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Abstract In the context of poliomyelitis eradication, a
reinforced sentinel laboratory network for surveillance of
enteroviruses (RSE) was implemented in France in January
2000, and the purpose of this report is to describe the
results of the five first years of surveillance. From 2000 to
2004, the RSE laboratory network performed detailed
surveillance of the circulating enteroviruses. No wild-type
poliovirus was isolated from humans during the 5 years of
surveillance, although two imported vaccine polioviruses
were detected. During the same period, Sabin-like polio-
viruses were identified on five occasions in the sludge from
sewage treatment plants, but no wild-type poliovirus was
found. Over the 5 years of surveillance, information was
collected from 192,598 clinical samples, including 39,276
cerebrospinal fluid specimens, of which 14.7% were positive
for enteroviruses, 45,889 stool samples (4.3% positive for
enteroviruses), 70,330 throat swabs (2.2% positive) and
14,243 sera (1.4% positive). The ten main nonpolio entero-

viruses typed were as follows, in decreasing order of
frequency: E-30, E-13, E-6, CV-B5, E-11, CV-B4, E-9,
E-7, CV-B1, and CV-B2. During the year 2000, an outbreak
of aseptic meningitis due to three main enteroviruses
(echoviruses type 30, 13, and 6) was monitored. Continued
surveillance of enteroviruses is important to alert physicians
and public health officials to changes in disease trends.
Although the geographical coverage of the RSE network as
well as the percentage of enteroviruses identified must be
improved, the large number of samples tested for entero-
viruses shows the ability of virology laboratories to detect
the circulation of enteroviruses and to report the possible
identification of poliovirus (wild-type, vaccine-derived, or
Sabin-like).
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Introduction

The human enteroviruses (classified in four species, HEV-A
to HEV-D) belong to the genus Enterovirus, family
Picornaviridae. They include coxsackieviruses A and B,
echoviruses, numbered enteroviruses, and polioviruses 1–3.
By far, the most common form of infection by any of the
enteroviruses is asymptomatic or is manifest by no more
than minor malaise. This is true not only for poliovirus
infections but also for infections by coxsackieviruses,
echoviruses, and the newer enterovirus serotypes [1–3].
Except poliomyelitis, diseases associated with enterovirus
infections are not notifiable in France.

The World Health Organisation (WHO) European region
was declared poliovirus free in June 2002. In France, the
last indigenous and imported cases of poliomyelitis
occurred in 1989 and in 1995, respectively.
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Although France did not implement acute flaccid
paralysis (AFP) surveillance, the French national plan of
action against poliomyelitis, endorsed in 1998, includes: (a)
notification of polio cases (suspected and confirmed), as
well as notification of wild-type, vaccine-derived polio-
viruses (VDPVs) and Sabin-like polioviruses identified in
laboratory specimens, (b) overall immunisation with inacti-
vated polio vaccine (the sole vaccine used in the country
since 1986, with a 98% immunisation coverage in infants),
and (c) surveillance of enteroviruses in humans and in
environmental settings [4]. Furthermore, in 2004 France
began implementing the process of laboratory containment
of polioviruses, including not only wild-type strains but
also VDPVs and Sabin-like polioviruses [5].

In the global context of poliomyelitis eradication, the
surveillance of enteroviruses in humans was reinforced in
2000 [4, 6], and this paper describes the results of the first
5 years of this surveillance, performed as part of the national
plan of action.

Materials and methods

Enhancement of enterovirus surveillance in humans

In January 2000, a reinforced sentinel laboratory network
for surveillance of enteroviruses called RSE (Réseau de
Surveillance des Entérovirus) was implemented as a result
of the merging of two pre-existing surveillance networks. It
is coordinated by the National Institute for Public Health
Surveillance (Institut de Veille Sanitaire, InVS), which
performs the epidemiological surveillance, together with
the National Reference Centre for Enteroviruses (NRC),
which performs microbiological investigations. The detec-
tion of any enterovirus from human samples is reported
voluntarily to the RSE on a monthly basis by 30
laboratories scattered throughout mainland France (Fig. 1).
All but one are located in a university setting and serve as
regional reference laboratories, thereby collecting samples
from at least 135 hospitals.

The objectives of the RSE network are to determine the
patterns of circulation of the different enterovirus serotypes
within the human population, to identify outbreaks (espe-
cially aseptic meningitis epidemics), to supply poliovirus
surveillance by identifying imported strains (wild-type as
well as vaccine and vaccine-derived strains), and to control
any possible circulation of these viruses. The information
collected includes the number and type of human speci-
mens submitted for enterovirus detection by month, the
hospital and ward of origin, and the distribution of
specimens according to the age of the patients. For each
sample positive for enterovirus, required information
includes the date of collection, the clinical symptoms, the

patient’s age and gender, the methods used for virus
detection (essentially culture and/or PCR), and, if available,
the type of enterovirus identified by neutralisation or
sequencing. In the RSE, the methods most commonly used
for virus detection include virus isolation using at least one
of the following cell lines: buffalo green monkey (BGM),
human epidermoid carcinoma cells (Hep2), lung embryonic
fibroblasts (MRC5), a recombinant murine cell line (L20B)
which is specific for poliovirus isolation, and human rectal
tumor cells (HRT), which are very sensitive for human
parechoviruses. In most cases, specimens originate from
stools, throat/nose or rectal swabs, and neutralization of the
cytopathic effect is demonstrated in cell cultures using
either monoclonal antiserum against the VP1 protein gene
or Lim and Benyesh-Melnick (LBM) intersecting pools [7].
The reverse transcriptase polymerase chain reaction (RT-
PCR) is used mainly on cerebrospinal fluid (CSF) and
serum samples, with detection of the 5′ noncoding region of
the genome, but this region is inappropriate for identifica-
tion [8]. Consecutive identification can then be processed
by amplifying and sequencing a region of the VP1 protein
gene that encompasses the BC loop [9]; although few
laboratories of the RSE actually do the sequencing, they
may send the strains to the NRC.

A coordinated follow-up is done by both the InVS and
the NRC and includes a monthly validation of routine
activity data and regular feedback through interim and
annual reports. In case of poliovirus detection, immediate
reporting is required in order to conduct an investigation.
The strain is sent to the NRC in Lyon for virus serotyping
and intratyping differentiation. The result must be con-
firmed as soon as possible by the European WHO Regional
Reference Laboratory for Poliomyelitis (Robert Koch
Institute, Berlin, Germany).

Enterovirus surveillance in the environment

Following WHO recommendations, the National Commis-
sion for the Certification of Poliomyelitis Eradication
included environmental surveillance of poliovirus in its
1998 plan of action [4]. In France, the Laboratory of
Hygiene of Paris (LHVP) is conducting this surveillance
since 1975 in the “Ile de France” region, an urban area
including Paris and environs, and in which 8 million people
are living (13% of the total population). Each year, around
48 activated sludge samples and 72 sewage samples are
collected from four wastewater treatment plants according
to a 1-L grab sample procedure. Samples are obtained
monthly and treated for viral examination without any
concentration step. Four 96-well culture plates of BGM and
Hep-2 cells seeded in suspension are inoculated with a 5-ml
sample. Two blind passages are processed. Viral isolates are
selected according to their typical cytopathic effect and
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tested for poliovirus identification by neutralization tests as
described above. All poliovirus strains as well as a portion
of other viral strains are sent to the NRC for virus
identification and serotyping. In case of poliovirus identi-
fication, typing and intratyping differentiation is performed
by the NRC and the result confirmed by the European
WHO Regional Reference Laboratory for Poliomyelitis in
Berlin.

Results

Population surveillance

From 2000 to 2004, neither a confirmed nor a suspected
case of poliomyelitis was reported, and neither wild-type
nor VDPV polioviruses were identified from the human
biological samples submitted for virus serotyping within or
outside the RSE network.

Overall data

The RSE network collected information from 192,598
samples including 39,276 (20.4%) CSF samples (of which
14.7% positive for enteroviruses), 45,889 (23.8%) stool
samples (4.3% positive), 70,330 (36.5%) throat swabs
(2.2% positive), and 14,243 (7.4%) serum samples (1.4%
positive). Table 1 shows their distribution by type of sample
and age group, along with the percentage of positive
samples in each subgroup. The highest percentage of

positive detections was found in CSF specimens from
children aged 5–14 years, of which 35.6% tested positive.
Data collection increased over time, with 41,482 samples
tested in 2004, versus 36,832 in 2000. As shown on Fig. 2,
the geographic coverage of the network has improved over
time, including data from southeastern France since the
beginning of 2004.

Poliovirus

Children under 15 (WHO target population for AFP
surveillance) accounted for 85% of the 34,247 stool
samples tested for which the age of the patient was
specified. During the 5 years of surveillance, two Sabin-
like polioviruses were identified among a total of 45,889
stool specimens tested. The first one was a type 3 Sabin
poliovirus found in 2002 in the diarrheic stools of a 4-
month-old boy. This child had come from Algeria, where
he had received two doses of oral polio vaccine (OPV). The
second poliovirus was a type 1 strain found in 2003 in an 8-
day-old baby born in Morocco, another country where OPV
is used. Neither strain was isolated in the clinical context of
paralysis; both were obtained from stool specimens tested
as part of a check-up.

Nonpolio enteroviruses

Of the 192,598 samples analyzed by the RSE laboratories,
enteroviruses were detected in 9,603 (5%), obtained from
8,978 patients. The circulation of enteroviruses showed
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roughly the same seasonal pattern throughout the observa-
tion period, except in 2000, when an outbreak of aseptic
meningitis occurred. As expected in a temperate country
[1–3], the number of cases increased each year during
summer and the beginning of fall, with a peak in July
(uniformly observed in week 27), and then slowly
decreased, except in 2004, when a second peak of the
same size was observed during week 43 (Fig. 3).

The age distribution of patients who tested positive (age
known for 8,914 patients) was as follows: 3,024 (34%)
patients under 1 year of age, 1,678 (19%) between 1 and 4
years of age, 2,304 (26%) between 5 and 14 years of age,
456 (5%) between 15 and 24 years of age, 1,179 (13%)

between 25 and 49 years of age, and 273 (3%) more than
50 years of age. The case distribution according to gender
shows a majority of male patients, with a sex ratio of 1.5
(5,018 males/3,436 females).

The RSE surveillance system is based on a voluntary
laboratory network and is therefore not exhaustive in terms
of the clinical description of cases. A precise clinical
context was available for 5,445 (61%) patients. Central
nervous system diseases were the most prevalent (n=3,752;
68.9%), among which meningitis counted for 67% (n=
3,646) and encephalitis for 0.7% (n=37). Although the
network is not intended to detect AFP cases, five cases of
Guillain-Barré syndrome, one case of transverse myelitis,

No data

Selective samples sent to the NRC

Participation since January 2004

Participation since June 2002

Participation in 2000 and 2003-04

Participation throughout 2000-2004

Fig. 2 Enhanced enterovirus
surveillance: evolution of RSE
geographic coverage, France
2000–2004

Table 1 Specimens submitted for detection of enterovirus and proportions with positive results: distribution of 192,598 specimens by origin of
specimen and patient age group (RSE data, France, 2000–2004)

Type of specimen No. of specimens tested (no. positive for enteroviruses)

Age <
1 year

Age 1–
4 years

Age 5–
14 years

Age 15–
24 years

Age 25–
49 years

Age ≥
50 years

Age not
specifieda

Total

Cerebrospinal fluid 6,324
(17.1%)

2,992
(19.0%)

3,675
(35.6%)

2,086
(35.6%)

5,980
(10.1%)

7,095
(1.9%)

11,124
(15.6%)

39,276
(14.7%)

Stool 14,796
(5.4%)

9,515
(4.5%)

4,735
(4.6%)

1,345
(5.0%)

1,754
(10.0%)

2,102
(1.2%)

11,642
(2.5%)

45,889
(4.3%)

Nose, throat 21,406
(2.3%)

13,635
(2.7%)

6,669
(3.9%)

2,972
(2.2%)

7,457
(1.3%)

9,368
(0.3%)

8,823
(2.0%)

70,330
(2.2%)

Serum 773
(7.5%)

1,087
(1.7%)

1,149
(1.7%)

1,392
(0.7%)

4,488
(1.0%)

4,420
(0.5%)

934
(3.5%)

14,243
(1.4%)

Other (urine, mucous
membranes, skin, amniotic
fluid, biopsies)

3,495
(0.9%)

938
(3.0%)

1,225
(0.8%)

1,863
(0.4%)

6,604
(0.4%)

5,197
(0.5%)

3,538
(0.4%)

22,860
(0.6%)

a Age not specified: a few laboratories do not specify the age for all patients tested, and the age is known only when patients are tested positive.
Therefore, the latest were excluded from the computation of percentages of positive cases by age groups.
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and four cases of mild paresis were described in children
below 15 years of age. For each case, in addition to CSF
samples, stools samples or rectal swabs and/or throat swabs
were obtained, and the enteroviruses identified were CV-
B2, CV-B3, and E-6.

The main other clinical syndromes comprised gastroin-
testinal, neuromuscular, and respiratory diseases, along
with a few cases of cardiac diseases and hand, foot, and
mouth disease. Table 2 shows the distribution of clinical
syndromes according to age group.

A total of 8,978 patients tested positive for enteroviruses,
but the strain was not subsequently typed in 4,758 (53%)
patients and was typed as nonpolio enterovirus in 1,463
(16.3%) patients. Definitive identification was achieved in
2,757 (30.7%) patients (Table 3).

The ten main serotypes of nonpolio enterovirus circu-
lating in humans from 2000 to 2004 belonged to the
species Human Enterovirus B (HEV-B) and were, in

decreasing order, echovirus 30 (E-30), E-13, E-6, coxsack-
ievirus B5 (CV-B5), E-11, CV-B4, E-9, E-7, CV-B1, and
CV-B2.

During the 2000 meningitis outbreak, three main
serotypes were isolated, accounting for 83% of the entero-
viruses identified: E-30 (40%), E-13 (32%), and E-6
(11%) [10]. The epidemic started in the west of France
(Brittany), spread to the Loire Valley, with a majority of
cases caused by E-30, and then to the Picardie and Paris
regions, where E-13 was mainly involved. E-6 circulated at a
lower level through all regions at the same time, and
continued to do so during 2001 and 2002, while E-30 and
E-13 circulated less or not at all during 2001–2004. In 2002,
the main serotype circulating was E-11, which spread
throughout the country all year long, without any specific
outbreak in time or place. In 2004, the main type circulating
in summer was CV-B4 and in fall E-30, while E-7 and CV-
B2 were circulating at a lower level during the entire period.

Fig. 3 Seasonal pattern of en-
terovirus circulation, RSE data,
France 2000–2004 (distribution
of cases per week, moving
averages)

Table 2 Distribution of clinical syndromes reported for 5,404 patients positive for nonpolio enteroviruses, according to patient age group (RSE
data, France 2000–2004)

Clinical syndrome No. of positive patients Total

Age <
1 year

Age 1–
4 years

Age 5–
14 years

Age 15–
24 years

Age 25–
49 years

Age ≥
50 years

Central nervous system 757 637 1,329 254 613 124 3,714 (68.7%)
Infectious (no further details
reported)

501 140 58 10 30 8 747 (13.8%)

Gastrointestinal 171 143 51 7 7 7 386 (7.2%)
Respiratory 126 69 15 6 4 7 227 (4.2%)
Neuromuscular 27 17 35 4 19 7 109 (2.0%)
Cardiac 7 6 3 2 14 13 45 (0.8%)
Hand, foot & mouth 7 22 2 1 3 2 37 (0.7%)
Other 44 35 20 8 18 14 139 (2.6%)
Total 1,640 (30.3%) 1,069 (19.8%) 1,513 (28.0%) 292 (5.4%) 708 (13.1%) 182 (3.4%) 5,404 (100%)
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The distribution of the ten main serotypes is related to
the age of the patients (Table 4). As a whole, they were
more frequently identified among children below 15 years
of age, with E-30 found more specifically among children
between 5 and 14 years, and E-11, CV-B4, E-9, E-7, and
CV-B2 in infants below 12 months.

Table 5 shows the distribution of the ten main serotypes
according to clinical syndrome. As expected, the most
frequent syndrome involved the central nervous system for
most of the serotypes.

Environmental surveillance

From 2000 to 2004, 234 of the 237 (99%) sludge samples
and 277 of the 356 (78%) sewage wastewater samples were
positive for viruses. Of the viral strains isolated from the
environment, 5,379 of 9,833 (55%) from sludge samples

and 2,299 of 3,230 (71%) from sewage specimens were
tested for poliovirus through neutralization of the cytopath-
ic effect.

The NRC received 1,015 isolates for typing. Coxsack-
ieviruses B accounted for 62% of the strains, coxsack-
ieviruses A for 0.5%, echoviruses for 3%, polioviruses for
0.5%, adenoviruses for 19%, and reoviruses for 15%.

Sabin-like polioviruses were identified on five occasions
in the sludge from sewage treatment plants: serotype 2 in
2000, 2003, and 2004, and serotype 1 in 2001. No wild-
type poliovirus was found.

The E-6 and E-13 types accounted for 3% of the strains
identified during the summer of 2000, following the
meningitis outbreak caused by these two types. As the
aim of identification is based on polioviruses, it is difficult
to draw precise correlations between the serotypes found in
people living in the Paris region and those found in the

Table 3 Results of serotyping of nonpolio enteroviruses from 2,757 patients (RSE, France, 2000–2004)

Serotype 2000 2001 2002 2003 2004 Total

E-30 525 44 15 6 49 639 (23.2%)
E-13 425 13 4 3 0 445 (16.1%)
E-6 147 62 74 10 10 303 (11.0%)
CV-B5 84 4 18 59 19 184 (6.7%)
E-11 12 18 115 15 10 170 (6.2%)
CV-B4 38 23 5 15 34 115 (4.2%)
E-9 1 23 16 40 23 103 (3.7%)
E-7 8 4 0 23 54 89 (3.2%)
CV-B1 11 1 34 30 5 81 (2.9%)
CV-B2 14 20 0 6 41 81 (2.9%)
CV-B3 0 3 25 21 16 65 (2.4%)
E-5 8 4 40 6 6 64 (2.3%)
E-4 0 2 23 18 3 46 (1.7%)
CV-A9 3 8 17 5 8 41 (1.5%)
E-18 11 5 17 2 2 37 (1.3%)
E-25 0 1 4 10 19 34 (1.2%)
E-16 3 9 8 6 4 30 (1.1%)
E-21 6 3 3 6 5 23 (0.8%)
E-3 3 1 10 2 3 19 (0.7%)
E-17 8 3 1 3 4 19 (0.7%)
HPEV 1a 1 1 12 2 0 16 (0.6%)
E-20 0 2 4 4 1 11 (0.4%)
E-14 3 7 1 0 0 11 (0.4%)
CV-A24 0 2 4 4 0 10 (0.4%)
CV-A16 1 2 2 2 3 10 (0.4%)
E-31 0 3 2 1 3 9 (0.3%)
EV-71 1 0 1 5 1 8 (0.3%)
Otherb 10 19 9 28 28 94
Total 1,323 287 464 332 351 2,757 (100%)

All strains identified belonged to the human enterovirus B species (HEV-B), except CV-A16 and CV-A24 (HEV-C) and EV-71 (HEV-A).
Italics indicate the ten most common serotypes found each year and in total
E echovirus, CV-A or CV-B coxsackievirus A or B, EV enterovirus
a Parechovirus 1 (E-22 previously) is now classified among Parechovirus and no longer among Enterovirus
b Other serotypes identified, each of which accounted for less than 0.3% of the 5-year total
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environment, due to the small numbers of enterovirus
strains isolated in environmental samples and submitted for
serotyping.

Discussion

From 2000 to 2004, the RSE laboratory network performed
detailed surveillance of the circulating enteroviruses. No
wild-type poliovirus was isolated during the 5 years of
surveillance, although two imported vaccine polioviruses
were detected in humans.

The geographic coverage of the RSE network has
improved over time, although information collected in the
southeast of France is still incomplete. Because this region,
which borders the Mediterranean Sea, may be the site of a
possible reintroduction of polioviruses to France from
endemic countries, the surveillance would benefit from
broader participation in the RSE network.

Enteroviruses are found in all parts of the world. Widely
distributed throughout the year in tropical and semitropical
regions, they are present in temperate climates at low levels
in winter and spring but are found more commonly in
summer and fall. Consistent with these data, our surveil-
lance system showed a seasonal pattern of distribution, with
the circulation of enteroviruses peaking in summer and
slowly decreasing in the early fall. During 2004, which was
not an epidemic year, a second peak of circulation was
observed in the fall. This peak was slightly higher than
the summer one and was probably linked to persisting
mild temperatures, although no further increases in cases
occurred later during the winter, as observed in 1999–2000
[11].

Over those years of surveillance, the ten main nonpolio
enteroviruses typed were as follows, in decreasing order: E-
30, E-13, E-6, CV-B5, E-11, CV-B4, E-9, E-7, CV-B1, and
CV-B2. During 2000, the RSE described an outbreak of
aseptic meningitis due to three main enteroviruses: E-30, E-
13, and E-6. E-6 and E-30 are known to cause outbreaks of
aseptic meningitis [10]. During the same time period,
reports from other European countries showed concurrent
increases in the incidence of E-30 as well as outbreaks of E-
13 infections. In Belgium, during the 2000 outbreak,
predominant enteroviruses were the same as those observed
in France: E-30 (31%), E-13 (23%), and E-6 (20%) [12].
Outbreaks of E-30 were reported from Iceland, Kosovo,
and the Netherlands in 2000 and from England and Wales,
Scotland, Germany, and Ireland in 2001 [13].

In 2000, E-13 caused outbreaks in Spain, England and
Wales, Scotland, Ireland, Germany, and the Netherlands
[13–15]. Prior to 2000, E-13 was one of the less commonly
isolated echovirus types, and since 1976, not any E-13
related outbreak was observed through previous surveil-
lance in France. In England and Wales, between 1990 and
1999, out of 4,405 echoviruses isolated and typed, 25
(0.02%) were found to be type 13 [13]. In Spain, prior to
the 2000 outbreak, the main circulating enteroviruses were
E-30, E-9, E-6, and E-4 [16]. In Germany in 2001, the
number of identifications of E-13 was more than double
that in the previous year. Another small outbreak occurred
in the Netherlands in which this virus accounted for 31 of
473 (7%) enteroviruses isolated in 2001 [13, 15]. Outside
of European temperate countries, in the USA, E-13
accounted for 376 of the 1,584 (24%) enterovirus isolates
reported in 2001 (29% of the isolates reported had a known
serotype), compared with 74 isolates reported during 1970–

Table 4 Distribution of the ten main nonpolio enterovirus serotypes identified (n=2,154 patients), according to patients’ age group (RSE data,
France, 2000–2004)

Serotype No. of patients tested positive for enteroviruses (% from each age group) Total

Age <1 year Age 1–4 years Age 5–14 years Age 15–24 years Age 25–49 years Age ≥
50 years

E-30 53 (8.5%) 104 (16.6%) 260 (41.5%) 46 (7.3%) 154 (24.6%) 10 (1.6%) 627 (100%)
E-13 113 (28.1%) 65 (16.2%) 137 (34.1%) 31 (7.7%) 56 (13.9%) – 402 (100%)
E-6 78 (25.7%) 95 (31.4%) 84 (27.7%) 13 (4.3%) 27 (8.9%) 6 (2.0%) 303 (100%)
CV-B5 68 (37.2%) 47 (25.7%) 33 (18.0%) 4 (2.2%) 20 (10.9%) 11 (6.0%) 183 (100%)
E-11 101 (59.4%) 41 (24.1%) 19 (11.2%) 1 (0.6%) 8 (4.7%) – 170 (100%)
CV-B4 48 (41.7%) 26 (22.6%) 21 (18.3%) 1 (0.9%) 14 (12.2%) 5(4.3%) 115 (100%)
E-9 50 (48.5%) 26 (25.2%) 16 (15.5%) 5 (4.9%) 6 (5.8%) – 103 (100%)
E-7 49 (55.1%) 28 (31.5%) 9 (10.1%) – 2 (2.2%) 1 (1.1%) 89 (100%)
CV-B1 30 (37.0%) 29 (35.8%) 11 (13.6%) 1 (1.2%) 8 (9.9%) 2 (2.5%) 81 (100%)
CV-B2 40 (49.4%) 25 (30.9%) 9 (11.1%) 1 (1.2%) 4 (4.9%) 2 (2.5%) 81 (100%)
Total 630 (29.2%) 486 (22.6%) 599 (27.8%) 103 (4.8%) 299 (13.9%) 37 (1.7%) 2,154 (100%)

E echovirus, CV-B coxsackievirus B
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2000 [17, 18]. During the following years, predominant
circulating serotypes were E-9 and E-30 [19]. All charac-
terized E-13 isolates from the USA, Europe, Asia, and
Oceania recovered in 2000–2002 were at least 95%
identical to each other in VP1 capsid gene sequence, but
they were genetically distinct from E-13 isolates recovered
before 2000 [17].

As far as clinical aspects are concerned, our findings are
consistent with the literature [1–3, 17–19], with a majority
of cases observed in people below 15 years of age and the
most prevalent syndromes being diseases of the central
nervous system, mainly aseptic meningitis, linked to the ten
main enteroviruses typed. In the literature, the most
frequent serotypes known to be involved in aseptic
meningitis outbreaks are CV-A7, CV-A9, CV-B1 to CV-
B5, E-2 to E-4, E-7, E-9, E-11, E-14, E-16 to E-19, E-25,
E-30, E-33, and enterovirus 71 (EV-71). Sporadic cases of
encephalitis may be observed, too (an average of 10 cases
per year recorded in France through the RSE), as well as
paralysis and ataxias alone [1–3].

The other clinical features linked to enteroviruses include
hand, foot, and mouth disease, due mainly to CV-A16 and
EV-71, mild respiratory syndromes related to CV-A21 and
CV-B2 to CV-B5, acute myocarditis and pericarditis involv-

ing CV-B3, acute hemorrhagic conjunctivitis epidemics
caused by the EV-70 and the CV-A24 variant, and digestive
syndromes linked to echoviruses [2, 20]. The main types
linked to neonatal diseases are E-11 (half of published
cases) and CV-B (except type 6), which are involved in
one-third of the cases [1].

If a large outbreak of viral meningitis occurs, as in 2000,
it may become problematic to conduct a prospective
identification of viruses on a large scale. Moreover,
differentiation between polioviruses and nonpolio entero-
viruses was not possible through the PCR assay most
commonly used in the laboratories of the RSE. Each year,
numerous enterovirus strains remained untypeable by the
conventional neutralisation assay using Melnick intersect-
ing pools because these pools were prepared in the 1960s
from old strains described at that time and which probably
had since undergone genetic changes [1]. Moreover, since
then, new serotypes were discovered and were not included
in the LBM pools. Partial sequencing of the VP1 protein
gene and sequences alignment in the international GenBank
databank made it possible to type 50% of the strains
previously classified as untypeable. Furthermore, novel
enteroviruses such as EV-74, EV-75, EV-76, EV-77, and
EV-78 have been characterised by genotyping [21–23].

Table 5 Distribution of the 10 main serotypes of nonpolio enteroviruses identified from 1,656 patients, according to clinical syndrome, RSE data,
2000–2004

Serotype No. of patients tested positive for enteroviruses (% from each clinical syndrome) Total

CNS
syndrome

Infectious Gastrointestinal Respiratory Neuromuscular Cardiac Hand, foot
& mouth

Other

E-30 471
(90.8%)

13
(2.5%)

10
(1.8%)

5
(1.0%)

16
(3.1%)

– 1
(0.2%)

3
(0.6%)

519
(100%)

E-13 281
(81.9%)

23
(6.7%)

15
(4.4%)

8
(2.3%)

11
(3.2%)

1
(0.3%)

– 4
(1.2%)

343
(100%)

E-6 176
(71.3%)

26
(10.5%)

16
(6.5%)

11
(4.5%)

7
(2.8%)

2
(0.8%)

1
(0.4%)

8
(3.2%)

247
(100%)

E-11 37
(33.0%)

28
(25.0%)

17
(15.2%)

21
(18.8%)

3
(2.7%)

– 1
(0.9%)

5
(4.5%)

112
(100%)

CV-B5 57
(51.4%)

22
(19.8%)

8
(7.2%)

13
(11.7%)

4
(3.6%)

1
(0.9%)

– 6
(5.4%)

111
(100%)

E-9 40
(49.4%)

24
(29.6%)

9
(11.1%)

4
(4.9%)

– – – 4
(4.9%)

81
(100%)

E-7 27
(36.0%)

28
(37.3%)

5
(6.7%)

6
(8.0%)

– – – 9
(12.0%)

75
(100%)

CV-B1 18
(29.5%)

23
(37.6%)

10
(16.4%)

4
(6.6%)

4
(6.6%)

– – 2
(3.3%)

61
(100%)

CV-B4 19
(32.8%)

8
(13.8%)

12
(20.7%)

12
(20.7%)

1
(1.7%)

1
(1.7%)

5
(8.6%)

58
(100%)

CV-B2 14
(28.6%)

11
(22.4%)

10
(20.4%)

10
(20.4%)

1
(2.0%)

– – 3
(6.1%)

49
(100%)

Total 1,140 206 112 94 47 4 4 49 1,656

CNS central nervous system, E echovirus, CV-B coxsackievirus B
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This explains why, in the RSE surveillance, half of the
specimens were only characterized as enterovirus positive.
To deal with this problem, two strategies were suggested.
The first involves the collection of stools, rectal swabs, or
throat swabs in addition to CSF specimens from patients
suffering from aseptic meningitis in order to perform
enterovirus isolation and serotyping for epidemiological
data. The second involves the use of a second, polio-
specific PCR on each CSF specimen that tests positive for
enteroviruses. Characterisation of the enterovirus species A–
D can be performed directly from the sample by using
specific primers. More recently, the NRC has evaluated a
new enterovirus PCR assay that is as sensitive as the one
currently in use, which would make direct genotyping from
CSF specimens possible. It performs direct sequencing the 3′
part of the VP1 coding gene using defective primers. The
limiting factor remains the low quantity of RNA found in
CSF. Up to now, in France, the first strategy has been chosen
as most suitable to field activities and financial constraints.

No wild-type poliovirus strain was detected from sludge
or sewage during the 5 years of surveillance. Prior to 2000,
the number of poliovirus isolates in the Parisian region
decreased regularly since 1982 and corresponded to around
one strain per year since 1991, in accordance with the
decrease in the poliomyelitis incidence and the recommen-
dation of exclusive use of inactivated polio vaccine in
France since 1982. Up until 1990, poliovirus accounted for
10% of the enterovirus isolates recovered, with an equal
distribution between wild-type, vaccine-derived, and inde-
terminate strains. Since 1990, only one wild-type poliovirus
has been identified, in 1996. The strain belonged to the
same lineage as the poliovirus 3-21267/Morocco 1977.
Vaccine strains accounted for a very small part of the
enteroviruses isolated. This environmental surveillance
complements the surveillance of enteroviruses in humans
in France, even though no direct correlation can be easily
made between the two surveillance systems.

Continued surveillance of enteroviruses is important to
alert physicians and public health officials of changes in
disease trends. Since the establishment of the RSE in 2000,
30 laboratories have participated regularly in the surveil-
lance network, and the high number of samples tested for
enteroviruses shows the ability of the virology laboratories
to monitor the circulation of enteroviruses and to report
possible identifications of poliovirus (wild-type, Sabin-like,
or VDPV). Monitoring the detection of poliovirus is an
important aspect of the RSE’s mission. Because of the
immunization policy in place for the past 25 years, which
requires the use of inactivated poliovirus vaccine only, the
high immunization coverage rates, and the elimination of
indigenous cases since 1989, reports of poliovirus to RSE
reflect strains imported to France. Only two imported
vaccine polioviruses were reported during the 5 years of

surveillance. Since then, for the first time, one type 2
VDPV was isolated in February 2006 from the stool
samples of an 11-month-old child, transferred from Tunis
to Paris for a bone marrow transplant in the context of an
immune deficit at birth. He had received oral polio vaccine
in Tunisia. He presented with severe diarrhoea, but no
neurological signs; the strain was confirmed as nonvirulent
by both the NRC in Lyon and the RKI in Berlin.

Because the possibility exists of an importation of a
virulent VDPV or wild-type poliovirus from an endemic
zone, it is necessary to enhance the capacity of the RSE
network. This requires improvement in the geographic
coverage (especially in south eastern France) as well as in
the number of polio/nonpolio characterizations of enterovi-
rus-positive specimens.
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