disequilibrium, exemplified by larger than expected variances in the # of pairwise differences. Conclusions: Linkage disequilibrium supports a primarily clonal model of inheritance for both uidA and mdh genes. Diversity in the mdh gene enables subdividing strains with identical uidA genes into several groups. Di-locus genotypes determined by the combination of uidA and mdh alleles may be useful for molecular subtyping of environmental and pathogenic E. coli, and in future applications to microbial source tracking. (supported by MiGLPF, USACE, NIH, and Wayne State).
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	Indicator bacteria (E. coli, enterococci) have previously been reported to occur in terrestrial and aquatic plants (e.g., bromeliads, forage crops, algae) where there was no direct human contamination. Whether the plant-associated indicator bacteria are indigenous to the ecosystem or perhaps represent a transient population from non-point sources remains unclear. Sarracenia purpurea (L.) is a carnivorous bog plant consisting of pitcher-shaped leaves that accumulate water and trap invertebrates, mostly insects. Previous research (unpublished) suggested that E. coli and enterococci were incidental contaminants in S. purpurea pitchers; however, these findings were not further investigated. The purpose of this study was to determine the occurrence, distribution, and growth potential of E. coli and enterococci in S. purpurea found in an ecologically isolated and protected bog in northwest Indiana. Analysis of pitcher fluids (n = 43 plants) indicated the presence of both E. coli and enterococci, with mean counts (log CFU/ml) of 1.28 + 0.23 (E. coli) and 1.97 + 0.27 (enterococci). Further, there was no significant difference in mean E. coli (P = 0.66) or enterococci (P = 0.64) densities between plants’ pitchers (7 plants, 4 pitchers each). In vitro growth experiments on pitcher fluids showed that (1) nutrients in the fluids can sustain E. coli and enterococci for 5 days at 25°C, (2) E. coli growth in filtered fluid, not containing insects or most microbes, was directly proportional to the concentration of pitcher fluid (R2 = 0.82), and (3) competition for available nutrients and/or predation is important in controlling E. coli population. These findings support previous observations that indicator bacteria can commonly be found in ecologically diverse terrestrial and aquatic habitats. While this study stops short of identifying the original sources of these indicator bacteria, it is clear that pitcher fluid provides a suitable matrix for persistence and potentially growth of these bacteria.
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	The USEPA Beaches Environmental Assessment and Coastal Health Act (BEACH Act), passed by Congress in 2000, requires states to develop monitoring and notification programs based on water quality standards for recreational waters. Monitoring frequency of surface waters is based on beach usage and shore length. Implementation of an appropriate monitoring program can under some circumstances be very expensive. This study explored the use of composite sampling at two Racine, WI beaches over a four month period (n = 68 days) in order to determine whether compositing can provide a valid and unbiased, as well as cost-effective, measure of water quality. Multiple point sampling occurred throughout the bathing season with water samples collected daily from three or four fixed locations along each beach respectively (Zoo Beach = 3, North Beach = 4). From each individual sample, well-mixed aliquots were combined to form a composite sample. Individual and composite samples were assayed identically for Escherichia coli using Colilert-18 and Quanti-Tray 2000 (IDEXX Laboratories, Inc., Westbrook, ME). Results from this study indicate a reasonable expectation of a simple 1:1 ratio between the composite samples and the arithmetic mean of the 3 or 4 individual samples. Additionally, log variance of the composite sample results did not differ significantly from that of the single sample averages (p > 0.2). Empirical values for log standard deviations, in fact, varied by no more than 7% between the composite sample and individually assayed samples. Thus, compositing as performed in this study, appears to introduce neither bias nor additional variability into the monitoring results and stands as a reasonable alternative to data sets derived from single-sample methods. Regulatory programs (in the USA and Europe) that require a large number of samples to be analyzed could benefit from the adoption of this approach as a means to reduce the costs associated with recreational water quality assessment.
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	Several microbiological, genotypic, phenotypic, and chemical microbial source tracking (MST) methods have been proposed and utilized to differentiate groups of microorganisms, usually indicator organisms, for the purpose of tracking sources of fecal pollution. Targeting of host-specific microorganisms is one of the approaches currently being tested. These methods are useful as they circumvent the need to culture and isolate individual organisms and do not require the establishment of reference databases.
Several recent studies have demonstrated that the presence and distribution of Enterococcus spp. in feces seems to be influenced by the host species. Here, we present the results from research directed toward identifying genetic sequences in Enterococcus spp. capable of differentiating human sources of fecal pollution in the environment. The human fecal pollution marker designed in this study targets a putative Enterococcus virulence factor, the enterococcal surface protein (esp). This gene was detected in 94% of sewage and septic samples and no samples collected from livestock waste lagoons, or from birds or animal fecal samples.
As enterococci have been proposed as useful indicators of public health risk, this marker allows for further resolution of the source of this risk. 
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	Fecal pollution in water is a major concern of environmental agencies across the United States. Identifying the sources of pollution is essential for analyzing human health risks as well as managing the problem. In recent years, an automated ribotyping technique has been used for characterizing fecal indicators such as E. coli for source tracking. To identify the origins of fecal contamination, riboprint patterns of E. coli from environmental samples are matched with those of E. coli from known sources in a database. In this study, over 500 E. coli isolates were collected from cows, horses, deer, sewage and septic tanks in two different geographic areas, the south shore area of Lake Michigan in Indiana and Illinois (PUC) and the Turkey Creek watershed, north central Oklahoma (OK). The riboprints of these isolates were generated by the automated Riboprinter® Microbial Characterization System using the HindIII restriction enzyme and analyzed with the BioNumericsTM software. A multivariate analysis of variance (MANOVA) for discriminating the E .coli riboprint patterns was performed. On the resulting 2-D plots, the clusters of OK isolates could be visually separated from clusters of PUC isolates with some degrees of overlap. A group separation analysis (Jackknife method) was also carried out to determine how well OK and PUC isolates were classified into separate groups based on maximum similarities of riboprint patterns. The results showed that 80 to 90% of PUC isolates were assigned to PUC groups, and 57 to 78% of OK isolates were assigned to OK groups. This suggests that there are geographic differences of E. coli strains isolated from the same host or source. Therefore, the most reliable way for bacterial source tracking is to use a database developed in the same geographic area.
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	Studies on solar inactivation of E. coli in freshwater and in situ have been limited. At 63rd Street Beach, Chicago, a study was undertaken to analyze the factors, particularly insolation, influencing the daily periodicity of culturable E. coli. Water samples for E. coli analysis were collected twice daily between April and September 2000 three times a week along five transects in two depths of water. Hydrometerological conditions were continuously logged, including UV radiation, total insolation, wind speed and direction, wave height, and lake stage. On ten randomly selected days, transects were sampled hourly from 0700 to 1500 h. The effect of sunlight on E. coli inactivation was evaluated using dark and transparent in situ mesocosms and ambient lake water. During clear, sunny days, E. coli decreased exponentially with day length and exposure to insolation, but on cloudy days, the decrease was diminished and less dependent on insolation. E. coli decay rate was strongly influenced by its initial concentration. In situ experiments confirmed that insolation primarily inactivated E. coli; UV radiation only marginally affected E. coli concentration. The relationship between insolation and E. coli is complicated by relative lake stage, wave height, and turbidity, all of which are often products of wind vector. Population equilibrium was often achieved, but there was no evidence of in situ multiplication or short-time resuscitation. Continuous importation and nighttime replenishment of E. coli was evident. These findings have implications for management strategies of non-tidal waters and the use of E. coli as an indicator organism.
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	The densities of Escherichia coli (EC) and fecal coliforms (FC) in water reclamation plant effluents, the Chicago area man-made waterways and river systems, and Chicago bathing beaches on Lake Michigan were determined. Six estimators, including a maximum likelihood estimator (MLE) and a uniformly minimum variance unbiased estimator (UMVUE) of the EC/FC ratio, R, for each sample type were evaluated in terms of mean square error criteria and other criteria discussed by Rao (2002). The UMVUE of R was derived using the method of Shimizu (1988). The findings of this study are enumerated below. 1) R for these data is lognormally distributed, and the MLE of R is obtained from the properties of the lognormal distribution. 2) The MLE of R, calculated from the joint distribution of the random variables EC and FC, for WRP unchlorinated effluent, WRP chlorinated effluent, the Calumet River, the Chicago River, the Des Plaines River, and Lake Michigan, gave R values of 0.84, 0.97, 0.94, 0.84, 0.92, and 0.57, respectively. 3) Use of the ratio of the geometric mean of EC to the geometric mean of FC to estimate R for this data set was found to be inappropriate. 4) The values of R calculated in this study for all sample types with the UMVUE were virtually identical to those calculated with the MLE from the properties of the lognormal distribution. 5) As discussed, it may be appropriate in some cases to use the MLE to determine R, but the UMVUE should be used when the best estimate of R is required. 6) The results of this and other studies to date indicate that the EC to FC ratio in polluted ambient water is variable and would be influenced by a number of factors, including the type of water body and the source of pollution. 7) The statistical methods and criteria used in this study may be appropriate in finding other ratios, for example, specific pathogen to FC or EC ratios. 8) The values of R reported here for WRP effluents and river samples are relatively high, ranging from 0.84 to 0.97, indicating that proposed effluent and ambient water quality standards based upon EC may be more difficult to meet than those currently based upon FC.
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	Biosolids for land application are monitored for compliance with the 40 CFR Part 503 Biosolids Regulations which specify the acceptable levels of fecal coliform and/or Salmonella and pathogens (enteric virus and Ascaris ova) in Class A biosolids. The assays for recovery of pathogens from biosolids are expensive, relatively difficult, and allow only a limited number of samples to be analyzed. A review of the literature suggests that male-specific RNA (FRNA) coliphages are a potential alternative fecal indicator for sewage and for possible presence of human enteric viruses. The objective of this study was to modify and adapt the USEPA FRNA coliphage method to determine FRNA coliphage concentrations in raw wastewater, digester feed, digester draw, and air-dried biosolids (ADB) samples from the Stickney Water Reclamation Plant of the Metropolitan Water Reclamation District of Greater Chicago. A plaque assay using E. coli HS (pFamp) R and the spot plate enrichment assay were conducted to quantify and confirm the presence or absence of FRNA coliphages. ADB samples assayed for FRNA coliphages were also monitored for enteric viruses as part of the Class A requirement. Based on the results of this study the average concentrations of FRNA coliphages were similar in raw sewage (2.4 x 103 PFU/mL) and digester feed sludge (3.7 x 103 PFU/mL) samples. The FRNA coliphages were not recovered from digester draw sludge or ADB samples. The results of the enrichment assay indicated the presence of FRNA coliphages in digester draw samples. The enrichment assay was negative for FRNA coliphages in ADB samples. No enteric viruses were isolated from the ADB samples analyzed. High concentrations of FRNA coliphages in sewage and digester feed samples but generally low concentrations of this group of coliphages from digester draw as well as negative results for ADB samples suggest that FRNA coliphages are a good alternate indicator for predicting the presence or absence of pathogenic enteric viruses in Class A biosolids, specifically, and for assessing the efficiency of wastewater sludge treatment, in general.
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	Studies in temperate locations have shown that populations of fecal indicator bacteria (E. coli, enterococci), presumably unrelated to human contamination, persist in natural habitats—forest soil, creeks and rivers, and foreshore and backshore beach sand. While circumstantial evidence suggests that E. coli can grow in tropical soils under certain conditions, there are no data that show it can grow in cooler temperate soils. Thus, the purpose of this study was to address three specific factors—(1) colonization potential (2) persistence over time, and (3) in situ growth—that allow E. coli to inhabit soil and become part of the natural microflora. To determine re-colonization potential, an experimental plot (0.09 m2) was purged with hot water (87.5 °C) to kill the resident population; E. coli re-colonized the soil within two weeks and maintained its counts by at least 2-logs/g dry soil for over a year. Studies on long-term persistence of E. coli in soil were conducted in six small plots (each 0.5 m2) over an area of approximately 1.0 km2 within a less disturbed watershed in Indiana Dunes State Park. The soils were generally sandy and moist with abundant detritus. The sites were covered with mesh cages to prevent external contamination. E. coli was consistently recovered from all six plots throughout the study period (April-November, 2003). The overall mean E. coli count (log MPN/g dry soil) for the six sites was 1.15 (n = 66, S.E. = 0.09), ranging as high as 1,657 MPN/g dry soil. While there was no significant difference in mean E. coli densities among sites, mean E. coli was generally higher inside than immediately outside the exclosures (p=0.03). In vitro E. coli counts in moistened soil incubated at 35°C increased by 2 logs in 72 h in unamended soil and 2-5 logs in 24 h in amended (fertilizers, glucose, or bile salts) soil, suggesting growth in temperate soils under certain conditions. These findings concur with those from tropical areas that indicator bacteria can persist for long periods and potentially multiply in temperate forest soil given suitable conditions.
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	Rep PCR was used to evaluate the genetic profiles of E. coli isolates from urban rivers that were contaminated with stormwater, e.g. non-point source runoff, and sanitary sewage. Stormwater can be considered a major source of fecal pollution in an urban river system that leads to Lake Michigan, where 13% of stormwater outfalls were found to discharge >100,000 E. coli per 100 ml and 30% of outfalls were found to discharge >20,000 E. coli per 100 ml. DNA fingerprints of E. coli sampled directly from stormwater were expected to be highly heterogeneous since stormwater carries fecal pollution from many diffuse sources. However, there was less heterogeneity among strains from stormwater than what was displayed for strains taken directly from host sources, which may suggest that a limited subset of E. coli from hosts survive in the environment. Alternatively, replication may account for the lack of heterogeneity and high numbers of E. coli in stormwater; evidence for this was found with the isolation of multiple identical strains from individual flow weighted samples, accounting for 21% of the 775 stormwater isolates that were analyzed. Over 77% of the 1042 environmental isolates from river water that contained no known sanitary sewage contamination were more closely related to each other as a group than database strains of known host sources, which included isolates from sewage, gulls, cattle, dogs. This result is consistent with the assumption that river water contaminated with stormwater contains diverse sources of fecal pollution, which are not expected to be characterized in the database. In contrast, only 56% of the E. coli from river water contaminated with a mixture of sanitary sewage and stormwater were found to be most similar to each other, and 20% of the isolates were most similar to isolates taken directly from sewage. Overall, these findings indicate that minimal genetic similarity occurs between E. coli from uncharacterized host sources (e.g. stormwater isolates) and E. coli from sewage, and therefore, genetic comparisons may be useful in ruling out sanitary contamination in surface waters.
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	Escherichia coli and other intestinal inhabitants are constantly being displaced from intestines and are shed in the feces. Therefore, E. coli have been used as indicators of recent fecal contamination and the presence of human intestinal pathogens in many environments, including recreational beach water. Recent investigations have demonstrated high abundances of E. coli in temperate freshwater sand. This study was initiated to test the hypothesis that high abundance can be explained, at least in part, by the ability of E. coli to live and replicate in beach sand under ambient nutrient availability and temperatures. A combination of laboratory and field studies was used to monitor the densities of environmental isolates of E. coli in natural beach sand from Lake Huron. In controlled laboratory microcosm studies, E. coli densities increased from 1.9 x 102 to more than 2 x 107 CFU/ 100g sand after 2 days of incubation at 19ºC, and remained above 2 x 107 for at least 35 days. These results suggested that nutrient and temperature conditions of summer freshwater sand could support replication of E. coli. Therefore, we examined the ability of E. coli to replicate under the dynamic conditions present at a beach. In situ field replication studies were performed in diffusion chambers incubated in foreshore sand at a Lake Huron beach during summer 2003. In the absence of competition and predation, E. coli were able to multiply rapidly at the beach, reach high densities in the sand (approximately 7.5 x 107 CFU/ 100g), and to persist in a cultivable state at this high density for at least 48 days. Beach monitoring programs operate under the assumption that E. coli in water originate from a recent fecal contamination event. This study confirms suggestions from recent monitoring studies: Some E. coli populations may be indigenous to beach sand. If E. coli can replicate in beach sand and potentially re-enter the water at a later time, then E. coli is less useful as an indicator of recent fecal contamination and a predictor of human pathogens in bathing water. Further, if E. coli can persist in beach sand, then it is possible that other enteric bacteria could also persist.
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	Surface waters in the state of Michigan are used for multiple purposes including source waters for drinking and those used for recreation. Microbial pathogens and fecal contamination are emerging as significant threats to these waterways; however, they have not been adequately addressed in terms of presence. In this study, nine major tributaries in the lower portion of the state were tested for the presence of fecal coliforms, Escherichia coli, enterococci, coliphage, and human enteric viruses. Of these, seven exceeded the allowable limits set for recreational waters for E. coli and enterococci and three tested positive for the presence of human enteric viruses by tissue cell culture methods. The presence of human enteric viruses and elevated levels of microbial indicators suggest that these waters pose a threat to the health of individuals using them for recreation. Several new genotypic and phenotypic characterization methods have emerged that have the ability to define specific human and animal sources of fecal indicators. One of the emerging genotypic methods is the use of host and species-specific molecular markers. We have developed a molecular marker for Enterococcus faecium, which is both species and host (human) specific. This marker is a putative virulence factor, the enterococcal surface protein (esp). We have also developed a marker for Enterococcus faecalis targeting a collagen-binding protein (ace). This marker while specific for E. faecalis is cross-reactive in humans and chickens. When the two markers were combined and the nine tributaries were screened, two were found to contain human fecal pollution, five were found to contain animal fecal pollution, and two were below detection limits for the markers. This study is a first step in validating the use of molecular markers as a method for identifying sources of fecal pollution.

	


