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Cryptosporidium is a protozoal parasite which is of public health
interest primarily due to its frequent association with drinking water.
Since cryptosporidiosis became a notifiable human disease in 2004
in Ireland, evidence has been growing as to the national burden of
illness caused by this pathogen. Nationally, crude incidence rates
of between 8.7 and 13.4 per 100,000 were reported annually
in the period 2004-2006. Rural areas reported more cases, with
regional incidence rates as high as 31.4/100,000 per year. Over
this time period, there has consistently been a peak in the number
of notifications in springtime, contrasting with the reported seasonal
distribution of cases elsewhere in Europe. Outbreak surveillance
data suggest that drinking water is an important transmission
route for general outbreaks, with person-to-person spread more
common in family outbreaks. Cryptosporidium is an important
gastrointestinal pathogen in Ireland, with much still to be learned
about its epidemiology here.

Introduction

Cryptosporidium is a protozoal parasite which first came
to prominence as a cause of chronic diarrhoea in acquired
immunodeficiency syndrome (AIDS) patients in the United States
in the early eighties, but is now recognised as a major cause of
gastroenteritis in immunocompetent patients, leading to a spectrum
of disease from asymptomatic shedding to watery non-bloody
diarrhoea, sometimes accompanied by abdominal pain, nausea,
anorexia, fever and weight loss.

A key feature of Cryptosporidium oocysts is their relative
resistance to chlorination, and as a result, it has gained notoriety
as a public health issue due to its association with municipal
drinking water supplies and public swimming pools, both of which
have been implicated as the vehicle of transmission in a number
of outbreaks in developed countries [1-4].

Awareness of cryptosporidiosis as a cause of gastrointestinal
illness has risen in Ireland in 2007 due in part to a large waterborne
outbreak in a city in the west of Ireland [5], which resulted in
an extended boil water notice for several months. Evidence as to
the national burden of illness caused by this pathogen, however,
has been growing since 2004, when cryptosporidiosis became a
notifiable human disease. This paper outlines current knowledge
of the national epidemiology of human cryptosporidiosis in Ireland,
drawing on recent disease notification and outbreak surveillance
data.

Materials and methods

Human cryptosporidiosis has been subject to mandatory
notification in Ireland since 1 January 2004. As for all notifiable
diseases, basic demographic data is reported routinely on all cases.
The case definition adopted since 2004 is based on the European
Union (EU) case definition [6]. Notification data are maintained
in the Computerised Infectious Disease Reporting (CIDR) system,
a central national repository for all infectious disease notification
data in Ireland. The notification data used in this report is based
on information retrieved from CIDR on cases of cryptosporidiosis
reported from 2004 to 2006, as of 5 December 2007.

Reporting of infectious disease outbreaks has been mandatory
in lreland since 1 January 2004, and data on outbreaks of
cryptosporidiosis between 2004 and 2006 were retrieved from
CIDR for that time period. Prior to 2004, outbreak data had been
collected on a non-statutory basis from July 2001 by the Health
Protection Surveillance Center (HPSC). In this paper, we present
data collected on outbreaks reported between July 2001 and
December 2006.

The administration of public health activities in Ireland is divided
into eight regional departments, referred to as Health Service
Executive (HSE) areas. Regional incidence rates were calculated
as crude incidence rates per 100,000 population using Central
Statistics Office (CSO) population data from the 2006 census as
denominator. For age-specific incidence rates, seven cases were
omitted from the analyses, as the variable ‘age’ was not available.

Results and discussion

Incidence

In the three years from 2004 to 2006, between 367 and 568
cases of cryptosporidiosis were notified annually, resulting in a
crude incidence rate (CIR) of between 8.7 and 13.4 per 100,000
population (Table 1).

To put this in perspective relative to other causes of
intestinal infectious disease in Ireland, the reported incidence
of cryptosporidiosis is similar to that of salmonellosis in the
same time period. A recent study [7] compared the incidence of
cryptosporidiosis in 16 countries in Europe in 2005, and reported
an overall crude incidence rate of 1.9 per 100,000 in these
countries, with Ireland having the highest CIR of the 16 countries
included in the study. Even bearing in mind that comparison
between surveillance data from different countries is difficult due
to variation in diagnostic, investigative, and surveillance practices,
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all of which influence reporting in each of the countries, it is clear
that cryptosporidiosis is an important cause of gastrointestinal
illness in Ireland.

Seasonal distribution

Between 2004 and 2006 in Ireland, there was a consistent
pattern in the seasonal distribution of notifications (Figure 1), with
the highest numbers of cases reported from April to June. Overall,
55% of cases occurred during the second quarter of the year in
these three years.

This contrasts strongly with the seasonal distribution of cases
reported in the United Kingdom (UK), Sweden and Germany
[71, where the highest numbers of cases in 2005 occurred in
autumn, and with Spain, where a seasonal peak was observed
in June, suggesting that the epidemiology of cryptosporidiosis
in Ireland differs appreciably from the current epidemiology of
cryptosporidiosis in these countries. Spring peaks in incidence
coincide with peak calving and lambing activities, and are believed
to be associated primarily with transmission from animal sources
[8-91. Prior to the introduction of the 1999 UK water regulations,
there had been both a spring and an autumn peak in the number
of cases, whereas in the recent years a significant reduction in
the number of spring cases has been noted and attributed to the
effectiveness of these regulations [10].

It appears that the seasonal distribution of cases in Ireland
more closely reflects that reported for New Zealand, which also
displays a pronounced spring peak, albeit in addition to a smaller
autumn peak [11].

Age-sex distribution

Figure 2 shows the mean annual age-specific incidence rate
in Ireland 2004-2006. Notifications for children predominated
with over three quarters of all reported cases being less than 10
years of age. There were more male (n=729) than female (n=634)
cases notified.

It is widely accepted that there is a degree of bias in reporting

of illness in young children for many diseases, as parents are
more likely to seek medical attention and health personnel more

TABLE 1

likely to take specimens for children than for adults. Moreover,
higher incidences among younger children may reflect a lack of
immunity as many older people may have already had exposure to
Cryptosporidium during their lifetime.

However, selective criteria based on age are also commonly
applied to samples for Cryptosporidium testing in diagnostic
laboratories (a selection criterion probably not as frequently applied
when testing for other common gastrointestinal pathogens such as
Salmonella or Campylobacter), and this could have a significant
impact on the reported age distribution. For example, although the
HPSC report on waterborne cryptosporidiosis [12] recommends
that all stool specimens received by laboratories from symptomatic
individuals be tested for Cryptosporidium, it acknowledges that
where resources are limited an age threshold of ten years can be
applied, although this threshold is generally not employed during
outbreaks. The effect on the reported incidence of disease in Ireland
will be dependent on the number of laboratories that have opted
to apply an age threshold as a selective criterion when examining
specimens for Cryptosporidium. Anecdotally, we are aware that many
laboratories do not test routinely for Cryptosporidium in adults, and
a laboratory survey to investigate this further is underway. The
recent outbreak in the west of Ireland provides some evidence of
the potential effect of an age threshold selective criterion [5]. It
was reported that more than 40% of cases in the outbreak were
older than 15 years of age. On this basis, it is possible that in areas
served by diagnostic laboratories where an age-threshold such as
this is applied, around 40% of cases could remain undetected.

Regional distribution

There was a marked difference between the reported incidence
of cryptosporidiosis in the HSE-East (which includes the capital city
Dublin and thus has a larger proportion of urban dwellers that other
HSE areas) and other more rural areas of Ireland (Table 1). The
highest average crude incidence rate in 2004-2006 was reported
in the HSE-West (22.5/100,000), which had a particularly high
incidence in 2005 (31.4/100,000), followed by HSE-Midlands
(18.2/100,000), where data were influenced by the occurrence of
a community outbreak in 2004, which resulted in a higher than
average incidence in that year.

Crude incidence rates (CIR) of cryptosporidiosis by Health Service Executive (HSE) area and year, Ireland, 2004-2006

HSE area

CIR (95% confidence interval)

2005 2006 Average 2004-2006

East 1.5 (0.9-2.2) 2.5 (1.7-3.3) 0.5 (0.1-0.8) 1.5 (0.9-2.1)

Midland 24.6 (18.5-30.8) 14.3 (9.6-19.0) 15.5 (10.6-20.4) 18.2 (12.9-23.4)
Mid-West 12.5 (8.8-16.1) 15.5 (11.5-19.6) 15.5 (11.5-19.6) 14.5 (10.6-18.4)
North-East 7.6 (4.9-10.3) 15.7 (11.8-19.7) 7.1 (4.5-9.7) 10.2 (7.0-13.3)
North-West 16.9 (11.6-22.1) 18.1 (12.7-23.6) 12.7 (8.1-17.2) 15.9 (10.8-21.0)
South-East 17.4 (13.6-21.2) 21.3 (17.1-25.5) 13.2 (9.9-16.6) 17.3 (13.5-21.1)
South 11.9 (9.2-14.6) 16.9 (13.7-20.1) 11.9 (9.2-14.6) 13.6 (10.7-16.5)
West 18.6 (14.4-22.7) 31.4 (26.0-36.8) 17.4 (13.4-21.4) 22.5(17.9-27.0)
Ireland 10.2 (9.2-11.1) 13.4 (12.3-14.5) 8.7 (7.8-9.5) 10.7 (9.6-11.7)

Data source: Computerised Infectious Disease Reporting (CIDR), Health Protection Surveillance Centre (HPSC), Ireland
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Contact with farm animals and visiting farms are known risk
factors for sporadic cryptosporidiosis. Living in an area with
poorer water treatment has also been reported as a risk factor for
cryptosporidiosis. Moreover, a high proportion of rural dwellers
in Ireland are served by private wells, many of which would not
have barriers against Cryptosporidium. We believe that the lower
incidence reported from the HSE-East may reflect at least in part
a true difference in risk between urban and rural dwellers.

There was also a noticeable difference between the age
distribution of cases in different HSE areas. For example, the
HSE-East reported a higher proportion of adult cases older than
15 years of age among their relatively small number of cases -
almost three quarters of cases reported in the period 2004-2006
(Table 2). Interestingly, several of these cases were reported as
travel-associated. In contrast, only 5-8% of cases in the HSE-West
and HSE-Mid West during the same period were above the age of
15 years. Some of this variation is likely to be due to surveillance
bias as discussed above.

FIGURE 1

Seasonal distribution of cryptosporidiosis cases, Ireland,
2004-2006
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Data source: Computerised Infectious Disease Reporting (CIDR), Health
Protection Surveillance Centre (HPSC), Ireland

FIGURE 2

Transmission routes for cryptosporidiosis in Ireland

Outbreak surveillance data provide important information on
disease transmission routes. Between July 2001 and December
2006, 23 outbreaks of cryptosporidiosis were reported to the
HPSC, including nine family outbreaks and 14 general outbreaks
(outbreaks involving cases who were not part of the same family)
(Figure 3). Water was reported as a suspected source for 14
outbreaks - drinking water for twelve outbreaks (11 general and one
family outbreak) and recreational water for two family outbreaks.
For general outbreaks, drinking water was the most common
suspected transmission route, while for family outbreaks person-
to-person transmission appears more important (Figure 3). For one
waterborne outbreak during this time period, there was analytical
evidence demonstrating a statistically significant increase in the
likelihood of disease in those who consumed tap water [13].

Some of the best available evidence internationally on the
epidemiology of Cryptosporidium is from the United Kingdom
[3,8,14-19]. Evidence has been gathered through a combination
of outbreak surveillance, case control studies and speciation of
positive human specimens from routine human surveillance. The
most commonly reported outbreak transmission routes in England
and Wales have been public water supplies and swimming pools
[3,14,19]. Swimming pools have not been reported as a location for
outbreaks for cryptosporidiosis in Ireland during this time period,
although there were cases reported associated with an outbreak
linked to a swimming pool in Spain in 2003 [20].

Since surveillance for human cryptosporidiosis began in
2004 following the revision of the list of notifiable diseases
[21], much has been learned about the epidemiology of human
cryptosporidiosis in Ireland. There remain, however, a number of
issues on which further data would be advantageous. In the United
Kingdom, speciation of human isolates has proved invaluable in
elucidating the epidemiology of infection in conjunction with case
control studies and other surveillance data [19]. In the time period
2004-2006 in Ireland, typing of positive human specimens was
only rarely undertaken except in the event of outbreaks. A small
number of hospital laboratories in Ireland have started to have
Cryptosporidium-positive specimens typed on a routine basis

TABLE 2

Mean annual age-specific incidence rates of
cryptosporidiosis, Ireland, 2004-2006
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Data source: Computerised Infectious Disease Reporting (CIDR), Health
Protection Surveillance Centre (HPSC), Ireland

Age distribution of cryptosporidiosis notifications, Ireland,
2004-2006, by Health Service Executive (HSE) area

HSE-area <5yrs 5-14 yrs 15+ yrs Total
East 13 (19.4%) 5 (7.5%) 49 (73.1%) 67
Midland 99 (72.3%) 25 (18.2%) 13 (9.5%) 137
Mid-West 103 (66.0%) 41 (26.3%) 12 (7.7%) 156
North-East 68 (56.7%) 24 (20.0%) 28 (23.3%) 120
North-West 62 (55.9%) 33 (29.7%) 16 (14.4%) 111
South-East 134 (56.1%) 34 (14.2%) 71 (29.7%) 239
South 152 (60.1%) 59 (23.3%) 42 (16.6%) 253
West 208 (75.4%) 53 (19.2%) 15 (5.4%) 276
Total 839 (61.7%) 274 (20.2%) 246 (18.1%) 1359

Note: includes only cases where information on age was available
Data source: Computerised Infectious Disease Reporting (CIDR), Health
Protection Surveillance Centre (HPSC), Ireland
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since 2007, and the results of these studies will provide the first
systematic evidence of the relative importance of different species
in this country. Provisional results from these studies suggest that
C. parvum is more common than C. hominis among sporadic cases
in Ireland (unpublished data). A research study by Zintl et al [22]
concurs with this.

Another issue that needs to be assessed quantitatively is the
relative importance of travel-associated infection. In the United
Kingdom, international travel is believed to play an important part
in the epidemiology of Cryptosporidium in autumn months. The
available data at national level in Ireland on ‘country of infection’
is limited but has been improving over time. Given that a number of
community outbreaks have been reported in Ireland, it is likely that
indigenous cases form the majority of cases, however, this would
be important to verify, and hopefully can be achieved with time.

Increasingly, circumstantial evidence from outbreak surveillance
data in Ireland suggests that drinking water and person-to-person
spread are important transmission routes during outbreaks.
Elsewhere, personal risk factors for sporadic cryptosporidiosis have
variously included factors such as international travel, contact with
cattle, visiting farms, contact with another person with diarrhoea,
swimming in a public swimming pool, freshwater swimming, having
a chronic medical condition, and drinking unboiled tap water [15-
16, 23-26]. Socio-economic risk factors such as living in an area
which has a high proportion of individuals of higher socio-economic
status, living in an area with a high rate of manure application to
land, or living in an area with poorer water treatment, were reported
by Lake et al [27]. A key advantage of the Hunter study was that
analyses of the case control study were undertaken separately for
C. parvum and C. hominis cases permitting determination of the
species-specific risk factors [15]. The only factor which significantly

FiIGURE 3

Outbreaks of cryptosporidiosis in Ireland, July 2001 -
December 2006, by suspected transmission route (n=23)
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Data source: Computerised Infectious Disease Reporting (CIDR), Health
Protection Surveillance Centre (HPSC), Ireland

increased the risk of C. parvum infection was touching or handling
farm animals, while international travel, spending time sleeping or
sitting on the ground and nappy-changing contact with a child less
than five years of age were associated with C. hominis infection.
No studies have been published in Ireland on the risk factors for
sporadic cryptosporidiosis. Further research on this topic would be
very valuable, in particular in the light of the seasonal distribution
of cases and the likely difference in epidemiology that this suggests.
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