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A total of 175 waterborne outbreaks affecting 85,995
individuals were notified to the national outbreak sur-
veillance systems in Denmark, Finland and Norway
from 1998 to 2012, and in Sweden from 1998 to 2011.
Between 4 and 18 outbreaks were reported each year
during this period. Outbreaks occurred throughout the
countries in all seasons, but were most common (nh =
75/169, 44%) between June and August. Viruses belong-
ing to the Caliciviridae family and Campylobacter were
the pathogens most frequently involved, comprising
n = 51 (41%) and n = 36 (29%) of all 123 outbreaks
with known aetiology respectively. Although only a
few outbreaks were caused by parasites (Giardia and/
or Cryptosporidium), they accounted for the largest
outbreaks reported during the study period, affecting
up to 53,000 persons. Most outbreaks, 124 (76%) of
those with a known water source (n = 163) were linked
to groundwater. A large proportion of the outbreaks
(n = 130/170, 76%) affected a small number of peo-
ple (less than 100 per outbreak) and were linked to
single-household water supplies. However, in 11 (6%)
of the outbreaks, more than 1,000 people became ill.
Although outbreaks of this size are rare, they highlight
the need for increased awareness, particularly of para-
sites, correct water treatment regimens, and vigilant
management and maintenance of the water supply and
distribution systems.

Background

outbreaks remain an important public health concern,
despite advances in water management and sanitation,
even in industrialised countries, as large numbers of
people can be infected within a short time period and
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some of the infections can be life threatening. While
people depend on water to live, the supplies can
remain vulnerable to contamination from animal and
human faeces and provide an excellent environment
for the survival and transmission of a range of infec-
tious agents. The traditional paradigms of treatment
have been challenged by emerging microorganisms,
such as Cryptosporidium, which are resistant to chlo-
rination at the concentrations used in drinking water
treatment and require either advanced filtration or
ultraviolet (UV) disinfection [1]. In addition, globalisa-
tion is changing the distribution of microorganisms [2].
High population density can generate stress on avail-
able water sources and sanitation systems.

Drinking water in the Nordic countries is mostly sup-
plied by waterworks (either municipal or managed by
private companies). In addition, there are also a con-
siderable number of people who are supplied with
water from single-household wells, mainly those living
in remote rural areas or in summer houses or cabins in
the countryside (Table 1). The water source for drink-
ing water differs among the countries. In Denmark, all
drinking water is obtained from groundwater, while in
Norway surface water is the main source. In Sweden
and Finland, surface water predominates as the source
for large waterworks, while groundwater is the main
source for medium- and small-sized waterworks (Table
1). Chlorination and UV radiation are the most fre-
quently used disinfection methods for treating surface
water (Table 1). Groundwater is usually not disinfected
in the Nordic region. Drinking water regulations in all



TABLE 1

Drinking water: overview of water sources, waterworks, water treatment, Denmark, Finland, Norway and Sweden®

ENEDL] Denmark Finland

Large waterworks:
- surface water 44%

—_ 0,
Almost exclusively groundwater 41%

groundwater

Water sources (99%).

Medium-sized waterworks:
- groundwater 92-95%
- surface water 5%.

— artificial groundwater 15%.

Norway

Surface water supplies 61% of
the waterworks and 90% of the
served population.

Groundwater supplies 39% of
the waterworks and 10% of the
served population.

Sweden

Surface water supplies 10% of
the waterworks and 53% of the
population.

Groundwater supplies 85% of
the waterworks and 23% of the
population.

Artificial groundwater supplies 24%
of the population and 5% of the
waterworks.

2,600 waterworks
serving > 98% of
the population;

about 2% are
served by small
private facilities

156 large waterworks supply
4.32 million people.

1,594 waterworks serving 4.34
million people, 88 % of the
population:

— 63% are municipal
— 2% are intermunicipal
- 35% are private.

1,750 waterworks supply 84% of the
population.

About 1,000,000 people are

Groundwater: often no
disinfection.

filtering.

disinfection.

About 7,000 people are served
by waterworks with surface
water without disinfection.

Waterworks (such as private di ized lied by bri s i
wells). »700 medium-size supplied by private wells in
waterworks provide water These waterworks serve 71%, permanent households and about
2/3 of population to>500,000 people. 24% and 5% of the population 1,000,000 by private wells in
s?erve?i é’y 100 supplied by waterworks, summer houses
major waterworks. respectively.
Mainly UV radiation (72% of Mainly UV radiation and
the served population) and to a | chlorination. 90% of the population
lesser extent chlorination (66% | connected to surface water supplies
Generally no Surface water: mainly of the served population). 45% has coagulation in addition to
disinfection for | chlorination and U.V radiation of the supplied population is disinfection. Sometimes in
Water aeration and : served by waterworks using combination with ozonation and
treatment coagulation in addition to membrane filtration.

About 400,000 people are served
by groundwater waterworks without
disinfection.

UV: ultraviolet.

2 The table shows data from 2010 in Norway, 2012 in Denmark and Finland, and 2014 in Sweden.

four countries [3-7] follow the European Union Drinking
Water Directive [8].

Municipal health, environmental and food safety
authorities are responsible for outbreak detection,
investigation and control. Medical practitioners who
suspect an outbreak are obliged by law to report it to
the municipal authorities. National public health insti-
tutes have a consulting role, providing assistance if
needed, or a coordination role, if the outbreak affects
more than one administrative region [9-12]. All four
countries have national surveillance reporting systems
in place that municipal authorities should use to notify
waterborne outbreaks. All the systems are currently
web-based.

In this study, we present information available on
waterborne outbreaks notified between 1998 and 2012
in these countries to gain a better understanding of
their scope and characteristics in the Nordic region.

Methods

We analysed data on all waterborne outbreaks notified
between 1998 and 2012 (in Sweden, up to 2011) to the
national outbreak surveillance systems in each of the
four countries. Where data about the outbreaks were
incomplete, local and regional authorities responsible
for each outbreak investigation provided additional
data to make the datasets as complete as possible.

In order to collect and systematise the data, a link
to a web-based questionnaire designed using the
Questback application [13] was sent to all four coun-
tries. The questionnaire included questions on number
of cases, date of onset of symptoms of the first case,
municipality of occurrence, microorganism(s) involved,
water source (surface water, groundwater, other), type
of water supply, (including municipal or private water-
works, single household, other), number of people
supplied with a given water supply, water disinfection
status, factors contributing to the outbreak (pollution
of water source, failure of water treatment, failure of
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TABLE 2

Overview of waterborne outbreaks, Denmark, Finland, Norway and Sweden, 1998-2012° (n = 175)

Country Number of outbreaks Outbreaks per year Number of people involved Total population in 2012
Denmark 4 0.27 660 5,426 million [27]
Finland 59 3.9 22,594 5,421 million [28]
Norway 53 3.5 10,483 5,033 million [29]
Sweden 59 4.2 52,258 9,555 million [30]

2 For Sweden, 1998 to 2011.

water distribution system, other) and level of evidence
of drinking water being the cause of the outbreak
(strongly associated, probably associated and possibly
associated, using the categories developed by Tillett et

al. [14]).

Once the data were gathered through the Questback
application, we carried out a descriptive analysis of the
information.

Results

Outbreaks

A total of 175 waterborne outbreaks affecting 85,995
individuals were notified in the four Nordic countries
during the study period (Table 2). Outbreaks occurred
throughout the four seasons, but were mainly during
June to August (75/169 outbreaks, 44%) and March to
May (38/169 outbreaks, 22%) (Figure 1).

For six outbreaks, the season was not reported. The
number of notified outbreaks varied from 4 to 18 out-
breaks per year, affecting between 300 and 28,000
persons per year. Most of the outbreaks with known
number of cases (130/170 outbreaks, 76%) had fewer
than 100 persons involved. However, all countries
except Denmark reported outbreaks with more than
1,000 persons per outbreak (11/170 outbreaks, 6%),
including two outbreaks in Sweden in 2010 and 2011
with more than 20,000 persons involved each time
(three-year period trends are shown in Figure 2).

Implicated microorganisms

The aetiology was known for 123 outbreaks (70% of
all outbreaks). The microorganisms most frequently
implicated were viruses belonging to the Caliciviridae
family, involved in 51 outbreaks (41% of outbreaks with
known aetiology). Of these, norovirus was the cause
in 44 outbreaks while in seven outbreaks the specific
type of calicivirus was not specified. The second most
common microorganism involved was Campylobacter,
which caused 36 outbreaks (29%). The 36 outbreaks
involving other laboratory-confirmed microorgan-
isms were caused by pathogenic Escherichia coli
(8 outbreaks), Francisella tularensis (6 outbreaks),
Salmonella (2 outbreaks) and Shigella and rotavirus (1
outbreak each), and parasites such as Giardia (5 out-
breaks) and Cryptosporidium (4 outbreaks). There were

www.eurosurveillance.org

nine outbreaks in which more than one microorganism
was identified in samples from patients and/or water
(Table 3).

In terms of number of outbreak cases reported, the fol-
lowing four groups of pathogens dominated as aetio-
logical agent and contributed to more than 90% of all
cases: Cryptosporidium (58%), viruses belonging to
the Caliciviridae family (17%), Campylobacter (9%) and
Giardia (7%) (Table 3).

Certain types of microorganisms were country-spe-
cific, such us F. tularensis, which was only notified in
Norway, in six outbreaks.

Type of water supply, water source, disinfection
status and contributing factors

Most of the outbreaks with known water supply were
associated with waterworks (101/168 outbreaks,
60%). Of these, 62 were municipal waterworks and
39 were owned by private companies. Around 35% of
outbreaks (58/168) occurred in single households. In
addition, nine involved an outdoor open water source.
Groundwater was the water source involved in most
of the outbreaks with known water source (124/163
outbreaks, 76% of those with known water source)
followed by surface water in 39 outbreaks (24%). The
distribution of type of water supply and water source
involved in outbreaks remained relatively stable during
the study period (Figure 2). Outbreaks involving munic-
ipal waterworks with surface water as water source
(17/175 outbreaks) accounted for the largest number
of cases (67% of all cases (57,315/85,995)), followed
by outbreaks involving municipal waterworks with
groundwater as water source (42/175 outbreaks) with
23,816 cases (28% of all cases).

In 122 outbreaks, water had not been disinfected
before the outbreak. All outbreaks that occurred in sin-
gle households in which disinfection status was known
(50 outbreaks) were caused by non-disinfected water.
The most common contributing factor was contamina-
tion at the source (95 outbreaks). Failures in the dis-
tribution system accounted for 26 outbreaks (Table ).

Level of association of outbreak with water
According to the classification developed by Tillett et
al. [14], 32 outbreaks were classified as being ‘strongly’



FIGURE 1
Seasonal distribution of waterborne outbreaks by size of outbreak, Denmark, Finland, Norway and Sweden, 1998-2012*
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2 For Sweden, 1998 to 2011.
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FIGURE 2

Waterborne outbreaks by three-year periods and (A) type of water supply and water source (n = 175) and (B) size of
outbreak, Denmark, Finland, Norway and Sweden, 1998-2012° (n = 170)
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2 For Sweden, 1998 to 2011.
associated with water, 51 were classified as ‘probably’ Discussion

associated and 56 as ‘possibly’ associated with water
(Figure 3). The proportion of outbreaks with a known
level of association was higher as the number of cases
involved increased. A total of 36 outbreaks could not
be classified due to missing information.
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In the 15-year period included in this study, a total of
175 waterborne outbreaks affecting thousands of peo-
ple were notified in the Nordic countries. However, we
consider the numbers presented to be an underesti-
mation of the true occurrence. For example, outbreaks
linked to municipal or inter-municipal waterworks are
more likely to be recognised and reported than those
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TABLE 4

Factors contributing to waterborne outbreaks by type of water supply, Denmark, Finland, Norway and Sweden, 1998-2012°

(n=175)

Number of outbreaks (number of patients involved) by type of water supply

Contributing factors Single Municipal waterworks

households Groundwater

Surface water

Private waterworks Other/

unknown

Groundwater Surface water

Contamination at

15 (11,410)>¢
source 5 (11,410)

29 (579)

6 (55,005)°

82

12 (455) (68,398)

19 (934)° 1 (15)

Failures in the

distribution system B 11(7,594)

3 (238)

_ . 2 (24) 16 (7,856)

Failures in water

treatment - - 1(4)

1 (unknown)® - - 2 (4)

Contamination

of the water
sourceplusfailures
in water treatment

2 (55) -

1 (1,700)

3 (1,755)

Contamination
of the water
source plusfailures 1 (16)
in the distribution
system

3 (2,549) -

3 (117) 1 (100) 1(360) 9 (3,142)

Contamination

of the water
sourceplusfailures
in the distribution
systemplusfailures
in water treatment

- 1(35) -

- - - 1(35)

Unknown 26 (471) 12 (2,228)

6 (368)

9 (1,149) 3(71) 6 (518) 62 (4,805)

Total 58 (1,121) 42 (23,816)

17 (57,315)°

175
186
5 (186) (85,995)

32 (2,200) 21 (1,357)

Dashes indicate that there were no such outbreaks.
2 For Sweden, 1998 to 2011.

b There was an outbreak with an unknown number of people involved. There were five such outbreaks in total.
¢ There were two outbreaks in this category with unknown numbers of people.

4 Two outbreaks accounted for 54.7% (47,000) of all cases.

that involve a single-household water supply. Similarly,
outbreaks caused by treatment failure or contamina-
tion of source water affecting all the persons supplied
in the area are more likely to be recognised than out-
breaks caused by failures in the water distribution
system that affect only a small part of the population.
Outbreaks of diseases with severe symptoms are also
more likely to be identified as people are more likely
to seek medical attention. Additionally, it is difficult to
state whether the geographical differences in reported
outbreaks reflect a real difference in risk between the
regions or just differences in outbreak detection and
reporting routines by the local authorities.

Viruses belonging to the Caliciviridae family, mainly
noroviruses, and Campylobacter were the groups
of microorganisms most frequently associated with
waterborne outbreaks. The largest outbreak notified
in Denmark of campylobacteriosis, affecting more
than 200 people in the city of Kgge in 2010 [15]. It was
caused by a point source contamination, most probably
in the central water supply system. One of the largest
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waterborne outbreaks reported in Norway, in the city
of Rgros in 2007 with 1,500 sick, was also caused by
Campylobacter [16]. Several events that might have
caused a fall in water pressure and influx of contami-
nated water into the water distribution system were
identified as the main contributing factor to the out-
break in the environmental investigation. In addition, it
was considered that faecal contamination from birds,
containing Campylobacter, could have passed directly
to a production well of groundwater from an uncovered
extra service well (Arnulf Moseng, Rgros municipality,
personal communication, November 2010).

Outbreaks caused by parasites (Giardia and/or
Cryptosporidium) were few but large in size. The larg-
est outbreaks reported in Sweden and Norway were
caused by these types of microorganisms. In Norway,
a giardiasis outbreak occurred in 2004 in the city of
Bergen, resulting in an estimated 6,000 cases. In this
outbreak, leaking sewage pipes combined with insuffi-
cient water treatment for inactivation of parasites (only
chlorination was used) in the water supply serving



FIGURE 3

Waterborne outbreaks by level of association with water®
by size of outbreak, Denmark, Finland, Norway and
Sweden, 1998-2012" (n = 170)°
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the city centre was the likely cause [17]. In Sweden, a
cryptosporidiosis outbreak at the end of 2010 in the
city of Ostersund that involved around 27,000 per-
sons is the largest waterborne outbreak ever reported
in Europe [18,19]. One suspected source was sewage
water from a few households being discharged directly
into a stream, which ran into a lake from which the
drinking water was obtained. The second largest out-
break in Sweden was also caused by Cryptosporidium
and occurred half a year later in Skellefted, further
north, affecting around 20,000 persons. The cause of
the outbreak was unknown but it was considered to
be partly related to the Ostersund outbreak. The sur-
face waterworks in both cities lacked sufficient barri-
ers for parasites. The outbreaks resulted in increased
awareness regarding barriers and risks for waterborne
disease, and actions have been taken by national
authorities and at municipal waterworks. The ability
to detect Cryptosporidium and Giardia in primary diag-
nostic laboratories has also been identified as critical
for being able to detect and respond to outbreaks. The
occurrence of large outbreaks should stimulate health
professionals to encourage routine detection of these
pathogens in samples from patients with diarrhoea.
The detection of only one Cryptosporidium outbreak
before 2010 suggests it is likely that other outbreaks
may have been missed.

Nine outbreaks involved multiple microorganisms.
These types of outbreaks were mainly caused by con-
tamination with sewage. In Finland, the largest out-
break reported occurred in 2007 in the city of Nokia,
where C. jejuni, norovirus, Giardia and Salmonella
were detected in drinking water [20]. Cross-connection
between the waste water system and drinking water
pipeline contaminated the drinking water distribution
network.

In 52 outbreaks, 30% of the total, the microorganism
involved was not identified. This could be related to
problems associated with microbiological testing in

outbreak settings. Microbiological analysis of water
during an outbreak is challenging as the contamina-
tion is often of short duration, and by the time the out-
break is detected, the contamination episode is over.
Technically, it is easier to find the relevant pathogen in
patient stool samples than in water samples. However,
few people with uncomplicated diarrhoea consult a cli-
nician, and stool samples are not always requested.
Epidemiological analysis of outbreaks requires suf-
ficient case numbers to give statistically significant
results. This reinforces the importance of encouraging
patients to go to a doctor in order to get a stool sample
taken during outbreak investigations.

A large proportion of outbreaks, although of small
size, occurred in single households. This highlights the
importance of correct protection of wells. If this cannot
be achieved, disinfection of wells should be consid-
ered. The largest outbreaks were those in which drink-
ing water was obtained from municipal waterworks
supplied by surface water, followed by those involving
municipal waterworks supplied by groundwater. It is
important that the function of barriers in waterworks
with surface water as their water source is evaluated
and if necessary improved or supplemented by addi-
tional treatment steps. Water utilities also need to be
encouraged to better protect groundwater sources to
minimise the risk of contamination.

In a previous report on waterborne outbreaks in the
Nordic countries, based on 17 years’ data (1975 to
1992), a total of 143 outbreaks were recorded [21], lower
than the total number reported in our study. This could
be explained by the fact that surveillance systems in
the Nordic countries have been further improved and
developed during the last decades, including new and
improved web-based outbreak notification systems
[22]. In the previous report, the proportion of out-
breaks in which groundwater and surface water were
involved was similar, while in our study, groundwater
was the source most commonly involved. In the previ-
ous report, Denmark was also the country with fewest
outbreaks reported. Campylobacter and Caliciviridae
viruses were the most frequent microorganisms
reported in the previous study. The proportion of out-
breaks with unknown microorganisms in our study was
much lower (30% compared with around 60% in the
previous report), likely due to improvements in meth-
ods and routines for microbiological analysis.

The aetiologies of waterborne outbreaks reported by
other European countries differ from those of the out-
breaks presented here. During a 10-year period (1992
to 2003), 69% of all waterborne outbreaks reported in
Wales and England were caused by Cryptosporidium
[23]. In the United States (1971-2006) and Canada
(1974-2001), the most frequently reported micro-
organisms in outbreaks associated with drinking
water were parasites, of which Giardia was the most
common [24,25]. While noroviruses were the most
frequently reported viruses in the United States,
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Campylobacter was only the third most frequent bac-
teria associated with waterborne outbreaks, after
Shigella and Salmonella, which are not very common
waterborne pathogens in the Nordic countries. In
Canada, Campylobacter was the most common bac-
teria reported. The reasons for the differences in the
aetiologies of the outbreaks in these countries are not
completely understood. It might be due to varying lev-
els of endemicity of the diseases or different routines
in sampling, laboratory procedures or reporting.

In only a few of the outbreaks included in our study
was drinking water strongly associated with the out-
break. Denmark and Finland were the countries with
the highest proportion of outbreaks with a strong
association. In most of the notified outbreaks, water
quality failure, water treatment problem or descrip-
tive epidemiology suggested that water was involved.
In only a few of the outbreaks was a pathogen identi-
fied in the water or an analytical epidemiological study
confirmed an association with water: both are always
needed for an outbreak to be classified as strongly
associated with drinking water according the Tillett
et al. criteria [14]. The lack of demonstrated associa-
tion in an outbreak partly reflects the difficulties and
limitations that investigators face when performing
epidemiological, microbiological and environmental
investigations in these settings. Most of the outbreaks
reported were small and had few laboratory-diagnosed
cases. It should be emphasised that in outbreak situ-
ations every effort needs to be made to confirm cases
by laboratory identification and typing of isolates so
that appropriate analytical epidemiological investiga-
tions can be undertaken.

Outbreaks of disease caused by contaminated drink-
ing water still occur every year in the Nordic region,
pointing to several emerging and persisting public
health challenges associated with drinking water sys-
tems. Thus it is important to adopt the World Health
Organization approach to water supply described in
Water Safety Plans [26]. Although large outbreaks due
to contaminated water are rare, they highlight the need
for increased awareness in the public health sector,
particularly of Cryptosporidium, correct treatment regi-
mens (using coagulation, filtration and disinfection)
and vigilant management and maintenance of water
supply and distribution systems.
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