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Abstract In Nokia city about 450,000 l of treated sewage

water was for 2 days allowed to run into the drinking water

supplies of the city due to a personal error of one

employee. Within the next 5 weeks about 1,000 people

sought care at the municipal health centre or regional

hospital because of gastroenteritis. Here we report the

results of viral analyses performed by gene amplification

assays from the earliest water and sewage samples as well

as from close to 300 patient samples. The contaminating

treated sewage was shown to harbour several enteric

viruses known to cause acute gastroenteritis. Likewise, the

drinking water sample was positive for noro-, astro-, rota-,

entero- and adenoviruses. Noroviruses were also found in

29.8% of stool samples from affected patients, while astro-,

adeno-, rota- and enteroviruses were detected in 19.7, 18.2,

7.5 and 3.7% of the specimens, respectively.

Keywords RT-PCR � Real-time RT-PCR � Enteric

viruses � Norovirus � Astrovirus � Rotavirus � Enterovirus �
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Introduction

The presence of pathogenic viruses in drinking water has

emerged as a significant risk factor for water consumers.

Although several viruses can cause acute gastroenteritis

human noroviruses are shown to be the causative agents in

most of the viral waterborne outbreaks. In addition, several

other RNA viruses, like rotavirus, sapovirus, astrovirus,

enterovirus, hepatitis A virus and hepatitis E virus, are

capable of causing waterborne epidemics of gastroenteritis

(e.g. Leclerc et al. 2002; Bosch et al. 2008). Furthermore,

dsDNA virus, human adenovirus (HAdV) and especially

serotypes 40 and 41 are involved in the aetiology of out-

breaks (Enriquez 2002).

Human enteric viruses are non-enveloped and highly

stable which means that they can survive well in the

environment (Dahling and Safferman 1979; Wyn-Jones

and Sellwood 2001). Noroviruses infect people in all age

groups and create only short-term immunity whereas

viruses like astro-, sapo-, rota- and adenovirus cause

infections or symptoms mainly in children and long time

immunity is developed (Koopmans et al. 2002). In non-

endemic regions like Finland, hepatitis A virus infection

which can be prevented by vaccination has rarely been

linked to waterborne outbreaks. Hepatitis E virus has

caused large waterborne outbreaks in tropical and sub-

tropical regions (Bosch et al. 2008).

Analyses of enteric viruses are relatively simple thanks

for the development of RT-PCR (Jiang et al. 1992) and

real-time PCR-techniques (Kageyama et al. 2003) and the
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information about the presence of these viruses in the

environment is growing rapidly. So far, regular monitoring

of viruses in water is not mandatory and viral analyses are

only performed in outbreak situations or in suspicions of an

outbreak. In Finland, and elsewhere, several waterborne

gastroenteritis outbreaks caused by noroviruses have been

recorded (Beller et al. 1997; Maunula et al. 2005).

The most common reason for viral waterborne outbreaks

has been contamination by sewage of human origin

(Maunula 2007). In previous studies enteric viruses have

been reported to be present both in raw and treated sewage

water (van den Berg et al. 2005). In the case reported here

about 450,000 l of treated sewage water was accidentally

allowed to run into the drinking water supplies of a small

city of 30,000 inhabitants in Southern part of Finland,

resulting into faecal contamination of the household water

of about 10,000 people. In microbiological studies several

pathogenic bacteria and parasites were found (to be pub-

lished elsewhere) in both the contaminated drinking water

and the treated sewage but here we report the results of

viral analyses from the early water samples and from close

to 300 patient samples.

Materials and Methods

Preparation of Samples for Viral Analyses

A drinking water sample was taken from a tap of water

consumer at 1st December 2007, as soon as possible after

the faecal contamination of drinking water was detected.

The sample was transported in a coolbox to the laboratory

and concentrated by the adsorption–elution method

described by Gilgen et al. (1997). Briefly, 1 l sample was

run through a positively charged membrane (diameter

47 mm, pore size 45 lm; AMF-Cuno, Zetapor, Meriden,

CO, USA) with or without fibreglass prefilter (Millipore,

Billerica, MA, USA). Viruses were eluted in 50 mmol/l

glycine buffer, pH 9.5, containing 1% beef extract and the

eluate was rapidly neutralized with HCl. The volume was

further reduced to about 200 ll with a microconcentrator

(Vivaspin 2, Vivascience AG, Hannover, Germany or

Amicon, Millipore). This sample was used for nucleic acid

extraction. Nucleic acid extraction was also performed

directly from the water sample or after ultrafiltration of

3 ml sample to a volume of about 200 ll by Vivaspin

without any preceding filtrations.

The suspected contamination source was treated

wastewater funnelled to the drinking water distribution

from the wastewater treatment plant. A treated wastewater

sample was taken at 3rd December 2007 and analysed

directly and in 10-fold dilutions without any filtration or

concentration steps by taking a 200 ll or 140 ll to the

nucleic acid extraction depending on the extraction

method.

The patient stool samples originated from outbreak

cases in all age groups: 24% from children were less than

10 years of age. The 10% faecal suspensions for RNA and

DNA extraction were performed in phosphate-buffered

saline (PBS) and the suspension was clarified by

centrifugation.

Nucleic Acid Extraction

Viral RNA and DNA were extracted from all above

supernatants using either the QiaAmp Viral RNA-kit

(Qiagen; all RNA viruses except enteroviruses in water), the

High Pure Viral Nucleic Acid Kit (Roche Molecular Bio-

chemicals Ltd., Mannheim, Germany; adenoviruses), High

Pure Viral RNA Kit (Roche; enteroviruses in water) or the

E.Z.N.A.� Total RNA kit (Omega Bio-Tek Inc., Doraville,

GA, USA; all RNA viruses in human faeces). All methods

were carried out according to manufacturer’s instructions.

Extracted nucleic acids were stored at B-70�C.

Gene Amplification

Samples of drinking water and wastewater as well as stool

samples from patients were analysed for different enteric

viruses by using the conventional or real-time methods

presented in Table 1. All real-time analyses were per-

formed by Taqman-chemistry with fluorescent probes.

Real-time PCR assays were carried out in a Rotor-GeneTM

3000 real-time rotary analyser (Corbett Life Science,

Sydney, Australia), LightCycler (Roche) or Mx3005P

(Stratagene, USA). Conventional RT-PCR methods

described by Gilgen et al. (1997) and Blomqvist et al.

(1999) were used to analyse nucleic acid extracts from

water and wastewater samples for rotaviruses and entero-

viruses, respectively, while real-time assays (Table 1) were

Table 1 Detection methods used in viral investigations

Detection methods References for primers

Norovirus

Genogroup I Real-time RT-PCR Folley et al., unpublished

Genogroup II Real-time RT-PCR Loisy et al. (2005)

Astrovirus Real-time RT-PCR Le Cann et al. (2004)

Rotavirus Conventional RT-PCR Gilgen et al. (1997)

Real-time RT-PCR Gutiérrez-

Aguirre et al. (2008)

Adenovirus Real-time PCR Jothikumar et al. (2005)

Enterovirus Conventional RT-PCR Blomqvist et al. (1999)

Real-time RT-PCR Nix W, unpublished

Hepatitis A virus Real-time RT-PCR Costafreda et al. (2006)
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used to analyse nucleic acid extracts from stool samples for

all the virus types. In all viral assays appropriate controls

were always performed using diluted patient faecal sam-

ples containing particular viruses as a positive and

nuclease-free water as a negative control in ensuring suc-

cess of preparation of samples, nucleic acid extraction and

gene amplification. In adenovirus assay type 40 Dugan

strain (ATCC-VR-931) was used as a positive control.

The real-time assays for norovirus genogroups I and II

amplified the polymerase/capsid gene junction region

(Folley et al., manuscript in preparation; Loisy et al. 2005,

respectively). The real-time assay for enterovirus (William

Nix, CDC, personal communication) was based on primer

and probe sequences derived from the highly conserved

50-end (sense 50-CCTGAATGCGGCTAATCC-30, antisense

50-TTGTCACCATWAGCAGYCA-30, probe 50-6FAM-

CCGACTACTTTGGGWGTCCGTGT-30-BHQ1). Briefly,

5 ll of sample RNA was added to 45 ll of a master

mix (SuperScriptTM III Platinum One-Step Quantitative

RT-PCR System, Invitrogen) containing 25 ll 29 Reaction

Mix, 2 ll of both 10 lM primer, 1 ll of 5 lM TaqMan

probe, 1 ll SS III RT/platinum Taq Mix, 1 ll of 50 mM

MgSO4, 12.9 ll of PCR grade water and 0.1 ll ROX Ref-

erence Dye. The cDNA step consists of one cycle of 50�C for

30 min followed by 95�C for 5 min. PCR consists of

45 cycles of 95�C for 15 s; 58�C for 45 s and 72�C for 10 s.

The primer and probe sequences that recognized the

adenovirus (A to F) hexon gene region were according to

Jothikumar et al. (2005). In the HAdV real-time Taqman

assay, each PCR mix (total final volume of 25 ll) included

12.5 ll of 29 TaqMan Universal Master mix (Applied

Biosystems), 0.75 ll of both 10 lM primer, 0.5 ll of 10 lM

TaqMan probe, 5.5 ll of PCR-grade water and 5 ll of DNA

sample or control. The real-time PCR running programme

was 50�C for 2 min and 95�C for 15 min, followed by

45 cycles at 95�C for 10 s, 55�C for 30 s and 72�C for 15 s.

Molecular Typing

Norovirus genotypes were deduced after determination of

the nucleic acid sequence of a PCR product from a partial

viral RNA polymerase region that was amplified using

primers MJV12 and RegA according to Vinje et al. (2004).

In typing of adenoviruses the real-time PCR products

which were produced without fluorescent probes were

purified with ExoI-SAP (Fermentas) enzymatic treatment

(Werle et al. 1994) and sequenced bidirectionally with the

same primers used in real-time PCR. Sequences were

generated by Molecular Medicine Sequencing Laboratory

(National Public Health Institute, Biomedicum, Helsinki,

Finland) with full service sequencing including sequencing

reactions with BigDye Terminator cycle sequencing ready

reaction kit v3.1 (Applied Biosystems, Foster City, CA,

USA) dilution 1/18 and sequencing run with ABI3730

Automatic DNA Sequencer (Applied Biosystems).

Sequence data were examined by using the Vector NTI

Advance software program (Invitrogen) or by using Bioedit

program (Ibis Biosciences) and the sequences compared to

the sequence database in FBVE (RIVM, The Netherlands)

or in GenBank by BLAST (Basic Local Alignment Search

Tool). Group A rotavirus G and P types were determined

based on the method first described by Gouvea et al. (1990)

with modifications (Iturriza-Gomara et al. 2004).

Electron Microscopy

The 10% faecal suspensions were examined with electron

microscopy for the presence of viral particles after negative

staining of the sample with 2% KPT (potassium phos-

photungstate), pH 6. The identification of viruses was

based on typical morphology.

Results

In Nokia city about 450,000 l of treated sewage water was

allowed to run into the drinking water supplies of the city

due to a personal error during the 2 days in the end of

November 2007 (Fig. 1). Within the following month after

the accident around 1,000 people sought care at the

municipal health centre and 204 visited the regional hos-

pital in Tampere because of acute gastroenteritis. Numbers

of cases of acute gastroenteritis during the epidemic in

town by date of a visit at the municipal health care centre

are shown in Fig. 1. In most patients the symptoms

appeared within 1 week from the contamination. During

the outbreak, the most typical symptoms in patients were
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diarrhoea and vomiting. The presence of a broad panel of

enteric viruses in patients stool samples, in a tap water

sample taken from the contaminated drinking water dis-

tribution network and in a sample of treated sewage

suspected as the contamination source was studied by gene

amplification (Table 1).

As shown in Table 2 noro-, astro-, rota-, adeno- and

enteroviruses were recorded in the drinking water by PCR

methods. With the exception of enteroviruses the same

viruses were also present in the contaminating wastewater.

The genogroup GI norovirus present in the treated sewage

could not be detected in the drinking water sample. Hep-

atitis A virus was found in neither of the water samples.

Based on ct-values obtained with real-time RT-PCR,

norovirus content in the drinking water could be estimated

to be over 50 PCR-units per ml and in the treated waste-

water at least 10 times more.

Following the national recommendations for the epide-

miological surveillance of acute gastroenteritis at outbreak

situations five stool samples were collected for microbial

detection on day 4 post-contamination. All of them were

positive for norovirus in real time RT-PCR assay and by

electron microscopy. Four samples contained both geno-

groups I and II norovirus, one genogroup II virus only.

According to the genetic typing based on viral polymerase

sequences the viruses were identified as genotypes GI.3,

GI.4, GII.7 and GII.4-2006b.

Altogether, 294 stool samples were collected from

affected patients during 2–5 weeks from the beginning of

the outbreak for bacterial and parasitological diagnostics.

These were recovered for further virological analyses. By

using gene amplification assays the samples were tested

for the presence of several human enteric viruses. The

results in Table 3 show that 49.7% of the specimens

contain at least one virus while 50.3% of samples

remained completely negative. The most common finding

was norovirus; genogroups I and II were detected in 8.2%

and 22.1% of samples, respectively. Other enteric RNA

viruses, astrovirus, rotavirus and enterovirus, were

detected in 19.7, 7.5 and 3.7% of the stool samples,

respectively. Adenovirus was found in twelve samples

(18.2%) out of the 66 tested. Furthermore, mixed virus

infections were common with 30 double and 8 triple

infections among the 294 patients.

Further genetic typing of both norovirus and adenovirus

strains detected revealed genetic variation. Based on viral

polymerase sequences norovirus infections were caused by

genotypes GI.4, GIIb, GII.4-2006b and GII.7, the latter

three of which were found in the treated sewage as well,

and type GII.4 in drinking water. In cases of adenovirus

positive drinking water, sewage and patient samples pre-

liminary sequencing revealed that at least HAdV40/41

serotype was present.

Table 2 Enteric viruses (types) found in contaminated water and

treated wastewater

Drinking water

1st December 2007

Treated wastewater

3rd December 2007

Norovirus

Genogroup I Negative Positive

Genogroup II Positive (GII.4) Positive

(GII.4, GII.7, GIIb)

Astrovirus Positive Positive

Rotavirus Positive (G1P[8]) Positive (G1P[8])

Adenovirus Positive (40/41) Positive (40/41)

Enterovirus Positive Negative

Hepatitis A virus Negative Negative

Table 3 Enteric viruses, genotypes found in stool samples of patients collected at weeks 2–5 from the beginning of epidemic

Virus Positive/total Single virus (no.) Percent (%) Genotype

Norovirus

Genogroup I 24/294 (8) 8.2 GI.4

Genogroup II 65/294 (46) 22.1 GII.4-2006b, GII.7, GIIb

Astrovirus 58/294 (33) 19.7

Rotavirus 22/294 (10) 7.5

Adenovirus 12/66a (2) 18.2 40/41b

Enterovirus 11/294 (9) 3.7

Mixed infections 38/294 12.9

Double 30/294 10.2

Triple 8/294 2.7

Negative 148/294 50.3

a Represents about 22% of the total amount of the samples. Samples were taken within second week from the beginning of the outbreak
b Possibly also other HAdV types were present
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Discussion

Here we report the virological results of the large water-

borne outbreak in southern Finland. In the end of

November the drinking water distribution network of the

city in Tampere region was contaminated with treated

sewage and a rapid onset of acute gastroenteritis took place

in about 1,000 of 10,000 exposed people. The contami-

nating sewage was shown to harbour several different

viruses known to cause acute gastroenteritis and they were

found in patient stools as well. Accordingly, the drinking

water sample was also positive for norovirus, astrovirus,

rotavirus, enterovirus and adenovirus. The viral quantities

can be estimated to be high, since noro-, astro-, rota- and

adenoviruses were detected in drinking water and waste-

water also directly without water filtration. The amounts of

enterovirus and norovirus genogroup I seemed to be low or

vary in concentration since they were identified either in

sewage or in drinking water.

Virological analyses indicated a clear linkage between

patients suffering from acute gastroenteritis and the con-

sumption of sewage-contaminated drinking water, since all

the viruses present in the drinking water were found also in

patient samples. Likewise, mixed infections with two or

three different enteric viruses and/or strains were common.

However, based on the symptoms and virus findings in a

particular patient it is difficult to make conclusions, which

one of the viruses caused the disease, especially without

background data from bacterial findings. Furthermore,

50.3% of the patients did not have any of the analysed

viruses in their stools and they are likely to have suffered

from non-viral infections at the time of sampling. The

outbreak curve resembles that seen in single-source noro-

virus outbreaks (Hoebe et al. 2004) and is supported by the

early patient sample findings.

Treated wastewater contained several norovirus geno-

types, GII.4, GII.7 and GIIb that have commonly been

infecting people and causing waterborne outbreaks in

Finland in the recent years (Maunula and von Bonsdorff

2005). The epidemic season of 2007–2008 was about to

start at the time when this drinking water accident took

place and the numbers of norovirus positive cases were

slightly increased in Finland. The exact prevalence of

viruses and distribution of norovirus genotypes in Nokia

district before the outbreak is unknown, since the sewage

obtained for virus investigations was collected several days

after the contamination started. Although water samples

clearly contained high amounts of viruses, molecular typ-

ing was tedious mainly due to the presence of PCR

inhibitors in water. The only norovirus genotype that could

be determined in the drinking water was GII.4 while a

broader panel of genotypes was found in sewage and

affected patients. In previous waterborne viral epidemics in

Finland the same single norovirus genotype has often been

found in both water and patient samples (Maunula et al.

2005). Here the occurrence of multiple strains might be

explained by the heavy contamination of sewage originat-

ing from a large community. Kim et al. (2005) have also

reported presence of several strains of noroviruses in

groundwater as well as in faecal samples from students in

outbreaks of gastroenteritis in Korea.

When aetiological roles of different enteric viruses were

studied by analysing stool samples of 294 patients suffering

from acute gastroenteritis at weeks 2–5 of the outbreak the

same panel of enteric viruses (norovirus, astrovirus, rota-

virus, enterovirus and adenovirus) were found than

previously in the contaminated tap water. Again, the most

common finding was norovirus that was found in 89 of 294

patients. In addition to single virus infections noroviruses

were involved in 30 of 38 mixed virus infections. The high

prevalence of norovirus is not a surprise as such since they

are known to possess extremely high transmissibility and

often prolonged virus shedding (Lopman et al. 2004; Atmar

et al. 2008; Harris et al. 2008). Furthermore, the high

number of norovirus infections may also reflect secondary

transmissions. This conclusion was also further supported

by the finding that the virus genotypes identified in the

second week and later during the outbreak were somewhat

different than those found in the first five patients. The first

stool samples contained genotype GI.3 viruses, while later

the most abundant genotypes were GI.4 and GII.4.

As discussed in a recent review by Koopmans (2008)

new norovirus genotypes emerge through genetic muta-

tions and recombination. The simultaneous infections with

several norovirus strains that are found commonly not only

in shellfish-linked outbreaks (Symes et al. 2007) but also in

waterborne outbreaks offer ample opportunities for

recombination to occur. Outbreaks like this where a large

population has simultaneously been exposed to multitude

of strains may help to find out the frequency and clarify the

mechanisms of emergence of new viruses.
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