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Abstract

Background: This paper reports on a study investigating the epidemiology of sporadic
cryptosporidiosis in the North West of England and Wales using a Geographical Information
System (GIS) to map location of residence of cases. Some 747 reports of cases were made to
CDSC North West of which 649 reports were suitable for analysis. Cases were plotted on the
maps of water supply zone and water quality area boundaries, provided by the two main water
utilities.

Results: It was notable that there were major spatial variations in attack rate across the North
West and Wales. The most dramatic example was the large difference between the Greater
Manchester conurbation with many reports and Liverpool with none. Given the distribution of
previously detected waterborne outbreaks in the region it was initially thought that drinking water
source may be an explanation. However, an analysis of the distribution of cases in the Greater
Manchester area showed no correlation with any of five water supplies that serve the conurbation.

Conclusions: Our study has shown a dramatic variation in the incidence of laboratory confirmed
cryptosporidiosis within two regions of the United Kingdom. Further analysis has not been able to
prove drinking water as a likely explanation of this variation which so far remains unexplained.

Background

Cryptosporidiosis is infection with species of the genus
Cryptosporidium. Most infections in the UK are due either
to C. parvum (previously known as C. parvum genotype 2
or bovine strain) or C. hominis (previously known as C.
parvum genotype 1 or human strain) [1]. Cryptosporidium
Spp. are protozoan parasites. In otherwise healthy individ-
uals they tend to cause a self-limiting form of gastroenteri-

tis which can last for several days and, sometimes, weeks.
In patients with certain forms of immune deficiency, most
notable the Acquired Immune Deficiency Syndrome
(AIDS), the infection can cause a severe and prolonged
diarrhoeal illness which, prior to the widespread use of at
highly effective antiretroviral therapy was often fatal [2]
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Cryptosporidiosis has now become the most commonly
identified protozoal cause of gastroenteritis in the United
Kingdom. Most of the epidemiological data to-date has
been related to reports of outbreaks. Between the years
1983 to 1997 there were 80 outbreaks cryptosporidiosis
in England and Wales affecting 4649 individuals [3]. Of
these 80 outbreaks, 25 affecting 3455 cases were associ-
ated with drinking water. Indeed large outbreaks of crypt-
osporidiois have often been associated with drinking
water [4,5]. Outbreaks of cryptosporidiosis were a partic-
ular problem in the North West Region of England during
the 1990s where a single unfiltered surface water source
was responsible for several outbreaks [2]. However, out-
break-related cases represent only a small proportion
(<10%) of the total cases reported to national
surveillance.

The epidemiology of sporadic (non-outbreak-related)
cases is largely unknown. Of three large case-control stud-
ies reported in the past few years only one found an asso-
ciation with drinking mains water [7-9]. The study that
did find an association with drinking water was under-
taken in a largely rural area that when the study was
undertaken received some of its water from systems that
did not have modern filtration plants. The other two stud-
ies identified contact with another case, contact with cattle
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and overseas travel as being the main risk factors for spo-
radic infection.

The question remains what proportion of sporadic crypt-
osporidiosis infections may be due to the consumption of
mains drinking water. This paper reports a study using GIS
to investigate the epidemiology of sporadic cryptosporid-
iosis and particularly address the issues of whether spo-
radic cases are also associated with consumption of
drinking water.

Results

Table 1 shows the number of records from each health
authority and the number of exclusions, including rea-
sons for exclusion. Figures 1 and 2 show the geographical
distribution of individual cases by indicating a dot on the
map of the water supply zones (water quality area for
Wales). Figure 3 indicates the attack rates for each zone in
the North West where the shading indicates a range of
attack rates. Care should be taken in interpreting the zone
rates as the populations covered by each zone/area varied
substantially. In some zones high attack rates were seen
despite only a single case being identified because of a low
denominator population. The area specific attack rates are
not shown for Wales as numbers of cases was smaller.

Table I: Health authority of reported cases, including reasons for exclusion from analysis

Reasons for excluding post codes

Health Authority Total Included in Excluded Incorrect Duplicate  Incomplete Missing % excluded
records analysis
Bro Taf 2 2 2 100
Bury and Rochdale 51 43 8 4 2 | | 15.7
Dyfed Powys 49 44 5 5 10.2
East Lancashire 47 45 2 2 4.3
Gwent 12 12 0 0
lechyd Morgannwg 6 6 6 100
Morecambe Bay 13 10 3 3 23.1
Manchester 69 48 21 3 10 8 30.4
N Cheshire 6 6 0 0
North Wales 121 1 10 9 | 83
North West Lancashire 74 59 15 3 2 10 20.3
South Cheshire 63 63 0 0
South Lancashire 20 20 0 0
Salford 34 28 6 4 2 17.6
St Helens & Knowsley 8 8 0 0
Stockport 66 60 6 | | 4 9.1
West Pennine 32 29 3 | | | 9.4
Wigan and Bolton 46 35 Il 2 4 4 | 239
Wirral 28 28 0 0
TOTAL 747 649 98 37 10 24 27 13.1
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Cryptosporidiosis cases in the North West, January 2001 to
February 2002
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Figure 2
Cryptosporidiosis cases in the Welsh Water Area, February
2001 to February 2002
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Figure 3

Cryptosporidium attack rates in the North West.
Attack rates calculated for each Water Supply Zone in the
North West, January 2001 to February 2002 (per 1000
population).

It can be seen that there is substantial spatial variation in
the distribution of reported cases. In part, this variation
can be explained by variation in population density.
However, much of the variation is unexplained. For exam-
ple, reports from Liverpool are very uncommon, whilst
reports from Greater Manchester are very common.

It was decided to investigate the excess case reporting from
Greater Manchester in further detail to look for any possi-
ble association with water supplies. Water to the Greater
Manchester area comes from five main water treatment
works; Lostock (derived from Thirlmere in the Lake Dis-
trict and chlorinated but not filtered), Woodgate Hill
(derived from Haweswater and Windermere via the
Watchgate Treatment Works near Kendal where the water
is treated by rapid gravity sand filtration, though not
chemically coagulated before spring 2003), Arnfield-God-
ley (chemical coagulation, clarification and rapid gravity
sand filtration), Buckton Castle (chemical coagulation,
dissolved air flotation and rapid gravity sand filtration)
and Wybersley (chemical coagulation, dissolved air flota-
tion and rapid gravity sand filtration).
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Figure 4

Dominant water treatment works in Greater Man-
chester during 2001. Each water supply zone in the
Greater Manchester area is identified and colour coded to
illustrate which of the five water treatment works supply
most of the drinking water. Where there is no single domi-
nant source the zone is left uncoloured

In order to determine whether there was any relationship
between attack rate and water supply, all water supply
zones in the North West that received any water from one
or more of these five supplies were identified (Figure 4).
For each of these water supply zones, the proportion of
the supply from each treatment works were was obtained
from United Utilities. The correlation between the attack
rate and proportion of water from each treatment works
was tested using Kendall's rank correlation (Table 2) [10].
The figure adjusted for ties was used. There was no signif-
icant correlation between water source and attack rate.

Discussion

As already mentioned, care should be taken in the inter-
pretation of this analysis. It is notable that the proportion
of reports that could not be allocated a correct postcode
varied from one health authority to another to some
extent. Also variation in attack rate between water supply
zones or water quality areas was as likely to be due to dif-
ferences in population size as to differences in reported
cases. This was most obvious in zones/areas with rela-
tively small population sizes where random effects could
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Table 2: Water supply and cases of Cryptosporidiosis Correlation
between water supply zone specific attack rate and proportion of
water received from each of the five main water treatment works
supplying Greater Manchester.

Water treatment works z P value
Lostock -1.084 0.2782
Woodgate Hill 1.713 0.0867
Arnfield — Godley -1.186 0.2353
Buckton Castle -0.628 0.5294
Wybersley 0.451 0.6517

have a particularly important affect. However, there are a
number of obvious features.

The most obvious is the large number of cases from the
Greater Manchester conurbation. This covered the Bury
and Rochdale, Manchester, Salford, Stockport, West Pen-
nine, and Wigan and Bolton Health Authorities. This
excess of cases in Manchester is even more remarkable
when compared with the virtual absence of cases from the
Liverpool conurbation (Liverpool, Sefton and St Helen's
& Knowsley Health Authorities). The reason for the excess
of cases in Greater Manchester is unclear. Although differ-
ent reporting habits could play a part, we doubt that it
could explain more than a small part of the difference.
Reporting practices are not that greatly different across the
North West [10]. A sero-epidemiological study, currently
underway, may be able to determine whether the low
reporting rate from Liverpool is real or not.

An alternate explanation could be that the increase repre-
sents different water supplies. Salford, and Wigan and
Bolton Health Authorities get much of their water supply
from Thirlmere, a supply known to be prone to contami-
nation by Cryptosporidium [6], none of the others have
been implicated in outbreaks of disease. However, it
would appear that the attack rates did not vary in any con-
sistent way in relation to water source and so a waterborne
hypothesis for this excess could not be proven. Analysis
was restricted to Greater Manchester as analysis of all
reports in the North West could be subject to confounding
as a result of geographical variation in reporting behav-
iour, whereas the Health Authorities in Greater Manches-
ter share a very similar notification system. The lack of an
association with drinking water source was consistent
with the conclusions of the case control study undertaken
at the same time which also did not find an association
with drinking water [9]. Nevertheless, it will be interesting
to see whether the completion of an adequate water filtra-
tion plant for the Thirlmere supply which is scheduled for
spring 2004 has much, if any, impact on the number of
reports from Manchester.
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A further explanation could be that the Manchester popula-
tion experience other risk factors more commonly than the
Liverpool population. Possible explanations include con-
tact with contact with animals, visiting swimming pools
and overseas travel. We do not have access to data to show
whether or not people from Manchester are more exposed
to these factors than people from Liverpool. However,
Manchester is closer to a major National Park, The Peak
District. If people from Manchester use their proximity to
the Peak District to spend more time in the countryside and
so are more likely to come into contact with farm animals,
this could explain the difference. This would be an interest-
ing hypothesis to test in a further study.

In addition to Greater Manchester, there are also areas of
increased reporting from North Wales and from North
West Lancashire. These hotspots also remain unexplained.
North West Lancashire, however, receives much of its
water from Thirlmere and a water source cannot be
excluded. However, many cases were reported from the
Fylde peninsula which only receives a small proportion of
its water from Thirlmere.

Conclusions

The use of GIS to study the spatial distribution of cases has
been useful in identifying geographical variation, but not
necessarily for identifying the reasons for this variation.
However, initial analysis does not support the hypothesis
that differences in drinking water source is the major rea-
son for this variation. We agree with Dangendorf et al.
[12] that GIS will contribute substantially to our under-
standing of the contribution of drinking water to human
disease as it aids the identification of possible associations
between disease and particular water supplies, provided
sufficient information is collected to enable accurate loca-
tion of cases.

Methods

Consultants in Communicable Disease Control in the
North West Region of England and in Wales were asked to
forward details of cryptosporidium cases upon notifica-
tion from the laboratory. A data collection form was com-
pleted for each case, giving the following details: name,
address, postcode, date of birth, GP name, GP address and
date of notification. The form was faxed or e-mailed to
Communicable Disease Surveillance Centre (CDSC) -
North West as soon as possible.

Enhanced surveillance for the North West of England and
Wales were set up separately, North West England in mid
December 2000 and Wales in February 2001. Both ran
until February 2002. To check for accuracy, the data were
audited every 2 months. Each CCDC was sent a list of the
cases they had notified to CDSC North West in the preced-
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ing 2 months. Any cases that had not been notified were
forwarded to CDSC.

The first stage in the geographical analysis was to check
the 747 records for possible duplicate records. These were
selected on the criteria of 2 individuals with identical
names, dates of birth and postcodes being present in the
database. Given that a postcode contains on average only
15 addresses the chances of these being legitimate is
highly unlikely. Through this procedure 10 records were
deleted from the database. Consequently 737 cases of
cryptosporidiosis were identified during the period of
enhanced surveillance.

The next step was to assign a grid reference to each post-
code and this was achieved using the Royal Mail Postcode
Address File. Eighty eight records were excluded as either,
an incomplete postcode was entered into the crypt-
osporidiosis database or a match could not be found in
the postcode address file. Therefore, in total the database
was reduced to 649 cryptosporidiosis cases. These were
plotted as points against a backdrop of the water supply
zones for the two main water utilities. The water supply
zone and water quality area boundaries were provided by
the two main water utilities (United Utilities and Welsh
Water). A "water supply zone" is an area designated by a
water undertaker providing water to the residences of not
more than 50,000 people. In general the source is consist-
ent across a particular zone.

Using the GIS each case was also assigned its correspond-
ing water supply zone and the number of cases in each
WSZ was divided by the population, based upon data sup-
plied by the two water utilities, to produce the attack rate
maps. The analysis was undertaken in ArcGIS 8.1 using
point in polygon techniques [13].

Authors' contributions
PRH was lead on study design, did the statistical analyses

and co-wrote the paper.

SH co-designed the study and co-wrote the paper and
undertook most of the data collection.

QS co-designed the study and co-wrote the paper.
SW co-designed the study and co-wrote the paper.

IL undertook the geographical analyses and co-wrote the
paper.

KO co-designed the study, co-wrote the paper and
obtained data on the water distribution.

RC co-designed the study and co-wrote the paper.

Page 5 of 6

(page number not for citation purposes)



International Journal of Health Geographics 2004, 3:15

References

Morgan-Ryan UM, Fall A, Ward L, Hijjawi N, Sulaiman |, Fayer F,
Thompson RCA, Olson M, Lala L, Xiao L: Cryptosporidium hominis
n. sp. (Apicomplexa: Cryptosporidiidae) from Homo sapiens.
J Eukaryot Microbiol 2002, 49:433-440.

Hunter PR, Nichols G: The epidemiology and clinical features
of cryptosporidium infection in immune-compromised
patients. Clin Microbiol Rev 2002, 15:145-154.

Nichols G: Using existing surveillance systems. In Drinking Water
and Infectious Disease: Establishing the Links Edited by: Hunter PR,
Waite M, Ronchi E. Boca Raton: CRC Press; 2002:131-141.

Hunter PR: Waterborne disease: epidemiology and ecology Chichester:
Wiley; 1997.

Department of the Environment, Transport and the Regions, and
Department of Health: Cryptosporidium in water supplies: Third Report
of the Group of Experts London: Her Majesty's Stationery Office; 1998.
Hunter P, Syed Q, Naumova EN: Possible undetected outbreaks
of cryptosporidiosis in areas of the North West of England
supplied by an unfiltered surface water source. Commun Dis
Public Health 2001, 4:136-138.

Robertson B, Sinclair Ml, Forbes AB, Veitch M, Kirk M, Cunliffe D,
Willis J, Fairley CK: Case-control studies of sporadic crypt-
osporidiosis in Melbourne and Adelaide, Australia. Epidemiol
Infect 2002, 128:419-431.

Goh S, Reacher M, Casemore DP, Verlander NQ, Chalmers R, Know-
les M, Williams ], Osborn K, Richards S: Sporadic Cryptosporidi-
osis, North Cumbria, England, 1996-2000. Emerg Infect Dis
2004, 10:1007-1015.

Hunter PR, Hughes S, Woodhouse S, Syed Q, Verlander NQ, Chalm-
ers RM, Morgan K, Nichols G, Beeching N, Osborn K: Case-Control
Study Sporadic Cryptosporidiosis with genotyping. Emerg
Infect Dis 2004, 10:1241-1249.

Buchan IE: StatsDirect statistical software, version 1.605 2000 [http://
www statsdirect.com].

Chalmers RM, Hughes S, Thomas A, Woodhouse S, Thomas PD,
Hunter P: Laboratory ascertainment of Cryptosporidium and
local authority public health policies for the investigation of
sporadic cases of cryptosporidiosis in two regions of the
United Kingdom. Comm Dis Public Health 2002, 5:114-118.
Dangendorf F, Herbst S, Exner M, Kistemann T: Geographical
Information Systems. In Drinking Water and Infectious Disease:
Establishing the Links Edited by: Hunter PR, Waite M, Ronchi E. Boca
Raton: CRC Press; 2002:143-153.

Burrough PA, McDonnell RA: Principles of Geographical Information
Systems Oxford: Oxford University Press; 1998.

http://www.ij-healthgeographics.com/content/3/1/15

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here: O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 6 of 6

(page number not for citation purposes)



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12503676
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1128/CMR.15.1.145-154.2002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1128/CMR.15.1.145-154.2002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1128/CMR.15.1.145-154.2002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11781272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11525003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11525003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11525003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1017/S0950268802006933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1017/S0950268802006933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12113486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15207050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15207050
http://www.statsdirect.com
http://www.statsdirect.com
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Table 2

	Discussion
	Conclusions
	Methods
	Authors' contributions
	References

