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What Is A Library?

solates cultured from fecal material whose
nost sourceis KNOWN

Phenotypic or genotypic typing discriminates
among subtypes

Dombek et al 2000
AEM 66:2572




How Is a Library Used?

| solates are typed and “ matched” to subtypesin
library.

eThe“ match” can be statistical
o discriminant analysis
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mﬁdﬂy MST Studies,

Expectations of the Methods Reflected
o Wild optimism




Caveats

e Librariesweregenerally small (hundreds
of Isolates).

e Librariesretained “identical” subtypes
from fecal samples.

 Validation was solely by rate of correct
classification (RCC).

 Thisisan internal validation measure
that does NOT test thelibrary’sability to
classify isolates from fecal material that Is
not part of thelibrary.



A Second Generation
)T Studies Suggested:

Jh-oh...not so fast!

Proficiency” Isolates were not
accur ately classified.

SCCWRP study 2003

Stoeckel et al 2004 )
Moore et al 2005 i LETTEY L

REP-PCR

30 E. coli isolates were
chosen randomly from the
challenge sample set

10 human

10 swine

10 Canada goose




Accuracy Trend for Library-Based
Methods In Published MST Studie
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o External challenge
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Validation Strategies

Internal Validation of Library RCC by Jacknife
* Hold-one-out
e Pulled sample

External Validation of Library Accuracy:
Challenge (Proficiency) Tests

 Blind isolates from known sources
o Seeded samples

e Environmental waters contaminated from a
known source



Performance Measures

o Senditivity (rate of correct classification;
ability to detect source when present)

o Specificity (discriminatory capability of
method; ability to rule out source when
absent)



Sensitivity

Ability to detect target when

present = RCC

Specificity

Ability to discriminate

among sources

% of actual + that are
detected

10 samples contain
“human” source, but
only 8 test positive
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8/10 = 80%

Proportion of negative samg
that test negative

9 samples contain no
“human” source, but
only 6 test negative
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6/9 = 66.7%



Comparing Apples to Oranges -
How to Compare Method Accuracy

When the Possible Number of
Source Categories Is Different?

Example: Study A splitsall observationsinto two
possible sour ce categories, e.g. animal and human,
and the method correctly assesses fecal sourcein
/4% of samples.

Study B splits all observationsinto four possible
sour ce categor ies, and the fecal source Is assessed
correctly in 55% of samples.



“Benefit Over Random”
2-Category Split

Nonhuman
source isolates
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Correct: 210 of 300
RCC: 70%

Classification accuracy

0% | A=50% 100%

B=74% -

A=measure of random classification (e.g. 1/k)
B=measure of accuracy (e.g. ARCC)

Benefit over random (BOR) =B - A

Human-source

Isolates
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Correct: 230 of 300
RCC: 77%

ARCC: 74%
Categories: Two
Random: 50%

BOR: 74%-50%=24%




4-Category Split
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1ch symbol represents ten isolates. Dark ARCC: _55%
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mbols were incorrectly classified Random: 25%

BOR: 55% 25%=30%

By comparison, the two-way split
had ARCC 74%, BOR 24%



BOR of Library-Based Methods

= | ibrary challenge
o External challenge
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Stoeckel & Harwood 2007: Critical Review of MST  Appl Env Micro In press




Building a Better Library

Use common sense and local knowledge in
selecting sour ce categories

Sample many individuals of each host species
Estimate indicator organism diversity before
typing

e Composite fecal sampleswill contain a much
higher-diversity microbial population than
individual samples

Declone at the sample level



External Measures of Method
Success Should Be REQUIRED
In Publications and for
Management Reports
(Defensibility)




Field VValidation Needed

eConfidence estimates for classification of unknowns

sEffects of differential survival/ rapid die-off in secondary
habitat

Matrix effects such as humic substanceson PCR (LIMS)

=T

.

Confirm Successful
Methodology Transfer!



Case Study 1: Wakulla County Florida
BOX-PCR of Enterococcus spp.

Sour ce categories

 Human (septic pump-out and WTP influent)
e Bird (gullsand pelicans)

e Sediment

Library

e Initially 778 isolates



Composition of the Enterococcus BOX-PCR Library

| solatesin

| solates Number of

Sour ce typed DEEEE samples

b Library P
Lift stations 212 57 )
HESISIE IS 105 45 2
Influent
Septic tank 48 12 2
Bird feces 150 55 41
Marine
sediment 263 121 26

Total 778 290 76



Internal Library Accuracy (Sensitivity)
by Jacknife Analysis

Assigned Sour ce Categories

Human Marine Birds Total
True ) Sediment ) (%)
Sour ce (%)
Human? 614 28.9 9.7 100.0
Sediment 28.5 57.0 14.5 100.0
Birds 27.3 12.7 60.0 100.0

BOR = 27%



Proficiency Isolates

Assigned Sour ce Categories

True Human Sediment Birds Totd
Sour ce n (%) n (%) n (%) n (%)

Human 88(61.1) 30(20.8) 26(18.1) 144 (100.0)
Sediment 14(31.1) 26 (57.8) 5(11.1) 45 (100.0)
Gulls 3(33.3) 1(11.1) 5 (55.6) 9 (100.0)

Ducks 32(31.1) 41(398) 27(26.2) 103(100.0)

Thelibrary contained no duck isolates /




Classification of Isolates from Water by
Bootstrap Analysis

Human  Sediment Birds T otal
Site n (%) n (%) n (%) n (%)
Beach 18(34.0) 17(32.0) 18(34.00 53(100.0)
Marsh 11 (21.1) 34(65.4) 7(13.5) 52 (100.0)

Boat ramp 12 (20.0) 31(51.7) 17(28.3) 60(100.0)

Bridge 23(29.9) 36(46.7) 18(23.4) 77 (100.0)



Water Isolates Classified with =
80% Bootstrap Value

Human Sediment Birds T otal
n (%) n (%) n (%) n (%)
Site
Beach 1(16.7) 1(16.7) 4 (66.6) 6 (100.0)
Marsh 0(0.0)0 1(100.0) 0(0.0) 1 (100.0)

Boatramp  1(7.6) 6(46.2) 6(46.2) 13(100.0)

Bridge 3(17.6) 6(35.3) 8(47.1) 17(100.0)



Case Study 2: The Beach
UM Chuck Hagedorn, VA Tech

| nvestigation of high Enterococcus levels at beaches
* Enterococcus BOX-PCR library of 1681 isolates

* Enterococcus ARA library of 2360 isolates

e Library isolates collected over a 2.5-year period

Blind proficiency samples wer e seeded with
Enterococcusisolates from various sour ces



Categorization of Isolates in Samples
INnto One of Six Categories

Human only

Dog only

Gull only
Anima dominant
Human 50:50
Human dominant

Totals

BOR

4 correct of 4 (100%)
2 correct of 4 (50%)
3 correct of 4 (75%)
3 correct of 4 (75%)
3 correct of 4 (75%)
3 correct of 4 (75%)

18 correct of 24 (75%)

/5% -16.7% = 58.3%



The Smoke Test




Expectations of MST Stage 3

“Optimistic skepticism”  stoeckd 2006
o Assess senditivity and specificity
e Librariesmust be validated by challenge with

Isolates and/or samples from independent
reference materials (e.g. fecal samples)

* Library-independent methods must be validated
by composite samples containing fecal material
from target or nontar get sources



Use Libraries In Appropriate
Circumstances

e Where$ and incentive exist to maintain
and update libraries.

 Where possible contamination sour ces
are limited.

e In conjunction with library-independent
methods.
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