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Abstract An outbreak of echovirus 30 (E-30) in 2009 was
confirmed by both frequent isolation of the virus from
sewage as well as from patient samples in Finland. Over the
last 10 years E-30 had only been isolated sporadically in
Finland. We here study the phylogenetic relationships of the
strains from the outbreak in the context of E-30 circulation
over the last 20 years. The analyzed region comprised 276
nucleotides in the 5’ end of VP1 (nucleotides 132—407 in the
VP1 of the E-30 Bastianni strain). The Finnish strains were
clustered into at least four distinct genogroups, with seven
clusters exceeding the genotype demarcation of 12% and
the 2009 epidemic strains forming the largest genogroup
VII. Moreover, we detected largely divergent genotypes in
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2007 and 2009. Interestingly, close genetic relatives of the
epidemic strains had already been isolated a few years
before the outbreak. Phylodynamic analysis estimated
8.9 years (95% highest posterior density intervals 7.0-11.0)
as the age of genogroup VII, indicating a probable origin
and evolutionary history prior to its introduction and epi-
demic expansion in Finland. Finally, the most recent com-
mon ancestor for the current E-30 diversity dates back to
1939 (95% highest posterior density intervals 1913-1956).

Keywords Echovirus 30 - Molecular epidemiology -
Phylodynamic analysis

Introduction

Echovirus 30 (E-30) is one of the enteroviruses recurring in
reports on meningitis outbreaks and circulating in human
communities. It is often associated with more serious
infections that lead to neurological symptoms and hospital
care. However, enterovirus infections involving E-30 are
primarily mild or sub-clinical, indicating that the diag-
nostically confirmed cases with serious symptoms repre-
sent only the tip of the iceberg.

Taxonomically E-30 belongs to Human enterovirus B
(HEV-B) species in the genus Enterovirus, family Picor-
naviridae [1]. Picornaviruses are small, non-enveloped
virus particles with capsids characterized by icosahedral
symmetry. Their genome is an approximately 7,500 nt
long messenger-sense RNA with one open reading frame
coding for capsid proteins VP1-4 and seven non-structural
proteins. Their evolutionary dynamics are fueled by a
rapid accumulation of point mutations due to the lack of
proof-reading and correction mechanisms of the RNA-
dependent RNA polymerase and frequent recombination.
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These processes enable the virus populations to readily
adapt to changing environmental conditions and efficiently
colonize a niche for propagation.

At the turn of the millennium, we reported increased
epidemic activity of E-30 in Finland [2]. In tandem several
other reports described similar findings, indicating a global
predominance of a single epidemic genotype [3-5]. These
reports were followed by global descriptions of E-30 out-
breaks [6—15]. Long-term surveillance of E-30 reporting by
the Centers for Disease Control and Prevention has
revealed the periodicity of E-30 outbreaks within a com-
munity [10].

In Finland most years will see a few E-30 strains
genetically typed. Typically, detection is in environmental
samples of sewage water. However, in 2009 the epidemic
activity of E-30 dramatically increased after years of spo-
radic findings. E-30 was readily detected in sewage from
different parts of the country while specimens from
patients with neurological symptoms also began to accu-
mulate. Here, we present a phylogenetic and phylodynamic
analysis of the strains that made up the recent Finnish
outbreak.

Materials and methods
Viruses

The Echovirus 30 strains analyzed in this study originate
from environmental surveillance of enteroviruses in Fin-
land, from clinical specimens studied to determine the
etiology of viral meningitis, from research projects [16],
and from clinical HEV isolates sent to the national
enterovirus reference laboratory from other Finnish clinical
virology laboratories [17]. All strains where a partial VP1
sequence existed were included in the study. In sum 108
strains were available, of which 79.6% originated from
environmental samples and 20.3% from clinical specimens,
e.g., stool and cerebrospinal fluid (Tables 1, 2). A total of
27 strains were isolated during the period 1993-2008,
while the other 81 strains originated from the 2009 out-
break. The 2009 outbreak strains were isolated from dif-
ferent cities in Finland (Table 2). The cell lines used for
isolation included human rhabdomyosarcoma, human
colorectal adenocarcinoma, human cervical carcinoma, and
the green monkey kidney cell line (GMK). In addition,

Table 1 The Finnish echovirus

30 strains from this study Year Accession number Sample type Coll. date City Age Sex
1993-2008 1993 HM366704 Sewage 30.8.1993 Helsinki
1996 HM366713 Sewage 9.10.1993 Helsinki
1996 HM366714 Sewage 23.10.1993 Helsinki
1997 HM366711 Sewage 24.2.1997 Helsinki
1999 HM366710 Sewage 23.2.1999 Helsinki
1999 HM366706 Sewage 5.7.1999 Helsinki
2000 HM366715 Sewage 26.1.2000 Helsinki
2000 HM366716 Sewage 29.11.2000 Helsinki
2001 HM366712 Sewage 3.4.2001 Helsinki
2003 HM366708 Sewage 8.7.2003 Helsinki
2004 HM366707 Sewage 6.4.2004 Helsinki
2004 HM366709 Sewage 22.3.2004 Helsinki
2007 HM366609 Sewage 31.7.2007 Helsinki
2007 HM366610 Sewage 31.7.2007 Imatra
2007 HM366611 Sewage 18.9.2007 Imatra
2007 HM366612 Sewage 25.9.2007 Lappeenranta
2007 HM366613 Sewage 2.10.2007 Kotka
2008 HM366683 CSF 7.7.2008 Turku 34 years f
2008 HM366684 Stool 20.7.2008 Helsinki 7 years m
2008 HM366685 Stool 16.9.2008 Turku 13 years m
2008 HM366614 Sewage 21.7.2008 Helsinki
2008 HM366615 Sewage 28.7.2008 Kotka
2008 HM366616 Sewage 28.7.2008 Imatra
2008 HM366617 Sewage 29.9.2008 Kotka
2008 HM366618 Sewage 16.10.2008 Imatra
2008 HM366619 Sewage 27.10.2008 Kotka
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Table 2 The Finnish echovirus
30 strains from the 2009
outbreak
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Year Accession Sample Coll. date City Age Sex
number type

2009 HM366639 Stool 17.9.2009 Vaasa 14 years m

2009 HM366640 Stool 17.9.2009 Vaasa 15 years m

2009 HM366643 Stool 23.9.2009 Vaasa 15 years m

2009 HM366646 Stool 29.9.2009 Porvoo 14 years f

2009 HM366647 Stool 1.10.2009 Tampere 17 years f

2009 HM366648 Stool 1.10.2009 Tampere 16 years f

2009 HM366652 Stool 2.10.2009 Porvoo 16 years m

2009 HM366653 Stool 7.10.2009 Vantaa 16 years m

2009 HM366665 Stool 28.10.2009 Tampere 56 years m

2009 HM366666 Stool 28.10.2009 Helsinki 13 years m

2009 HM366686 Stool 23.8.2009 Helsinki 14 years f

2009 HM366687 Stool 1.9.2009 Tampere 14 years m

2009 HM366688 Stool Helsinki 14 years f

2009 HM366689 CSF Vaasa 15 years m

2009 HM366690 Nasal swab Helsinki 14 years m

2009 HM366691 Stool Helsinki 17 years m

2009 HM366692 CSF Porvoo 14 years f

2009 HM366693 Stool 2.10.2009 Porvoo 16 years m

2009 HM366694 Throat swab 2.10.2009 Helsinki 16 years m

2009 HM366695 CSF 7.10.2009 Tampere 15 years m

2009 HM366696 CSF 8.10.2009 Porvoo 12 years m

2009 HM366697 Stool 27.9.2009 Vaasa 5 years f

2009 HM366698 CSF 18.9.2009 Espoo 14 years m

2009 HM366699 Stool 28.9.2009 Porvoo 16 years m

2009 HM366700 CSF 9.10.2009 Tampere 14 years m

2009 HM366701 Throat swab 1.10.2009 Kotka 3 years f

2009 HM366702 Stool 16.11.2009 Helsinki 36 years f

2009 HM366703 CSF 26.11.2009 Hyvinkad 11 years m

2009 HM366620 Sewage 9.2.2009 Helsinki

2009 HM366621 Sewage 30.3.2009 Helsinki

2009 HM366622 Sewage 7.4.2009 Helsinki

2009 HM366623 Sewage 18.5.2009 Helsinki

2009 HM366624 Sewage 7.7.2009 Helsinki

2009 HM366625 Sewage 14.7.2009 Rovaniemi

2009 HM366626 Sewage 20.7.2009 Helsinki

2009 HM366627 Sewage 4.8.2009 Helsinki

2009 HM366628 Sewage 4.8.2009 Lappeenranta

2009 HM366629 Sewage 11.8.2009 Rovaniemi

2009 HM366630 Sewage 17.8.2009 Helsinki

2009 HM36631 Sewage 17.8.2009 Kajaani

2009 HM366632 Sewage 25.8.2009 Lappeenranta

2009 HM366633 Sewage 31.8.2009 Turku

2009 HM366634 Sewage 31.8.2009 Kotka

2009 HM366635 Sewage 7.9.2009 Helsinki

2009 HM366636 Sewage 14.9.2009 Tampere

2009 HM366637 Sewage 14.9.2009 Lappeenranta

2009 HM366638 Sewage 14.9.2009 Kajaani

2009 HM366641 Sewage 21.9.2009 Helsinki
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Table 2 continued Year Accession Sample Coll. date City Age Sex
number type

2009 HM366642 Sewage 21.9.2009 Tampere
2009 HM366644 Sewage 28.9.2009 Kotka
2009 HM366645 Sewage 28.9.2009 Turku
2009 HM366649 Sewage 5.10.2009 Helsinki
2009 HM366650 Sewage 5.10.2009 Helsinki
2009 HM366651 Sewage 5.10.2009 Helsinki
2009 HM366654 Sewage 12.10.2009 Imatra
2009 HM366655 Sewage 12.10.2009 Kajaani
2009 HM366656 Sewage 12.10.2009 Tampere
2009 HM366657 Sewage 19.10.2009 Helsinki
2009 HM366658 Sewage 19.10.2009 Helsinki
2009 HM366659 Sewage 19.10.2009 Tampere
2009 HM366660 Sewage 20.10.2009 Lappeenranta
2009 HM366661 Sewage 20.10.2009 Rovaniemi
2009 HM366662 Sewage 26.10.2009 Kotka
2009 HM366663 Sewage 26.10.2009 Kotka
2009 HM366664 Sewage 26.10.2009 Tampere
2009 HM366667 Sewage 26.10.2009 Turku
2009 HM366668 Sewage 26.10.2009 Turku
2009 HM366669 Sewage 2.11.2009 Helsinki
2009 HM366670 Sewage 2.11.2009 Tampere
2009 HM366671 Sewage 3.11.2009 Rovaniemi
2009 HM366672 Sewage 9.11.2009 Imatra
2009 HM366673 Sewage 9.11.2009 Kajaani
2009 HM366674 Sewage 9.11.2009 Tampere
2009 HM366675 Sewage 16.11.2009 Helsinki
2009 HM366676 Sewage 16.11.2009 Tampere
2009 HM366677 Sewage 17.11.2009 Rovaniemi
2009 HM366678 Sewage 23.11.2009 Tampere
2009 HM366679 Sewage 30.11.2009 Tampere
2009 HM366680 Sewage 1.12.2009 Rovaniemi
2009 HM366681 Sewage 7.12.2009 Helsinki
2009 HM366682 Sewage 1.12.2009 Kajaani

VP1 sequences from [2] were included in the analysis.
Altogether, those international strains were collected over a
time span of 35 years (1975-2009), while isolates from
Finland covered a 20-year period (1985-2009). The Gen-
Bank accession numbers of the sequences reported in this
paper are: HM366609-HM366716, and the alignment is
available on request from the authors.

Isolation of RNA, RT-PCR, sequencing, and molecular
typing

RNA was extracted from 100 pl of the infected cell cul-
tures by commercial procedures (E.Z.N.A.® Total RNA
kit, Omega Bio-Tek Inc., Doraville, GA, USA) according
to the manufacturer’s instructions. RT-PCR was performed

with primers 292 and 222 [18, 19], designed for identifi-
cation of all enteroviruses. The purification of PCR prod-
ucts, sequencing, and molecular typing were done as
described in Blomqvist et al. [17].

Phylogenetic analysis

Multiple sequence alignments were made with MEGA 4.0
[20] using default parameters and thereafter manually
optimized according to the amino acid translation. The
phylogenetic tree was estimated with MEGA 4.0 using
Neighbor-joining [21] with the maximum composite like-
lihood model [22]. The transition/transversion ratio
was estimated from the data set (4.2). Bootstrapping was
performed using 1,000 pseudo-replicates [23].
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Phylodynamic analysis

Rate of evolution and divergence times were estimated
from the partial VP1 sequences using a Bayesian Monte
Carlo Markov Chain (MCMC) method and implemented in
BEAST version 1.5.1 [24]. Bayesian MCMC analyses were
performed using a relaxed molecular clock model (the
uncorrelated log-normal distributed model) [25]. Bayesian
analysis was run for 100 million states and sampled every
100,000 states. Posterior probabilities were calculated with
a burn-in of 1 million states and checked for convergence
using Tracer version 1.4.1 [26].

Results

In 2009 the epidemic activity of E-30 dramatically
increased in Finland (Fig. 1). After years of low detection,
E-30 was isolated from sewage as well as from patient
samples from all over the country. Samples from only a
few representative cases/epidemic were collected and
analyzed. All of the patients from whom the anamnesis
data were available suffered from neurological complaints:
headache, nausea, and nuchal rigidity being the most
common symptoms. Most of the patients were diagnosed
with meningitis.

The seasonal distribution of total E-30 detections in
Finland from 1985 to 2009 showed a curve typical of other
HEVs, peaking in the autumn (Fig. 2). Yet, sporadic
detections occurred throughout the year. Also the 2009
outbreak occurred at the time of the enterovirus high sea-
son, in autumn (Table 2), although a genetically almost
identical strain had been isolated already in March, 2009
(HM366621, Fig. 3).
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Fig. 1 Echovirus 30 detections in THL/Finland during 1993-2009.
Data from 1985 to 1992 were obtained from Savolainen et al. [2]
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Fig. 2 Monthly distribution of echovirus 30 detections in Finland.
All detections are included for which isolation date data were
available. Data are collected from the period 1985 to 2009. Data from
1985 to 1992 were obtained from Savolainen et al. [2]

A total of 112 Finnish strains were used in the phylo-
genetic analysis together with 63 strains from [2] and the
E-30 prototype strain Bastianni (Fig. 3). In addition, based
on prior BLAST searches in GenBank (February, 2010), 19
previously published sequences were included. The ana-
lyzed region comprised 276 nucleotides in the 5’ end of
VP1 (nucleotides 132-407 in the VP1 of the E-30 Basti-
anni strain). The Finnish strains clustered into at least four
distinct genetic lineages or genotypes with high bootstrap
support. Based on a demarcation of 12% of genetic
divergence [2] seven lineages could be identified. Boot-
strap support values for genogroups IV-VI remained low,
but taken the evident clustering, these lineages were con-
sidered as genotypes in the subsequent analyses (I-VII,
Fig. 3). One strain (HM366709, Fig. 3) did not cluster with
any other strains. Genogroup V comprised strains from the
largest time span, from 2000 to 2008, while all other lin-
eages were temporally more restricted. The largest geno-
group, VII, comprised most strains from 2009 and only a
few strains from other years (marked with a black dot in
Fig. 3). The closest GenBank matches to the 2009 outbreak
strains were found to have originated in France and the
United Kingdom. Two recent Finnish strains that diverged
most from all other strains were shown to have their closest
relatives in the designated ancient genogroups, previously
isolated from Columbia and the Russian states [4, 13]
(HM366613 and HM366623, genogroup I, Fig. 3).

The maximum nucleotide distance between E-30 strains
in this study in the analyzed genomic region was 23.6%.
The maximum amino acid distance between all strains was
11.0%. The ranges of distance values for sequence rela-
tionships within genogroups are shown in Table 3. The
sequence data originated from genetic typing of HEVs and
thus did not include the complete VP1, but was a part of it.



Virus Genes (2011) 42:28-36

33

| 2007
2002,0 (2000.3-2003,0)
3,

11 2009
1973.4 (1962.0-1983.4)

111 2004-2008
1985.2 (1982.6-1988.3)

98

IV 1993
1970.7 (1966.1-1974.9)

4;:2\;7557&
577_,v°t7g
Ars3R23e 07>
HM36573_5 6.,
366704 i85,
AFg&}’é"n 3
AF 23R i
AF2365953 Es‘ggpﬁ ':"W;e =
HM36671614E2: i
lelsinki>{ §-55385
HM366712HslsInl€i':i€r-s"Z£b€wﬁ
AF236529-Net96
AF23695§,40-N I
AF236528-Den
e
Q250 S
AMaes7%% Sloc

nidi, Ve Yer
e,;‘,’er>’gerg;> 29 y

86
V 2000-2008 i
1991.2 (1987.3-1994.4)

88

JE

HM366672Imatra-11-2000
HM386632Lappeenranta-8-2009
HIM386708Helsinki-7-2003

2

36573'-?'«%:97

inki-1..
365741
AF2365
S08134-508081-159.9 ppOLZINA
002-6-euBIUBadde1ZL999EINH

HIM366704Helsinki-6-1993
HIM366709Helsinki-3-2004
HM386712Helsinki-4-2001

AF2;

HM366715H913.

E:

HM366613Kotka-10-2007

HM38623Helsinki-5-2008
-Farina

VI 1996-2000
1992.4 (1990.8-1993.6)

Fig. 3 Evolutionary relationships of the Finnish E-30 strains and
reference strains in the 276 nucleotide region in the 5'-part of VPI.
The evolutionary history was inferred using the Neighbor-joining
method. Evolutionary distances were computed using the Maximum
Composite Likelihood model. The strains of this study are shown in
black while reference sequences from GenBank are shown in red.
Sequences from Savolainen et al. [2] are shown in blue. Numbers
represent bootstrap values for each branch calculated with 1,000

Table 3 Nucleotide and amino acid sequence variation ranges in
percentages within Finnish genogroups of echovirus 30 from the
current study

Variation 1 Im 1 1v \4 VI VII
range

Nucleotide - - 43 11-76 084 0451 072
Amino acid - - 33 1133 022 0-3.3 044

This reduction may have an effect on the topology and also
on the robustness of the bootstrapping analysis. Therefore,
not all observed genogroups had a significant bootstrap
support.
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replicates. Colored ovals indicate genogroups represented by the
Finnish strains of this study. Black circles indicate strains of genotype
VII originating prior to 2009. The estimated year of emergence of the
lineages are shown below genogroup denotations with 95% highest
posterior density intervals. The rectangular tree in the lower left corner
represents clustering with echovirus 21 (E21)-Farina (AY302547) as
an outgroup (Color figure online)

The phylodynamic analysis of the partial VP1 sequences
suggested that the mean evolutionary rate of the E-30
lineages was 6.2 x 107 (95% highest posterior density
intervals (HPD) 4.7-7.8 x 1072) substitutions/site/year.
The standard deviation of the lognormal relaxed clock was
fairly high with a coefficient of variation of 1.07 (95% HPD
0.73-1.40), meaning that rates were varying across lineages
within about 100% of the mean rate. Assuming this relaxed
estimated molecular clock, the age of E-30’s tree root was
71.1 (52.9-95.4) years for those strains included in this
analysis and the age of group VII (epidemic strains from
2009) was 8.9 (7.0-11.0) years. The estimated times of
emergence for each lineage are shown in Fig. 3.
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Discussion
Echovirus 30 in Finland

This article analyzes E-30 isolates collected in Finland
during the period 1985-2009 (Fig. 1). From 1996 to 1997
there was an outbreak of E-30 in Finland that manifested
through both clinical and environmental virus detections
(Fig. 1). We have previously reported a molecular epide-
miological analysis of the E-30 outbreak strains and their
relation to global genotypic variation [2]. Thereafter, E-30
was occasionally detected in sewage surveillance samples
from 1998 to 2006. In 2007, a slight increase in the envi-
ronmental detections of E-30 was found that continued into
2008. During these 2 years E-30 was also detected in
clinical cases after an absence of 10 years. This was a
prelude to the E-30 outbreak in 2009, when E-30 was
readily detected in sewage around Finland as well as from
patient samples (Figs. 1, 3).

Potential factors leading to the 2009 echovirus 30
outbreak in Finland

Close genetic relatives of the 2009 epidemic virus lineage
were detected already in 2003 and again in 2007-2008. A
likely source for the lineage is importation from other
European countries. Genetically similar strains were iso-
lated during outbreaks in France in 2005 [27] and 2007
[28] and in the United Kingdom in 2007 and 2008 [29].
Moreover, the results of the divergence analysis support
importation as the source of the strains, as the estimated
mean age of the lineage, 8.9 years (7.0-11.0), outdates the
oldest Finnish detection of this lineage’s strains from 2003.
However, one may also speculate that the earlier solitary
members of the lineage may have been missed in the
surveillance.

One can only speculate on the factors that caused the
originally silent circulation to expand to an outbreak. It has
been suggested that a critical mass of infants or other
unprotected members of the community has to be reached
before a viral epidemic can emerge. However, in this
outbreak most of the specimens from hospitalized patients
were from teenagers (mean/median age of 16.1/15.0 years)
who were also unprotected 2 years earlier. A similar find-
ing has previously been reported for the US; E-30 is most
commonly detected in older children and adults [10]. It has
been shown that outbreaks are usually caused by a new
genomic lineage [2, 4, 5]. It is possible that the virus has
drifted antigenically to produce a variant with greater
capacity to infect susceptible hosts that were immune to
earlier variants. We have previously shown that antigenic
differences between the genetically diverse E-30 strains
existed; however, their association to genetic clustering
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was not straightforward, most probably because antigenic
epitopes are not restricted to VP1 [30]. In the case of the
current outbreak, however, the low amino acid sequence
variability between the earlier and epidemic strains makes
this explanation less plausible, as discussed previously
[31]. Also, our previous studies indicate that E-30 strains
have strain-specific characteristics that determine their
ability to destroy human pancreatic islet -cells [32]. These
characteristics were associated with genome properties
found outside the region of structural protein-coding [30].

Studies of the underlying evolutionary basis for these
characteristics have revealed recombination in the non-
structural part of the genome as a major factor in the
molecular evolution of E-30 [31, 33, 34]. It has also been
hypothesized that frequent recombination, possibly with
another HEV-B virus, would provide an E-30 strain with
unusual properties [13] and possibly enhance transmissi-
bility [31]. The lack of evidence for recombination in the
evolutionary history of the current E-30 strains obviously
reduces any discussion on the effect of recombination to a
hypothetical level. In 2007, a divergent E-30 strain was
detected in Kotka (HM366613) and in 2009 in Helsinki
(HM366623) (Fig. 3). These strains likely represent
importation from Russia and its neighboring states, as the
closest sequences available in GenBank originated from
Finland’s eastern neighbor. Hypothetically, while co-cir-
culating with these more divergent lineages [13], a prede-
cessor of the epidemic strain may have received genetic
material from them that promoted transmissibility, leading
to a nationwide epidemic. Virus migration has previously
been considered a major factor in E-30 diversity and the
occurrence of aseptic meningitis [28]. However, extensive
complete genome sequence analyses are needed to resolve
the role of recombination in the formation of the Finnish
epidemic virus, let alone identifying the underlying genetic
and/or phenotypic determinants.

Phylodynamic observations

The estimated mean rate of molecular evolution, 6.2 x 1073
(4.7-7.8 x 1073) substitutions/site/year, based on the
phylodynamic analysis is congruent with rates estimated for
E-30 and other HEV-B viruses, although sequences of only
276 nt were used for the current analysis. For the partial VP1
gene, the E-30 rate has been estimated to be 8.5 x 10~°
(7.0-9.9 x 1073) substitutions/site/year [31]; for enterovi-
rus 71 (EV-71) the rate was recently estimated at 4.2-4.5 x
1072 (4.0-4.8 x 107) substitutions/site/year [35]. HEV-B
viruses seem to evolve more slowly than polioviruses, for
which the rate has been estimated to be 1.0-2.6 x 107>
substitutions/site/year [36, 37]. The estimated year for the
root of the tree, 1939 (95% HPD 1913-1956), is also con-
cordant with other HEV-B virus diversification time
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estimates, although inclusion of older strains places it a little
further back in time, as estimated for another data set of E-30
[31]. The origin of EV-71 has been estimated to have
occurred in 1941 (95% CI 1929-1952) [35], while the cox-
sackievirus B5 (CV-B5) ancestor of the bifurcating lineages
was dated to 1854 (95% HPD 1807-1898) [38]. Our estimate
of the root would place the evolutionary age of E-30 lineages
in between CV-B5 and EV-71.

Environmental surveillance

The rise in the E-30 detections from sewage can already be
noticed before the mass of clinical cases initiated in 2009
(Fig. 1). Environmental surveillance of sewage water is an
excellent method for monitoring the circulation of enteric
viruses in populations. The detected clinical isolates of
enteroviruses only represent the most severe infections and
are indicative of an extensive circulation of viruses resulting
in mild or asymptomatic infections. Environmental sur-
veillance is increasingly exploited in the surveillance of
wild and vaccine-derived poliovirus circulation [39]. It
reveals silent circulation in the communities and can help to
indicate onsets of outbreaks. Thus, environmental surveil-
lance can be a valuable tool in timing measures to control
cases of severe infection that would have potentially crip-
pling effects on communities.

Conclusions

The 2009 E-30 outbreak was caused by viruses whose close
genetic relatives had already been circulating in Finland
in the years preceding. Potentially, recombination with
co-circulating divergent lineages may have empowered the
pre-epidemic strains to cause a nationwide outbreak.
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