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Environmental surveillance is an effective approach in investigating the circulation of polioviruses (PVs) and other human en-
teroviruses (EVs) in the population. The present report describes the results of environmental surveillance conducted in Shan-
dong Province, China, from 2008 to 2012. A total of 129 sewage samples were collected, and 168 PVs and 1,007 nonpolio entero-
viruses (NPEVs) were isolated. VP1 sequencing and typing were performed on all isolates. All PV strains were Sabin-like, with
the numbers of VP1 substitutions ranging from 0 to 7. The NPEVs belonged to 19 serotypes, and echovirus 6 (E6), E11, coxsacki-
evirus B3 (CVB3), E3, E12, and E7 were the six main serotypes, which accounted for 18.3%, 14.8%, 14.5%, 12.9%, 9.0%, and 5.7%
of NPEVs isolated, respectively. Typical summer-fall peaks of NPEV were observed in the monthly distribution of isolation, and
an epidemic pattern of annual circulation was revealed for the common serotypes. Phylogenetic analysis was performed on envi-
ronmental CVB3 and E3 strains with global reference strains and local strains from aseptic meningitis patients. Shandong
strains formed distinct clusters, and a close relationship was observed between local environmental and clinical strains. As an
EV-specific case surveillance system is absent in China and many other countries, continuous environmental surveillance should

be encouraged to investigate the temporal circulation and phylogeny of EVs in the population.

uman enteroviruses (EVs) belong to the genus Enterovirus,

family Picornaviridae. Human EVs comprise more than 100
serotypes which are classified into 4 species, EV-A to EV-D (1).
EVs usually cause silent infection, but sometimes they are associ-
ated with serious diseases, such as acute flaccid paralysis (AFP),
aseptic meningitis and encephalitis, acute myocarditis, acute
hemorrhagic conjunctivitis (AHC), and hand, foot, and mouth
disease (HFMD).

Polioviruses (PVs) belong to EV-C and have three serotypes.
Infection with PVs is known to be associated with acute paralytic
poliomyelitis. The global incidence of poliomyelitis has dropped a
lot since the Global Polio Eradication Initiative (GPEI), and no
cases due to indigenous wild poliovirus (WPV) have been identi-
fied in Shandong Province since 1991. However, WPV importa-
tion from countries where it is endemic maintains a threat to the
polio-free status of China, and several incidents of WPV impor-
tation have been reported, including the importation of WPV1 in
Xinjiang in 2011. The standard approach recommended by the
WHO for polio surveillance is the detection and investigation of
AFP cases, and environmental surveillance offers a supplementary
method which has been demonstrated to play an important role in
early warning of WPV importation and vaccine-derived poliovi-
rus (VDPV) circulation (2). In several countries, WPVs and
VDPVs have been detected in sewage in the absence of reported
AFP cases (3-6).

Although environmental surveillance has served primarily as
part of PV surveillance in many parts of the world, gradually more
focus has been put on the circulation and molecular characteriza-
tion of environmental nonpolio enteroviruses (NPEVs) (7-12). In

August 2014 Volume 80 Number 15

Applied and Environmental Microbiology p. 4683-4691

China, information on the circulating NPEVs is limited due to the
absence of a specific enterovirus surveillance system. Surveillance
based on human specimens is limited and mainly includes testing
of specimens collected through AFP and hand, foot, and HFMD
surveillance and occasional testing of patients with meningitis or
encephalitis. So, despite the increasingly detailed information on
temporal/geographical circulation and molecular epidemiology
of EVs from various parts of the world, substantial geographical
gaps remain in mainland China.

Environmental surveillance has been conducted in Shandong
Province, China, since 2008. Previously we reported the isolation
of a rare recombinant poliovirus with chimeric capsid VP1 pro-
tein from sewage in 2009 (13) and molecular epidemiology and
intercity spread of echovirus 6 (E6) in 2008 to 2011 (10, 11), dem-
onstrating the high sensitivity of the surveillance. In this report,
we present an overview of serotype distribution and temporal dy-
namics of PVs and NPEVs from environmental surveillance from
2008 to 2012 and phylogenetic comparison of the relationship of
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predominant serotypes between environmental and clinical
strains, to reflect the circulation and molecular characterization of
EVs in Shandong, China.

MATERIALS AND METHODS

Sampling sites, frequency, and method. Sewage samples were collected
in the cities of Jinan and Linyi, with metropolitan populations of 2.6
million and 1.9 million, respectively. The sampling sites were the inlet
collector canals of the sewage treatment plants of each city—]Jinan Ever-
bright Water (JNEW) and Linyi Shouchuang (LYSC).

Generally, sewage samples were collected monthly in Jinan between
February 2008 and July 2010 and semimonthly in Jinan between August
2010 to December 2012 and in Linyi from April 2010 to April 2012. Ap-
proximately 1 liter of sewage was collected by the grab sampling method in
the afternoon between 2:00 and 3:00 p.m. A cold temperature (approxi-
mately 4°C) was maintained during sample transport to the laboratory,
storage (<24 h), and processing.

Concentration and virus isolation. Sewage samples were concen-
trated approximately 40-fold by using membrane absorption/elution as
described previously (8, 11). Briefly, 800 ml of the sewage was centrifuged
at 3,000 X g for 30 min at 4°C. MgCl, (2.5 M) was added to the superna-
tant to a final concentration of 0.05 M. The pH was adjusted to 3.5 with 0.5
M hydrochloric acid. Then the solution was filtered through a 0.45-pum
mixed-cellulose ester membrane filter (ADVANTEC, Tokyo, Japan). Ab-
sorbents on the filter were then eluted with three additions of 10 ml of 3%
beef extract solution, followed by ultrasonication for 1 min each time (for
sewage specimens collected from 2008 to June 2011) or twice for 1.5 min
each time (samples collected from July 2011 to December 2012). After
centrifugation at 3,000 X g for 30 min, the supernatant was filtered
through a 0.22-pm filter and was ready for cell inoculation. L20B, RD, and
HEp-2 cell lines were used for virus isolation. Cells were seeded in each
tube at 1 X 10°. For each cell line and each sewage sample, 18 parallel cell
vials with standard monolayer cell cultures were inoculated with 200 .l of
concentrated solution for each vial.

Comparison of elutions at different pHs. During the 5-year surveil-
lance, the pH of elution fluid (3% beef extract solution) had been changed
from 7.0 t0 9.0 since July 2011. Its influence on virus elution was examined
by a laboratory-based recovery experiment. Briefly, a sewage specimen
was collected from the Jinan treatment plant. After inactivation at 56°C
for 2 h and centrifugation at 3,000 X g for 30 min, the PV type 1 (PV1)
Sabin strain was seeded into the supernatant (400 ml) to a final titer of 256
to 512 50% tissue culture infective doses (TCID5,)/100 pl. After absorp-
tion and sonication, elution was performed with beef extractat pH 7.0 and
9.0. The microtiter assay on prefiltration fluid, filtrated fluid, and elution
fluid (20 ml) was performed. Serial 4-fold dilutions were prepared with
minimal essential medium (MEM), and 100 pl of each was transferred to
the RD cell monolayer in a microplate. The titer (TCID5,/100 nl) was
determined by reading cytopathic effect (CPE) microscopically after 5
days. The assays were performed in triplicate under both pH conditions.

Clinical isolates. The EVs isolated from cerebrospinal fluid (CSF)
specimens from local acute meningitis and encephalitis patients were used
for VP1 sequencing and phylogenetic analysis. A total of 8 coxsackievirus
B3 (CVB3) strains and 1 E3 strain were used in this study, and they were
isolated according to the WHO’s Polio Laboratory Manual (14).

Serotyping. According to standard protocols recommended by the
WHO (14), PV serotyping was carried out via microneutralization assays
in 96-well tissue culture plates using polyclonal antisera against PV types
1, 2, and 3 (National Institute for Public Health and the Environment,
RIVM, the Netherlands). NPEV serotyping was performed by using
RIVM antiserum pools A to G (15).

VP1 amplification, sequencing, and molecular typing. VP1 sequenc-
ing was performed on all the NPEV isolates. Total RNA was extracted
from 140 pl of the viral isolates using a QIAamp viral RNA minikit (Qia-
gen, Valencia, CA) according to the manufacturer’s recommended pro-
cedure. Reverse transcription-PCR (RT-PCR) was performed using the

4684 aem.asm.org

TABLE 1 Rate of recovery of PV1 Sabin strain by elution solution under
different pHs”

Expt Prefiltration Elution Recovery Avg
no. pH TCIDs,/100 l TCID5,/100 pl rate (%) (%)
1 7.0 362 256 7.1

2 7.0 304 256 8.4 8.5
3 7.0 512 512 10.0

1 9.0 362 2,048 56.6

2 9.0 512 3,444 67.2 63.7
3 9.0 431 2,896 67.2

@ The volume for prefiltration was 400 ml in all experiments, and the volume for elution
was 40 ml in all experiments.

Access RT-PCR system (Promega, USA). Primer pair UG1/UC11 (16) was
used to amplify the entire VP1 coding region of PV isolates. Primer pair
187/011 (17), which corresponds to the 3’ end of VP1 and 5’ end of 2A,
was used for amplification of an ~750-nucleotide (nt) sequence of
NPEVs. In order to detect cross contamination, an RT-PCR using the
RNA extracted from normal RD cells served as a blank control, and a
negative control containing all the components of the reaction except for
the template was also included. PCR-positive products were purified and
sequenced bidirectionally with the BigDye Terminator v3.0 cycle se-
quencing kit (Applied Biosystems, Foster City, CA), and sequences were
analyzed with an ABI 3130 genetic analyzer (Applied Biosystems, Hitachi,
Japan). Molecular typing based on VP1 sequences was performed using
the online Enterovirus Genotyping Tool, version 0.1 (18).

Homologous comparison and phylogenetic analysis. Nucleotide se-
quence alignments were carried out by BioEdit 7.0.5.3 software (19). Phy-
logenetic trees were constructed by Mega 4.0 (20) using the neighbor-
joining method after estimation of genetic distance using the Kimura
two-parameter method (21). A bootstrapping test was performed with
1,000 duplicates, and the transition/transversion rate was set at 10 (22). In
order to reduce excessive computational load, the 100% identical se-
quences collected at the same location and time were manually removed.

Nucleotide sequence accession numbers. The VP1 nucleotide se-
quences of environmental and clinical isolates described in this report
were deposited in the GenBank database under the accession numbers
GU272011 to GU272015, JQ364885, KF747380 to KF747467, KF747491
to KF747578, KF246751, KF246758, GQ329744, GQ329767, GQ246518,
FJ919564, FJ919566, JQ364849, and JQ364850.

RESULTS

Comparison of elution at different pH conditions. Virusrecovery
in laboratory-based experiments showed that the recovery rates for
the PV1 Sabin strain were 7.1% to 10.0% at pH 7.0 and 56.6% to
67.2% at pH 9.0 (Table 1). The titer of the filtrated fluid is 0 TCID5,/
100 pl, reflecting efficient absorption of the virus to the membrane.

Virus isolation. A total of 129 sewage samples (80 in Jinan and
49 1in Linyi) were collected from February 2008 to December 2012.
EVs were detected from 99 samples (63 in Jinan and 36 in Linyi),
for a positivity rate of 76.7%.

A total of 168 PVs and 1,007 NPEVs were isolated during the
5-year surveillance (Table 2). Multiple serotypes could be detected
simultaneously from a single sewage sample. For all the 99 EV-
positive samples, the numbers of serotypes in a single sewage sam-
ple ranged from 1 to 12, although most samples (n = 90) con-
tained no more than 8 serotypes (Fig. 1). Of the 1,007 NPEV
strains isolated, 677 (67.2%) were isolated from the RD cell line
and the other 330 isolates were from the HEp-2 cell line (Table 3).

In concentration of the 53 sewage samples collected from 2008
to 2010, the absorbents on the filter were eluted with 10 ml of 3%
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TABLE 2 Number of isolates of different serotypes from environmental
surveillance conducted in the two cities of Shandong from 2008 to 2012

No. of isolates in city

Jinan Linyi
Total no.
Serotype 2008 2009 2010 2011 2012 Sum 2010 2011 2012 Sum ofisolates
NPEV
El 0 0 0 1 1 2 0 2 0 2 4
E3 6 3 0 19 78 106 0 9 15 24 130
E6 1 0 29 66 10 106 3 70 5 78 184
E7 1 0 11 17 12 41 1 14 1 16 57
Ell 0 0 22 32 59 113 32 4 0 36 149
E12 0 0 0 24 8 32 0 5 0 59 91
E13 0 0 9 2 0 11 6 1 1 8 19
El4 1 0 1 0 0 2 0 0 0 0 2
E19 0 4 0 3 3 10 5 0 0 5 15
E24 0 0 0 0 2 2 0 0 0 0 2
E25 0 0 1 3 5 9 0 9 8 17 26
E29 0 0 1 0 0 1 0 3 0 3 4
E30 0 0 0 3 14 17 4 2 2 8 25
CVA21 0 0 0 0 2 2 0 0 0 0 2
CVBL 0 0 0 2 0 2 2 8 0 10 12
CVB2 1 0 4 1 0 6 2 0 0 2 8
CVB3 7 1 1 40 49 98 0 8 40 48 146
CVB4 0 0 1 0 0 1 4 0 0 4 5
CVB5 0 4 3 8 14 29 0 0 0 0 29
Mix? 0 7 4 12 44 67 4 23 3 30 97
Total 17 19 87 233 301 657 63 212 75 350 1,007
PV type
1 0 0 3 7 26 36 1 2 2 5 41
2 0 0 4 13 44 61 4 3 5 12 73
3 0 1 3 8 31 43 3 6 2 11 54
Total 0 1 10 28 101 140 8 11 9 28 168
Total EV. 17 20 97 261 402 797 71 223 84 378 1,175

@ “Mix” indicates NPEV mixtures. They could not be serotyped by RIVM antibody
pools, and VP1 sequencing revealed mixed peaks.

beef extract solution by ultrasonication three times (1 min each
time). Among the 205 EV isolates from this period, 101 (49.3%),
64 (31.2%), and 40 (19.5%) were recovered from the first, second,
and third elutions by ultrasonication, revealing that the greater the
degree of sonication, the lower the titer in the eluted fluid. Hence,
the sonication protocol for the sewage collected from July 2011
was changed to two sonications of 1.5 min each.

Polioviruses. Of the 129 sewage samples during the 5-year
surveillance, 50 were positive for PV (positivity rate, 38.8%), and
altogether, 168 PVs were isolated. Numbers of PV1, PV2, and PV3
isolates were 41 (24.4%), 73 (43.5%), and 54 (32.1%), respec-
tively. All these PVs were Sabin strains, with no WPV. The num-
bers of VP1 substitutions ranged from 0 to 7 (Fig. 2). Except for

25

20

0 I . - .
1 2 3 4 5 6 7 8 9 10 12

1"

No. samples
]

No. serotypes

FIG 1 Distribution of numbers of EV serotypes identified in EV-positive
sewage samples. Most samples contained fewer than 8 serotypes, while up to 12
EV serotypes could be detected in a single sample.
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TABLE 3 Number of NPEV isolates from RD and HEp-2 cell lines

No. of isolates detected in

cell line
Total no. of

Serotype RD HEp-2 isolates
El 1 3 4
E3 111 19 130
E6 93 91 184
E7 52 5 57
El1l 132 17 149
E12 84 7 91
E13 16 3 19
E14 2 0 2
E19 11 4 15
E24 2 0 2
E25 21 5 26
E29 4 0 4
E30 23 2 25
CVA21 2 0 2
CVBI1 0 12 12
CVB2 5 3 8
CVB3 35 111 146
CVB4 1 4 5
CVB5 8 21 29
Mix 74 23 97
Total 677 330 1,007

one VDPV2 isolate with 7 substitutions in VP1 coding region, no
VDPV strains were identified. The monthly PV isolation in the
two cities is illustrated in Fig. 3F and 4F. PV detection peaked in
winter and spring, while in NPEV active seasons of summer and
early autumn, PV detection decreased dramatically.

NPEVs. Of the 129 sewage samples during the 5-year surveil-
lance, 96 were positive for NPEV (positivity rate, 74.4%), and
altogether, 1,007 NPEVs were isolated. Serotyping and molecular
typing were performed on all isolates, and 19 serotypes were iden-
tified (Table 2). Except for two coxsackievirus A21 (CVA21) iso-
lates of species EV-C, all isolates belonged to EV-B. E6, El1,
CVB3, E3, E12, and E7 were the six main serotypes and accounted
for 18.3%, 14.8%, 14.5%, 12.9%, 9.0%, and 5.7% of the NPEVs
isolated, respectively. There were still 97 isolates that could not be
typed by serological methods, and VP1 sequencing revealed mixed
peaks, demonstrating the existence of multiple NPEV serotypes in
the isolates. Generally, the serotype constitutions of the two cities
are similar, except for four serotypes (E14, E24, CVA21, and
CVB5) that were detected only in Jinan.

Typical summer-fall peak of detection of NPEV was observed
in the monthly distribution of isolation (Fig. 3 and 4). In different
years, the constitutions of most common serotypes were different.
In Jinan, the annual most common serotypes were E3 plus CVB3,
E3 plus E19, E6 plus E11, E6 plus E11 plus CVB3, and E3 plus E11

30
mp{ Wp2 HP3
25
g 20
5
915
S 10
5 m
° T -
0 1 2 3 4 5 6 7

No. VP1 mutations

FIG 2 Numbers of substitutions in the VP1 coding regions of all the 168 PV
isolates from environmental surveillance in Shandong, 2008 to 2012.
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FIG 3 Temporal distribution of EVs in different samples collected in Jinan, 2008 to 2012. Monthly distributions of total NPEV, CVB3, E3, E6, E11, and PVs are

illustrated in panels A to F, respectively. The black arrow in panel A indicates the time when the modified method was used. (Panels A and D are adapted from

reference 11.)
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plus CVB3 from 2008 to 2012, respectively. In Linyi, the annual
most common serotypes were E11, E6 plus E12, and CVB3 plus E3
from 2010 to 2012, respectively.

An epidemic pattern of annual circulation was revealed for
these common serotypes by environmental surveillance (Fig. 3
and 4). CVB3 had low detection rates in 2009 and 2010 in Jinan.
Then, an abrupt occurrence in sewage in August 2011 initiated a
period of high CVB3 activity for about 12 months. However, in
August 2012, CVB3 could not been detected from sewage, and
since then, it has come into quiescence. E6 had low detection rates
in 2008 and 2009, and after the high activity in 2010 and 2011, it
came into quiescence in 2012 again. Similar temporal fluctuation
was also observed for other common serotypes such as E3 and E11.

E30 is an important serotype associated with aseptic meningitis
throughout the world (23). In the 5-year surveillance, E30 was pres-
ent at a relatively higher frequency but lower number of isolates for
each sewage sample, implying a low titer. From October 2011 to De-
cember 2012, a total of 13 sewage samples in Jinan were positive for
E30, but the number of isolates for each sewage specimen was less
than 3. Similar results were observed in Linyi. CVB5 is also associated
with aseptic meningitis in Shandong Province (24). Its isolation had a
characterization similar to that of E30. A total of 18 sewage samples in
Jinan were positive for CVB5, and the number of CVB5 isolates for
each sewage sample was less than 4 in all cases.

Homologous comparison and phylogenetic analysis. Phylo-
genetic analysis was performed on partial VP1 sequences of CVB3
and E3 strains from the environment, local aseptic meningitis pa-
tients, and global reference strains. Both serotypes had all been
previously demonstrated to be associated with aseptic meningitis
in Shandong Province and were present at a high frequency of
isolation in sewage.

Environmental CVB3 segregated into two lineages (Fig. 5A).
Both lineages contained isolates from Jinan and Linyi, and a close
relationship was observed for the CVB3 isolates from the two cit-
ies, suggesting the occurrence of frequent intercity spread. Strain
AMO002/JN/CHN/12, isolated from an aseptic meningitis patient
in Jinan in 2012, had a high similarity (99.8%) to environmental
strain JN12180, isolated in Jinan in 2012. Phylogenetic analysis
also revealed a close relationship between them.

Most Shandong environmental E3 isolates formed an exclusive
cluster with no foreign strains (Fig. 5B). However, an E3 isolate
(JNEW111125.R1-5) had a remote relationship with other Shan-
dong strains and segregated into a cluster together with other for-
eign strains. Strain AM177/JN/CHN/12 was isolated from an
aseptic meningitis patient in Jinan in 2012. It had a close relation-
ship with strain JN12213 (similarity, 99.7%), isolated from sewage
in Jinan in 2012.

DISCUSSION

Environmental surveillance has been demonstrated to be a sensi-
tive method for monitoring PV and NPEV and estimating the
extent and duration of EV circulation in a population (25, 26). In
2008, it was initiated in two provincial poliovirus laboratories
(Shandong and Guangdong) in China as a supplementary method
of poliovirus surveillance. This report presents an overview of
serotypes distribution, temporal dynamics, and molecular epide-
miology of EVs from environmental surveillance conducted in
Shandong Province from 2008 to 2012.

A dramatic increase of PV and NPEV isolation was observed
for sewage samples collected since July 2011 (Fig. 3 and 4). This is
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supposedly due to the optimization of the concentration method
at that time. In the membrane absorption/elution method used
for sewage concentration, beef extract solution was used to elute
EVs from the membrane. Since July 2011, the pH of beef extract
solution has been adjusted from neutral to alkaline (~9). The
subsequent increased isolation from July 2011 to December 2012
demonstrated the importance of the alkaline condition for eluting
EVs from the membrane. Moreover, the laboratory-based recov-
ery test on PV1 further demonstrated the importance of the alka-
line condition for EV elution (Table 1).

In this study, the sensitivity of the environmental surveillance
was reinforced in two ways. First, besides the L20B and RD cell
lines routinely used in poliovirus laboratory network, the HEp-2
cell line was used in this study for the isolation of group B cox-
sackieviruses. The frequent detection of CVB3 and CVB5 demon-
strated the necessity of including the HEp-2 cell line in the envi-
ronmental surveillance. Second, the number of parallel vials
inoculated (18 vials of each cell line for each sewage specimen) was
increased compared with that in other studies (7-9). This may
increase the laboratory workload. However, our study suggested
that by increasing the number of parallel vials inoculated, more
serotypes can be detected from a single specimen (especially for
the minor circulating serotypes), more sequences can be obtained
for further molecular epidemiological study, and temporal dy-
namics can be manifested more clearly.

In Shandong Province, the last WPV-associated paralytic po-
liomyelitis patient was identified in 1991. Since then, no WPV has
been detected, and VPDVs were detected in Shandong AFP cases
in 2007, 2009, and 2011. In the 5-year environmental surveillance,
all the 168 PVs isolated were Sabin strains, and only one VDPV2
strain with 7 substitutions in VP1 coding region was isolated. No
further circulation of VPDV was detected. Previously, we reported
the isolation of a recombinant poliovirus with chimeric capsid
VP1 protein from sewage in 2009 (13). No such virus was identi-
fied from the local AFP surveillance system at that time. In this
study, the environmental VDPV also had no related cases via AFP
surveillance. So, our study demonstrates that AFP surveillance
combined with continuous environmental surveillance is of great
importance in improving the sensitivity of poliovirus detection.

An epidemic pattern is the characterization of temporal circula-
tion of many EV serotypes (27). It is characterized by substantial
fluctuations in circulation levels over time, including large peaks
when the serotype was among the most prevalent serotypes in a given
year. In this study, the monthly isolation of the common serotypes
such as E3, E6, E11, E12, and CVB3 also reflected a distinct epidemic
pattern. An interesting observation was made for the monthly detec-
tion of E30 and CVBS5. They both are important pathogens of aseptic
meningitis. During the surveillance period, their detection in sewage
was frequent. However, the numbers of isolates were low. Case-based
enterovirus surveillance in the United States in 1970 to 2005 had
demonstrated an epidemic pattern for both serotypes (23, 27). So, the
low isolate number of E30 and CVB5 might due to the low activity in
the surveillance period or is just the result of low copy numbers in the
excreta of infected individuals. Further investigation and surveillance
are needed for clarification.

In this study, a total of 19 NPEV serotypes were identified from
the sewage. Except for two isolates of CVA21 of EV-C, the sero-
types belonged to EV-B. The predominance of EV-B in sewage is
similar to findings described in previous reports (8, 9, 12, 26). As
EV-A71- and CVAl6-associated HFMD has become an emerging
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FIG 5 Phylogenetic relationships of CVB3 (A) and E3 (B) isolates from sewage and clinical specimens in Shandong, 2008 to 2012, and strains from other regions. The
phylogenetic trees were constructed using Mega, version 4.0, using the neighbor-joining method based on 704-nt (positions 2601 to 3304 of strain Nancy) and 716-nt
(positions 2608 to 3323 of strain Morrisey) partial VP1 sequences of CVB3 and E3, respectively. A and V¥, isolates from sewage in Jinan and Linyi, respectively. @, isolates
from patients of aseptic meningitis. The isolates before 2012 are identified by a code that consists of INEW or LYSC, followed by the sample date (presented as YYMMDD
[i.e., year, month, and day]) and the tube number. The isolates from 2012 are identified by JN or LY, followed by a 3-code serial number.
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concern in mainland China since 2007 (28, 29), the absence of
detection of these two serotypes from sewage is not correlated to
the clinical situation. One reason may be the cell culture method
used in this study. Because most echoviruses propagate more
quickly in RD cells, if echoviruses and EV-A71 are inoculated into
the same RD cell tube, the growth of EV-A71 can easily be sup-
pressed by echovirus 6. Another reason may be that the viral copy
numbers in the excreta of EV-A71-infected individuals are possi-
bly lower than those from HEV-B-infected individuals, which will
result in low titers in sewage. These explanations may partly ac-
count for the absence of detection.

The phylogenetic analysis revealed that Shandong environ-
mental strains had a high degree of genetic diversity from foreign
strains. CVB3 had been demonstrated to be the causative agents of
aseptic meningitis outbreaks in Shandong in recent years (30),
and CVB3 and E3 were also isolated from sporadic aseptic men-
ingitis patients in 2012. A close relationship was found between
environmental stains and clinical strains, demonstrating the sen-
sitivity and significance of environmental surveillance, especially
in regions with limited case surveillance. Moreover, the increase in
CVB3 and E3 isolation from sewage initiated in the latter half of
2011 (Fig. 3) and the sporadic clinical cases present since the first
half of 2012 reflect the importance of environmental surveillance
in early warning of associated diseases.
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