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The Official Control framework for shellfish hygiene (UK-retained EU legislation)

a) Classification characterises production areas, based on E. coli an indicator of faecal contamination

Inoculate 10 mL Inoculate 1 mL Inoculate 0.1 mL
in each tube in each twbe in each tube
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5 positive tubes 2 positive tubes O positive tubes

Most probable number method (MPN)
to count E. coli in shellfish samples
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The Official Control framework for shellfish hygiene (UK-retained EU legislation, EC Regulation 854/2004)

a) Classification characterises production areas, based on E. coli an indicator of faecal contamination
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The Official Control framework for shellfish hygiene (UK-retained EU legislation, EC Regulation 854/2004)

b) Routine monitoring reviews E coli levels over 3 year retrospective period

Several days to get results
1,000,000 — o
o, B et Sampling is infrequent (8-12 samples/yr)
Ll 4,800 E. coli per 100g ?E;
1000 E Testing regime is not responsive enough
230 E coli per 100g
100 — B e e m e s s mas Mnms R A o T L 3
o ¢  Producers are concerned about perceived
high variability in MPN results
! 2017 2018 2019 2020 2021 2022
""" Long-term Trend  *===*= Trend of last 10 results
..this can end up with long-term area classification being applied as a responsive management tool
eg a single result may trigger management action if area classification is affected.
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Assurance Scheme concept — towards a more adaptive approach
e Use environmental indicators to determine the optimal time to harvest, avoiding conditions where
there is a high likelihood of shellfish contamination because of water quality issues.
* Reduce the regulatory burden in dealing with high E. coli results (downgrade/closure, investigation)
* Simpler, faster and more responsive re-opening
* Regulators gain additional information that they can consider when making decisions to manage risk.
e Atailored and proportionate approach to regulating businesses

e Greater public health assurance
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CSO operation/spills

Environmental
predictors

Eg...

Rain

River flow
Water quality
Others?
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ADAPTIVE MANAGEMENT
Initial concept

Statistical model

E coli prediction —
broad risk
categories

———————————————————————————————————————————————

_______

Depurate 12 h

Depurate 24 h

Depurate 42 h

No harvest
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The study area; Camel catchment and estuary

Camel catchment

Do
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7 Camelford

ARDINHAM, BODMIN

Mussels

Pacific Oysters
HMS site
Effluent sites
Met site

Other monitoring
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Camel catchment
land cover

Class

[ 1Urban

[ ] Unclassified

I Supra-littoral sediment
[ 1 Suburban

Saltwater

[ Saltmarsh

Rough grassland

[ Neutral grassland

[ Littoral sediment

B Littoral rock

I Inland rock

[ Improved grassland
I Heather grassland
[ 1Heather

[ 1Freshwater

I Fen, Marsh and Swamp
Il Coniferous woodland
I Broadleaved woodland
[ Bog

Bl Arable and Horticulture
I Acid grassland

Land cover map of the Camel Catchment.
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Shellfish production areas in the Camel Estuary — Porthilly Shellfish
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Q: How well can we predict E. coli in shellfish using “off the shelf” data

Data sources investigated

Official E. coli monitoring data for shellfish beds (1991-2019)
*Southwest Water data on times of operation of the CSOs (2004-2019)
*Rainfall (weather station) at Cardingham (Met Office) 1991-2020

*Rain radar Met Office Nimrod (held at BADC) 2014-2020

_ L *River flow gauges at Denby and Bodmin (EA)
5km radar grid squ
Camel catchment §

*River water quality data (EA)
*Sea surface temperature (time of year)

*Tidal state
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Official E. coli results (2010-2017) — quite inconsistent

—— BallHill_Mussels BallHill_Oysters .
—— GentleJane_Mussels —— GentleJane_Oysters Show a high degree of

——  PinksonCreek_Mussels Longlands_Oysters variability both within and
1 Porthilley_Mussels Porthilley _Qysters between years.

100000
+

Results from different beds
don’t track each other very
closely over time

1000

Neither do oysters and
mussels from the same
beds in some cases.

E. coli count per 100ml

Challenging to see how a
catchment-wide predictive
I I I I [ | [ I [

2010 2011 2012 2013 2014 2015 2016 2017 ©20ig  model could work?
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CSO operation data — not as useful as they could be?

— 0.01

= 0.008

= 0.008

= 0.007

© .gorthiuey Cso

%ﬂhiIIey Sewage Treatment Works
Sarah's View Pumping Stafion —

0.008 Moyle Road

Spring Summer
0.005

& ttle Petherick STW P /‘Vaﬁébridge PS
" gloshayle Pumping Station

Tracer Concentration (%)

0.003 '

0.002

/ Slanstallon PSEO

0.001 O
P X
< o

Autumn Winter

Dispersal modelling shows CSOs influence shellfish beds — confirmed by viral indicators specific to human sources
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CSO operation data — not as useful as they could be?

- Egloshayle WWPS - Foreshore WWPS - Harbour WWPS

S H | B l u ‘t AM M il 5 1] | CSO operation was not a good predictor of E. coli in shellfish
= - LII‘II:-‘.‘-0 2;":\” o = Mnyin Rd CST;S o & o o 5':\0: o due to

a) gapsinthe data

i Y (S ~i T el .

mema me om o om e ow om oo oos = P) o start/stop times only giving duration of operation per

e day.

Ee §9 ge

EZ EZ l( " E" il |} oyl

=ia = Snr::: View W\!:f‘;S = = = Sio:l}mver STi:VS 10 = i o : W:";S o

S Where there are complete records, CSO operation duration
| - i e ,.1 el o 1 quite well related to rainfall.

&\ Centre for »uﬁm
et I BANGOR



Atadenovirus Gencme Copies/Gram Digestive Tissue
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CSO operation data — not as useful as they could be? Why?
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Human Mastadenovirus F Genome Copies/Gram Digestive Tissue

Viral indicators showed that agricultural and human
sources both contributed to contamination of
shellfish

Human and animal sources are present in
consistent proportions

Hence, general catchment level indicators (eg
rainfall) were more effective in predicting E. coli in
shellfish = probably because influence both CSO

and catchment run-off similarly

i
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Ball Hill mussels : threshold E. coli MPN per 100g = 230

Simulated MPN/100g

Ball Hill mussels : threshold E. coli MPN per 100g = 230

fail/pass 0.26 (11)

fail/fail 0.83 (34)
pass/fail 0.17 (7)

2000 5000

pass/pass 0.74 (31)

| Measured/simulated (No.) ¢

Fitted MPN per 100g
500

100

500 2000 5000 20000

E. coli MPN per 100g
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Which environmental factors contributed most to E. coli predictions?
e Rainfall

* River flow

* Sea surface temperature (time of year)

Can we predict E. coli in shellfish based on these relationships?

Not very well — only about 50% of variation is predictable overall

Reliability of predictions varies between beds — with some giving very
unreliable results

Example shows best model fit predictions for one bed... still not
sufficiently robust for use in management
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Q. Does it matter how we measure E. coli?

10 mL 1mL 0.1 mL
Inoculate 10 mL Inoculate 1 mL Inoculate 0.1 mL
in each tube in each tube in each tube

= 0 o2
|

Incubate at 37 °C for 24 hours ’ & 4 v 4
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il i | Il < 3/ - ~ [solidification e v e>
J ﬂ { \]‘ H H [ ﬂ ﬂ n ﬂ ﬂ ﬂ - ) _‘./ \'&""*1-'-_-/ colonies
S AT Vi Sample is pipetted into Sterile medium is added and Typical pour-plate results
5 positive tubes 2 positive tubes 0 positive tubes sterile plate mixed well with inoculum

Most Probable Number (MPN) ISO 16649-3:2015 Pour Plate TBX ISO 16649-2:2001

Centre for E

PRIETSEOL
Ecology & Hydrology BANGOR

MATURAL ENVIROKHENT RESEARCH COUKCIL




Comparing variability between MPN and Pour Plate methods

MPM

Pour Plate

30000

10000 -

l

3000+

E. coli/100g

10004

300+

[

[ 3
¢ 2

ol

T T

B R B a2 4R 9P o AP o

T

AN N S S

Batch

T

Greater variability in MPN results

Samples taken from single site
(Gentle Jane)

Each sample homogenized, split
and measured three times by
both methods.

E. coli results for split samples of mussels using MPN and pour plate methods
(Means with min/max ranges)
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Comparing variability between MPN and Pour Plate methods

MPN Pour Higher variability in MPN
0.6 o across range
® @
Pour plate variability lower

6 '3 at higher counts
2 0.4- 4 gher cou
5 . . a |
() Species
g ® ¢ Mussels
= - i e — * Oysters
20 : -
“g - ee®
(D L] * [ L

0.0

D P WD L2 WO WD g2 WD W2 W

Log10 mean E coli/100g
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How do field samples compare — 2 weekly over 12 months?

Ball Hill Mussels Ball Hill Oysters Gentle Jane Mussels
10,0001 e o !
1,000 - ::% % E "
1001 \' [
10+ v
Gentle Jane Oysters Longlands Oysters Porthilly Rock Mussels
o)
S 10,000 !
8 100 1
L 10 o B < .
Porthilly Rock Oysters %Q,Q \;o 5@ é{b é\(‘?\ 5\5 R éc;& & ‘é\@* @@\ N
10,000 1 ” R
1,000 Method
100 - - MPN
10 - : -~ Pour Plate

Summary of E coli monitoring results —August 2020 — August 2021
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How do field samples compare — 2 weekly over 12 months?

Regression plot of MPN against Pour Plate
E coli results

n~

Suggests the methods are broadly
consistent - in line with previous
cross-validation studies.

MPN Log10 E. coli/100g
(%]

Pour Plate Log10 E. coli/100g

i
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E.coli/100g

How do field samples compare — 2 weekly over 12 months?

Ball Hill Mussels Ball Hill Oysters Gentle Jane Mussels
10,0001e 5 | 3 2
e v S
VAL
104
Gentle Jane Oysters Longlands Oysters Porthilly Rock Mussels

10,000+
1,000+
100+

= g
o)

10,000+

1,000
100
10

MAjﬁg}‘v
Vi

Paired t-tests & Wilcoxon’s paired sample test

More appropriate statistical tests to compare

results of two sets of data measured from the

h}\K"\ﬁ%\ T'f}'ﬁ/'v
AV

Porthilly Rock Qysters
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Date Collected

i,-szﬁ“ ‘xo“* & \1\‘5‘ \3{5” N
Method

- MPN
- Pour Plate

95% ClI

same samples by two methods.

Shows highly significant differences between two

the methods

N 0.42-0.64
Ball Hill Mussels 0.45-1.06 23
Ball Hill Oysters 0.10-0.69 22
Gentle Jane Mussels 0.46-0.94 45
Gentle Jane Oysters 0.17-0.64 50

Longlands Oysters 0.11-0.78 23

0.27-1.02 23
0.05-0.64 23

Porthilly Rock Mussels

Porthilly Rock Oysters

<0.0001
<0.0001
<0.001
<0.0001
<0.0001
0.0004
<0.001
0.005

16187
276
203
738
985
226
133
147

-ﬂ Wilcoxon | Wilcoxon
statistic p-value

<0.0001
<0.0001
0.002
<0.0001
<0.0001
0.001
<0.001
0.008
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Influence on classification outcomes?

Class A

Class B

Class C

100+

751

Frequency
3

25+

n =103

Outcome

Frequency
(Percentage)

Results differ across a
classification
boundary

(MPN higher)

74 (41.1%)

Both tests fall within
same classification
level

100 (55.6%)

Centre for
Ecology & Hydrology
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Method

Results differ across a
classification
boundary

(pour plate higher)

6 (3.7%)
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Influence on classification outcomes?

For the Camel, over the study period,

Ball Hill Mussels Ball Hill Oysters Gentle Jane Mussels .
- use of pour plate could influence
) e .| . e .
1,000 overall classification for some beds
100- \ [
10+ For other sites, there may be cases
> Gentle Jane Oysters Longlands Oysters Porthilly Rock Mussels where classification outcomes WOUId
S 10,0001 2 A 1 be different.
= 1,000-
g9 100
ai 16 v Use of pour plate could reduce
: 2 O DD I P P SR influence of occasional high MPN
Porthilly Rock Oysters (_OQ,Q S R RS W %"’Q S @ R RS © 8
10,000+ " R results
1,000 Method
100 - - MPN
10 = —» Pour Plate

A PP ¥
Date Collected
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Q. Revisiting predictive models with better E. coli data — does it help?

More frequent (2 weekly) data sets for E. coli
Both MPN and pour plate results

A. Yes, improved performance of predictive models using data from both
methods, but substantially better using the less variable pour plate E. coli data

P re d I Cti n g fa Cto I's were: Shellfish pour plate E.coli: model-fitted values against measurements

® BHM » GJM = LLO PRO
e BHO « GJO e PRAM

* Sea temperature (seasonality)
e Rainfall two days previously.
* River flow (over preceding days)

5000 10000

2000

1000
1

All of these can be obtained in real
time (or in advance), so predictive
modelling possible

Fitted value after modelling
500
1

200
|
) @I W BN EY @

100
|

50
|

0 200 500 1000 2000 5000

S ) Centre for Shellfish pour plate E.coli cfu per 100g
CE;I Ecology & Hydrology
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Q. Revisiting predictive models with better E. coli data — does it help?

River flow

A

5km radar gri;l-fédﬂ
Camel catchment 3

E. coli prediction
1-2 days later

Threshold 230 Threshold 700 Threshold 4600

I Correct < Correct >  Correct < Correct> Correct<  Correct >
I 71% 78%  69% FA%———91%  78%
Pour ptate [ENZ 78% 88% 70% 98% - >

......




Key findings & conclusions

e Areal-time predictive system for E. coli levels in shellfish is conceptually feasible

e Relatively simple models based on available environmental data could be used to forecast risk

e The approved pour plate method consistently yielded less variable and lower E. coli results than obtained
by MPN. This suggests that the MPN method may generate outlier results that explain less effective
predictive models.

e Development of effective models required frequent E.coli sampling, using pour plate method (not just
historical MPN data)

PRIFYSGOL
BANGOR
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e Sewage contamination of shellfish was confirmed by hydrodynamic dispersal models and presence of human
indicator and pathogenic viruses in shellfish. However, the contribution of CSO spills to E. coli levels in shellfish
was not picked up in predictive models BUT this was due to limitations in available spill data. This may be
different elsewhere and CSO data should always be evaluated.

e Agricultural run-off is clearly a contributor to E. coli in shellfish in the Camel estuary. CSO operation and
farmland run-off respond similarly to catchment-scale environmental drivers — which may in part explain the
relatively simple models developed.

e Norovirus was present seasonally and sporadically in a low proportion of samples, with no clear correlation
with E coli numbers or environmental predictors. This is a key consideration in development of an Assurance
Scheme.....how representative are E. coli levels of actual risk to consumers?

BANGOR
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100000 10000 Norovirus information also needed

_l Occurred sporadically in
autumn/winter

10000
1000

At times > 1000 genome copies/g
but often lower

1000 ®

100

MPN/100g

100

No clear correlation with E coli

10

In 18-26% of occurrences, E coli
was less than 230cfu/100g

10

Norovirus Genome Copies/Gram Digestive Tissue

=g=F. colif100g @ Noval o NoVall

1 1
08/05/2019  02/09/2019  28/12/2019  23/04/2020  18/08/2020  13/12/2020  09/04/2021  04/08/2021 Small data set so hard to draw

Date Collected ConCIUSionS

Example :Ball Hill mussels Norovirus Gl and Gll concentrations and MPN E coli
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CSO alert — preceding |

r________________ﬂ
|
|

I ;
i ff!s____r ________ |

|
Seawater |
temperature (or date) I S

| not needed in Camel — may Fmmmm——r E_DEF"'HUE 12h |

} be elsewhere :_{_2_3_'0_ ) —| O NO depuration? I
Rainfall (radar) today | = e "

>

| —] Depurate 12 h

‘ <700 P
Rainfall (radar) ~700 .
-1d «| Depurate 24

o Apply E coli <4,600 P
predictions ‘
- >4,600 | | Depurate 72 h
Rainfall (radar)
—ldﬂﬁ <4E,DDD s | OF DO harvest?
No harvest
Rainfall (radar)
=3 days
Below threshold

River flow
=1or2 days
Norovirus present eg in surveillance of waste-
Above threshold
Predictors to be validated for each catchment bt )
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