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EXECUTIVE SUMMARY
A growing body of evidence, including a combination of anecdotal reports as well as peer-reviewed scientific datasets
indicate that climate change-mediated health risks from the marine system may now be occurring in the UK. A key
challenge is disentangling the role of natural variability in contributing to these risks. Evidence, in this regard, includes
the observation that pathogenic vibrios are now being routinely isolated from the UK shellfish produce and waters,
and that recent anomalous and extreme ‘once in a century’ precipitation patterns have decreased the microbiological
quality of shellfish harvesting waters through CSO discharges. Projections for future health risks associated with the
marine environment are difficult to accurately assess because they are complex, multifactorial and frequently based
on incomplete or short-term datasets. For example, the transmission of many climate change-mediated diseases are
determined by a range of factors, including social, demographic, economic and ecological conditions, and intrinsic
human immunity (Semenza and Menne, 2009). However, increased confidence regarding GCM projection data,
coupled to the integration of relevant epidemiological and environmental datasets will provide useful baseline data
to assess future health risks.
1. WHAT IS ALREADY HAPPENING?
The marine environment contains a myriad of microbial
agents that have been linked to human diseases. Fluctuations
in the marine environment linked to climate change, such
as alterations in temperature, salinity, rainfall and mixing
events may have huge ramifications in terms of infectious
disease. For example, recent change in sea temperature is
considered one of the most pervasive and severe impacts
in coastal ecosystems worldwide (Halpern et al., 2008),
particularly in light of recent observations demonstrating
recent warming in over 70% of the world’s coastlines (Lima
and Wethey, 2012). In the United Kingdom, three main
groups of pathogenic agents have been identified that are
likely to be sensitive to climatic conditions, and as such are
the focus of this summary:
Algal toxins
A number of algal species, found naturally in UK waters,
produce toxins that are pathogenic to humans. Filter
feeding bivalve shellfish are capable of concentrating toxinproducing algae from the water column, leading to a direct
route of human exposure. A perceived increase of harmful
algal blooms has been globally registered with important
ecological and economic consequences due to their effects
on coastal marine resources (Miraglia et al., 2009). Overall,
the number of reported cases of algal biotoxin ingestion are
low in the UK, but are likely under reported due to disparate
reported data regarding epidemiology in the UK (Hinder et

al., 2011). The surveillance system in place in the UK plays an
important role in reducing the human health impact of these
toxins, although outbreaks of shellfish poisoning still occur
regularly, and closures of aquaculture sites and shellfisheries
occur each year. The toxin syndrome DSP (diuretic shellfish
poisoning) is considered the most important toxin group in
the UK, with 19 reported incidents from 1999-2009 (Hinder
et al., 2011). Some dinoflagellates peak occurrences are now
being found up to a month earlier in the season than their
typical seasonal peak, extending the seasonality of ingestion
cases. The first signs of climatic warming and an apparent
increase in more warm water species, such as Protoceratium
reticulatum in UK waters (a producer of YTX toxins), may
be evidence of an expansion of the biogeographical ranges
of warmer water species into higher latitudes. Dinophysis
blooms in late 1980s and Chrysochromulina blooms
in Northern Europe in 1988 were linked to changes in
oceanographic circulation. Overall, however, algal blooms
have reduced along the Eastern coast of the UK. Data
published in 2012 using the continuous plankton recorder
samples have shown dinoflagellates, including both HAB
taxa (for example, Prorocentrum spp.) and non-HAB taxa
(for example, Ceratium furca), have declined in abundance,
particularly since 2006 in the North Atlantic and North Sea.
In contrast, diatom abundance has not shown this decline
with some common diatoms, including both HAB (for
example, Pseudonitzschia spp.) and non-HAB (for example,
Thalassiosira spp.) taxa, increasing in abundance (Hinder et
al., 2012).
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Pathogenic vibrios

There is increasing concern regarding the poleward spread
of bacterial waterborne infectious diseases, mediated by
anthropogenic warming of the marine environment. One
such pathogen group, non-cholera vibrios, are a globally
significant yet poorly understood cause of morbidity and
mortality. Approximately a dozen Vibrio species are known
to cause disease in humans (Austin, 2005), and infection is
usually initiated from exposure to seawater or consumption
of raw or undercooked seafood (Dechet et al., 2008).
Several key datasets have emerged since the 2010 MCCIP
report that provide new information in this area. In the
UK, there have been very few domestically-acquired cases
reported in the last 20 years, however, the fact that vibriosis
is a largely under-reported clinical condition probably masks
the true extent of disease in the UK. Recent data have
shown a clear increase in vibriosis in Northern Europe, with
outbreaks typically linked to warm weather episodes (BakerAustin et al., 2012). Furthermore, recent work by Cefas has
identified pandemic (O3:K6) V. parahaemolyticus recently
in UK shellfish and water samples (Powell et al,. 2013),
although no clinical cases linked to these strains has yet been
reported in the UK. Several other studies have demonstrated
the presence of pandemic strains in marine water samples
in Europe, as well as clinical cases, most instances to date
have been reported in Southern Europe (Martinez-Urtaza
et al., 2005; Quilici et al. 2005; Ottaviani et al., 2010).
With the exception of a single clinical case of pandemic V.
parahaemolyticus in Norway in 2002, and believed to be
domestically acquired (Ellingsen et al., 2008), we believe that
these bacterial strains represent the most northerly identified
pandemic strains isolated directly from the environment.
This work follows on from previous studies in the UK
(Wagley et al., 2008) that did not detect pandemic strains in
UK shellfisheries products, suggestive that the emergence
of these strains may be a recent phenomenon. For example,
a clinical wound infection linked to recreational contact
with seawater was recently reported in UK waters (Reilly et
al., 2011). Both of these reports are noteworthy as surface
seawater temperatures in the UK have been comparatively
low in recent years. For example, the UK mean temperature
for summer of 2012 was 13.9 °C, which is 0.4 °C below recent
average temperatures. Other than 2011, the summer of
2012 was the coolest summer since 1998 (Met Office, 2012).
Recent analysis of the long-term plankton datasets in the
North Sea have shown a clear transition during the 1980s,
with the bacterial community becoming dominated by
vibrios in the last 2 decades (Vezzulli et al., 2012). These data
are striking as the transition appears to correspond closely
with the temporal warming trends observed in the area, and
further corroborate the emergence of marine-borne vibriosis
in Northern Europe (Baker-Austin et al., 2012).
Combined sewer overflows (CSOs)
Historically, the principal sources of microbiological
contamination of UK coastal waters have been continuous
sewage discharges. With the investment in sewerage
infrastructure over the past decades, contamination due to

intermittent discharges such as combined sewer overflows
(CSOs) is becoming relatively more important (Lee et al.,
2003; UKMMAS 2010; Crowther et al., 2011). The Marine
Conservation Society estimates that there will be about
31,000 CSOs impacting UK coastal waters (MCS, 2011).
Several pathogens of human health relevance are found in
these discharges, namely norovirus, hepatitis A, E. coli and
Salmonella species (Lee et al., 2003). The fact that the vast
majority of shellfish harvesting sites in England and Wales
and Northern Ireland are category B (Acornley et al., 2010)
underlines the long-term issue of microbial pollution of the
marine environment. Indeed, the vast majority of outbreaks
of shellfish-related illness reported annually in the UK occur
in officially approved areas (generally class B), where shellfish
are depurated in approved plants in compliance with the
legislation (Cefas, 2011). Estimating the precise role of CSOs
in this context is, however, complex because spill volumes
and frequencies are influenced by population, land use and
technological changes. Modelled estimates of CSO impacts
on shellfish water quality in catchments subject to significant
sewerage infrastructure improvement suggest that, during
extreme rainfall, CSOs may contribute more than 50% of
the total flux of faecal indicator bacteria (faecal coliforms,
enterococci) to nearshore waters (Crowther et al., 2011).
Additional screening equipment and storage capacity in
CSOs have been effective in minimising impacts on coastal
water quality. The construction of large storage tanks to
accommodate increasing flows and reducing discharges is,
however, unlikely to be sustainable from a technical and
operational viewpoint (Myerscough and Digman, 2008).
Although it is well known that extreme rainfall events are
frequently linked to CSO discharge events, it is difficult to
ascertain, both regionally and nationally, the role of climate
change in terms of associated pathogen loads entering surface
waters and impacting shellfisheries.
2. WHAT COULD HAPPEN?
Based on expert opinion, and published scientific reports the
impacts of climate change on HABs, vibrios and CSOs can be
summarised as follows:
Harmful algal biotoxins
Projections of future algal blooms in the North Sea indicate
that their growth periods may become more extended,
which, in turn, may have implications for the harvest
of shellfish (Peperzak, 2003). Global changes in ocean
circulation have been linked to climatic variations, such
as temperature increase. This could potentially enhance/
change phytoplankton assemblages within a UK marine
context. Changes in mean UK sea surface temperatures (SST)
alone may also be significant. For example shifts in diatoms
to dinoflagellates in the North Atlantic, and North Sea may
be likely. As most HABs are flagellate species this could
represent a significant transition in community composition.
Finally, cold water algal species may be displaced by warmer
water species, changing the community composition of
toxin-producing algae. Finally, changes in precipitation
patterns, predicted in a range of climate change models may
also impact HABs. For example, increased precipitation may
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lead to run-off from agricultural systems with consequent
nutrient enrichment of aquatic and marine environments,
potentially leading to increased growth of HABs. The precise
role of climate change in terms of HABs risk occurrence is
not clearly defined, so not only temperature but also other
parameters, such as irradiation, precipitation, mixing events,
currents, etc (Hinder et al., 2012) should be the focus of longterm studies.
Vibrios
Most Vibrio species of human health relevance grow
preferentially in warm (>15 ºC), moderate/low salinity (<25
ppt NaCl) seawater and a warming and lower saline marine
environment is likely to significantly increase the abundance
and seasonal distribution and subsequent clinical risk
associated with this group of pathogens. Recent projections
for surface seawater temperature change indicate significant
warming of the vast majority of UK waters by the middle
and end of this century (2070-2098), particularly during
summer and autumn months (UK Climate Projections,
2009). As part of these projections, it is likely that the sea
surface temperatures of large regions of the UK coastline
may exceed the 18 oC isotherm implicated in at risk periods
seen in Northern Europe, particularly for Vibrio wound
infections (Baker-Austin et al., 2012). Again, the role of
both natural variability and anthropogenic factors leading
to a greater number of extreme warm weather episodes as
recently experienced in Northern Europe (e.g. 2003, 2006
and 2010) is likely to play a role in increasing clinical cases,
particularly localised wound-associated infections. In
addition, numerous vibrios of human health relevance grow
preferentially in low salinity waters, thus increased freshening
salinity conditions caused by higher rainfall patterns may
increase clinical risk by extending the geographical area over
which these pathogens may occur in the UK. Unfortunately,
no projections of Vibrio risk, based on climate modelling
data, have been produced for the UK. Extrapolations from
areas that have undergone recent rapid warming, such as the
Baltic Sea and North Sea area (Baker-Austin et al., 2012) or
have experienced anomalous weather conditions prior to
Vibrio outbreaks such as Chile, Alaska, and Northern Spain
(Martinez-Urtaza et al., 2008, 2010, 2012) may be a useful
portent for future risk in the UK.
Recent studies have indicated that long-distance movements
of water may represent an effective vehicle for disease
emergence associated with vibrios (Martinez-Urtaza et
al., 2012; Baker-Austin et al., 2010). Thus climate changemediated changes in ocean currents should be considered
as a possible risk factor. Data showing large-scale water
movements, and particularly warm-water movements from
areas where these pathogens are endemic may therefore
be useful for informing future risk. As with recent work
in the USA utilising long-term epidemiological datasets
(Dechet et al., 2008), and based on dedicated surveillance
networks, focusing on the epidemiology of vibriosis will be
necessary to adequately assess the climate change-mediated
impacts of these pathogens in the UK and across Europe as a
whole. A recent publication led by the European Centre for
Disease Control (ECDC) has placed non-cholera vibrios as
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the leading group of pathogenic agents sensitive to climate
change, highlighting the growing regional interest in vibriosis
(Lindren et al., 2012).
CSOs
The number of households in England is projected to grow
to 27.5 million in 2033 (Office for National Statistics, 2010).
This population growth will have significant impacts on the
capacity of the existing sewerage systems which are already
under pressure from extreme rainfall events. Modelled
estimates of climate change impacts on CSO spill frequency
and volumes in seven catchments representative of the range
of hydrological conditions found in the UK indicate that,
on average, spill volumes may increase 11% by 2020 under
a medium emissions scenario (90%ile projection) (S. Wade,
pers. comm. 2010). This is of concern during the summer
months, when there is a significant reduction in flows and
spills would have greater impact due to reduction in dilution
(S. Wade, pers. comm. 2010). A separate assessment on
the change in sewer flooding that may result from climate
change, increased drained area and new population and
housing growth up to 2040 predicts significant increase in
sewer flooding (median increase in volume=51%) after
allowing for existing network capacity (Mott MacDonald,
2011). Interestingly, together the three factors produce a
greater effect than that provided by the sum of the individual
changes (Mott MacDonald, 2011). No geographic trends or
trends linking the change in flooding to the population of the
catchments were found in this study.
Work carried out by the Environment Agency indicates
that there will be a significant impact on average river flows
across the UK; by 2050, river flows during the winter across
England and Wales may increase by 10–15% with lower
flows in most rivers from April–December and flows in the
late summer and early autumn could decrease by over 50%
and by as much as 80% in some catchments (Environment
Agency, 2008). However, it is not known exactly the extent
to which these changes will impact upon the quality of the
coastal waters in any given location, year or season.
It is expected that climate change impacts would result in
more failures to comply with the microbiological standards of
the Bathing Water and Shellfish Water Directives and worse
classifications under the Shellfish Hygiene and therefore
increase the health risk associated with recreational water
use and shellfish consumption. It is anticipated that further
progress in improving the quality of shellfish and bathing
waters in the UK will require the implementation of measures
to reduce runoff from agricultural land together with further
reduction in the spill frequency of CSOs, although in some
areas additional improvements for continuous sewage
discharges may also be required (UKMMAS, 2010). The
economic regulator Ofwat has agreed with water companies
an investment of more than £1 Billion between 2010–2015 to
limit pollution from CSOs; in Scotland, the Water Industry
Commission intends to spend over £200 Million during this
period (Water UK, 2009).
Current generalised climate modelling (GCM) predictions
do not provide highly accurate regional resolution to predict
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medium or long-term term effects of rainfall, and hence
CSO impacts in the UK. Where data are available, there is
a strong regional variation in both intensity and seasonality
with SE England predicted to experience more seasonal
variation with potentially reduced event occurrence in the
summer, whereas western areas are likely to experience a
large increase in winter storm intensity and less reduction
in the summer. The human health impacts linked to this are
complex. For example, milder, wetter winters may actually
reduce the impact of norovirus due to inactivation of virus
particles in the environment, which are temperature and UV
sensitive.
It is not economically feasible to construct sewerage
infrastructure with capacity to cope with most extreme
weather events (CIWEM, 2004). Therefore, impacts from
CSO discharges should be appraised in the context of the
sewerage system they form a part of, i.e. the total system
should be considered so that the required environmental
quality can be achieved in the most efficient and cost-effective
way (CIWEM, 2004). Site-specific solutions to these impacts
may involve reduction of domestic and industrial sewage
production, reduction of the demand for additional capacity
by eliminating surface water drainage from CSOs, diversion
of surface water drainage away from the sewerage system or
decentralisation of sewage treatment infrastructure. In many
areas, perhaps an effective way of minimising CSO impacts
would be to reduce the amount of inflow/infiltration which
in some sewerage systems represents a major contributor to
the flow.

addition, there is very limited information on flow volumes
and bacterial concentration levels in CSO discharges. Postproject monitoring and assessment in the context of CSO
improvement schemes are also required to provide the
evidence required to identify solutions that are resilient to
climate change impacts in the long-term.
4. SOCIO-ECONOMIC IMPACTS
• Transient closures of shellfish harvesting beds due to CSO
discharges. Increasing CSO discharges may have a significant
increase in closure of commercial harvesting beds in shellfish
production areas and potentially beaches following pollution
events.
• Transient closures of shellfish harvesting beds due to Vibrio
outbreaks and HABs toxin occurance.
• Increased clinical costs and healthcare burden associated
with the treatment of Vibrio infections and HABs ingestion
cases.
5. CONFIDENCE ASSESSMENT
What is already happening?

X

3. KNOWLEDGE GAPS
a. Epidemiology and clinical reporting: Joined-up datasets
regarding clinical cases linked to the marine environment
are lacking. These include active and passive systems of
reporting for vibriosis, HABs ingestion and faecal-associated
pathogens from CSO discharges. A single system of reporting
and notification, using detailed epidemiology (e.g. tracing
back shellfish-associated ingestion cases) would undoubtedly
improve the situation in the UK. This is likely to encompass
numerous agencies and stakeholders, such as Public Health
England, Environment Agency, Cefas, etc.

What could happen?

b. Modelling and forecasting: Many of the climatic events
prior to, and during, clinical infections and extreme weather
events such as heatwaves and extreme rainfall events are
predictable. However, current climate models are based on a
spatial-temporal scale that is too coarse to resolve processes
relevant to urban drainage modelling and CSO impacts.
Greater research emphasis on the role of these impacts,
coupled to epidemiological and baseline environmental data
gathering during these events is essential for risk assessment
purposes. Further work is also required to understand
the relative impact of climate change in relation to other
pressures such as changes in land uses and management.

A moderate level of confidence on both axes. This is
based on the fact that although there is now a mounting
body of evidence for an increase in risk in some areas (e.g.
the apparent regime shift in HABs species in UK waters
during the 1980s coinciding with warming trends, similar
data for vibrios using similar datasets etc.) linking these
changes with reported illnesses is problematical because of
gaps in epidemiology and clinical reporting. Also, precise
mechanistic data regarding climate forcing and its impacts on
human health are frequently lacking in the UK. An example
of this is to what degree climate change-mediated extreme
weather events have increased the pathogen loads in shellfish
harvesting areas and to what degree this has impacted
human health. With data augmenting these knowledge gaps,
a greater level of confidence could be attained. More data
on Vibrio abundance in both water and shellfish samples,
as well as published reports on retrospective abundance/

c. Environmental monitoring: Greater research emphasis on
the occurrence of specific pathogenic agents and toxins in
the environment is urgently required. This includes vibrios,
faecal pathogens, HABs, toxins, and algae in both overlying
water and in commercially relevant shellfish species. In

X
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outbreaks has been obtained since 2010, which has increased
the confidence of data gathering in this area. Averaging all
available information suggests a moderate classification on
both axes for this group of human health risks.
CITATION
Please cite this document as:
Baker-Austin, C., Campos, C.J.A., Turner, A., Higman,
W.A. and Lees, D. (2013) Impacts of climate change on
human health, MCCIP Science Review 2013, 257-262,
doi:10.14465/2013.arc27.257-262
REFERENCES
Acornley, R.M., Morgan, O.C., Campos, C.J.A., and Kershaw,
S. (2010) Temporal trends in the microbial quality of shellfish
from UK production areas. Cefas contract report to Defra.
Project WT1001: Factors affecting the microbial quality of
shellfish.
Austin, B. (2005) Bacteria pathogens of marine fish. In:
Oceans and Health: Pathogens in the Marine Environment
(edited by S. Belkin and R.R. Colwell). Kluwer, New York,
pp.391-413.
Baker-Austin, C., Stockley, L., Rangdale, R. and MartinezUrtaza, J. (2010) Environmental occurrence and clinical
impact of Vibrio vulnificus and Vibrio parahaemolyticus: a
European perspective. Env. Micro. Rep., 2, 7–18.
Baker-Austin, C., Trinanes, J., Hartnell, R., Taylor, N.,
Siitonen, A. and Martinez-Urtaza, J. (2012) Emerging
Vibrio risk at high-latitudes in response to ocean warming.
Nature Climate Change, doi:10.1038/nclimate1628
Cefas (2011) Detection of norovirus and hepatitis A in
bivalve shellfish – current position on methodology and
quality assurance – UK NRL discussion paper. UK National
Reference Laboratory (NRL) for monitoring bacterial and
viral contamination of bivalve molluscs. June 2008 (updated
May 2011).
CIWEM (2004) Environmental impacts of combined sewer
overflows. Available at: http://www.ciwem.org/knowledgenetworks/panels/wastewater-management/environmentalimpacts-of-combined-sewer-overflows-.aspx
Crowther, J., Kay, D., Campos, C.J.A., and O.C. Morgan
(2011) Sanitary profiles of selected shellfish water catchments
pre- and post-improvements in sewerage infrastructure.
CREH/Cefas contract report to Defra. Project WT1001:
Factors affecting the microbial quality of shellfish.
Dechet, A.M., Yu P.A., Koram, N., and Painter, J. (2008)
Nonfoodborne Vibrio infections: an important cause of
morbidity and mortality in the United States, 1997–2006.
Clin. Infect. Dis., 46, 970–976.
Ellingsen, A.B., Jorgensen, H., Wagley, S., Monshaugen,
M., and Rorvik, L.M. (2008) Genetic diversity among
Norwegian Vibrio parahaemolyticus. J. Appl. Microbiol. 105,
2195–2202.
Environment Agency (2008) Water resources in England and
Wales – current state and future pressures. GEHO1208BPASE-E.
Halpern, B.S., Walbridge, S., Selkoe, K.A., Kappel, C.V.,
Micheli, F., D’Agrosa, C., Bruno, J.F., Casey, K.S., Ebert, C.,
Fox, H.E. et al. (2008) A global map of human impact on
marine ecosystems. Science, 319, 948–952.
Hinder, S.L., Hays, G.C., Brooks, C.J., Davies, A.P., Edwards,
M., Walne, A.W., and Gravenor, M.B. (2011) Toxic marine

261

microalgae and shellfish poisoning in the British Isles:
history, review of epidemiology, and future implications.
Env. Health, 10, 54.
Hinder, S.L., Hays, G.C., Edwards, M., Roberts, E.C., Walne,
A.W., and Gravenor, M.B. (2012) Changes in marine
dinoflagellate and diatom abundance under climate change.
Nature Climate Change, 2, 271–275.
Lee, R., Kay, D., Wilkinson, R.J., Fewtrell, L. and Stapleton,
C. (2003) Impact of intermittent discharges on the microbial
quality of shellfish. Environment Agency RandD Technical
Report P2-266/TR.
Lima, F.P. and Wethey, D.S. (2012) Three decades of highresolution coastal sea surface temperature reveal more than
warming. Nature Comm., 3, 704.
Lindgren, E., Andersson, Y., Suk, J.E., Sudre, B. and Semenza,
J.C. (2012) Public health. Monitoring EU emerging
infectious disease risk due to climate change. Science, 27,
336(6080), 418-419.
Martinez-Urtaza, J., Simental, L., Velasco, D., DePaola,
A., Ishibashi, M., Nakaguchi, Y., Nishibuchi, M, CarreraFlores, D., Rey-Alvarez, C., and A. Pousa. (2005) Pandemic
Vibrio parahaemolyticus O3:K6. Eur. Emerg. Infect. Dis., 11,
1319-1320.
Martinez-Urtaza, J., Huapaya, B., Gavilan, R. G., BlancoAbad, V., Ansede-Bermejo, J., Cadarso-Suarez, C.,
Figueiras, A. and Trinanes, J. (2008) Emergence of Asiatic
Vibrio diseases in South America in phase with El Niño.
Epidemiology, 19(6), 829-37.
Martinez-Urtaza, J., Bowers, J.C., Trinanes, J. and DePaola, A.
(2010) Climate anomalies and the increasing risk of Vibrio
parahaemolyticus and Vibrio vulnificus illnesses. Food Res.
Int., 43(7), 1780-1790.
Martinez-Urtaza, J., Blanco-Abad, V., Rodriguez-Castro, A.,
Ansede-Bermejo, J., Miranda, A. and Rodriguez-Alvarez,
M.X. (2012) Ecological determinants of the occurrence
and dynamics of Vibrio parahaemolyticus in offshore areas.
ISME J., 6(5), 994-1006.
MCS (2011) Combined Sewer Overflows Pollution Policy
and Position Statement. Available at: http://www.mcsuk.
org/downloads/pollution/CSO%20policy.pdf
Met Office (2012) http://www.metoffice.gov.uk/climate/
uk/2012/summer.html Accessed 7th October 2012.
Miraglia, M., Marvin, H.J.P., Kleter, G.A., Battilani, P., Brera,
C., Coni, E., Cubadda, F., Croci, L., De Santis, B., Dekkers,
S. et al. (2009) Climate change and food safety: an emerging
issue with special focus on Europe. Food Chem. Toxicol., 47,
1009–1021.
Mott MacDonald (2011) Future impacts on sewer systems
in England and Wales. Summary of a hydraulic modelling
exercise reviewing the impact of climate change, population
and growth in impermeable areas up to around 2040. A
report to Ofwat.
Myerscough, P.E. and Digman, C.J. (2008) Combined sewer
overflows – do they have a future? Proceedings of the 11th
International Conference on Urban Drainage, Edinburgh,
Scotland, UK, 1–10.
Office for National Statistics (2010) Housing projections, 2008
to 2033, England. Available at: http://www.communities.
gov.uk/documents/statistics/pdf/1780763.pdf
Ottaviani, D., Leoni, F., Rocchegiani, E., Canonico, C.,
Potenziani, S., Santarelli, S., Masini, L., Scuota, S. and
Carraturo, A. (2010) Vibrio parahaemolyticus-associated

MCCIP Science Review 2013: 257-262

262

C. BAKER-AUSTIN et al.
gastroenteritis in Italy: persistent occurrence of O3:K6
pandemic clone and emergence of O1:KUT serotype.
Diagn. Microbiol. Infect. Dis., 66, 452–455.
Peperzak, L. (2003) Climate change and harmful algal
blooms in the North Sea. Acta Oecol., 24(Suppl. 1), S139–
S144. http://dx.doi.org/10.1016/S1146-609X(03)00009-2
Powell, A., Baker-Austin, C., Wagley, S., Bayley, A. and
Hartnell, R. (2013) Pandemic Vibrio parahaemolyticus
isolated from UK shellfish produce and water. Microbial
Ecology, 65, 924-927.
Quilici, M.L., Robert-Pillot, A., Picart, J. and Fournier, J.M.
(2005) Pandemic Vibrio parahaemolyticus O3:K6 spread,
France. Emerg. Infect. Dis., 11, 1148-1149.
Reilly, G.D., Reilly, C., Smith, E.G. and Baker-Austin, C. (2011)
Vibrio alginolyticus-associated wound infection acquired in
British waters, Guernsey, July 2011. Eurosurveillance, 16,
10-11.
Semenza, J.C. and Menne, B. (2009) Climate change and
infectious diseases in Europe. Lancet Infect. Dis., 9(6), 365–
375.
UK Climate Projections (2009) http://ukclimateprojections.
defra.gov.uk/23016
UK Marine Monitoring and Assessment Strategy Community
(UKMMAS) (2010) Charting Progress 2 Feeder Report:
Clean and Safe Seas. Law, R., Maes, T. (Eds). Published by
Department for Environment, Food and Rural Affairs on
behalf of UKMMAS. 366pp.
Vezzulli, L., Brettar, I., Pezzati, E., Reid, P.C., Colwell, R.R.,
Höfle, M.G. and Pruzzo, C. (2012) Long-term effects of
ocean warming on the prokaryotic community: evidence
from the vibrios. ISME J., 6, 21-30.
Wagley, S., Koofhethile, K., Wing, J. B. and Rangdale, R.
(2008) Comparison of V. parahaemolyticus isolated from
seafoods and cases of gastrointestinal disease in the UK. Int.
J. Environ. Health Res., 18, 283–293.
Water UK (2009) Combined sewer overflows. Background
Briefing. September 2009.

MCCIP Science Review 2013: 257-262

