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Abstract 

During August 2015 a boil water notice (BWN) was issued across parts of North West 

England following the detection of Cryptosporidium oocysts in the public water supply. 

Using prospective syndromic surveillance, we detected statistically significant increases in 

the presentation of cases of gastroenteritis and diarrhoea to general practitioner services and 

the national health telephone advice service in those areas affected by the BWN. In the 

affected areas, working day general practitioner consultations for gastroenteritis increased by 

an average of 24.5% during the BWN period; diarrhoea consultations increased by 28.5% on 

average. Routine local public health investigations revealed no laboratory reported cases 

confirmed as being associated with the water supply. These findings suggest that the 

increases reported by syndromic surveillance of cases of gastroenteritis and diarrhoea 

resulted from changes in healthcare seeking behaviour driven by the intense local and 

national media coverage of the potential health risks during the event. This study has further 

highlighted the potential for media-driven bias in syndromic surveillance, and the challenges 

in disentangling true increases in community infection from those driven by media reporting.  
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Introduction 

Since the first identification of the protozoan parasite Cryptosporidium as a cause of human 

infection, it has been established as a significant cause of morbidity and mortality globally 

[1]. Over 20 different Cryptosporidium species have been recognised, with 15 currently 

reported to cause human infection. However the majority of human infections are associated 

with infection from Cryptosporidium hominis and Cryptosporidium parvum [2]. 

Cryptosporidiosis is particularly associated with prolonged and persistent diarrhoea, however 

it is also characterised by abdominal pain, nausea and/or vomiting [3, 4]. Transmission is 

through the faecal oral route; symptoms generally occur between 2 to 12 days post infection 

with a mean incubation period of 5 to 7 days. The burden of Cryptosporidium is greater in 

children and those who are malnourished or immunocompromised [5, 6]. 

In high income countries, Cryptosporidium is a leading cause of waterborne outbreaks. One 

of the largest and best described  outbreaks occurred in Milwaukee (Wisconsin, US) during 

1993, where over 400,000 people using a municipal water supply were affected during a two 

month period [7]. In England, recreational water Cryptosporidium outbreaks, e.g. associated 

with swimming pools, are far more common than those involving public drinking water 

supplies [8]. Four previous drinking water outbreaks have been described in England, 

including the largest in the East Midlands where contamination of the local water supply 

resulted in an estimated 400 excess cases of diarrhoea and 23 laboratory confirmed cases [9]. 

As the detection of oocysts in water samples can indicate a potential risk to health, the water 

supplier may decide to issue a boil water notice (BWN), advising the affected populations to 

boil all water prior to drinking [10]. In previous studies evaluating the public’s understanding 

and compliance with BWNs, varying levels of compliance during the notice period were 

revealed [11-15]. In England the decision to lift a BWN is taken by the water supplier, in 

consultation with public health colleagues.  
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In England, during any incident where Cryptosporidium oocysts have been detected in a 

public water supply, a number of different public health surveillance systems, including 

laboratory reporting and syndromic surveillance, are utilised to identify the impact, if any, on 

disease burden. Syndromic surveillance can be used both to assess increases in the healthcare 

consultations e.g. to primary care, and to reassure lack of impact because there are no 

changes detected in healthcare seeking behaviour. 

On 6 August 2015 a BWN was issued in parts of North West England, following the  

identification of elevated Cryptosporidium oocyst counts from 31 July – 4 August 2015 in the 

water treatment works supplying drinking water to the local area. We describe the use of 

syndromic surveillance to monitor healthcare seeking behaviour in those areas affected, to 

determine whether increases in the presentation of gastroenteritis symptoms were linked to 

the alert.  

Methods 

Cryptosporidium alert 

Routine testing of water supplies at Franklaw water treatment works (which supplied 

drinking water to the affected areas), detected low numbers of Cryptosporidium oocysts 

between 31 July and 4 August 2015 (initial sample results of 0.031 and 0.119 oocysts per 10 

litres water were well below the ‘trigger’ level of 0.2 oocysts per 10 litres). A BWN was 

issued on 6 August across Lancashire and Blackpool upper tier local authorities (LAs: across 

England local government functions are divided between two tiers of local authority, upper 

and lower tier local authority), affecting approximately 300,000 households (Figure 1). Water 

samples taken across the affected water network remained positive for Cryptosporidium over 

the next few weeks, albeit below the ‘trigger’ level. The water authority adopted a 

combination of flushing the water network, transferring water from other parts of the network 
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and installing ultraviolet light rigs to clear the system of Cryptosporidium. It was decided that 

before the BWN could be lifted, water sampling should be negative on three consecutive 

days. Across various parts of the network, as negative samples were identified, the BWN was 

lifted: on 27 August the BWN was partially lifted across parts of Blackpool; over the next 10 

days the BWN was gradually lifted across further areas, until 6 September, when the BWN 

was lifted across the whole water network. The routine local public health investigation 

revealed that there were no laboratory reported cases which were confirmed to be associated 

with the water supply either before, during or after the BWN (XXX, personal 

communication, November 2015). 

Syndromic surveillance 

Syndromic surveillance is the near real-time collection, analysis, interpretation and 

dissemination of health-related data to enable the early identification of the impact (or 

absence of impact) of potential human or veterinary public-health threats which require 

effective public health action [16]. The Public Health England (PHE) Real-time Syndromic 

Surveillance Team (ReSST) coordinate a suite of national syndromic surveillance systems 

and deliver a real-time syndromic surveillance service that has been described in detail 

elsewhere [17]. In brief, daily data are collected from a number of healthcare provider 

sources and analysed, interpreted and risk assessed using statistical algorithms (modelling 

historical data to identify significant increases in activity) [18]. The data received are 

aggregated into a number of syndromic indicators based upon symptoms and clinical 

diagnosis of disease. 

For this incident, telehealth (national health service (NHS) telephone advice, NHS 111) calls, 

general practitioner (GP) in hours (GP IH) and GP out of hours (GP OOH) syndromic 

surveillance data for gastroenteritis, diarrhoea and vomiting were utilised. NHS 111 calls 
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were based upon patient presenting symptoms and GP consultations on the clinical diagnosis 

made by the GP using a clinical codes relating to gastroenteritis, diarrhoea or vomiting. The 

population coverage of each system in the LAs issued with the BWN and those neighbouring 

the BWN area was initially assessed to ensure that there was sufficient surveillance coverage: 

GP OOH coverage in Blackburn LA (which neighboured the LAs with the BWN) was 

insufficient for surveillance and, therefore, was not included in the results. 

Epidemiological analysis 

NHS 111 telephone calls, GP IH and GP OOH syndromic surveillance data were monitored 

during the period of the BWN and for 14 days after. Daily data counts were plotted as rates 

per 100,000 population (GP IH) and percent of indicator to total calls/consultations (NHS 

111/GP OOH). Data were analysed by LA, including Blackpool LA and Lancashire LA (both 

affected by the BWN) and two neighbouring areas not affected by the BWN,  Blackburn LA 

and Cumbria LA. Data were also analysed for the Cumbria and Lancashire PHE local health 

protection team area [19], which included a footprint covering all four LAs (Figure 1). 

Statistical analysis 

Routine statistical analysis of syndromic surveillance data was undertaken on a daily basis 

during the study period using automated statistical models to identify significant exceedances 

compared to either recent activity, or historically expected levels. A baseline was estimated 

for each system and syndromic indicator using a multi-level hierarchical mixed effects model 

incorporating appropriate variables (e.g. day of the week and public holidays) [18]. An upper 

99% prediction interval threshold for expected activity each day was established using both 

estimated baselines and variation in the daily data. 

A Student’s two-tailed test was used to determine differences in the mean syndromic 

surveillance daily data during the BWN (6 August to 5 September) and a comparative period 
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of 31 days (2 July to 1 August; the same sequence and number of days as the BWN were 

included) preceding the BWN (‘non-BWN’ period). Weekends (when GP IH services are 

closed) were removed from the analysis of GP IH data resulting in comparative periods of 21 

days. A mean of the daily syndromic surveillance data was taken for each geographical 

location and syndromic indicator, separately for the period of the BWN. Results for 

Blackpool and Lancashire LAs were compared with two neighbouring LAs not issued with 

the BWN (Blackburn and Cumbria LAs), Cumbria and Lancashire PHE team area and 

England.  

All statistical analyses were undertaken using Stata v13 [20]. 

Results 

Epidemiological analysis 

There was a statistically significant increase in GP consultations for gastroenteritis during the 

period of the BWN in the two affected LAs. GP OOH consultations increased immediately 

following the issue of the BWN, with the highest peak occurring in Lancashire LA. The peak 

in GP IH consultations occurred a few days later (following a weekend), and peaked highest 

in Blackpool LA (Figure 2). The increases in the two affected LAs also caused increases at 

the PHE team area (Cumbria and Lancashire) level where GP IH consultation rates for 

gastroenteritis remained at slightly elevated levels for the duration of the BWN, before 

subsequently returning to expected levels. 

GP OOH consultations for diarrhoea increased immediately following the BWN, and peaked 

prior to GP IH diarrhoea consultations; Lancashire LA peaked highest in the GP IH and 

Blackpool LA in the GP OOH (Figure 3). NHS 111 calls for diarrhoea peaked concurrently 

with GP OOH and peaked highest in Blackpool LA. GP IH consultation rates for diarrhoea 
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remained at elevated levels for the duration of the BWN, before returning to expected levels 

once the BWN was lifted. 

GP IH consultations for vomiting showed a similar increase during the BWN period however 

this was only noted in Blackpool LA. There were no increases in vomiting presentations in 

the GP OOH or NHS 111 systems. (Figure 4).  

Routine statistical analysis 

Routine statistical analysis of the data received by ReSST on a daily basis illustrated 

significant increases in the gastroenteritis and diarrhoea indicators at the LA level, occurring 

on the day of, and immediately following the issue of the BWN (Table 1). The frequency of 

the statistically significant alarms decreased after 9 August, after which few alarms occurred.  

Comparing syndromic surveillance data between the BWN (6 August – 5 September) and 

non-BWN (2 July – 1 August) periods revealed significant differences in those areas where 

the BWN had been issued (Table 2). Within Blackpool and Lancashire LAs GP IH 

gastroenteritis and diarrhoea mean consultation rates were significantly higher during the 

BWN (p <0.01). GP IH rates for diarrhoea and gastroenteritis were 33.5% and 35.4% higher 

in Blackpool LA, and 15.2% and 20.8% higher in Lancashire LA respectively, during the 

BWN period. In the two neighbouring LAs not affected by the BWN, there were no 

significant differences observed at the 95% or 99% significance levels. At the PHE team area 

level (Cumbria and Lancashire), there were significant increases (p <0.01) in gastroenteritis 

and diarrhoea across all systems. There were also significant result at the National (England) 

level, however these results were where the incidence was higher during the non-BWN 

period. When comparing vomiting indicators across each system there were no significant 

differences between the BWN and non-BWN periods. 

Discussion 
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We present a description of the monitoring of healthcare seeking behaviour using syndromic 

surveillance during a BWN following the detection of Cryptosporidium in the mains water 

supply to parts of North West England between 31 July and 4 August 2015. The BWN 

impacted on a large number of people (circa 300,000 households) in Blackpool and 

Lancashire LAs. Routine syndromic surveillance revealed significant increases in 

presentations to GPs (GP IH and GP OOH) and NHS 111 calls for diarrhoea and 

gastroenteritis in Blackpool and Lancashire LAs in the days immediately following the 

BWN. Rates of these indicators remained elevated for several days before returning to 

expected seasonal levels. There were no significant increases in neighbouring LAs where 

water supplies were unaffected. Interestingly, Lancashire LA was large in terms of 

geographical area (compared to Blackpool LA) however only certain areas of it were actually 

impacted by the BWN (Figure 1). This implied that the local impact in those areas affected 

was higher than that estimated for the LA as a whole.  

Increases in GP OOH and NHS 111 indicators were observed immediately following the 

BWN whereas GP IH indicators peaked over the following days. The BWN was issued on a 

Thursday afternoon, meaning patients had more opportunity to access out of hours healthcare 

services, resulting in immediate increases compared to the routine GP services which patients 

were better able to access in the follow week. This emphasises the importance of accessing 

syndromic surveillance data from a range of healthcare services, or those that are 

immediately available to the population, to accurately determine the peak of impact of an 

event. 

At the same time, as part of the local routine incident response, there were a small number of 

laboratory detections of Cryptosporidium identified from patient samples. However, this 

coincided with national increases of Cryptosporidium infection across England and there was 

insufficient information to link individual cases to the local water supply, or there were other 
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risk factors (e.g. history of travel) involved (XXX, personal communication, November 

2015). This, linked to the original low oocyst count in water samples suggested that it was 

highly likely that the increase in healthcare seeking behaviour monitored by syndromic 

surveillance during the BWN was due to intense local and national media reporting, rather 

than actual cryptosporidium infections. 

Local populations were informed of the BWN through printed and digital media and advised 

to seek medical advice if they had symptoms of cryptosporidiosis such as diarrhoea, 

including consulting a GP in order that faecal samples could be collected and tested to 

confirm Cryptosporidium infection. It is possible that this messaging therefore had several 

impacts: 1) symptomatic patients who would not normally have consulted a healthcare 

professional (i.e. they would have self-treated at home) would have been more likely to visit 

one of these services; 2) the volume of tests requested would have increased possibly 

increasing the overall positivity; 3) healthcare professionals might have been more likely to 

notify cases or use more specific clinical codes relevant to infectious gastroenteritis based 

upon the knowledge of the BWN and the health implications. The overall impact of this 

media messaging appears to have been a period of over-reporting including patients 

symptomatic for reasons unrelated to the BWN, who would not normally have sought advice 

from a healthcare service. 

The impact of media coverage as a source of potential bias in syndromic surveillance has 

been reported infrequently. The nature of syndromic surveillance data collection renders 

these systems susceptible to shifts in healthcare seeking behaviour as a result of media 

coverage around a particular public health incident. We have previously reported the impact 

of media reporting on mumps clinician notifications illustrating potential bias in the public 

and health professionals [21]. The 2009 H1N1 pandemic also generated intense media 

coverage and retrospective analysis of regional news coverage was suggested to influence the 
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demand for local microbiological testing of samples for influenza A(H1N1) [22]. Conversely, 

media reporting can also be utilised as a useful source of information, including news outlets, 

discussion sites and disease reporting networks, to provide additional intelligence and 

increased awareness of public health issues, thus augmenting existing public health 

surveillance programmes [23]. 

In the context of the period of the BWN described here, understanding the surveillance data 

was critical to avoid misinterpretation and thus giving out inaccurate messages to healthcare 

professionals and the public. Considering the incubation period of cryptosporidiosis and the 

possible exposure of the population to the organism, the timing of the observed increases in 

syndromic indicators suggested a plausible increase in infections. The predominance of 

increases in diarrhoea and gastroenteritis indicators, and not of vomiting, was again in line 

with understood symptom presentation of cryptosporidiosis [3, 4]. However, close working 

with front line local public health teams was important as this enabled all public health 

intelligence e.g. laboratory reporting to be included into the interpretation of syndromic data.  

This paper highlights the real challenges and limitations of using symptom-based data for the 

identification of publicised outbreaks. We have shown an impact on health service providers 

in those areas affected by a BWN. This does not necessarily imply that there was an increase 

in the overall burden of gastroenteritis and diarrhoea in the community, just a change in 

healthcare seeking behaviour and therefore those cases registered by a medical practitioner. 

However, this represents an important message: during this event, despite the lack of 

confirmed cases there was a similar increase in the presentation of patients to health services, 

placing additional pressure on GPs, NHS 111, laboratories and possibly pharmacies for over-

the-counter remedies. These increases were all a result of the reporting of the possible public 

health risks through the media and resulted in similar burden to some of these services as 

might be expected for a genuine incident. For future events, further work might need to focus 
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on improved messaging from public health authorities. These messages need to balance the 

reassurance for patients that the public health interventions applied e.g. a BWN have reduced 

the risk of exposure to any potential hazards while also ensuring that exposed cases are 

identified. They also additionally need to alert local health service providers of the potential 

for increased burden during these periods.  

 

References 

1. Shirley DA, Moonah SN, Kotloff KL. Burden of disease from cryptosporidiosis. Curr 

Opin Infect Dis. 2012;25(5):555-63. 

http://dx.doi.org/10.1097/QCO.0b013e328357e569 

2. Leoni F, Amar C, Nichols G, Pedraza-Diaz S, McLauchlin J. Genetic analysis of 

Cryptosporidium from 2414 humans with diarrhoea in England between 1985 and 

2000. J Med Microbiol. 2006;55(Pt 6):703-7. http://dx.doi.org/10.1099/jmm.0.46251-

0 

3. Lima AA, Moore SR, Barboza MS, Jr., Soares AM, Schleupner MA, Newman RD, et 

al. Persistent diarrhea signals a critical period of increased diarrhea burdens and 

nutritional shortfalls: a prospective cohort study among children in northeastern 

Brazil. J Infect Dis. 2000;181(5):1643-51. http://dx.doi.org/10.1086/315423 

4. Cama VA, Bern C, Roberts J, Cabrera L, Sterling CR, Ortega Y, et al. 

Cryptosporidium species and subtypes and clinical manifestations in children, Peru. 

Emerg Infect Dis. 2008;14(10):1567-74. http://dx.doi.org/10.3201/eid1410.071273 

5. Hunter PR, Nichols G. Epidemiology and clinical features of Cryptosporidium 

infection in immunocompromised patients. Clin Microbiol Rev. 2002;15(1):145-54.  

http://dx.doi.org/10.1097/QCO.0b013e328357e569
http://dx.doi.org/10.1099/jmm.0.46251-0
http://dx.doi.org/10.1099/jmm.0.46251-0
http://dx.doi.org/10.1086/315423
http://dx.doi.org/10.3201/eid1410.071273


12 

 

6. Sallon S, Deckelbaum RJ, Schmid, II, Harlap S, Baras M, Spira DT. 

Cryptosporidium, malnutrition, and chronic diarrhea in children. Am J Dis Child. 

1988;142(3):312-5.  

7. Mac Kenzie WR, Hoxie NJ, Proctor ME, Gradus MS, Blair KA, Peterson DE, et al. A 

massive outbreak in Milwaukee of cryptosporidium infection transmitted through the 

public water supply. N Engl J Med. 1994;331(3):161-7. 

http://dx.doi.org/10.1056/NEJM199407213310304 

8. Chalmers RM. Waterborne outbreaks of cryptosporidiosis. Ann Ist Super Sanita. 

2012;48(4):429-46. http://dx.doi.org/DOI:10.4415/ANN_12_04_10 

9. Smith S, Elliot AJ, Mallaghan C, Modha D, Hippisley-Cox J, Large S, et al. Value of 

syndromic surveillance in monitoring a focal waterborne outbreak due to an unusual 

Cryptosporidium genotype in Northamptonshire, United Kingdom, June - July 2008. 

Euro Surveill. 2010;15(33):pii=19643. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/20738999.  

10. Drinking Water Inspectorate, Health Protection Agency. Drinking water safety: 

guidance to health and water professionals. 11 November 2015. Available from: 

http://www.dwi.gov.uk/stakeholders/information-letters/2009/09_2009Annex.pdf 

11. Karagiannis I, Schimmer B, de Roda Husman AM. Compliance with boil water 

advice following a water contamination incident in the Netherlands in 2007. Euro 

Surveill. 2009;14(12):pii=19156. Available from: 

http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=.  

12. Rundblad G, Knapton O, Hunter PR. Communication, perception and behaviour 

during a natural disaster involving a 'Do Not Drink' and a subsequent 'Boil Water' 

notice: a postal questionnaire study. BMC Public Health. 2010;10:641. 

http://dx.doi.org/10.1186/1471-2458-10-641 

http://dx.doi.org/10.1056/NEJM199407213310304
http://dx.doi.org/DOI:10.4415/ANN_12_04_10
http://www.ncbi.nlm.nih.gov/pubmed/20738999
http://www.dwi.gov.uk/stakeholders/information-letters/2009/09_2009Annex.pdf
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=
http://dx.doi.org/10.1186/1471-2458-10-641


13 

 

13. Rundblad G, Knapton O, Hunter PR. The causes and circumstances of drinking water 

incidents impact consumer behaviour: Comparison of a routine versus a natural 

disaster incident. Int J Environ Res Public Health. 2014;11(11):11915-30. 

http://dx.doi.org/10.3390/ijerph111111915 

14. Willocks LJ, Sufi F, Wall R, Seng C, Swan AV. Compliance with advice to boil 

drinking water during an outbreak of cryptosporidiosis. Outbreak Investigation Team. 

Commun Dis Public Health. 2000;3(2):137-8.  

15. Angulo FJ, Tippen S, Sharp DJ, Payne BJ, Collier C, Hill JE, et al. A community 

waterborne outbreak of salmonellosis and the effectiveness of a boil water order. Am 

J Public Health. 1997;87(4):580-4.  

16. Triple S Project. Assessment of syndromic surveillance in Europe. Lancet. 

2011;378(9806):1833-4. http://dx.doi.org/10.1016/S0140-6736(11)60834-9 

17. Elliot AJ, Morbey RA, Hughes HE, Harcourt SE, Smith S, Loveridge P, et al. 

Syndromic surveillance - a public health legacy of the London 2012 Olympic and 

Paralympic Games. Public Health. 2013;127(8):777-81. 

http://dx.doi.org/10.1016/j.puhe.2013.05.007 

18. Morbey RA, Elliot AJ, Charlett A, Verlander NQ, Andrews N, Smith GE. The 

application of a novel 'rising activity, multi-level mixed effects, indicator emphasis' 

(RAMMIE) method for syndromic surveillance in England. Bioinformatics. 2015. 

http://dx.doi.org/10.1093/bioinformatics/btv418 

19. Public Health England. PHE Health Protection Teams. 25 November 2015. Available 

from: https://www.gov.uk/guidance/contacts-phe-health-protection-teams 

20. StataCorp. Stata/SE version 13.1. 2015. StataCorp LP. Available from: 

www.stata.com 

http://dx.doi.org/10.3390/ijerph111111915
http://dx.doi.org/10.1016/S0140-6736(11)60834-9
http://dx.doi.org/10.1016/j.puhe.2013.05.007
http://dx.doi.org/10.1093/bioinformatics/btv418
https://www.gov.uk/guidance/contacts-phe-health-protection-teams
http://www.stata.com/


14 

 

21. Olowokure B, Clark L, Elliot AJ, Harding D, Fleming A. Mumps and the media: 

changes in the reporting of mumps in response to newspaper coverage. J Epidemiol 

Community Health. 2007;61(5):385-8. http://dx.doi.org/10.1136/jech.2005.042598 

22. Olowokure B, Odedere O, Elliot AJ, Awofisayo A, Smit E, Fleming A, et al. Volume 

of print media coverage and diagnostic testing for influenza A(H1N1)pdm09 virus 

during the early phase of the 2009 pandemic. J Clin Virol. 2012;55(1):75-8. 

http://dx.doi.org/10.1016/j.jcv.2012.05.013 

23. Brownstein JS, Freifeld CC, Reis BY, Mandl KD. Surveillance Sans Frontieres: 

Internet-based emerging infectious disease intelligence and the HealthMap project. 

PLoS Med. 2008;5(7):e151. http://dx.doi.org/10.1371/journal.pmed.0050151 

 

  

http://dx.doi.org/10.1136/jech.2005.042598
http://dx.doi.org/10.1016/j.jcv.2012.05.013
http://dx.doi.org/10.1371/journal.pmed.0050151


15 

 

Figure legends 

Figure 1  (A) Upper tier local authority (LA) boundaries within North West England, 

including the Cumbria and Lancashire Public Health England (PHE) team area (Blackburn, 

Blackpool, Cumbria and Lancashire LAs). The two LAs affected by the boil water notice 

(Blackpool and Lancashire LAs) are shaded in blue and the location of the affected water 

treatment works is illustrated by a red circle. (B) Postcode districts within Blackpool and 

Lancashire LAs affected by the boil water notice are shaded red 

 

Figure 2  Daily presentation (3 day moving average) of gastroenteritis consultations to 

general practitioner services (in hours and out of hours) in North West England from 7/7/15 

to 26/9/15 

 

Figure 3  Daily presentation (3 day moving average) of diarrhoea general practitioner (GP) 

consultations and NHS 111 calls in North West England from 7/7/15 to 26/9/15 

 

Figure 4  Daily presentation (3 day moving average) of vomiting general practitioner (GP) 

consultations and NHS 111 calls in North West England from 7/7/15 to 26/9/15 

 

 

 


