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Abstract: Measurements of Cryptosporidium and Giardia in water have been compiled from over 50
references comprising data from over 20 countries throughout Europe from Scandinavia to the
Mediterranean, from the Atlantic to the Urals. Data predominantly reported after 2000 and mostly
by IMS-IFA based analysis clearly demonstrate the distribution of these waterborne pathogens
across all parts of the continent. The presence of these organisms at readily detectable levels in
surface water used for public water supply corresponds to epidemiological evidence describing the
prevalence of cryptosporidiosis and of giardiasis in all countries of Europe. Where the extent of
data from individual references has permitted, cumulative frequency analysis has been used to
describe typical (median) concentrations and variability (standard deviation). These estimates are
presented with accompanying data from elsewhere showing the relation of occurrence levels and
degrees of variation as part of a global spectrum.

Keywords: Cryptosporidium; Giardia; water; Europe

1. Introduction

There can be little doubt that the protozoan pathogens Cryptosporidium and Giardia are
distributed in all surface waters throughout Europe and indeed globally. Recent published reports
describe the presence of both organisms in significant proportions of samples analyzed whether
from surface water sources, drinking water treatment facilities, or wastewater and treatment
facilities. Published reports also document the occurrence of community-scale outbreaks (limited
epidemics) of both cryptosporidiosis and of giardiasis in different European locations. Furthermore,
European surveillance of communicable disease consistently describes the occurrence of significant
numbers of verified cases of cryptosporidiosis and of giardiasis distributed across virtually all
countries in and adjacent to Europe. The purpose of this effort is to describe essential features of
Cryptosporidium and Giardia levels found in published reports in selected areas of Europe according
to essentially randomly distributed investigations. An objective of this compilation is to examine the
potential relation between epidemiological evidence, the well-established evidence of
Cryptosporidium and Giardia source distribution, and their appearance in surface water. Potential
value of this examination may be to highlight features of the presence and distribution that present
clear risk of waterborne transmission and that should dictate features of monitoring essential to
minimizing risk through effective management of watersheds and water treatment systems.
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2. Representative Cryptosporidium and Giardia Observations in Europe

More than 50 reports describing the presence of Cryptosporidium and Giardia in water and
wastewater media have been published in the last 20 years. Reports cover more than 20 countries
across the length and breadth of Europe. Data have been extracted from representative reports
showing the apparent levels and distribution throughout this geographic region, Table 1.

Table 1. Reported Giardia and Cryptosporidium occurrence levels (cysts/L, oocysts/L) including
sample origin, number of samples, percent positive reported range and averages, by country.

Giardia Cryptosporidium
Country Media n % Positive Range/L Avg. n % Positive Range/L Avg. Ref.
Austria SW 109 10 [1]
Britain SW 4214 40-70 0.5-420 0.12 [2]
Bulgaria ™w 89 8 0.014 89 16 0.01-2 [3]
Czech Rep. ™w 0-74 0-4.85 [4]
Finland ™ 139 13.7 139 10.1 [5]
France ™w 162 94 0.05-51 1.1-3.8 162 46 0.05-25 0.03-3.6 [6]
Germany w 77 10 0-40 0.06-16 77 12 0-20 0.02-7.5 [7]
Greece w 11 64 0-32 2.9 11 64 0-0.4 0.7 [8]
Hungary ™w 26 58 1-150 26 46 0-10 [9]
Italy rw 44 52 0-10,400 0-2635 44 30 0-5834 2-582 [10]
Luxembourg ™w 90 71 0-7.6 0.84 90 77 0-1.4 0.22 [11]
Netherlands ™w 87 58 0-16.7 0-6.9 87 37 029 0-0.25 [12]
Norway ww eff 72 32 4000-36,000 8000 40 29 4000-44,000 4000 [13]
Poland w 100 0.018 81 0.006 [14]
Portugal rw 37 85 0-372 0.3-29 37 82 0-5.3 0.1-0.4 [15]
Romania ™w 21 76 0.05-300 21 14 0.17-48 [16]
Russia ™w 87 30 87 26 [17]
Scotland ™w 142 40.1 0.007-0.7 [18]
Spain ™w 64 0-49 1-12.8 64 0-36 0-10.5 [19]
Sweden ™w 18 55 0.02-0.31 [20]
Switzerland ™w 56 48 [21]
All Above rwsw 1006 54 0-372 0.06-30 5594 41 0-420 0-10.5

Sw = surface water; rw = river water; ww eff = treated wastewater effluent.

The data included, Table 1, are not exhaustive but were selected as illustrative of findings being
reported in the literature. Many additional reports may be found for example describing findings of
these organisms in various media, recreational water, sources of public water supply, treated water
sampled at the tap, raw and treated wastewater (sewage), and in various locations. A significant
feature of published reports is their reflection of where individual researchers find the interest and
the financial support to conduct these specialized and demanding investigations. A corollary of this
observation is that the geographical distribution of such investigations is not tied to these organisms’
actual distribution in the environment. Their actual distribution must be deduced from the
scattering of investigations of occurrence in water that have been reported, along with knowledge of
the sources, distribution, and fate of such organisms, and the expression of their transmission to the
human population as evidenced in epidemiological data.

For those familiar with the literature summarized here, examination of the information
presented in Table 1 will raise a number of questions regarding the comparability of the data from
such a wide range of sources. Methods used including sampling and analysis covered the range of
methods available at the time. Details of methods used were sometimes not clear. The basis of
reporting findings varied but all numbers have been reduced to numbers (oocysts or cysts) per L.
Only one of the reports included in the table was for wastewater alone (Norway). Although many of
the other reports included data on wastewater, none of that data was used in compiling the table.
Although some reports referred to recovery efficiency of the analytical method used, the data
included here are exclusively only numbers of organism found per L of sample. It has been pointed
out elsewhere [22] that comparison of raw numbers may lead to misinterpretation due to the
importance of recovery efficiency to expression of concentration and that only by calculation of
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concentration taking recovery into account can data from different time periods and locations be
compared directly.

Despite the range of shortcomings mentioned above, the data describe a clear pattern. There is
no question that both Cryptosporidium and Giardia can be found in surface waters throughout Europe
at levels that are measurable by skillful application of readily available methods.

3. Representative Cryptosporidium and Giardia Levels and Variation, European Examples

A relatively small number of published reports on Cryptosporidium and Giardia in European
surface water include multiple samples over an extended time period permitting analysis to
determine the level typical at that location, represented by the median, and the degree of variation
provided by the standard deviation. The analysis procedure used here is formation of cumulative
frequency distributions (CFD) from which the median and standard deviation can be readily
deduced [23].

The four European Cryptosporidium and Giardia monitoring examples permitting cumulative
frequency analysis include data from the UK, Figure 1a, from France, Figure 1b, from Italy, Figure
2a, and from Luxembourg, Figure 2b. The data comprising Figure la are highly unusual,
summarized in Table 1 line 2 (Britain), including over 4000 Cryptosporidium measurements between
the 8 locations over a period of more than 10 years [2]. Median concentrations range from 0.02/L to
0.17/L and with standard deviations (slope of the log normal lines of best fit) that are within a
narrow range. The data comprising Figure 1b are from an investigation measuring both
Cryptosporidium and Giardia in samples collected from 8 sites on the Seine and the Marne Rivers in
the vicinity of Paris in 2005-7 [24]. These observations describe median levels in a similar range to
those in the UK, although their degrees of variation from site to site was greater. The Cryptosporidium
(circles) levels and variation were mostly lower and less variable than those of Giardia (diamonds).
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Figure 1. Cumulative frequency distributions of (a) Cryptosporidium/L at 8 sites in Britain, 1993-2004
(unpublished, from [2]; (b) Cryptosporidium/L and Giardia/L at 12 locations in France in 2005 [24].

The Cryptosporidium and Giardia monitoring examples from Italy, Figure 2a, and from
Luxembourg, Figure 2b illustrate patterns different from those of the UK and France. The Italian
example [10] describes levels of Cryptosporidium (red) and Giardia (blue) in significantly higher
ranges than in previous examples. Sampling location 1 was of the final effluent from a local
secondary sewage treatment facility, location 2 was at the entrance to a coastal receiving lagoon.
Observed Giardia levels were typically higher than those of Cryptosporidium although the
Cryptosporidium levels in the effluent showed significantly more variation.

The Cryptosporidium and Giardia observations in the Luxembourg example [11] describe levels
at upper and middle sampling locations in a relatively long narrow recreational and water supply
reservoir. From the CFDs, Figure 2b, typical Giardia levels were higher and somewhat more variable
than Cryptosporidium at the respective sites, and the levels of both organisms were significantly lower
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at the downstream sampling location. Typical (median) levels of both organisms at these reservoir
locations were lowest among the four examples.
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Figure 2. Cumulative frequency distributions (a) Cryptosporidium/L and Giardia/L at 4 sites in Italy,
2006-2007 [10]; (b) Cryptosporidium/L and Giardia/L at 2 sites in Luxembourg in 20062007 [11].

The value of having concentration data collected at regular intervals e.g., monthly, over
extended periods, e.g., annual cycles (12 months), lies in their description of characteristics using the
CFD approach that are useful to a public water supply agency in planning and implementing both
catchment management and treatment system management related to expected conditions. Sources
having higher concentrations are intuitively at higher risk. Sources exhibiting higher variability
experience a higher proportion of an annual cycle under higher risk water quality conditions [23].

A broader context for understanding the Cryptosporidium and Giardia occurrence characteristics,
shown by the examples in Figures 1a,b and 2a,b, is provided by a compilation of data from sources
in the USA Figure 3. With the exception of the sewage-affected sites in Italy, Figure 2b, the European
observations all fall within the middle range of the occurrence spectrum reported from elsewhere.
While the lowest median levels among the European sites were at the Luxembourg reservoir middle
sampling location, ca. 0.01/L, Figure 2b, median levels at the NE and NW USA sites, Figure 3, were
significantly lower, and with low variability.
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Figure 3. Cumulative probability distributions of Cryptosporidium (C) and Giardia (G) after Figure 8
[23], in descending order: C&G-66 USA sites, 1990; G-34 USA sites, 2001; C-34 USA sites, 2001; G-1yr
USA site, 1992-3; C-1yr USA site 1992-3; C-2yr 1670 USA sites, 2010-12; G-1yr NE USA site, 2003;
C-1yr NW USA site, 1996.

4. Epidemiology of Cryptosporidium and Giardia in Europe

The appearance of Cryptosporidium and Giardia related illness in the human population is
described by epidemiological statistics compiled by European Center for Disease Prevention and
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Control (ECDC) publishing regular reports through its publication Eurosurveillance. The most
recent reports on cryptosporidiosis [25] and on giardiasis [26] show broad distribution of confirmed
cases of both illnesses across Europe, Figure 4a,b. Some important features to note on examination of
Figure 4a,b are first of all; compiled data are from only about half of the countries in Europe.
Important exceptions include France, Spain, Portugal, Italy, Greece, Ukraine, Russia, Netherlands, and
Denmark. Never the less, distribution of illness due to these two organisms throughout Europe is clear.
Furthermore, a recent review focused on Cryptosporidium and Giardia in Eastern Europe [27] describes
the distribution of both organisms in the animal and human populations throughout this region.
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Figure 4. ECDC 2014 data on the distribution in Europe of reported confirmed cases per 100,000
population of (a) cryptosporidiosis [25]; (b) giardiasis [26].

Although the distributions of cryptosporidiosis and giardiasis across Europe shown, Figure
4a,b, are recent, ECDC incidence rate data compared for the last 5-years shows little trend suggesting
relatively consistent occurrence of these illnesses in the European population, Figure 5a,b. An
outstanding feature of these data is the consistently greater incidence of giardiasis; more than double
that of cryptosporidiosis. This feature alone provides cause for reconsidering the relative importance
of these pathogens.
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Figure 5. ECDC 2010-2015 European monthly total reported confirmed cases per 100,000 population
with 12-month moving average (green) of (a) cryptosporidiosis [25]; (b) giardiasis [26].

5. Discussion

The general presence of Cryptosporidium and of Giardia in water must be considered of
long-standing. Indeed, Giardia is among the earliest of human pathogens described in scientific
literature based on its identification in his own stool by van Leeuwenhoek in the 17th century and
confirmed as a human pathogen by work associated with severe GI illness in soldiers returning to
England from Egypt and Flanders during WWI [28]. The relatively recent (1960"s-1980’s) recognition
of both organisms as waterborne pathogens capable of causing community-scale “outbreaks” is due
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to the development of suitable technology for finding them in the environment [29]. A recent review
of waterborne outbreaks due to Cryptosporidium and Giardia [30] makes the point that the
distribution of outbreak reports is more a reflection of the existence of surveillance systems and
devotion of resources to reporting rather than to the true distribution of these organisms in water
supplies and the occurrence of illness due to their transmission through public water supplies.

The general picture of the geographic distribution of Cryptosporidium and Giardia as waterborne
pathogens that emerges is that both organisms are clearly present in surface water everywhere,
globally. If it should be assumed that they are present, and at levels related to well-understood
indicators reflecting the nature and intensity of watershed uses, the question remains how best to
provide public health protection. Further investigations will provide benefit to the extent that they
are directed to satisfying public water supply agencies’ needs for information useful to the
management of watersheds, where such may be possible, and to the well-informed management of
water treatment facilities [23]. Ample reports in the literature describe the capabilities of
well-designed and well-operated water treatment facilities to effectively control both
Cryptosporidium and Giardia. Technology and understanding are available to manage risk associated
with their waterborne transmission. Achieving uniformly effective control across Europe will
continue to depend on ability to provide for minimum standards regardless of financial limitations.
The degree of public health protection will always bear a direct relation to the economic resources of
the local population...and to the wisdom of governments in allocating resources.
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