NERC-EMHH Environmental
Microbiological Risk Symposium
14th March 2018
Education Centre and Main Hall
Royal Geographical Society, London

INDUSTRY SESSION

Implications of viral viability
Dr David Walker

Centre for Environment, Fisheries & Aquaculture Science
Food Safety Group

European & National Reference Laboratory
for monitoring bacteriological and viral contamination of bivalve molluscs
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Norovirus: ~3 million cases each year in UK

Norovirus prevalence in oyster harvesting
areas in the UK (2009 -2011)
•

857 samples from 39 sites over 2 years

•

76.2% positive for norovirus

•

Strong winter seasonality

•

Large range in norovirus quantity

•

Significant site by site variation

•

Subsequently:
• UK retail study; similar prevalence much lower levels
• EU baseline survey; reporting 2019

 Food Standards Agency funded
 Lowther et al, AEM 2012; 78:5812

Nov 2011

How infectious is detectable norovirus?
•

Current norovirus detection methods – genome detection by RT-qPCR
•

•

No practical culture methods available

Do viral genomes detected by PCR originate from viable viruses capable of human infection?
• ISO standard method detects a small section of the norovirus genome (~150bp)

•

Critical question if future regulatory decisions based on virus genome detection

•

Methodological approaches:
•

Capsid integrity

•

Genome integrity

•

Surrogate virus
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Norovirus and viable bacteriophage
• F+RNA coliphage proposed as infectivity surrogates for enteric viruses
•
•
•
•
•

EPA/FDA in United States
Doré et al., AEM 2000, 66:1280
Hartard et al., AEM 2016, 82:5709
Hartard et al., AEM 2018, 84
Dias et al., Water Res 2018, 129:172

• Morphologically similar, high levels, similar environmental conditions, easy
to culture
• Genogroup II (GA) is linked to human source contamination

• Good indicator of norovirus infectivity

Phage culture as an index of viral infectivity
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Summary
• Viability assay can help to determine higher risk samples

• Wide range of viability ratios in samples
• Correlation between higher risk samples and
• norovirus titre
• Viable bacteriophage presence

• Work ongoing to improve viability ratio assay

NERC EMHH Microbiological risk symposium 14th
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Bivalve shellfish – victims or perps

•The issue
•What this looks like
•What could / should this really look like

•Assessing the risk to manage

Jonathan Porter
National Laboratory Service,
Starcross, Devon.
Tel. 020302 50046

jonathan.porter@environment-agency.gov.uk
"Devon UK location map" by Contains Ordnance Survey data © Crown copyright and database right. Licensed under CC BY-SA 3.0 via Commons

"Starcross and the Brunel Pumping Station from the Exe - geograph.org.uk - 1285641" by Sarah Charlesworth. Licensed under CC BY-SA 2.0 via Commons

Viruses and bathing waters:
an Environment Agency perspective

(Bear with me while I ramble...)

- My thoughts only,
not the Environment
Agency position

Bathing water directive
- As [FIO] increases, likelihood that pathogens are present increases
- UK data (Dave Kay) 1216 adults, 4 resorts, 4 summers
- [FS or IE] measured at chest depth was the only parameter to show
significant dose-response relationship.
- Adverse health effects when [FS] exceed 32 cfu/100 ml
- Marine waters; England has very few designated freshwater bathing sites –
they will behave (microbiologically) differently

________________________________________________________

95th percentile
Estimated risk per exposure
IE/100 ml
______________________________________________
<40
<1% GI
<0.3% AFRI
41-200
1-5% GI
0.3-1.9% AFRI
201-500
5-10% GI
1.9-3.9% AFRI
>500
>10% GI
>3.9% AFRI
______________________________________________
200 IE/100ml value is around or above the threshold of illness in most studies that
have tried to define an exposure limit.
200 IE/100ml = 1 expected case of GI per 20 exposures.
Risk to healthy adult bathers exposed to marine, temperate, north European waters

Large (global) dataset to choose from...
US EPA dataset that suggests for fresh waste inputs:
- GI illness risk from human and cattle sources are similar
- GI illness risk from gull, chicken or pig sources are lower (than above)
- Many studies have shown bacterial pathogens in gull, chicken and pig wastes.
- Viruses – host-specific
Human hazards, human waste = (bacterial + viral + other)
Human hazards, cattle waste = (bacterial + other)

Compare and contrast (but not clarify...)
Anne Leonard & Will Gaze, Exeter
Meta-analysis on data from OECD countries

An increased risk of (any) illness for a bather vs. a non-bather
OECD countries are not focused on EU MS, but:
- General observation that pre-2006 and post-2006, rates of selfreported illness (due to bathing) have not changed.
- Water quality determined by [FIO] has improved

Source Tracking
If we know where the bacteria
are coming from, we can
target our work.
Humans, ruminants, dogs,
(sea)birds, cows, sheep, pigs,
horses

– can show exceptional host
specificity
- huge array of MST options
- lack of basic “environmental” data
on most of them!
- not the sole, or ultimate, answer for
MST, but useful information?
- indicators vs. pathogens

Mdk572 licensed under the Creative Commons Attribution-Share Alike 3.0

Viruses

Combining MST and viral detection data...

____________________________________________________________
Bacterial pathogen Odds ratio
Viral pathogen
Odds ratio
____________________________________________________________
VT1
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Enterovirus
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VT2
6
NV GI
0.4
eae
3.8
NV GII
1.0
hipO
5.1
Adenovirus
0.7
cadF
1.5
cadF/hipO
3.9
____________________________________________________________
- UK surface waters - odds ratios for the presence of the microbial pathogens when
ruminant-specific pollution exceeds human-specific pollution.
- OR not ideal (too many non-detects) but significant positive correlation between
[Human MST] and presence of norovirus GI and GII

Final thoughts:
- Very crudely, beaches are classified as “safe” or “not-safe”
- Many factors will be gradients; indicators, pathogens, host-responses etc.
- UK bathing waters – norovirus? rotavirus? Both tend to be seasonal (winter),
though summer infections occur. Rotavirus - <5yrs – vaccination is working
- UK bathing season is May to Sept
- Case for “re-test” of
dose-response with many
more parameters?

Thank you!

Environment and water,
resistance and regulation
Or

W Q, AMR and E A – I still need “U”

Dr Alwyn Hart
Lead Scientist, Air Land and Water Research
Environment Agency

UN Environment Assembly - Dec2017
• “…need to further understand the role of environmental pollution in
the development of antimicrobial resistance, the limited availability,
tools for, and use of environmental surveillance of anthropogenic
sourced antimicrobials, and the limited understanding of the long
term effects of antimicrobials in the environment to the health of
humans, animals, plants and ecosystems…”
• “as part of evidence-based environmental policymaking, putting in
place measures, as nationally appropriate, to effectively manage
waste and wastewater to minimize their contribution to
antimicrobial resistance through environmental contamination,
including such applicable to municipalities, agricultural industry,
healthcare facilities, manufacturers of antibiotics, household
detergent waste and heavy metals”

29

“The natural environment thus becomes
a reservoir of antibiotic residues,
resistant pathogens and other molecules
with antimicrobial properties that
enhance the spread of resistance genes
in microbial communities.

Through this report, UN Environment
aims to illuminate the environmental
dimension of the issue and emphasize
the need for considering the
environmental exposure to
antimicrobials in efforts to curb the
resistance.”

30

AMR, environment and policy
“Strengthening
biosecurity…. leads to a
reduction in both
greenhouse gas
emissions and the
consumption of
antimicrobials: helping
tackle the effects of
climate change and the
risk of antimicrobial
resistance.
we have already worked
with industry…achieving
a 27% reduction in sales
of antibiotics for use in
livestock and fish
farmed as food between
2014 and 2016.”

31

“Actions we will take
include:
>Implementing a
strategy with a
framework that
prioritises current issues
such as antimicrobial
resistance.
>Working with
stakeholders to draw up
a roadmap for
chemicals.
>Engaging with
academic specialists,
industry, policy makers
and regulators to bring
together robust
evidence and to identify
emerging priorities.”

Five year AMR strategy 2013 -2018
• good prevention and control measures to prevent infections
• infections diagnosed quickly and the right treatment used,
• patients and animal keepers fully understand the importance
of antibiotic treatment regimens and adhere to them,
• surveillance is in place which quickly identifies new threats
or changing patterns in resistance,
• there is a sustainable supply of new, effective antimicrobials.
• main focus on human and animal health; limited emphasis
on environment

32

2018 – 2023 – 2038
• New 5 year strategy within 20 year Framework
• Ongoing work
• across Defra teams and Agencies
• across government Departments
• with devolved administrations

• What might be in it ?
• Filling the evidence gaps
• Work with industry, academe and others – help !
• Surveillance – what are the risks and how are they changing? Catchment
based?
• Waste and wastewater management – what needs to change?
• Influence overseas
• Don’t create any new problems
- landfill, anaerobic digestion, waste to land,
33

Who, where and so what ?
• Joint Programming Initiative on Antimicrobial Resistance
• “How significant is the exposure of humans to antibiotic resistant bacteria via
different environmental routes, and what is the impact on public health?”

• International Environmental AMR Forum - April 2018
• identify scientific gaps in knowledge needed for governments to understand
the risk

• Harm to other receptors (ecology)?
• Risk, exposure and harm
• Funding?

34

Thank you
alwyn.hart@environment-agency.gov.uk
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Overview

—
—
—
—
—

How far have we come
Drivers for investment
Event Duration Monitoring
Source Reduction
Risk Management

How Far Have We Come?

– Significant investment over last
30 years
• Wales - £1Bn in coastal
assets since 1995
– Steady improvement in water
quality:
• No. of Poor BWs reduced
from 25% to >5%
• No. of A & B shellfish beds
increased from 55% to
88%
– Further asset improvements
unlikely to deliver significant
improvement in many areas.
38

Bathing Water Performance
2017 Results

Wales Bathing Water Performance

1995 3% of sites were Excellent,
in 2017 1.5% of sites were Poor

Beach Awards
2018*

2017

2016

2015

Blue Flag

42

45

44

41

Green Coast

24

25

20

21

* Projected estimate

Drivers

Water company investment driven by EU directives and standards
UK Infraction

Bathing Waters 1976
Mandatory (95%ile) 2000 EC/100ml

Shellfish Waters Directive
Shellfish Hygiene Directives
Minimum: Class B (4600EC/100g).
– geomean 110 EC/100ml in water
column

Water Framework Directive

UWWTD

Bathing Waters 2006
Excellent
Good
Sufficient

(95%ile) 250 EC/100ml
(95%ile) 500 EC/100ml
(90%ile) 500 EC/100ml

WFD 2016
Subject to cost benefit…..endeavour to achieve
300 EC/100g flesh
– approx. Class A (230EC/100g)
– geomean of 5 to 10 EC/100ml in water
column

Event duration Monitoring

•

In 2013 Campaigners and press
coverage led UK GOV to write to the
CEOs of all WaSCs in England and
Wales

•

Requested greater ambition for the
monitoring of CSOs with the majority
of CSOs monitored by 2020

•

WaSCs installing Event Duration
Monitors on key assets.

•

Data will drive future investigation
(Sewer Overflow Assessment
Framework) and

•

Investment where there is
environmental benefit

Source Reduction

How significant?
Improve Treatment

Improve farming practice
•
•
•
•

• Costly
• High carbon footprint

Multiple sources
Many ‘owners’
Large areas
Costly

Reduce
Remove
•
•

Difficult to locate
Costly

Reduce
•
•
•
•

Costly
Disruptive
Climate change
Treat?

Reduce
• Enforcement
• Connection

•
•
•
•
•
•
•

Major sources addressed
Catchment scale solutions
SUDS / RainScape
Costly
Disruptive
Climate change
Treat?

Example of Source Reduction

Baseline

Post Investment

‘Sufficient’

‘Good’

OTHERS, 7.9%
Knab Rock
CSO, 4.9%

Tawe River,
10.5%

Knab Rock CSO,
5.3%

Clyne
River,
9.7%

CSO 989, 13.3%

Singleton Park
Stream, 9.7%

Tawe CSOs, 6.2%
Foreshore
CSOs,
10.4%

Sketty CSOs,
12.7%

OTHERS,
11.8%

CSO 989, 1.6%
Tawe River, 20.2%

Tawe CSOs,
10.1%

Mumbles CSOs, 0.0%

Singleton Park
Stream, 17.3%
Singleton Park CSOs,
12.6%
Sketty CSOs, 2.5%

Mumbles CSOs, 7.0%

Clyne River, 18.5%

Foreshore CSOs,
0.1%

Singleton Park
CSOs, 7.7%

Risk Management

Pollution Risk Forecasting
• Predictive models to forecast water quality

Bathing alerts
• Daily or more frequent advice to bathers
• Various systems in use
• Varying degrees of accuracy
Shellfish Active Management (AM)
• Manage shellfish production times / locations

Real-time CSO monitoring and alerts
• SAS Safer Seas Service App
• Future extension to inland waters
• Information only - doesn’t consider impact

Conclusions
—Microbial (FIO) water quality around the UK
coast has improved significantly
—Significant investment has been made in
sewerage infrastructure

—Other FIO sources may now be more
significant
—Do we fully understand these sources and the
risk to human health?

What might be
the basis for
future
investment?

NERC-EMHH Environmental
Microbiological Risk Symposium
Water Industry, part 2….

….and a slightly different perspective, on AMR and pharmaceuticals
Howard Brett
Thames Water

What does society expect of its water
utilities?
Ever-better performance and accountability
High quality drinking water, 24/7
Less (no) leakage

Fewer (no) pollutions
Reduced (no) sewage flooding
Full environmental compliance (incl bathing and shellfish waters)

Static/Lower bills……
……does this fit with dealing with future risk ?

What does the water industry need to
know/understand?
What is the scale of its contribution to the dissemination of AMR into the environment; and:
Subsequent return to society;
◦
◦
◦
◦
◦
◦
◦
◦

Mechanisms
Is it predominantly via effluent or solids (or both)?
Is it predominantly via treated or untreated?
Is it predominantly biological or chemical-residual (or both)?
Is it spatial or national?
Is it ARG-specific?
What interventions/treatment stages are effective to reduce/eliminate?
How much might intervention cost (and link to effectiveness)

Return to society from environment
Rather more difficult to measure than dissemination
Most recent relevant study appears to be the Leonard et al ‘Beach Bums’ report
But this points me in two diametrically opposite directions:
◦
◦
◦
◦
◦

What is infection route?
Local effluent quality? Other contributors? Effective disinfection? Storm overflows?
Wider relevance? (Cohort principally SW England)
Exposure – temporal?
Persistence

Versus:
◦ Is this the most extreme example of exposure likely to be encountered?
◦ AMR ‘burden’ less than that calculated as ‘expected’

Dissemination and return to society from
environment
REHAB project in Thames Valley
◦ 5 STWs around Oxford, up and downstream river sampling, 14 farms
(in progress)

RESERVOIRS - as described earlier

Many other water companies will have ‘local’ initiatives
Joint Water Industry project proposed for April 2020 onwards – content to be decided

Related activities – ‘Chemical Investigations
Programme’
• The Chemical Investigations Programme (“CIP”) is a
collaborative project coordinated by UKWIR serving the
needs of Water Companies and Regulators
• promotes common and wider understanding of
prevalence of emerging contaminants
• Established in response to the ‘Priority Substances’
Directive of 2008 (and as since revised in 2013)
• Initially a single initiative but since extended
• Phase 1 (CIP1 – in 2010-15 period) sampled 162 STWs.
CIP2 (2015-20) will eventually sample 600 STWs and
rivers. CIP3 under development
• Evolving sample suite, includes metals and a common
antibacterial, but some data on pharmaceuticals.
Sludge also sampled but limited scope.

Consequences of CIP interventions?
CIP is focussed on achievement of water quality standards
Possible interventions include adoption of potable treatment technologies as tertiary plant at
STWs – such as activated carbon, enhanced filtration, advanced oxidation. Advanced oxidation
not favoured at present due to excessive cost/energy, doesn’t meet Cost/Benefit test

Technologies are not likely to be applied to intermittent discharges (storm overflows)
Additional solids capture likely to increase pharmaceutical content of sludge – impact on AMR in
sludge?

Possible interventions for AMR?
UV irradiation
◦
◦
◦
◦
◦
◦

High energy cost
Requires ‘clean’ effluent
Not practicable for storm discharges
How effective is ‘normal’ disinfection?
Viable but not culturable (“VBNC”) organisms
Very expensive option if adopted nationally

Advanced Oxidation (UV + 03 and /or H2O2 )

◦ All of the above cost concerns – only more so
◦ Potential by-product formation (downstream potable supply)

Membrane technology?
◦ Hugely expensive retrofit

Other?

Summary
Much remains to be done to establish extent of contribution to AMR risk from water industry
assets
This needs to be set in context with contributions and efforts elsewhere, and predicted
effectiveness

Is any action targeted or applied nationally?
A sound case for action will be needed, given potential cost of active intervention
Investment typically follows legislation
Unlikely to see cheap/short-term ‘fixes’
In short – an unquantifiable challenge
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DISCUSSION
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NERC perspective on information disseminated,
discussions and ideas exchanged
Dr. Caroline Clushaw, Head of Research - Environment & Health, NERC
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