FIGURE 6: Hierarchical cluster analysis of Prevotella oligotypes
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FIGURE 6: Hierarchical cluster analysis of 27 samples (ten human, ten animals, one sewage (Embasa), and six river samples) with

respect to Prevotella oligotypes they possess. Distances between samples were determined using Canberra distance metric.
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TABLE 1: Average taxonomic composition of fecal-associated bacteria human fecal and sewage samples

Family Emabsa Sewage %

Ruminococcaceae
Prevotellaceae
Lachnospiraceae
Enterobacteriaceae
Porphyromonadaceae
Veillonellaceae
Rikenellaceae
Clostridiaceae
Erysipelotrichaceae
Bacteroidaceae
Lactobacillaceae
Bifidobacteriaceae
Fusobacteriaceae
Enterococcaceae

18
19
27
54
4.8
7.9
15
13
44
4.9
0.70
4.9
0.30
0.10

Average Human %

25
38
20
2.0
0.50
4.4
3.6
2.3
2.7
0.30
0.10
14
0
0

Average Pig %

30
19
16
14
7.3
11
4.6
1.7
3.9
0.30
15
0.30
1.9
0

Average Dog %

13
10
10
36
8.4
3.2
3.2
3.5
3.5
3.8
3.8
0.90
1.8
0.10

Average Horse %

23
13
18
11
5.8
3.8
12
4.1
2.0
3.1
1.7
1.0
0.90
0.10

Average Cow %

18
12
8.3
20
10
2.7
7.0
8.1
2.1
3.4
4.2
0.60
3.7
0.10

Sot1



TABLE 1: Average taxonomic composition of fecal-associated bacteria human fecal and sewage samples (from Figure 1), compared
with ten Brazilian animal fecal samples (three pigs, three dogs, two cows and two horses) collected from Jenipapo, Brazil in August
2012. As with the previous samples, the V6 hypervariable regions of the 16S rRNA gene from community genomic DNA were
amplified and sequenced using HiSeq Illumina sequencing. Taxonomy was assigned using GAST, stored in VAMPS and family level
taxonomic counts were normalized to the maximum number of sequences. Data presented are based on the percentage of sequence

reads associated with the taxonomic classification of these fourteen previously reported families of fecal bacterial (22, 25, 32).
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TABLE 2: Abundance of top three Blautia and Prevotella human specific oligotypes

Blautia
Total Oligotypes (Among Ten Human Fecal Samples, n=63)
Human-Specific Oligotypes (Human Fecal, n=33; Sewage, n=31)
Top three human-specific Blautia oligotypes and tag sequences:
AACTCGGACCCCTAA
AAATCTTGACATCCCTCTGACCGGGACTTAACCGTCCCCTTTCTTCGGAACAGAGGAGAC
AACCCGGCAGCTTGA
AAATCTTGACATCCCCCTGACAGGGCATGTAATGTGCCTTTCCTTCGGGACAGGGGAGAC
AACTCGTCTACTTGA
ADAATCTTGACATCCCTCTGACCGGTCTTTAATCGGACCTTTCCTTCGGGACAGGGGAGAC

Prevotella
Total Oligotypes (Among Ten Human Fecal Samples, n=108)
Human-Preferred Oligotypes (Human Fecal, n=13; Sewage, n=8)
Top three human-specific Prevotella oligotypes and tag sequences:
CCATACGATGACAATTCCG
CGGGCTTGAACTGCTAGTGACGTATGCAGAGACGCATATTTCTTCGGACACTAGCGG
CCATACTATGACAGTTCCG
CGGGCTTGAACTGCCAGTGACTCATGCAGAGACGCATGTITTCTTCGGACACTGGCGG
TCGGAAGATTGTTACCTTG
CGGGCTTGAATTGCAGAGGAAGGATTTGGAGACATTGACGCCCTTCGGGGTCTCTGT

Sequence read
abundance
(Human)

134,595
33,677

9910
4,070

3,945

3,787,929
18,125

4,635
2,776

2,368

Sequence read
abundance
(Sewage)

19,863
3,047

205
59

472

76,261
449

188

LOT
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CHAPTER 5: Concluding Comments

Overall, this research demonstrated the value of integrating molecular techniques for the
detection and identification of fecal contamination in surface water sources. Traditional
water monitoring efforts, using culture-based indicator organisms (i.e. enterococci and E.
coli) as an index of human health risk, has its shortcomings, as recent studies have
demonstrated weak correlations between FIB and bacterial pathogens (1). Although the
association between fecal contaminated water and human illness is well established, the
associations between traditional FIB and human health risk are less decisive; the survival
and environmental persistence of FIB and pathogenic bacteria are variable and non-
correlative, as are the techniques used to ascertain their presence (culture-dependent vs.
culture—independent) (1). The ubiquity of FIB in humans and animals alike presents
another challenge for pathogen detection and risk characterization (2-4). As demonstrated
through the microbial community population profiles of the gull fecal samples,
sometimes the most abundant bacteria (i.e. Catellicoccus marimammalium) are not
readily culturable and culturable FIB are in low abundance. These findings highlight the
accuracy and advantages of using culture-independent over culture-dependent detection
techniques for surface water monitoring. Culture-independent techniques are more time
efficient, cost effective, and encompassing as they are able to detect hard to culture
organisms that might be more relevant to understanding the source of fecal pollution.
Given the weak and confounding associations between culture-dependent FIB and
human-specific bacterial pathogens, it is prudent that more decisive and accurate methods
are utilized when available, such as culture-independent molecular approaches in

pathogen surveillance.
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Watersheds are complex systems and fecal pollution can be introduced from a variety of
sources: sewage overflows, agricultural runoff, urban stormwater, wildlife, etc., making
the identification and elimination of the contamination source obscure. Traditional
microbiological methods used to detect the presence of pathogens provides no
information as to the source of the fecal contamination and given the severity of some
waterborne infections, source detection is paramount to prevent the further transmission
of disease. Molecular pathogen surveillance, such as MST, has proven to be an effective
method of determining sources of fecal pollution in water sources, showing considerable
promise as a tool for public health prevention (2, 5-12). In surface water sources with
ubiquitous fecal contamination, MST indicators are particularly useful for accurate
surface water assessments, human health risk characterizations and pathogen surveillance
(2, 5, 10, 12, 13). They can be further used to direct specific sanitation interventions. As
applied in this research, MST techniques are also useful for tracking chronic parasitic
infections such as schistosomiasis, in addition to acute gastrointestinal illnesses. The
parasite causing schistosomiasis has a complex life cycle, long-term survival in the
environment and can be difficult to detect in surface water sources; bacterial indicators
that track human fecal contamination are a useful proxy for detecting and understanding

schistosomiasis transmission.

As noted in the Brazil and US microbial community population comparisons, differences
in diet, cultures, levels of sanitation, population densities, genetics, environment, age,
antibiotic exposure and/or geography contribute to differences in the geographic

applicability of MST marks (5-9). These findings highlight the need for the testing and
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validation of different MST assays in across different watersheds to evaluate if makers
developed in one region, state or country will transcend different geographical regions.
Deep sequencing technologies - such as pyrosequencing, Mi-Seq and Hi-Seq Illumina
sequencing — are becoming more commonplace, giving rise to techniques such as fecal-
associated microbial signatures and oligotyping; both of which are additional tools that
are useful for detecting fecal contamination in surface water sources (14, 15). Whereas
MST assays traditionally track one host-specific organism, fecal signatures — a suite of
fecally associated organisms — may offer more sensitivity in complex environments (16-

18).

Waterborne illnesses continue to be a major public health problem throughout the world.
Of the illnesses and outbreaks that are detected and reported, it is believed that there are
many that go unreported and undiagnosed (19). Therefore, detection methods and MST
that employ single source specific markers, fecal-signatures or oligotyping are important
molecular techniques that can be useful for distinguishing sources of fecal contamination.
Once established, efforts can be directed at minimizing public health exposures, which

will consequently limit disease transmission and prevent further illness.
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